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Element Concentrations in Aqueous Equilibrates of Coal and Lignite Fly Ashes

A survey was conducted of the concentration of arsenic, boron, molybdenum, phosphorus, and selenium
in aqueous equilibrates of fly ashes derived from a number of soft coals and lignites. Concentrations
of boron were much higher than those of the other elements. The concentrations of water-soluble boron
and molybdenum in the soft coal ashes and water-soluble selenium in the lignite ashes showed a high
degree of correlation (p < 0.01) with the total element concentrations in the respective ash samples.

About 50 million tons of fly ash result from burning soft
coal in power plants in the United States annually (Ash
At Work, 1977). Only about 10% of this total is used in
concrete and as a base material for road construction. The
remainder is discarded in landfills. Several investigators
have reported on the results of using fly ash as a soil
fertilizer amendment for the growth of plants and this
work has been reviewed (Adriano et al., 1978).

Several elements in coal fly ashes are important to plants
and animals from a nutritional and/or toxicologic
standpoint. These include arsenic, boron, molybdenum,
phosphorus, and selenium. Plants growing on soils
amended with fly ash have been reported to absorb levels
(above controls) of arsenic, boron, molybdenum, or sele-
nium (Erdman et al,, 1978; Furr et al.,, 1976, 1978a,b; Plank
and Martens, 1974). Animals fed forage grown on fly ash
and thus containing elevated concentrations of selenium
readily accumulate selenium in body tissues (Furr et al.,
1978b). Selenium has been shown to be accumulated by
aquatic organisms exposed to fly ash or fly ash effluents
(Gutenmann et al., 1976; Cherry et al., 1976). The possible
association between phosphorus in water and algal blooms
is well known.

Environmentally, it is of interest to learn the equilibrium
concentration of such elements in water which may have
percolated through fly ash in a landfill or in the soil so-
lution of a fly ash amended soil. In the work reported the
concentrations of arsenic, boron, molybdenum, phos-
phorus, and selenium were determined in aqueous
equilibrates of a wide range of soft coal and lignite fly ashes
collected throughout the United States.

EXPERIMENTAL SECTION

The fly ashes studied were obtained by mail from a
number of coal-burning power plants. A description of the
power plant combustion equipment, the mining location
of most of the parent coals and their total element con-
centration was published earlier (Furr et al.,, 1977). One
gram of each of the fly ashes was equilibrated at room
temperature for 2 h with 200 mL of distilled water in a
250-mL soft glass bottle using magnetic stirring. Cox et
al. (1978) used this method for obtaining aqueous equil-
ibrates of fly ash in a study of boron leaching. The
suspensions were filtered and portions of the solution were
then analyzed for arsenic, boron, molybdenum, phos-
phorus, and selenium. Arsenic was determined by distilling
arsine and analysis using the silver diethyldithiocarbamate
spectrophotometric procedure (Fisher Scientific Co., 1960).
Boron was determined by the curcumin spectrophoto-
metric procedure (Greweling, 1966). Molybdenum was
measured by a modification of the thiocyanate method of
Sandell (1959). Phosphorus was determined by the
spectrophotometric method of Martin and Doty (1949)
employing extraction of phosphomolybdic acid into
benzeneisobutyl alcohol and reduction to the heteropoly
blue complex. Selenium was determined by a modification
of the diaminonaphthalene fluorescence method of Olson
(1969).

Table I. Concentration of Elements in Aqueous
Equilibrates of Soft Coal and Lignite Fly Ashes in the
United States

pm/mL in aqueous

equilibrates
power plant As B Mo P Se
Soft Coal Fly Ashes
Alabama 0.07 0.72 0.05 0.03 0.00
Colorado 0.00 1.14 0.01 0.00 0.01
Delaware 0.11 0.14 0.03 0.06 0.01
Georgia 0.00 0.28 0.00 0.02 0.00
Iowa 0.08 1.62 0.05 0.10 0.00
Kentucky 0.00 0.18 0.00 0.02 0.01
Maryland 0.00 0.06 0.00 0.17 0.00
Massachusetts 0.00 0.19 0.00 0.06 0.01
Michigan (site 1) 0.00 1.05 0.02 0.01 0.02
Michigan (site 2) 0.03 1.48 0.03 0.03 0.02
Minnesota 0.00 4.23 0.04 0.01 0.02
New Hampshire 0.10 3.13 0.05 0.05 0.01
New Mexico (site 1) 0.00 0.21 0.01 0.05 0.00
New Mexico (site 2) 0.00 1.69 0.02 0.01 0.00
New York 0.00 0.16 0.01 0.07 0.01
North Carolina 0.05 0.38 0.02 0.10 0.04
Ohio 0.00 0.38 0.01 0.03 0.08
South Carolina 0.00 0.24 0.03 0.11 0.02
South Dakota 0.00 0.89 0.00 0.02 0.02
Utah 0.00 2.81 0.00 0.03 0.01
West Virginia 0.00 0.73 0.01 0.08 0.01
Wisconsin 0.06 1.38 0.08 0.01 0.01
Lignite Fly Ashes
Minnesota (Fergus Falls)® 0.00 3.39 0.00 0.01 0.03
Montana (Savage) 0.00 1.73 0.01 0.01 0.01
North Dakota (Center) 0.04 7.37 0.04 0.01 0.06
North Dakota (Stanton) 0.03 3.00 0.03 0.01 0.03
Texas (Fairfield) 0.00 3.40 0.00 0.00 0.04
Poland (Konin) 0.00 0.35 0.00 0.02 0.00

% The last six entries are power plants that burn lignite
mined nearby except for Minnesota in which the mine is in
Beulah, ND.

RESULTS AND DISCUSSION

The results of one analysis of each of the elements in
the aqueous equilibrates of the fly ashes are listed in Table
I. Boron attained the highest concentration by far. Sweet
clover voluntarily grows on fly ash landfill sites (Erdman
et al., 1978) probably because it has a high tolerance to
boron phytotoxicity (Barber, 1974). Plants absorb ap-
preciable quantities of boron above controls when fresh
fly ash is mixed with the soil (Furr et al., 1976, 1978a). The
arsenic concentrations in the aqueous extracts were low.
In this regard plants have been shown to absorb only
slightly higher levels of arsenic when grown on fly ash
amended soil (Furr et al., 1976, 1978a).

Molybdenum concentration in the aqueous equilibrates
did not appear elevated but plants growing on fly ash may
absorb relatively high levels of the element (Furr et al.,
1978b). When the ratio of the total concentration of
copper to molybdenum in forage plants is less than 5,
molybdenosis, a molybdenum-induced copper deficiency,
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may reportedly occur in foraging ruminants (Erdman et
al., 1978). Yet when sweet clover growing on a fly ash
landfill and having a copper to molybdenum ratio of 0.39
was fed to sheep and pregnant goats for 173 days, mol-
ybdenosis in the animals was not observed (Furr et al,,
1978Db).

Selenium, although low in concentration in the extracts,
is accumulated by plants growing on fly ash (Gutenmann
et al., 1976) and is probably the element of most concern.
Phosphorus was also low in concentration in the fly ash
equilibrates. In contrast to selenium, however, plants
grown on fly ash amended soils may show phosphorus
deficiency (Adriano et al., 1978). In this regard, fly ash
has the ability to fix phosphorus and has been investigated
for such use in natural aquatic systems (Higgens et al.,
1976; Fine and Jensen, 1976).

A highly significant correlation was found between
water-soluble boron (r = 0.83; p < 0.01) and molybdenum
(r = 0.94; p < 0.01) in the soft coal fly ashes and the
respective total concentrations of these elements in these
same ashes reported earlier (Furr et al., 1977). A highly
significant correlation was also found between water-
soluble selenium (r = 0.89; p < 0.01) in the lignite fly ashes
and total selenium in the ashes. The total concentrations
of selenium in the lignite ashes were in parts per million
(dry weight): Minnesota, 8.1; Montana, 4.4; North Dakota
(Center), 17; North Dakota (Stanton), 7.6; Texas, 19; and
Poland, 0.7. No significant correlations were found be-
tween soluble and total concentrations of the other ele-
ments in either the soft coal or lignite ashes. Dreesen et
al. (1977) reported a positive correlation between the
concentrations of boron, molybdenum, and selenium ex-
tracted from coal fly ash by water and the levels of these
elements in effluent waters from the respective coal-fired
power generating plant.

Differences in concentration of elements in aqueous
equilibrates of fly ash may be due to the original element
concentration in the parent coal and differences in op-
erating conditions during coal combustion. Also the
predominant particle sizes of the ash studied is extremely
important, finer particles being notably higher in surface
area and total concentration of many elements (Davison
et al., 1974).
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