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Abstract

Land disposal of coal combustion ash can have a potential impact on the ecosystem due to the
leaching of metals with increasing acidity of precipitation. The objective of this research was to
study the effect of pH on the concentration of metals leached from coal combustion ash and to
measure the toxicity of the leachates. Bottom coal combustion ash was leached with hydrochloric
acid (HCI) or acetic acid (CH;COOH) at pH4, 5, 6 or 7. The toxicity of the aqueous leachates
and concentrations of the metals (arsenic, cadmium, chromium, copper, iron, lead, nickel, silver
and zinc) therein were measured using Microtox ® (Vibrio fischeri—EC 5,%) and atomic absorp-
tion spectrophotometry, respectively. Toxicity and metal concentrations of the leachates were
highest when ash was leached with HCI at pH 4. Toxicity and metal concentrations of ash leached
with CH;COOH were significantly lower compared with ash leached with HCI. High correlation
(r) was observed between the toxicity and the metal concentrations in both the acid leachates.
© 1997 Elsevier Science B.V.
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1. Introduction

Bottom ash is one of the residues from coal combustion and accounts for 25% of all
coal combustion residues produced in the USA [1,2]. Bottom ash is composed of both
fine and coarse grained materials consisting of various trace elements in a silicate—oxide
matrix. The physical and chemical characteristics of bottom ash depend on coal
composition, combustion conditions, efficiency and type of emission control devices and
disposal methods used [2].
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Landfills and settling ponds are the two methods that are commonly used to dispose
of bottom ash. Numerous toxic trace elements such as As, Cd, Cr, Cu, Pb, Ni and Zn
occur in coal in wide concentration ranges [3]. Stockpiled bottom ash has potential
impact on terrestrial and aquatic ecosystems and ground water; Shende et al. [4] reported
that the stockpiled ash contributed toxicity to the adjoining rivers due to the presence of
leachable metals in the ash.

Heavy metals are present in aqueous solutions of the ash, depending on the pH of the
acidic precipitation {5,6]. Extraction of residues with sodium acetate buffer at pH < 5 or
acetic acid at pH > 5, known as toxicity characterization leaching procedures (TCLP),
are the main methods used by USEPA [7] to test coal combustion residues; TCLP has
been used in many studies and in regulating hazardous materials. Coal combustion ash
leached following TCLP showed that the range of metal concentrations was below the
regulatory levels, indicating that the residues are non-hazardous wastes [8]. Extraction
procedures such as TCLP have been misused in studies on incompatible site scenarios
such as the determination of cyanide leaching from soil and to determine leaching of
contaminants at sites that are not similar to the municipal landfill model [9].

The objective of this research was to study the toxicity and metal concentrations of
bottom ash after leaching with a strong acid (HC1) and a weak acid (CH,COOH) at
pH4, 5, 6 and 7.

2. Material and methods

Bottom ash was collected from the Indian River Power Plant, Milisboro, DE, and
sieved (< 125 wm). Acidic solutions in deionized water were prepared at pH4, 5, 6 or 7
using 0.1 M HCI or CH,COOH. Bottom ash (10 g) was stirred with 150 ml of the acidic
solution in Erlenmeyer flasks using a VWR orbital shaker (200rpm, 24 h). The slurry
was centrifuged at 1300 g in an IEC centrifuge (Needham Heights, MA, USA), and the
supernatant was analyzed for toxicity and metal concentrations. Toxicity and metal
concentrations of the controls (water + HCI or water + CH,COOH; pH4, 5, 6 or 7)
were also measured. The pH was determined using a Fisher Scientific (Pittsburgh, PA,
USA) pH meter. Samples for metal determination were acidified with conc. HNO, [10].

2.1. Microtox toxicity test

Microtox ® is a bacterial assay that uses luminescent bacteria developed by Beckman

Instruments, Inc. [11]. Based on the reduction in bioluminescence of the marine
bacterium Vibrio fischeri by the toxicants, the toxicity (EC5,%) of bottom ash leachate
was measured using the Microtox Toxicity Analyzer Model 2055. Microtox has been
used in testing various industrial effluents to comply with environmental protection
regulations and water quality surveys [12]. The pH of the test system may vary between
4 and 8 [13,14] without significant effect on the luminescence. The ECy % was
calculated using the software (version 7.08) supplied by Beckman. A low EC,% value
indicates high toxicity.
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3. Heavy metals analyses

Metals were analyzed using a Perkin-Elmer (Norwalk, CT) atomic absorption
spectrophotometer with graphite furnace and auto sampler. Detection limits for As, Cd,
Cr, Cu, Fe, Ni, Pb, Ag and Zn were 0.2, 0.003, 0.1, 0.02, 0.02, 0.1, 0.05, 0.9 and
0.001 wgl™', respectively.

4, Statistical analysis

Statistix [15] version 4.1 was used to analyze the data from the randomized complete
block design (to minimize the experimental error due to coal combustion ash hetero-
geneity) experiments conducted in triplicate. Analysis of variance (ANOVA) and
Pearson’s correlation coefficients (#) were computed between the toxicity and metal
concentration of coal combustion ash.

5. Results and discussion

The pH of the ash leached with deionized water was 8.4 and the leachate was not
toxic to Vibrio fischeri. Toxicity (EC5,%) of the leachate increased with increasing
acidity (Table 1). The ash leachate with HCl was always more toxic than the leachate
with CH,COOH. The ash leachate with HCl at pH7 was as toxic as water + HCI at
pH4; the leachate at pH6 (or 7) with CH,COOH was almost non-toxic. Toxicity is a
major disadvantage of using coal combustion ash in applications under acidic conditions
[1].

The metal analyses revealed that As, Cd, Cr, Cu, Fe, Ni, Pb and Zn (but not Ag) were
present in the leachates, both with HC1 and CH,COOH, at all pHs (Tables 2 and 3). The
amounts of metals leached increased with decreasing pH; higher concentrations of
metals were leached with HCI than with CH;COOH. The toxicity and the metal
concentrations had high correlation coefficients () ranging from 0.98 to 0.79 with HCI
and from 0.97 to 0.59 with CH,COOH. A total of 25 potentially toxic elements have
been reported in coal combustion ash [1].

Table 1
Toxicity (Microtox® ECs,%) of coal combustion ash and water treated with HCl and CH,COOH
pH Coal ash Water (control)

HCI CH,COOH HCl CH,COOH
4 34.33+0.91° 62.73+0.91 87.08 £0.79 92.174+1.48
5 44.63+1.78 80.58 +0.91 95.13+0.79 99.06 +0.37
6 58.68 +0.64 96.17+0.32 NT® NT
7 89.08 £0.53 NT NT NT

*Standard deviations.
®Not toxic (ECs,% > 100%).
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Table 2
Concentrations of metals (g1~ ') in coal combustion ash leachate (HCI)
pH Metal
As Cd Cr Cu Fe Ni Pb Zn

4 123+2%* 263420 137130 2773110 5187446 29.0+1 30.0+20 381.0+10
5 103+£1 23.0+20 73410 113315 423.7£50 23.7+2 2531+2.0 2843118
6 10.0+1 16.7+£50 4.0403 88.0+4 2237431 157+1 223410 2347421
7 63+1 2.0+0.1 20101 55.0+3 227+1 77+1 12401 196.0+4

#Standard deviation.

Table 3
Concentrations of metals (ug1™!) in coal combustion ash leachate (CH;COOH)
pH  Metal

As Cd Cr Cu Fe Ni Pb Zn
4 87+1.0* 240.1 3+0.1 74318 823%15 13.0+1.0 3.0+0.1 214012
5 73105 2+0.1 3401 613+1 27343 9.7+1.0 2.0+0.1 202,712
6 6.0+05 2401 2401 397+2 21.0%+2 7.0+0.5 1.6+0.5 184.0+3
7 1.0+0.1 1+0.1 1+0.1 347+1 15.3+1 40402 0.1+0.05 1293415

*Standard deviation.

The removal and adsorption of metals from coal combustion ash residues is depen-
dent on the pH of the solution; acidic and basic pHs favor the removal and adsorption of
metals, respectively [16]. The leaching of metals has been explained on the basis of an
aqua-complex formation with the oxides in the ash; Viraraghavan and Rao [17] found
that a negative charge develops on the surface of the oxides of ash in an alkaline
medium, favoring the adsorption of metals, whereas in acidic medium the release of
metals is enhanced.

In the ash leachate with HCl at pH4 Cd, Cu and Zn concentrations were higher than
the EPA fresh water acute criteria; only Cu and Zn were higher when CH;COOH was
used (Table 4). Bilski and Alva [18] found that low soil pH aided the increase in
leachability of metals; metal availability in soils was altered by change in pH due to

Table 4
Fresh water acute criteria (ug1™!) and concentrations of metals (ugl~!) in coal combustion ash leachate (HCI
and CH;COOH) at pH4

Metal EPA fresh water acute criteria [21] HCl1 CH,COOH
As 3600 123 8.7

Cd 39 26.3 2

Cr 16 13.7 3

Cu 18 2713 74.3

Fe Ny? 518.7 82.3

Pb 83 30 3

Ni 1400 29 13

Zn 120 381 214

*No value.
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addition of coal combustion ash, whereas increased pH generally reduced the availability
of Cd, Cu, Ni, Pb, Zn and other metals [19]). Murarka et al. [8] also found highest
concentrations of Cu and Zn on leaching the ash with water. Since acid precipitation
contains a higher concentration of predominantly reactive HCI than of CH,COOH [20],
using HCI for ash leaching better simulates natural conditions.

6. Conclusions

The following conclusions can be made from this study:

1. The toxicity and metal concentrations of the ash increased with decreasing pH of the
leaching solution, both with HCI and with CH;COOH.

2. The toxicity and metal concentrations on leaching with HCl were higher than on
leaching with CH;COOH.

3. The toxicity and metal concentrations of the leachates showed high correlation,
indicating that metals present in the ash contribute significantly to the toxicity of the
leachate.

4. Copper and Zn were leached using both the acids at pH4 at a concentration higher
than the EPA fresh water acute criteria. Use of HCI also resulted in the release of Cd
from the ash at a concentration higher than these criteria.
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