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Summary of Findings:  

Results from optical and elemental analyses of soil samples collected from the hillside below 828 
Martin Luther King Jr. Blvd. along Bolin Creek in Chapel Hill clearly indicate the occurrence of 
coal ash on site. The concentrations of toxic metals (e.g. As, Se, Mo, Sb, Tl) in the Chapel Hill 
coal ash are higher by up to 10 to 30-fold relative to the baseline concentrations of the North 
Carolina soil, and exceed EPA threshold guidelines for ecological standards, which may pose 
human and environmental health concerns. Likewise, the concentrations and distribution of the 
radionuclides radium-226 and radium-228 in the Chapel Hill coal ash are consistent with 
radionuclides occurrence in coal ash and are higher by 2- to 4-fold than common soils. The Chapel 
Hill coal ash is distinctive from modern Appalachian Fly Ash likely due to selective removal and 
atmospheric emission of small sphere particles during the historic coal combustion in the coal-
fired power plant, prior to the mandatory installation of electrostatic precipitators or other particle 
filtration devices that aim to prevent small sphere atmospheric emissions.  

Description of Sampling and Methods: 

On the lower slope of the hillside below 828 Martin Luther King Jr. Blvd. visible eroding 
outcroppings of black sooty material, later identified as coal ash, were located and three cores at 
two locations were collected on August 2nd, 2022. During coring, the material was highly 
compressible such that the hand auger sank and compressed the material with little effort. As such 
the samples were collected at somewhat irregular intervals and often represent a mixture of several 
feet of compressed material (depth ranges are noted for each sample). At location B, cores B1 and 
B2 were taken as replicates where B2 was started about 3 feet up the hillside from B1 and both 
cores were completed when the hand auger reached an impenetrable layer. At location A, core A1 
was completed into what appeared to be a native background soil that was underlying the landfill 
and an approximately 6-inch-deep sample of this soil was also collected. Physical observations 
and optical point counting analysis were performed using a polarizing microscope at Appalachian 
State University and trace element analyses were performed at the Duke Environmental 
Geochemistry Laboratory by inductively coupled plasma mass spectrometry. For elemental 
analyses, the bulk sample was fully digested. Detailed descriptions of both analytical methods are 
reported in Wang et al. (2021) 1. 

Results: 

For decades coal ash material originating from the University of North Carolina at Chapel 
Hill coal plant was placed in an open space near the Chapel Hill police station adjacent to Bolin 
Creek. New city plans to develop the property for low-income housing raise questions about the 
content and composition of the coal ash at this site and its potential effects on human health should 
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the site be used for housing. On August 2nd, 2022, three cores with a maximum depth of 4.5ft were 
collected from the site and were analyzed by microscopic point counting at Appalachian State 
University and analyzed for trace elements at the Duke Environmental Geochemistry Laboratory. 

The optical survey under a microscope shows that the materials at the site are composed of 
nearly 100% coal ash with the one underlying soil composed of 37.7% ash particles (Table 1). The 
ash contained lacey ash and ash rods that are likely carbon rich and appear delicate as well as some 
clear spheres but also many plerospheres that are large in diameter (Figure 1). The occurrence of 
carbon in the Chapel Hill coal ash could reflect historic coal combustion under lower temperature, 
as compared to modern thermoelectric plants.  

Trace element data of the materials show 
elevated concentrations of toxic metals and 
metalloids (Table 2). The data were compared to two 
references, (1) the mean Appalachian fly ash 
composition that reflect the current coal ash that is generated today in North Carolina as reported 
in Wang et al. 2021, and (2) the mean North Carolina soil baseline composition reported by the 
USGS 1,2.  The mean Appalachian fly ash was used as a reference point since the  UNC-Chapel 
Hill coal-fired power plant has been reported to primarily use Eastern Coal 3.  

The high concentrations of trace elements data from Chapel Hill site, including As, Se, Mo, 
Sb, Tl, V, Cr, Ni, Co, Zn, Cu, Li, Rb, Sr, Ba, Th, U, Pb, and Cd, are consistent with previous 
reports  of the enrichment of these elements in fly ash 1. The elemental distribution patterns of the 
three cores resemble that of the Appalachian fly ash (Figure 2), suggesting that they are likely the 
same coal source. By comparison of the elemental concentrations to the NC baseline soil dataset, 
we show that all these elements are enriched in the Chapel Hill samples (except with Zn where all 
samples are slightly depleted or moderately enriched; Figure 2). For example, As and Se are 

Table 1 (above): Sample list with optical and 
field descriptions. 

Table 2 (right): Average elemental composition 
of each core (A1, B1, B2) in mg/kg. Core A1 
excludes the soil sample. 

 

 

Sample Percent Fly Ash Description
A1 Surface 99.8 fine black powder
A1 0-3.5 ft 99.7 fine black powder
A1 3.5-4 ft 99.7 fine black powder
A1 4-4.5 ft 37.7 soil beneath ash
B1 Surface 99.8 fine black powder
B1 0-2.5 ft 99.7 fine black powder
B2 0-2 ft 99.7 fine black powder
B2 2-3 ft 99.7 fine black powder
B2 3 ft 99.4 fine black powder

Element A1 B1 B2
As 39.5 58.2 53.5
Se 12.9 6.1 8.7
Mo 8.6 5.2 5.1
Sb 4.7 6.2 5.9
Tl 2.0 3.0 2.7
V 120.0 173.7 162.5
Cr 63.4 95.4 90.3
Ni 42.1 77.7 73.6
Co 24.1 41.1 38.5
Zn 7.8 87.5 54.4
Cu 84.2 127.2 122.8
Li 61.5 95.5 86.8
Rb 96.9 132.1 122.6
Sr 458.1 623.9 625.3
Ba 2707.0 3363.5 3070.7
Th 10.4 14.7 13.7
U 4.2 6.1 5.9
Pb 35.3 35.4 35.9
Cd 0.3 0.5 0.5
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respectively 10-15-fold and 10-22-fold enriched relative to the average NC soil concentrations.  

 

Figure 1: A. Photomicrograph of modern Appalachian coal ash (APP-14). Note many small 
clear spheres. Circled orange sphere has a 9.5 µm diameter. Scale bar = 200 µm. B.-F. 
Photomicrographs of samples collected from Chapel Hill. Scale bar = 50 µm.  B. Site A1 
Surface, Plerosphere and black spheres up to 40 µm diameter.  C. Site A1 3.5-4 ft, Spheres, 
opaque and amorphous particles D. Site A1 0-3.5 ft, Black spheres, rods, and lacey particles 
E. Site B2 0-2 ft, Black spheres up to 44 µm diameter, lacey and amorphous particles.  F. Site 
B2, 0-2 ft, Spheres averaging 20 µm diameter and clear and black amorphous ash particles. 
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Our data show that there is some mixing of the coal ash with the underlying local soil, as 
represented by sample A1 4-4.5 ft, which shows a lower coal ash percentage (37.7%) and lower 
trace metals concentrations.  The concentrations of toxic metals in the Chapel Hill coal ash also 
exceed the aquatic freshwater sediment toxicity guidelines used by the U.S. EPA to define 
potential ecological impact including V (average value of 152 mg/kg versus 57 mg/kg guideline), 
As (50 mg/kg versus 10 mg/kg guideline), Sb (5.6 mg/kg versus 2 mg/kg guideline), Ni (64 mg/kg 
versus 23 mg/kg guideline), Se (9.2 mg/kg versus 2 mg/kg guideline), and Cu (111 mg/kg versus 
31.6 mg/kg guideline) 4–7. The concentration of As and Tl in the Chapel Hill coal ash were 
respectively just below and exceeding the EPA Regional Removal Management Levels for 
Chemicals (RMLs) threshold values for Residential Soils 8 (Figure 3). The RMLs are designed to 
assist decision-making concerning comprehensive environmental response, compensation, and 
Liability Act (CERCLA) removal actions at Superfund sites 8. Overall, the data indicate that 
concentrations of toxic elements in the Chapel Hill site exceed the ecological threshold values for 
aquatic freshwater sediment toxicity and the levels of two highly toxic elements of As and Tl are 
close and exceed the maximum levels recommended by EPA for Residential Soils 8. 

 

Figure 2: The ratios between the average values of trace elements measured in the 3 cores from the Chapel 
Hill site (A1, B1, B2) and average of modern Appalachian fly ash currently generated in coal plants9 
relative to the NC soil baseline2 (defined as “Enrichment factor”). The similarity in the patterns between 
the modern Appalachian fly ash (APP Fly Ash) and Chapel Hill coal ash reconfirm the presence of coal 
ash in the Chapel Hill site, yet with selective depletion of the small sphere particles that are differentially 
enriched in these elements. This observation is consistent with the microscopic observation of the presence 
of relatively large coal ash spheres in the Chapel Hill site (Fig. 1). 

A comparison of the composition of the Chapel Hill coal ash to the composition of modern 
produced Appalachian Fly Ash show relatively depleted concentrations in the characteristically 
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enriched elements, except for Ba of which all the Chapel Hill coal ash samples are relatively 
enriched (Figure 4). The relative lower concentrations of trace metals in the Chapel Hill coal ash 
are consistent with the microscopic observation of the coal ash that show that lacey ash and ash 
rods are most likely the particles that are carbon-rich (they look like soot).  The Chapel Hill coal 
ash is characterized by large diameter spheres (black and plerospheres) and generally do not 
include small clear spheres that occur in modern fly ash (Figure 1). Since the Chapel Hill fly ash 
was generated before the air quality regulations that enforce the installation of electrostatic 
precipitators or other particle filtration devices, smaller particulate matter that is known to be 
enriched in many trace elements might have been emitted to the atmosphere and deposited widely 
over the surrounding region 10,11.  Consequently, the residual large spheres of the Chapel Hill coal 
ash contain relatively low trace elements concentrations when compared to the modern coal ash, 
but nonetheless higher than typical soils in North Carolina.  

 

 
 
 
 
 

In addition to trace elements, we analyzed the radionuclides 226Ra, 228Ra, and 210Pb 
activities (amount of radioactivity, proportional to concentration) in three core samples. The total 
activity of Ra nuclides (i.e., 228Ra + 226Ra) of three select samples (i.e., A1 0-3.5 ft, B1 0-2.5 ft, 
and B2 2-3 ft) were 164 Bq/kg, 170 Bq/kg, and 156 Bq/kg, respectively, with a mean value of 163 
Bq/kg. This value is about 60% of the total activity of Ra nuclides in modern Appalachian coal 
ash (mean = 283 Bq/kg) 9, which is consistent with the relatively lower concentration of other trace 
metals measured in the Chapel Hill coal ash (Figure 4).  Based on the Th and U concentration data 
from the USGS NC soil survey 2, the estimated total Ra of average common soils in NC ranges 
from 43.9 Bq/kg in upper soil to 72.5 Bq/kg in deeper soil horizon (~ 100 cm). Therefore, the total 
activity of Ra nuclides in the Chapel Hill coal ash is higher by 2.2- to 3.7-fold than common soils. 
The 228Ra/226Ra activity ratio of the Chapel Hill coal ash (0.69) is also consistent with the 
composition of coal ash from eastern U.S. 9, and different from the 228Ra/226Ra in common soils in 
North Carolina (an activity ratio of 1.2) 1.  

Figure 3: Box plots of the arsenic and thallium concentrations in the Chapel Hill coal ash as compared 
to the ecological threshold values for aquatic freshwater sediment toxicity and the Regional Removal 
Management Levels for Chemicals (RMLs) threshold values for Residential Soils 8. 
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Figure 4: Enrichment factors for samples relative to the mean values of modern Appalachian Fly 
Ash composition. Nearly all samples are depleted in elemental concentrations relative to the 
Appalachian Fly Ash. This is consistent with the theory that smaller, elementally enriched 
particles, were emitted to the atmosphere during coal combustion, resulting in the formation of 
larger, less enriched coal ash spheres that were placed in the Chapel Hill site. The soil sample, 
A1 4-4.5 ft shows some similar enrichment patterns to the other samples but largely is depleted in 
all elements listed which is consistent with our optical analysis that the soil contains only a small 
fraction coal ash. 
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