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ABSTRACT 

NORBERG, NATALIE BARBARA. An evaluation of coal ash disposal methods and their 

potential impacts to human health and the environment. 

 

 Coal ash, the residue leftover from the burning of coal in power plants, is one of the 

largest waste products produced in the United States. Although coal ash contains an array of 

heavy metals, it is subject to the same disposal regulations as household garbage. The two most 

common disposal methods for coal ash are landfills and surface impoundments. Each of these 

disposal methods has limitations, and there is concern as to whether these disposal methods are 

allowing contamination of surface water, groundwater, and air. This literature review aimed to 

evaluate the potential negative impacts of coal ash disposal methods on human health and 

aquatic ecosystems.  Results of this review indicate that surface impoundments and landfills 

provide little harm to humans and aquatic life. However, current disposal methods are not 

infallible, and it would be beneficial to find ways to recycle and reuse coal ash to limit the 

amount that enters the environment.  
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Introduction 

Coal ash residue (CCR), the residue left behind after coal is burned at power plants, is 

composed of a number of substances that are potentially harmful to human health and the 

environment (EPA 2022). The United States produces approximately 130 million tons of coal 

ash a year making it the second largest waste material in the country, just behind household 

waste (EPA 2022). Approximately 30 – 40% of coal ash is recycled and utilized in road 

construction, snow and ice maintenance, concrete material, and structural fill material (DOT 

2016; Donev et al. 2018). The remaining coal ash must be disposed of through other means. 

Although coal ash contains an array of heavy metals, including zinc, selenium, mercury, 

arsenic, iron, and copper (Pouil et al. 2020), the EPA does not consider it a hazardous waste but 

instead classifies it as a solid waste, with the same disposal regulations as household garbage 

(EPA 2021 (c)). The EPA allows for the disposal of coal ash as solid waste in large surface 

impoundments and landfills. Despite these regulated disposal methods, improperly constructed 

or managed coal ash landfills and surface impoundments create the potential for coal ash to 

contaminate air, groundwater, and surface water and result in threats to human health and the 

environment. Respiratory issues may result from small particles of resuspended fly ash becoming 

lodged in human lungs (Hagemeyer et al. 2019). Coal ash may leach into groundwater from 

unlined landfills or surface impoundments, which can cause potential concern regarding drinking 

water contamination (Ritter 2016). Additionally, coal power plants are often located directly 

adjacent to large waterways, creating a potential risk to surface waters should a surface 

impoundment breach. Breaches in surface impoundments have been known to result in damage 

to personal property and raise concern for bioaccumulation of mercury in edible fish (Otter et al. 



2 
 

2015; Ku et al. 2021). In addition, many surface impoundments are in hurricane-prone areas, 

resulting in these structures having an even greater risk of failure (Cotting 2019).  

 Two recent incidents demonstrate the potential for impacts to human health and aquatic 

ecosystems. In December 2008, a coal ash surface impoundment at the Kingston Fossil Plant in 

Tennessee breached, releasing approximately 5.4 million cubic yards of coal ash into the 

adjacent river and covering 300 acres of land (EPA 2014). Approximately 3,500,000 cubic yards 

of ash was removed from the river system and approximately 1,900,000 cubic yards removed 

from other areas (EPA 2014). In February 2014, approximately 39,000 tons of coal ash spilled 

into the Dan River from the Duke Energy Eden facility due to a burst in a drainage pipe at a 

surface impoundment (NCDENR 2014). The coal ash spill extended 70 miles down the Dan 

River to Kerr Lake, a drinking water reservoir (NCDENR 2014).  

Current coal ash disposal methods are not infallible, and the issue that the United States is 

faced with is how to safely and sustainably dispose of the large amount of coal ash produced 

annually. The purpose of this literature review was to determine if current coal ash disposal 

methods adequately protect human health and the environment. Ultimately, this review will help 

to determine whether coal ash surface impoundments or landfills are safer for the environment 

and human health, and how those disposal methods compare to coal ash reuse and recycling 

methods.  

2.0 Methods 

To determine if coal ash disposal methods pose a risk to the health of humans and the 

environment, a literature review was conducted using the Summon database from the NC State 

University Libraries. The search was broken down into four categories: surface impoundments 
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and human health, surface impoundments and ecological health, landfills and human health, and 

landfills and ecological health.  

To gather literature for risks to human health regarding surface impoundments, the terms 

“coal ash”, “basins”, and “human health”, were searched. The results were then limited to peer-

reviewed articles from 2008 to the present. Limiting the search from 2008 until the present 

resulted in 109 articles. Many research articles were written in response to the Kingston coal ash 

spill. The majority of the articles populated were not related to human health but focused on 

other organisms or sediment contamination. After extensive review of abstracts, two articles 

relating to coal ash surface impoundments’ impact on human health were retained for further 

analysis. 

A database search for health effects on aquatic ecosystems relating to coal ash was 

conducted. The terms used were “coal ash”, “spill”, and “organisms”. The search results were 

narrowed down by searching peer-reviewed articles from 2008 to the present. This search 

resulted in 363 articles. Articles were then limited to studies that were conducted in the United 

States. Abstracts were reviewed to identify studies that researched the potential effects of coal 

ash on aquatic ecosystems. Seven articles were retained for further analysis.  

Searches for human health impacts from coal ash landfills were then conducted. The 

terms “landfill”, “coal ash”, and “human health” were searched. The search results were 

narrowed down by searching peer-reviewed articles from 2008 to the present and resulted in 

1,859 articles. The majority of the search results did not relate back to human health. After 

reviewing the articles to identify studies that were explicitly linked to human health, two articles 

were retained for further analysis.  
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Finally, a search was conducted for landfills and ecological health, using the terms 

“landfill”, “coal ash”, and “organisms”. The search was narrowed down by searching only peer-

reviewed articles that were published no earlier than 2008. Many of these articles reviewed the 

impacts of coal ash on sediment rather than on living organisms. These articles were left out of 

the review because the focus of this review is on direct impacts of coal ash to living organisms. 

After reviewing the abstracts to identify studies researching the effects coal ash landfills have on 

aquatic ecosystems, two articles were retained for further analysis.  

3.0 Results 

A total of 13 peer-reviewed articles were assessed for this review (Table 1) all of which 

were conducted in the United States. Four articles related to human health were reviewed, two in 

regards to landfills and two in regards to surface impoundments. Seven articles that focused on 

aquatic ecosystem effects related to surface impoundments were reviewed, whereas two articles 

on ecosystem effects related to landfills were reviewed. Many of these studies (Deonarine et al. 

2013; Greeley Jr. et al. 2013; Buys et al. 2014; Otter et al. 2015; Kimber 2017; Ku et al. 2020; 

Pouil et al. 2020) were conducted to determine potential harm to aquatic life after the Kingston 

and Eden coal ash spills.  

Table 1. Studies selected for the literature review. 

Study Reference Disposal  

Method 

Potential  

Impact 

Major Findings 

Borcherding et al. 

2013 
Landfill Human Health 

Fly ash impedes antimicrobial peptides 

activity. In addition, it's a source of 

bioavailable iron for bacteria. This can 

potentially cause respiratory issues.  
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Table 1 Continued. 

Study Reference Disposal  

Method 

Potential 

Impact 

Major Findings 

Buys et al. 2014 
Surface 

Impoundments 
Ecosystem 

The severity of the effects of the release were 

largely initial. The benthic community 

responded rapidly and was recovering 

following post-dredge. Coal ash appeared to 

have little effect on the benthic community.  

Deonarine et al. 

2013 

Surface 

Impoundments 
Ecosystem 

Total mercury concentrations did not impair 

water quality downstream of a coal ash spill. 

However, total mercury concentration in 

sediment was 3 to 4 times greater downstream 

than upstream. Methylmercury in sediment 

was slightly elevated in certain areas in the 

river. The substrates found in coal ash 

potentially caused methylation of mercury 

found in sediment.  

Greeley Jr. et al. 

2013 

Surface 

Impoundments 
Ecosystem 

Early development of fathead minnow 

embryos and larvae were observed for effects 

related to a coal ash spill. There were no 

effects in regards to hatching rate, 

developmental abnormalities, or survival.  

Hagemeyer et al. 

2019 
Landfill Human Health 

Adults living in close proximity to coal power 

plants are more likely to have respiratory 

issues, including shortness of breath, cough, 

hoarseness, and respiratory infections, than 

those living further away.  

Kimber 2017 
Surface 

Impoundments 
Ecosystem 

After 1.5 years after a coal ash spill, 

downstream riparian spiders were more 

enriched with sulfur than spiders upstream 

and increasing with distance. Sulfur found in 

Asian clams declined further downstream. 

Methylmercury for the downstream clams and 

spiders were no different from upstream 

clams and spiders 

Ku et al. 2020 
Surface 

Impoundments 
Ecosystem 

Elevated Hg contamination from the Dan 

River spill was not present in surface 

sediment and aquatic and riparian 

invertebrates and fish. Hg associated with coal 

ash is largely not bioavailable for methylation. 
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Table 1. Continued 

Study Reference Disposal  

Method 

Potential 

Impact 

Major Findings 

Nichols et al. 2014 
Surface 

Impoundments 
Human Health 

Residents near the Kingston coal ash spill 

were assessed for health conditions. The 

most commonly referenced symptom were 

related to upper respiratory irritation. No 

evidence of heavy metal toxicity was 

present.  

Otter et al. 2015 
Surface 

Impoundments 
Ecosystem 

Mussels immediately downstream of a coal 

ash spill had suffered a significant decrease 

in mussel condition index values but this 

did not increase metal concentration in 

tissue.  

Pouil et al. 2020 
Surface 

Impoundments 
Ecosystem 

Arsenic and Selenium were found to be 

higher in snails and mayflies downstream 

of a coal ash spill. However, after 

dredging, concentrations of trace elements 

were found to have decreased 4 years after 

the spill.  

Ruhl et  al. 2009 
Surface 

Impoundments 
Human Health 

Potential for fly ash to become 

resuspended, which can cause respiratory 

issues due to the size of fly ash and its 

components. 

Sarmiento et al. 

2018 
Landfill Ecosystem 

Leaching of arsenic and vanadium is 

significantly greater when coal ash is 

disposed of in municipal solid waste 

landfills. This is due to the presence of 

organic matter and competing ions found 

in landfills and the reducing nature of 

landfills.  

Sarmiento et al. 

2020 
Landfill Ecosystem 

As, B, and V became more mobile when 

exposed to landfill leachate. Cd and Mo 

became more mobile when exposed to 

incineration ash. This suggests co-disposal 

can lead to more leaching behavior.  

 

After reviewing the selected articles, the results showed that coal ash disposed of in 

surface impoundments had limited negative effects on human health and the health of 

ecosystems, even after the significant spills at the Kingston and Eden power plants, which 



 

7 
 

released 5.4 million cubic yards of coal ash and 39,000 tons of coal ash, respectively (Table 1; 

Deonarine et al. 2013; Greeley Jr. et al. 2013; Buys et al. 2014;  Otter et al. 2015; Kimber 2017; 

Ku et al. 2020; Pouil et al. 2020 ). Benthic invertebrates recovered from the initial shock of the  

Kingston coal ash spill in 2008after dredging was completed at the site (Buys et al. 2014). 

Similarly, Pouil et al. (2020) found that concentrations of trace elements in mayflies and snails 

were similar to organisms at non-affected sites four years after the Kingston spill. Further, 

studies conducted on the fathead minnow showed no signs of issues in regards to development, 

survival, and hatching rate (Greeley Jr. et al. 2013). Mussels were not observed to have a higher 

concentration of metals in their tissues (Otter et al. 2015).  

Total mercury concentration did not impair downstream water quality after the Kingston 

spill, though methylmercury was slightly elevated in certain areas of the affected river 

(Deonarine et al. 2013). Similarly, there was no elevated mercury contamination in the sediment 

and aquatic organisms after the Duke Energy spill (Ku et al. 2020). Methylmercury 

concentration in clams and riparian spiders was no greater than those found upstream of the spill 

location (Kimber 2017).  

Coal ash landfills have been shown to leach heavy metals, especially when the coal ash is 

co-disposed with other waste (Sarmiento et al. 2018). Arsenic, boron, and vanadium become 

more mobile when exposed to landfill leachate while cadmium and molybdenum become more 

mobile when exposed to incinerated ash. (Sarmiento et al. 2020). This is likely due to the 

presence or organic matter and competing ions found in co-disposed landfills and due to the 

reducing nature of landfills (Sarmineto et al. 2018). 

In addition, fly ash has a tendency to become airborne, causing respiratory issues with 

humans in close proximity (Hagemeyer et al. 2019). Fly ash particles that are less than 10 
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micrometers are considered respirable and may affect the human lung and bronchus (Ruhl et al. 

2009). It was found that when fly ash enters the respiratory system it can impede the 

antimicrobial peptides and be a source of bioavailable iron for bacteria, which can interfere with 

bacterial clearance in the lungs (Borcherding et al. 2013). Individuals living near a coal ash 

disposal unit may have symptoms related to the head, ears, eyes, nose, and throat (Nichols et al. 

2014).  

4.0 Discussion 

4.1 Coal Ash Production and Disposal 

Coal ash is produced through the burning of coal at power plants. First, coal is 

pulverized. The pulverized coal is then blown into the combustion chamber of a boiler furnace 

where it becomes ignited, creating a molten mineral residue (DOT 2017). This results in flue gas, 

an aerosol by-product, and molten mineral residue, a solid by-product. 

The two main by-products of burning coal are fly ash and bottom ash (Figure 1). Fly ash 

is the light, super-fine, powdery material typically made of silica that is suspended in the flue gas 

(EPA 2022). Fly ash is removed from the flue gas using electrostatic precipitators or filter fabric 

baghouses (DOT 2017). In 2001, over 68 million tons of fly ash were produced in the United 

States (DOT 2017). Bottom ash is the larger, coarse ash that is too large to leave through the 

boiler furnace (EPA 2022). Approximately 10-20% of coal ash is bottom ash (Donev et al. 

2018). The bottom ash is collected in a water-filled tank, typically located under the boiler. To 

remove the bottom ash from the tank, a jet of high-pressured water is used (Donev et al. 2018) 

Fly ash is disposed of in either landfills or surface impoundments (basins), depending on the 
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power plant’s permit (EPA 2021 (b)). Bottom ash is typically disposed of solely in landfills 

(CDC 2018).  

The disposal of fly ash and bottom ash must be monitored by federal and state 

governments because the ash consists of aluminosilicate and various metals (Buys et al. 2014). 

The metals of interest will vary based on where the coal was mined from, but coal is commonly 

contaminated with As, Cr, Cu, Pb, Hg, Ni, Se, Tl, V, and Zn (Buys et al. 2014). While As, Cr, 

Cu, Ni, Se, V, and Zn have been identified as essential minerals to humans, too much of these 

minerals in the human body can cause significant defects and health issues (Crichton 2016). 

Some of the health impacts associated with metal exposures include development of certain 

cancers, respiratory disease, impacts on the nervous system, developmental delays in children, 

behavioral problems, and cognitive defects (CDC 2018).  

Even though coal ash contains an array of heavy metals, the EPA does not consider it a 

hazardous waste but instead classifies it as a solid waste, the same as household garbage. In 

1978, shortly after the Resource Conservation and Recovery Act (RCRA) was passed, the EPA 

proposed waste from fossil fuel combustion be identified as a “special waste” and exempt from 

RCRA Subtitle C regulations (EPA 2021 (c)). Subtitle C implements the national hazardous 

waste management program. In 1993, the EPA officially claimed that fly ash and bottom ash 

were excluded from Subtitle C and are not considered a hazardous waste under RCRA (EPA 

2021 (c)). In 2000, the EPA further concluded that coal combustion residue falls under Subtitle 

D of RCRA, which is dedicated to non-hazardous solid waste (EPA 2021 (c)).  
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Figure 1. Generation of fly ash and bottom ash (Chou MI.M, 2012). 

 

There are two main ways in which the EPA has allowed for the disposal of fly ash and 

bottom ash as solid waste, including large surface impoundments and landfills. Surface 

impoundments collect fly ash with water (Figure 2). The coal ash settles to the bottom and water 

is discharged through a riser pipe and out into a nearby waterbody (EPA 2021 (a)). The coal 

plant facility must monitor the discharged water under the National Pollutant Discharge 

Elimination System (NPDES). Under NPDES, coal ash facilities are allowed to release a certain 

amount of pollutants, based on the receiving waterbody’s water quality and the state’s 

requirements. The outfalls are to be monitored for discharging greater than what is allowed under 

their NPDES permit. The NPDES permit may allow for monitoring of certain metals, pH, total 

suspended solids, total dissolved solids, chemical oxygen demand, and conductivity (NCDEQ 
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2018). At end of use, coal ash surface impoundments are safely drained of water and then either 

capped or excavated. The coal ash that is excavated is moved to landfills (EPA 2021 (a)). 

Coal ash landfills are designed to have a 95% compaction soil bottom with a geosynthetic 

layer on top (Figure 3). A drainage layer with a leachate collection system is then installed above 

the geosynthetic layer. The leachate collection system may consist of a piping system that 

transports leachate into a treatment area (Peppler 2012). However, coal ash landfills built before 

2015 were not required to have a leachate collection system (EPA 2021 (a)). When no longer in 

use, coal ash landfills are capped. 

 

Figure 2. Diagram of a coal ash surface impoundment (Mohanty, et al., 2020). 

 

In addition to the aforementioned disposal methods, approximately 30% of bottom ash 

produced is recycled. Coal ash has a similar composition to rocks, soil, and volcanic ash, all of 

which are used in construction material (Ritter 2016). Beneficial use coal ash products can be 

encapsulated or unencapsulated. However, unencapsulated products require proper evaluation to 

ensure environmental protection (Lowell, 2010). Recycled bottom ash can be found in road 
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construction, snow and ice maintenance, in concrete material, and in structural fill material 

(Donev et al. 2018). Bottom ash that has settled to the bottom of a surface impoundment can also 

be recycled later. Fly ash can also be recycled into concrete, cement, and asphalt. Approximately 

43% of fly ash in the United States is recycled (Donev et al. 2021). It is estimated that every ton 

of fly ash used in cement can result in a reduction of carbon dioxide emissions by one ton 

(Seidler and Malloy 2020). The American Road and Transportation Builders Association 

estimated that the use of fly ash in roadways saves approximately $5.2 billion each year in the 

United Station (Seidler and Malloy 2020). The EPA does not regulate material comprised of 

recycled coal ash as hazardous waste (Lowell 2010).  

 

Figure 3. Diagram of a coal ash landfill (Duke Energy, 2015).4.2 Coal Ash Regulations and 

Monitoring 



 

13 
 

 In response to the catastrophic spill at the Kingston plant, the EPA released the Final 

Rule on Coal Combustion Residuals Generation by Electric Utilities in December 2014 to 

establish a comprehensive set of requirements for the disposal of CCRs. These requirements 

relate to existing and new landfills and surface impoundments, including any expansions (Table 

2). According to the rule, all new landfills and surface impoundments are to be lined. Monitoring 

wells are installed to detect the presence of groundwater contamination (EPA 2021 (b)). If 

contaminants are found above groundwater protection standards, the operator must begin a 

clean-up process. Landfills and surface impoundments that are not lined and are leaching into 

groundwater are to be closed, ordered by the state or EPA (EPA 2021 (b)). Operators may use 

mist suppression on the landfills and surface impoundments to keep dust under control.  

Table 2. Breakdown of the 2015 Coal Ash Disposal Rule 

Criteria Type Minimum National Criteria (Federal Register, 2015) 

Location Restrictions 

Surface impoundments, landfills, and expansions are not be 

installed in unstable areas, seismic impact zones, wetlands, 

fault areas, and above the uppermost aquifer.  

Existing units that do not meet these restrictions are to be 

closed. Units can retrofit to meet these requirements.  

Liner Design Criteria 

New landfills, surface impoundments, and expansions are 

to be lined with composite liner, which consists of a 

geomembrane and a two-foot layer of compacted soil.  

New landfills are to have a leachate collection and removal 

system installed.  

Existing units that do not have a liner that have high levels 

of contaminants in groundwater are required to retrofit with 

a liner or close.  

Structural Integrity Requirements 

Conduct periodic hazard potential classification 

assessments.  

Conduct periodic structural stability assessments. 

Conduct periodic safety factor assessments. If a unit fails a 

safety assessment, the unit must close.  
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Table 2 Continued. 

Criteria Type Minimum National Criteria (Federal Register, 2015) 

Operating Criteria  

Air criteria necessary for all units, run-on and run-off 

controls for landfills, hydrologic and hydraulic capacity 

requirements for surface impoundments, and periodic 

inspections of all units.  

Groundwater Monitoring and Corrective 

Action 

Operators of units are to install monitoring wells and create 

sampling procedures for the wells.  

Operators must conduct groundwater monitoring and a 

corrective action, if constituents exceeds groundwater 

standards. 

 

While the EPA did release new regulations to help combat contamination in groundwater, 

airborne dust, and structural issues, it ultimately comes down to the state’s discretion to enforce 

these regulations due to CCRs being defined as a non-hazardous waste under RCRA Subtitle D. 

Therefore, implementing these new regulations relies fully on states (Fed. Reg. 2015). The new 

rule has vague definitions and standards which could lead to minimal efforts and enforcements 

by the states. For example, the new rule does not state how many groundwater monitoring wells 

are to be installed, how often the units are to be sampled, or how to effectively minimize 

airborne particles.  

In 2021, the EPA announced that they are determining whether there is a need for stricter 

limitations and standards so that they comply with the goals of the Clean Water Act. EPA will 

release the proposed rulemaking for public comment in Fall 2022. (Fed. Reg. 2021). If the EPA 

reclassified coal ash from non-hazardous waste under Subtitle D to hazardous waste under 

Subtitle C, they would then be able to fully regulate the disposal and monitoring of coal ash. 
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4.3 Impacts to Human and Ecosystem Health 

 The two different disposal methods that are currently being utilized for coal ash each 

have their limitations. Surface impoundments and landfills are capable of leaching contaminants 

into ground water (Sarmiento, et al., 2018). Surface impoundments have the potential to breach, 

especially in areas where hurricanes are more common. Landfills are uncovered and can cause 

resuspension of particulate matter into the air (Hagemeyer et al. 2019).  

Each study that looked into the aftermath effects of the Kingston and Eden coal ash spills 

determined that while there was an initial impact to the health of the aquatic organisms, there 

were no long-term effects (Buys et al. 2014; Otter et al. 2015). The organisms appeared to 

bounce back from the initial shock (Pouil et al. 2020) found that snails and mayflies had high 

levels of arsenic and selenium concentration immediately after the Kingston coal ash spill but 

concentrations of these elements decreased 4 years later. A reason for this bounce back is likely 

due to dredging (Pouil et al. 2020). After the Kingston and Eden coal ash spills, dredging 

occurred and much of the coal ash was removed from the waterways. Heavy metals tend to 

adsorb to sediment, rather than associate with water (Duncan et al. 2018). Therefore, it is likely 

much of the metals found in coal ash were removed when dredging occurred. It is possible that 

aquatic organisms may have succumbed to greater health impacts had the coal ash remained in 

the rivers. Coal ash is composed of many heavy metals that can cause an array of health issues. If 

aquatic organisms were exposed to coal ash for an extended duration of time, chronic health 

issues may arise (Yu et al. 2020).  

Although aquatic ecosystems did not experience lasting impacts, there were concerning 

health implications for humans (Ruhl et al. 2009; Borcherding et al. 2013; Nichols et al. 2014; 
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Hagemeyer et al. 2019). Any issues that were found were attributed to coal ash dust 

(Borcherding et al. 2013; Hagemeyer et al. 2019; Nichols et al. 2014; Ruhl et al. 2009). Landfills 

and surface impoundments can threaten human health when coal ash becomes airborne (Ruhl et 

al. 2009). Due to the size of the particulate matter, the particles can become lodged deep within 

lungs, leading to respiratory issues (Ruhl et al. 2009). The particle size of fly ash ranges between 

10 and 100 micrometers (USDOT 2017). Although smaller particles can enter further in the 

alveolar region of the respiratory system particles this size will enter the respiratory system and 

settle in the nasopharyngeal region which includes the nose, nasal cavity, and throat (EPA 2021 

(d)). This can become a significant issue as particles can travel far and cover a large diameter 

when suspended (Ruhl et al. 2009). Even communities that are not adjacent to coal-burning 

power plants may still be affected (Ruhl et al. 2009).   

4.4 Beneficial Use 

 Unfortunately, coal ash is not going anywhere for a long time. The United States relies 

heavily on coal to generate energy. According to the United States Energy Information 

Administration, approximately 22% of the United States’ energy comes from coal as of 2021 

(EIA 2021). However, coal ash can be used for beneficial use. Beneficial use of coal ash can 

benefit the environment and the economy. Fly ash can be used in concrete, bricks, ceramic tiles, 

plaster, paints, and adhesives (Ritter 2016). Currently, China extracts aluminum from coal ash 

(Ritter 2016). It would be beneficial to determine what other metals can be extracted from the 

residue. Converting coal ash into a beneficial use would reduce greenhouse gas emissions, 

reduce coal ash waste in disposal units, and limit the use of virgin resources (Ritter 2016). It 
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would be beneficial to continue recycling coal ash and finding more ways to use it to help reduce 

the risk of coal ash contaminants entering the environment and causing harm.   

4.5 Study Limitations 

 There were several limitations to this study which should be noted. One limitation was 

that the many studies pertaining to coal ash contamination of sediment within waterways were 

not included. Because issues of chemical speciation and chemical transport influence the 

ultimate bioavailability of contaminants in sediment (Traina and Laperche 1999), sediment 

contamination alone cannot be directly linked to toxicity. A main objective of this research paper 

was to evaluate direct toxic impacts of current coal disposal methods on humans and aquatic 

organisms, and thus sediment contamination was not considered. 

 Another limitation is that the studies picked for this research did not look into the impacts 

on terrestrial organisms. Aquatic organisms were researched because the coal ash disposal sites 

are typically located near water bodies (EPA 2021 (b)). However, since mercury is a component 

of coal ash, and mercury has the ability to bioaccumulate (Krabbenhoft and Rickert 2018), it 

would be advantageous to look into additional organisms, particularly piscivorous birds.  

The study was further limited by the few articles pertaining to coal ash landfills that were 

available. Only four of the evaluated studies pertained to landfills, whereas there were nine 

articles evaluating surface impoundments. Ultimately, studies investigating coal ash landfills and 

surface impoundments are lacking. A comprehensive, long-term epidemiological study should be 

conducted on communities living in close proximity to coal power plants. The study should 

compare air, groundwater, and drinking water samples from nearby communities with those from 

communities further away.  
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4.6 Conclusions and Recommendations 

 Overall, coal ash landfills and surface impoundments are protective of human and 

ecological health. There have been two significant breaches in surface impoundments within the 

last 15 years, both resulting effects on aquatic ecosystems and human health have been minimal 

(Pouil et al. 2020). However, coal ash landfills may be linked to respiratory issues in humans 

living in close proximity (Hagemeyer et al. 2019). This review indicated that surface 

impoundments and landfills both have inherent limitations. However, both appear comparably 

sufficient in their protectiveness of human health and the environment, given the knowledge we 

have. Recycling coal ash is the most beneficial form of disposal as it cuts down on the 

production of raw materials, reduces greenhouse gases, and can reduce the burden of surface 

impoundments and landfills (Ritter 2016). As the EPA continues to develop stronger regulations 

for the disposal of coal ash, future regulations should encourage the recycling and reuse of coal 

ash. 
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