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ABSTRACT 
 

Aims: Coal fly ash (CFA), the major waste product of coal-burning utilities, is trapped and 
contained in Western nations, but not generally in India and China, where it is a major component 
of air pollution. In Western nations, the CFA trapping is inefficient, exposing downwind populations 
to the toxic aerosols. Similarly, CFA industry workers and those living downwind of coal ash piles 
may be exposed to the wind-blown toxins.  Aerosolized coal fly ash, especially as used for climate 
manipulation, is a particularly hazardous form of air pollution. Our objective is to review the 
multifold components of coal fly ash, linked to neurodegenerative disease, which is rapidly 
increasing world-wide. 
Methods: We review the interdisciplinary scientific and medical literature. 

Review Article 
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Results: The recent finding of spherical exogenous magnetite (Fe3O4) nanoparticles in the brain 
tissue of persons with dementia suggests an origin in air pollution produced by coal fly ash. The 
primary components of coal fly ash, iron oxides and aluminosilicates, are all found in the abnormal 
proteins that characterize Alzheimer's dementia. The presence of these substances in brain tissue 
leads to oxidative stress and chronic inflammation. Energy absorbed by magnetite from external 
electromagnetic fields may contribute to this neuropathology.  
Conclusions: Considering the well-known and manifold toxicities of CFA, the public should be 
made aware of the potential risks for neurodegenerative disease posed by aerosolized CFA, 
including its use in climate alteration activities. We have set forth the basis for understanding how 
this kind of pollution may damage cognitive abilities. It is a form of pollution that should be halted 
altogether. 
 

 
Keywords: Aerosols; coal fly ash; climate intervention; Alzheimer’s; Parkinson’s; dementia; brain 

disease. 
 

1. INTRODUCTION  
 
Burning coal accounts for one-third of global 
energy utilization and 40% of the electricity 
generated throughout the world [1]. Unlike 
burning natural gas, burning coal produces solid 
ash in amounts of approximately 10% of the 
initial coal weight. The heavy coal ash settles 
beneath the burner, while the light ash, called 
coal fly ash (CFA), condenses and accumulates 
in the vapors above the burner, and exits with the 
exhaust gases. Being a concentrate of the toxins 
originally present in the coal, in Western nations, 
CFA is electrostatically trapped and sequestered. 
India and China, however, frequently do not trap 
CFA, and it is a major contributor to air pollution 
in those nations [2]. 
 
Even in Western nations, the public is exposed, 
in some locations, to aerosolized CFA                
pollution downwind of coal-burning utilities with 
inefficient trapping [3,4], downwind of CFA coal 
ash piles [5], and as workers in the coal fly                 
ash industry [6]. On a larger scale, forensic 
evidence is consistent with coal fly ash as the 
primary material utilized in undisclosed and 
ongoing tropospheric aerosol climate 
manipulation operations in North America and 
Europe [7,8]. 
 
Air pollution is one of the great killers of our age. 
It is increasing at an alarming rate and is 
currently the fourth leading cause of death world-
wide [9]. Exposure to air pollution is known to be 
associated with respiratory, cardiovascular, and 
stroke-related morbidity and mortality [10,11].  
 
In this Review, we disclose potential risk factors 
and toxicological evidence of neurological 
degenerative diseases resulting from aerosolized 
CFA. 

The prevalence of dementia is higher in 
developed countries than in developing ones, but 
it is rapidly increasing throughout the world [12]. 
It has been projected that the number of people 
affected by dementia will double between 2020 
and 2040 [13]. Data suggest that air pollution is a 
significant risk factor for neurodegenerative 
disease including Alzheimer’s dementia (AD) and 
Parkinson’s disease (PD). Long-term exposure to 
air pollution is associated with 
neuroinflammation, altered immune response, 
disruption of the blood-brain barrier, particulate 
deposition, and accumulation of amyloid plaques 
in the brain [14].  
 
A recent study documents significant adverse 
health effects from PM2.5 at concentrations below 
national standards [15]. Ultrafine particles (UFP), 
those particles less than 0.1 um in diameter, 
contribute negligibly to PM2.5, but dominate the 
particle number count (PNC). There is no 
regulation or effective monitoring of these 
ultrafine/nanoparticles [16].  UFP’s are among 
the most toxic particles based on their greater 
number, larger content of redox active 
compounds, greater surface-to-mass ratio, 
bioavailability of chemically active agents, and 
their ability to penetrate cell walls [17]. 
 
Over recent decades, the central nervous system 
(CNS) has been a suspected target of the 
harmful effects of air pollution. In one of the first 
indications, indoor coal fumes were found to be 
an independent risk factor for stroke 
(cerebrovascular accident/CVA) [18]. Somewhat 
later, air pollution was found to be an important 
risk factor for ischemic stroke [19]. The first study 
to show that air pollution might be related to 
neurodegenerative disease used dogs from a 
highly polluted urban area. Brain damage in the 
exposed dogs (compared to controls) included 
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disruption of the blood-brain barrier, 
degenerating cortical neurons, non-neuritic 
plaques, and neurofibrillary tangles. Tissue 
damage was greatest in the olfactory mucosa, 
olfactory bulb, and frontal cortex, implicating the 
nasal pathway as portal of entry [20]. It was later 
shown in rats that inhaled ultrafine particles can 
translocate to the brain [21]. 
 
In recent years, emerging evidence from 
epidemiological, observational, clinical, and 
experimental studies strongly suggest AD, PD, 
certain other neurodegenerative diseases, and 
stroke in humans, are associated with ambient 
air pollution [22]. Children residing in a highly 
polluted urban environment were found to have 
cognitive deficits, and the majority of them 
demonstrated brain abnormalities on MRI [23]. A 
link between exposure to air pollution and AD 
was found by Jung and colleagues in a 
Taiwanese cohort of over 95,000 people age 65 
or older [24]. Long-term exposure to PM2.5-10 
levels typically experienced in the U.S. was 
found to be associated with cognitive decline in 
elderly women [25]. 
 

2. METHODS 
 
There is much information in the scientific 
literature pertaining to the subject of this review, 
however, it is spread among different journals 
across several disciplines. We review relevant 
medical and scientific literature to collate diverse 
information and thus draw inferences on the 
adverse health risks for neurological 
degenerative diseases due to atmospheric 
aerosol climate alteration based upon the 
compositional nature of CFA and the 
commonalities disclosed by air pollution 
investigations. Principal search engines used are 
the Florida State Internet and Google Scholar. 
 

3. RESULTS AND DISCUSSION 
 

The primary mineral components of CFA are 
silicates, aluminum-containing compounds, and 
an iron-bearing component that includes 
magnetite (Fe3O4) [26]. Notably, all of these 
component-elements are found in AD plaque 
core material including iron, aluminum and silicon 
[27]. Iron and aluminum are both implicated in 
the pathogenesis of neurodegenerative diseases. 
In both AD and PD, iron accumulates in the 
brain, indicating a loss of iron homeostasis and 
resultant iron-induced oxidative stress [28]. The 
recent finding of exogenous magnetite 
nanoparticles in brain tissue of persons with 

dementia lends strong support to the relationship 
between air pollution, iron compounds, and 
neurodegeneration [29]. As we discuss, the 
components of CFA, as utilized in atmospheric 
climate manipulation, pose similar, if not more 
severe, potential risk-factors for 
neurodegenerative diseases. 
 
The relative amount of ultrafine particulate matter 
and nanoparticles is higher in CFA than any 
other combustion-derived material. The average 
size range of CFA nanoparticles fall within the 
range of PM0.1 [30]. Ultrafine particles in CFA 
often escape filtering devices like electrostatic 
precipitators [4]. Coal fly ash that is not trapped 
by pollution control devices contributes to the fine 
particle (PM2.5) component of particulate matter. 
These particles stay in the atmosphere longer 
and can be transported greater distances [31]. 
Duration time and transport distances are much 
greater for aerosolized CFA used for climate 
manipulation. Aluminosilicate glass is a dominant 
material in fly ash particles. Atmospheric 
weathering of this aluminosilicate phase can 
mobilize iron (Fe), which is present in the inner 
core or surface of fly ash spheres [32]. Iron ions 
are among the most hazardous components of 
PM, as they produce the most reactive oxygen 
species [33]. 
 

A large body of evidence suggests that 
neurodegenerative disorders are partially 
mediated by oxidative stress. The brain is highly 
susceptible to oxidative stress injury because of 
its high metabolic activity, its low antioxidant 
activity, its high cellular content of lipids and 
proteins, and its large amount of redox active 
metals such as iron, copper, molybdenum, and 
zinc, all components of CFA [22]. Biometals such 
as these are essential for neuronal function, but 
their deficiency, excess, or dysregulation can 
lead to neurogenerative disease. Homeostasis of 
transition metals in the brain is disturbed in AD, 
with extracellular pooling of zinc and copper in 
amyloid plaques, and intraneuronal accumulation 
of iron. Amyloid and tau protein pathology arise 
in the setting of high metal flux, and as these 
proteins are involved in both transition metal 
import and export, they may contribute to AD by 
developing defective metal transport roles [34]. 
Dysfunctional transition metal metabolism, 
transport, accumulation, and storage can result 
from either endogenous disorders or                 
exogenous insults [35]. The recent findings                
of particulate matter, including magnetite                                  
pollution nanoparticles in the brains of persons 
with    AD, generally and strongly implicates air                  



 
 
 
 

Whiteside and Herndon; JAMMR, 25(10): 1-11, 2018; Article no.JAMMR.40072 
 
 

 
4 
 

pollution as the essential, primary external 
environmental causative factor leading to 
neurodegeneration [29]. 
 
Maher et al. [29] distinguished exogenous 
magnetite nanoparticles in brain tissue of 
persons with dementia by their spherical particle-
shape, which is different from biogenic 
magnetite. Coal fly ash is principally composed 
of spherical particles, including magnetite 
spheres, which condensed from and 
agglomerated in, the hot gas above the burner. 
The spherical shape results from the surface 
tension of the melt (Fig. 1). 
 
Natural rocks and minerals tend to form slowly or 
form from matter which formed slowly, 
approaching thermochemical equilibrium. 

Consequently, some degree of stability generally 
may be expected, except over long periods of 
time or in corrosive environments. By contrast, 
CFA condensed and/or accumulated and cooled 
rapidly under circumstances quite unlike natural 
terrestrial environments. Consequently, water 
[36] as well as body fluids [37,38] are capable of 
extracting from CFA a large number of elements, 
many toxic and/or carcinogenic, and in the 
process produces chemically reactive surfaces. 
 
The morphology of CFA is diverse, but most of 
the particles are microspheres, porous 
microspheres, plerospheres containing sub- 
microspheres or mineral fragments, and 
magnetic ferrospheres [39]. The ultrafine 
particles (0.1-1 um), and nanometer-sized 
particles (< 100 nm) in CFA, characterized by

 

 
 

Fig. 1. Polished cross section of coal fly ash (ASTM C 618 Class C) embedded in epoxy. The 
image was obtained from back-scattered electrons which show differences in atomic density 

represented by variation in gray scale. The overwhelming spherical morphologies are the 
consequence of the surface tensions of the melts during condensation from and 

agglomeration in the hot gas above the coal-burner (Courtesy of Wabeggs: CC BY-SA 3.0) 
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energy-filtered transmission electron microscopy, 
are often spherules embedded in a silica matrix 
with metallic elements like aluminum, iron, and 
titanium [31].   
 
Coal fly ash contains significant amounts of 
magnetic iron oxides, especially magnetite 
(Fe3O4). Magnetic particles tend to be spheroidal, 
especially with decreasing particle size [40]. 
High-resolution transmission electron microscopy 
studies of nanometric-sized crystalline phases in 
CFA reveal iron-rich oxides, Fe-sulfate, and 
heterogeneous Fe-aluminum silicate particles 
with abundance peaks at 10 and 100 nm [41] 
(Table 1). This particle size is consistent with 
biogenic magnetite in human brain tissue (most 
10-70 nm) [42] and exogenous pollution 
magnetite nanoparticles in human brain tissue 
(10-150 nm) [29]. Iron speciation by Mossbauer 
spectroscopy indicates that ferric iron in an 
aluminosilicate phase is a source of the 
bioavailable iron in CFA, and that this iron is 
associated with combustion particles and not 
crustal dust. Such bioavailable iron has been 
shown to produce reactive oxygen species in cell 
culture experiments [43]. 
 
The primary elements in coal fly ash, i.e., iron, 
aluminum, and silicon, have all been found in 
core plaque material in AD. Aluminum and silicon 
were found co-localized in the central region of 
senile plaque cores in the 1980’s [45], with these 
findings confirmed by more recent studies [27]. 
The presence of aluminum and silicon as 
aluminosilicates was documented using solid-
state 27Al nuclear magnetic resonance 
spectroscopy. Al and Si have also been reported 
in the neurofibrillary tangle-bearing neurons 
which characterize AD [46]. The presence of 
aluminosilicates (which have no known biologic 
function) in these abnormal sites suggests they 
may play a role in neuropathology. The potential 

pathogenic role of microglial cells in the 
neurodegenerative process is suggested by the 
finding that murine microglial cells, exposed in 
vitro to aluminosilicate particles, stimulate tissue-
injurious free radical reactive oxygen metabolites 
[47]. This particle-induced activation of glial 
macrophage cells promotes chronic inflammation 
and deposition of the abnormal protein material 
that characterizes AD [48]. The presence of Al

3+
 

in plaques also potentiates the redox cycle in 
favor of the more toxic ferrous (Fe

2+
) iron at 

these sites [49]. 
 
Iron is essential for brain function, but its 
imbalance or excess is a potent source of 
reactive oxygen species. Iron accumulates with 
aging and excessive iron occurs in many 
neurodegenerative diseases including AD, PD, 
and Huntington’s disease, amyotrophic lateral 
sclerosis, and several genetic neurological 
diseases under the category NBIA: 
Neurodegeneration with Brain Iron Accumulation. 
Iron has two valence states, ferric iron (Fe

3+
), 

and ferrous iron (Fe2+) which in living systems 
allows its use in uptake, mobilization, storage, 
transport, etc. However, the ability of iron to 
exchange single electrons with multiple 
substrates can lead to generation of reactive 
oxygen species (ROS). An excess of ferrous iron 
can be toxic, e.g., by reacting with hydrogen 
peroxide (H2O2) via the Fenton reaction, or with 
peroxynitrates, catalyzing oxidant-mediated 
damage. The result of abnormal iron chemistry 
can lead to oxidative stress, lipid peroxidation, 
and DNA damage that ultimately causes death of 
irreplaceable neurons by apoptosis (programmed 
cell death) [27,50]. Under normal conditions in 
the body, a highly complex and fine-tuned 
regulatory system controls Fe homeostasis on 
both an intra and extracellular basis, severely 
limiting the amount of free, available ionic iron. 
There is evidence that a build-up of iron and

 
Table 1. Classifications of mineral-chemical compositions of ferrospheres in CFA, from 

measurements on 60 spheres [44], based upon the major elements iron (Fe), aluminum (Al), 
and silicon (Si), which are observed in neurologically degenerate tissue samples. Cations are 

normalized to 100 % by weight 
 

Ferrosphere Fe content (Al+Si) content 

Classification Wt. %  Wt. % 

Ferrooxides Fe ≥ 75 (Al+Si) ≤ 25 

Aluminosilicate-containing 

Ferrooxides 

 50 ≥ Fe < 75 

 

 25 < (Al+Si) ≤ 50 

High-ferriferous 

Aluminosilicates 

 25 ≤ Fe > 50 

 

 50 > (Al+Si) ≤ 75 

Ferroaluminosilicates Fe < 25 (Al+Si) > 75 
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oxidative stress precedes the development of 
amyloid plaques and neurofibrillary tangles that 
characterize AD [28].  
 
Microglia are the resident immune surveillance 
cells in the brain, and they are activated in 
neurodegenerative diseases. Microglia are 
activated in response to disease proteins, 
cytokines, neuron death, and environmental 
toxins, including components of air pollution. 
Microglia were first shown to recognize and 
respond to PM in an in vitro study of diesel 
exhaust particles [51,52]. While most of the 
microglial activity is beneficial, an excess of 
activated microglia can become a source of 
chronic inflammation and oxidative stress. It has 
been found that activated iron-containing 
microglia are numerous in the hippocampus (a 
key portion of the brain relating to memory 
function) of persons with AD compared to 
controls [53]. Iron-containing monocytes from 
peripheral blood can migrate across the blood-
brain-barrier in neurodegenerative disease, 
where they transform into brain macrophages. 
These macrophages participate in the 
phagocytosis of dead and dying cells, and 
eventually die themselves, leading to the release 
of their iron into the central nervous system. This 
iron could transform from ferric iron present in 
the storage protein ferritin to the more           
available but more labile and toxic ferrous iron 
[54].  
 
Magnetite (Fe3O4) is a ferrimagnetic iron oxide 
crystal with alternating lattices of Fe (II) and Fe 
(III) which are antiferromagnetically coupled. This 
alternation of lattices and their corresponding 
differences in the number of unpaired electron 
spins give magnetite its strong magnetization 
[55]. Magnetite is formed biochemically by many 
living organisms including man. Biogenic 
magnetite was first discovered in human brain 
tissues in 1992. Biogenic magnetite 
nanoparticles occur as angular, crystalline 
particles, most in the 10-70 nm size range. 
Biogenic magnetite particles are often found in 
“clumps” or chains, usually within a “closed 
system” of lipid membranes called 
magnetosomes [42]. Since the discovery of 
biogenic magnetite, particles of this material 
have been extracted, imaged, and characterized 
by transmission electron microscopy and SQUID 
magnetometry. Recently magnetite pollution 
nanoparticles were found in abundance in the 
brain tissue of persons with advanced dementia 
[29]. These particles match the high-temperature 
magnetite nanospheres of CFA, which formed by 

condensation from hot combustion-gas. The 
pollution particles have diameters between 10 
and 150 nanometers and can enter the brain 
directly through the olfactory nerve and 
especially through the injured olfactory 
apparatus, including the olfactory bulb [29]. 
 
Neurofibrillary tangles and amyloid [senile] 
plaques are major sites for catalytic redox 
reactivity of transition metals, including iron. This 
lesion-associated iron is distinct from iron 
sequestered in ferritin and provides evidence of 
reactive ferrous (Fe

+2
) in AD tissue [55,56]. β-

amyloid (BA) is capable of accumulation and co-
aggregation of iron within plaque structures, 
resulting in the chemical reduction of redox-
inactive ferric to redox-active ferrous iron. The 
presence of aluminum increases this reductive 
activity [57]. Both iron and aluminum can induce 
aggregation of hyperphosphorylated t (PHFt), the 
major constituent of neurofibrillary tangles [58]. 
The excess iron found in neurodegenerative 
disease may be in the form of magnetite [59]. 
Using an integrative set of advanced 
transmission electron microscopy techniques, it 
has been shown that Fe in amyloid plaque cores 
is present as iron oxide nanoparticles. These 
highly organized nanostructures are bound into 
fibrillar BA and demonstrate superparamagnetic 
properties [60]. In an in-vitro model, the 
combination of magnetite and β-amyloid disrupts 
the functional organization of cultured neuronal 
networks [61]. Malfunction of the light 
polypeptide of ferritins leads to the formation of 
superparamagnetic magnetite. The presence of 
this magnetite may reduce the bioavailability of 
iron, and potentiate free radical production by 
Fenton reaction and/or triplet state stabilization 
[62]. 
 

Magnetite is the only ferromagnetic compound in 
the body, and it reacts over one million times 
more strongly to external electromagnetic fields 
than any other biological substance [42]. 
Electromagnetic frequencies absorbed by 
magnetite are transduced into acoustic vibrations 
at the microwave frequency within the crystal 
lattice via the magneto-acoustic effect. This 
energy is dissipated into cellular structures close 
to the magnetite particles. Magnetite best 
absorbs microwave frequencies in the 0.5 - 10 
Gigahertz range, but it can also be affected by 
radio frequencies and extremely low frequencies 
(ELF). We are surrounded by sources of 
electromagnetic radiation in that absorption 
frequency range including Bluetooth, GPS, smart 
meters, microwave ovens, mobile phones, 
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wireless LAN, and ZigBee – to name a few. 
Mechanically-sensitive ion channels can open or 
close from the movement of magnetite in 
response to external electromagnetic fields [63]. 
This transient opening of membrane pores allows 
calcium and other ions to enter cells. There is 
evidence that voltage-gated calcium channels 
(VGCC) may provide an alternative route for iron 
to enter neurons and produce oxidative toxicity 
[64].  

 
Electromagnetic Fields (EMF’s) are associated 
with oxidative stress in the human brain                    
and contribute to neurodegeneration [65,66]. 
Microwave frequency EMF’s have also been 
shown to produce neuropsychiatric effects                
[67]. Microwave radiation is damaging to brain 
cells not by thermal effects, but rather by 
vibration effects on cellular structures and 
processes. The magnetite pollution  
nanoparticles in the brains of persons with 
advanced dementia greatly outnumber the 
biogenic magnetite particles [29]. Exogenous 
pollution particles may also absorb and 
transduce a wide variety of man-made 
electromagnetic frequencies [63]. 

 
4. CONCLUSION 
 
Virtually everyone in the world is now exposed        
to air pollution, the leading environmental              
cause of disease and death. Air pollution is 
linked to neurodegenerative disease and 
dementia, which is reaching pandemic 
proportions. The recent finding of exogenous 
magnetite nanoparticles in brain tissue is like a 
“smoking gun,” indicating a strongly supported 
relationship between pollution formed by 
combustion and neurodegenerative disease. 
Among several sources of exogenous 
neurologically damaging magnetite pollution, we 
have shown that the size and morphology of 
these particles is most consistent with an origin 
in coal fly ash. The principal components of coal 
fly ash, i.e., aluminosilicates and magnetite, are 
all found in in the abnormal protein material that 
characterizes Alzheimer’s Dementia. Magnetite 
is extremely sensitive to external electromagnetic 
fields and this fact hints at a synergistic role of 
electromagnetic fields in producing 
neurodegeneration. Additional research is 
urgently needed to confirm and further 
investigate these findings. 

 
There is published evidence consistent with coal 
fly ash being the main component utilized in 
atmospheric aerosol climate manipulation. This 

activity, now conducted on a near-daily, near-
global basis represents an unacknowledged, 
involuntary, and extremely toxic form of air 
pollution with potential global impacts. There is 
no effective regulation or monitoring of the 
principal elements (e.g., Al, Si, and Fe) in 
aerosolized coal fly ash. The ultrafine and 
nanoparticles present in coal fly ash often                  
go unfiltered and undetected. We have set              
forth the basis for understanding how this kind of 
pollution may damage the cognitive abilities of 
human populations. It is a form of pollution that 
should be halted altogether. 
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