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Abstract: Dynamic shifts in global temperatures have increased the intensity of 
extreme weather events over many decades, leading to an increase in wildfires, 
drought, floods, intense hurricanes, longer hurricane seasons, damaging dust 
storms, humidity changes, decreasing foliage canopy, and altering crop patterns. 
Accelerated environmental changes can cause negative impacts on everyday human 
activities and living conditions leading to an increase in the likelihood of human 
exposure to anthropogenic chemicals: i.e., microplastics; insecticides, fungicides, 
and herbicides; and biological chemicals: i.e., algal toxins, these exposures are 
defined collectively as the “exposome”. Every human being is unique in their 
genetic makeup; therefore, individuals will respond differently to those chemical 
exposures. Intersecting with climate change is a global increase in 
neurodegenerative disorders. Exposure to specific compounds has been linked to 
various neurological diseases, such as dementia, Alzheimer’s, and Parkinson’s. 

 Keywords: microplastics; pesticides; algal toxins; Alzheimer’s; Parkinson’s; ALS; 
climate change 

1. Introduction 

Global temperatures have risen gradually since the mid-1800s and then more rapidly from the 1970s. The 
June 2025 Global Climate Monthly Report, published by the United States National Oceanic and Atmospheric 
Administration (US NOAA), charts that 2024 was the hottest year on record worldwide since global record keeping 
began in 1850 [1]. The report indicates that there was a significant upsurge in temperatures in 2024 when compared 
to the annual average temperatures from 1991 to 2020 [1]. A map of the chart data, presented in the report, better 
illustrates the overall global changes in temperatures Figure 1. These dynamic shifts in temperature have increased 
the intensity of extreme weather events, such as wildfires, droughts, floods, more intense hurricanes, longer 
hurricane seasons, and dust storms. These extreme weather events have led to changing humidity, decreasing 
foliage canopy, and altering crop patterns [2,3].  

In April of 2025, the Centre for Research on the Epidemiology of Disasters (CRED) released their report on 
global disasters that occurred in 2024 [4]. There were 393 natural hazard-related disasters reported (i.e., extreme 
heat spells, floods, severe cold, tropical storms, and droughts), affecting 167.2 million people globally and creating 
242 billion US dollars in economic damages [4]. Accelerated environmental changes, in contrast to historic long-
term smaller environmental fluctuations, cause negative impacts on everyday human activities and living 
conditions, including, but not limited to, global food insecurity and increasing starvation; air pollution, causing 
exacerbation of asthma and other adverse respiratory conditions; spread of tropical diseases to former non-tropics 
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(i.e., dengue fever, malaria); and hotter, as well as, longer heat waves, resulting in increased adverse cardiovascular 
events [5–7]. 

 

Figure 1. 2024 Global thermal map: Temperature—Global Yearly, Difference from Average. Color codes: Shades 
of red show where average annual temperature in 2024 was warmer than the average from 1991–2020. Shades of 
blue show where the annual average was cooler than the long-term average. The darker the color, the larger the 
difference from average temperature. White and very light areas were close to their long-term average temperature. 
Gray areas near the North and South Poles show where no data are available. https://www.climate.gov/maps-data/data-
snapshots/data-source/temperature-global-yearly-difference-average; last accessed 8 August 2025. 

In May 2025, the World Meteorological Organization (WMO) released their Global Annual to Decadal 
Climate Update for the period of 2025–2029 [8]. This report specified several key climate change indicators that 
had reached record levels in 2024. These indicators showed that the rate of sea-level rise has doubled since satellite 
measurements began, ocean warming will be irreversible for hundreds of years, record greenhouse gas 
concentrations are at the highest in 800,000 years which, when combined with the El Niño Southern Oscillation 
phenomenon, drove the 2024 heat records to be higher. These driving indicators led to stronger tropical cyclones 
in the South Pacific and more intense hurricanes in the North Atlantic in 2024 [4]. The impact from these unstable 
weather events in 2024 led to worldwide flooding, droughts, increased domestic food prices, the highest number 
of human displacements since 2008, as well as destruction of homes, critical infrastructure, and farmland [8]. 
Specifically, these high impact weather events were responsible for major economic and human losses in Southeast 
Asia and North America. The worst of the Southeast Asia typhoons was Typhoon Yagi. Typhoon Yagi was 
responsible for the deaths of more than 600 people and led to $20 billion (USD) in economic damages [4]. In the 
North Atlantic five major hurricanes impacted the United States and the Caribbean, from July-October 2024. These 
hurricanes caused $113 billion (USD) in economic damages and were attributable for the deaths of 314 people 
[9,10]. It is estimated that, in the US alone, extreme weather events will lead to an estimated 7000 to 11,000 excess 
deaths, particularly along the eastern coast of the United States [11]. 

Unraveling the connection between climate change, impacts on human populations, and increasing 
neurological disorders is complicated. In part, these rapid environmental fluctuations bring about a greater 
likelihood of human exposure to more contaminants, i.e., the exposome, of both anthropogenic sources, i.e., 
microplastics (MPs), pesticides, fungicides, herbicides, and natural sources, i.e., algal toxins. 

The exposome is “the measure of all the exposures of an individual in a lifetime and how those exposures 
relate to health. An individual’s exposure begins before birth and includes insults from environmental and 
occupational sources.” [12,13]. Every living organism on Earth has a singular genetic design and therefore each 
organism may respond differently to chemical exposures. Exposure to specific contaminants has been linked to 
neurological diseases, such as dementia, Alzheimer’s disease (AD), and Parkinson’s disease (PD) [14,15]. 
Worldwide diagnoses of neurological disorders are on the rise, with high-income areas of the Asia-Pacific seeing 
the largest growth in Disability Adjusted Life Year (DALY) rates from AD and other forms of dementias Figure 
2 [16]. We can only speculate as to why there is this dramatic increase in rates of DALY in the Asia-Pacific region. 
A couple of potential reasons could be from a broader adaptation of “Western-Eurocentric” diets into Asian 
cultures, increasing dramatic weather patterns in the Southern and Northern Pacific, i.e., El Niño/La Niña weather 
patterns, and a decrease in traditional indigenous farming methods to more “Western-Eurocentric” farming 
methods with their increased dependence upon pesticides. 
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Figure 2. Global rates of DALY from AD and other neurological disorders. Graph built from data program: 
Institute for Health Metrics and Evaluation (IHME). Global Burden of Disease (GBD) results. Seattle, WA: IHME, 
University of Washington, 2024. Available from https://vizhub.healthdata.org/gbd-results?params=gbd-api-2021-
permalink/cdbf2e3102349bb304a3283432de0438 (Data set built on 8 August 2025). 

In 2024, approximately 7 million people in the United States (about 2% of the total population) have been 
diagnosed with AD, and that number is expected to double by 2060 [17]. In other countries, such as Vietnam, 
cases of dementia are expected to rise from an estimated 660,000 people (as diagnosed) in 2015 to 1.2 million 
people by 2030 [18]. Lee et al. undertook a detailed sampling study across India of over 60 community-based 
cohorts to establish a more comprehensive national database [19]. This study was larger than previous studies 
conducted by other researchers where their data had been limited to a few metropolitan areas of India. In this study 
Lee et. al. found that approximately 7.4% (8.8 million people) of India’s population had dementia in 2023, higher 
than the previous models had predicted. Their newer model is now predicting that the number of people in India 
with dementia will climb to 16.9 million by 2036 [19]. The economic, social, and emotional toll on general and 
personal well-being will be strained by the increase in dementia cases. 

We will briefly discuss different scenarios as they pertain to the three subject matters under review in this 
paper: harmful algal blooms (HABs); pesticides, fungicides, and herbicides; as well as MPs. Each of these areas 
will then be explored in greater detail in their respective sections. 

In the first situation, climate change leads to increasing algal blooms in both freshwater and marine 
environments due to increasing water temperature and salinity. Under extreme warming temperatures and excess 
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nutrients, algal blooms can potentially become HABs, which are toxic [20,21]. Communities that border lakes and 
coastal communities have increased exposure to aerosolized algal toxins, and allergens, via the aerosolization 
during extreme weather events, such as windstorms, hurricanes, typhoons, and monsoon rains, thereby exposing 
these communities to toxic airborne particulates for hours and weeks after the weather event [22]. A review of 
evidence-based literature points to definitive links between algal toxins and neurodegenerative diseases, which 
will be detailed later in this review [23].  

In the second situation, rising temperatures and increased humidity levels have led to increasing outbreaks of 
plant pathogens, such as fungi [24]. Rising fungal infections lead to an increased use of fungicides, such as 
triphenyltin (TPT), on susceptible crops (e.g., sweet potatoes and rice). TPT has been linked to neuroinflammation, 
oxidative stress (OS), and increases in α-synuclein aggregation, which are implicated in the onset of AD [25].  

Finally, in the third scenario, increased flooding, more intense hurricanes, and overall extreme weather events 
lead to the widespread distribution of anthropogenic materials, such as plastics. Extreme weather events can cause 
disintegration of plastic materials into smaller particles, such as MPs, causing further dispersal throughout the 
environment [26,27]. Figure 3 displays an example of the weathering of a plastic bottle into smaller pieces and 
subsequent ingestion of those MPs into living organisms. 

 

Figure 3. Breakdown of a plastic bottle into MPs. Used with permission by © European Union, 1998–2025, 
Attribution, https://commons.wikimedia.org/w/index.php?curid=116161052 (accessed on 2 September 2025). 

With the discoveries of MPs in the environment, and subsequently in the tissues of living organisms, concerns over 
how these materials affect living organisms have been raised. MPs have been shown in human cell cultures to accelerate 
the aggregation of two amyloid-β (Aβ) peptides, (Aβ40 and Aβ42), which are implicated in the initiation of AD [28].  

In this review, we will look in more detail at how climate change has increased exposure to algal toxins, 
pesticides, fungicides, herbicides, and MPs, and that these exposure associations are potentially linked to a rise in 
neurodegenerative disorders.  

2. Algal Toxins 

Cyanobacteria, the oldest known living organisms first appeared on the Earth around 2 to 3 billion years ago 
(according to the fossil record), and are photosynthetic microorganisms capable of thriving in diverse ecosystems 
and extreme environments [29]. Cyanobacteria played a critical role in developing an oxygenated atmosphere in 
the early Earth; they are still crucial in their ecological role of nitrogen fixation and solar energy utilization. Global 
climate change and increases in anthropogenic eutrophication have led to abundant growth of algal blooms, 
impacting fresh, marine and coastal environments [29,30]. These larger blooms can turn deadly with the right 
mixture of heat, fluctuating temperatures, nutrients, and biological stress [29,30]. Toxic algal blooms (e.g., 
cyanotoxins) pose significant risks to public health and ecosystems [29,30]. 

The connection between cyanotoxins and neurological diseases was first identified after World War II when 
US Army physicians documented an unusually high incidence of Amyotrophic Lateral Sclerosis/Parkinsonism-
dementia complex (ALS/PDC) among the Chamorro people of Guam and Rota [31]. This condition occurred at 
rates 50 to 100 times higher than average, indicating a possible environmental cause. Research determined that 
ALS/PDC was associated with dietary exposure to β-N-methylamino-L-alanine, which was produced from 
cyanobacteria living symbiotically in cycad trees [32].  

Likewise, higher ALS clusters have been observed in other geographical areas (i.e., Florida, New Hampshire, 
Wisconsin in the US, as well as Japan and France) near cyanobacteria-prone lakes and rivers, suggesting an 
environmental influence on disease prevalence [33]. As briefly mentioned in the introduction, routes of exposure 
can include food sources, dermal contact, and inhalation of aerosolized particulates containing the toxins [22]. 
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Rogers and Stanley reported that when high winds agitate the surface of bodies of water they can release aerosols 
into the atmosphere, upwards of up to 6000 miles from the original HABs [22].  

Some of the most researched algal-related neurotoxic compounds include microcystins (MCs) and anatoxin-
a [23,34,35]. Drinking water advisories have been established for MCs by the US Environmental Protection 
Agency as 1.6 µg/L for children and adults and 0.3 µg/L for infants [36]. The World Health Organization sets a 
guideline of 1 µg/L for drinking water for adults and children, and they recommend that other sources of water be 
used for infants when the MC concentrations exceed 3 µg/L [37]. While the drinking water advisories are focused 
on acute toxicity and carcinogenicity endpoints, studies show that MCs can cross the blood-brain barrier via organ 
anion-transporting peptides [34]. This infiltration into the brain can cause neurostructural, functional, and 
behavioral changes through mechanisms such as OS, inhibition of phosphatases 1 and 2A, and impacts on 
neurotransmission, ion channels, signal transduction, and the cytoskeleton [34]. One toxic form of MC, 
microcystin-LR (MC-LR), primarily affects the liver; however, there is emerging evidence to suggest that MC-LR 
plays a role in neurodegenerative diseases, including ALS/PDC. A study by Yan et al. demonstrated that MC-LR, 
at drinking water doses of ≥15 µg/L, entered mouse brain tissues, such as the cortex, hippocampus, and substantia 
nigra (SN), leading to apoptosis of SN dopaminergic neurons [38]. Mouse studies by Wang et al. demonstrated 
that MC-LR, at higher doses of ≥30 µg/L in drinking water, accumulated in the hippocampus and the cortex [39]. 
At these doses, the mice exhibited memory and learning dysfunction, and upon sacrifice, the brain tissue exhibited 
neuronal cell apoptosis, accumulation of Aβ plaques (Aβ 1–42), and enhanced phosphorylation of p-tau, all 
implicated in AD [39]. Other studies have demonstrated that chronic exposure to MC-LR can disrupt the blood-
brain barrier, inducing inflammation, damaging mitochondria, increasing glutamate release, inducing α-Syn 
aggregation, and worsening ALS/PDC progression [40–45]. 

Anatoxin-a, a cyanotoxin, is a potent neurotoxin that mimics acetylcholine, causing continuous stimulation 
of the muscles and leading to paralysis and respiratory failure [46]. Emerging evidence suggests anatoxin-a’s link 
to neurodegenerative diseases, such as ALS/PDC, is due to its neurotoxic effects and interactions with the motor 
system. Anatoxin-a binds irreversibly to the nicotinic acetylcholine receptor, which mimics acetylcholine but 
cannot be degraded by acetylcholinesterase (AChE). This results in prolonged neuronal excitation, which leads to 
calcium overload and excitotoxicity [47,48]. Over time, excitotoxicity kills motor neurons, which is a hallmark of 
ALS. Anatoxin-a stimulates excess glutamate release, leading to N-methyl-D-aspartate receptor overactivation 
[49]. This in turn induces OS and mitochondrial dysfunction, a mechanism well-documented in ALS pathology. 

Anatoxin-a(S), also called guanitoxin, is a cholinesterase inhibitor which prevents the breakdown of 
acetylcholine at synaptic junctions [50]. Anatoxin-a(S) is activated through oxidative metabolism and binds to 
AChE, the enzyme that is critical for hydrolyzing acetylcholine and terminating its activity at nicotinic and 
muscarinic receptor sites. The inhibition of AChE leads to the accumulation of acetylcholine, resulting in excessive 
stimulation of these receptors [51]. Over stimulation of the AChE receptors leads to a decrease in acetylcholine, 
which can cause degeneration of the cholinergic system potentially leading to AD [52]. 

Another algal toxin is saxitoxin. Saxitoxins (STXs) block sodium channels in nerve and muscle cells, 
inhibiting nerve transmission. This algal toxin is responsible for Paralytic Shellfish Poisoning (PSP). Mass 
mortality events have been documented regarding STX, such as the die-off of endemic sponges in Lake Baikal, 
Russia [53], as well as massive fish mortality in Lake Vistonis, Greece [54]. In early 2013, Sabah, Malaysia, 
experienced six outbreaks of PSP, resulting in 58 cases (24 males and 34 females) and four fatalities. These 
incidents were linked to red tide events, with many of the victims consuming shellfish sourced from local markets 
or collected from local beaches [55]. It has been suggested that even exposure to low doses of STXs can induce a 
decrease in voltage-dependent anion-selective channel 1 (VDAC1). VDAC1 is a multifunctional protein expressed 
by mitochondria and regulates metabolic functions of cells. It represents one of the main docking sites of misfolded 
proteins, such as Aβ and Tau. It was reported that concentrations of VDAC1 were over expressed in the post-
mortem tissue of AD brains, which ironically suggests that STXs could potentially be used in the treatment of AD [23]. 

Interestingly, Botelho et al. review the links between exposure to marine dinoflagellate toxins and decreases 
in Aβ plaques and tau hyperphosphorylation, both of which are known to be potential precursor initiates of AD 
[56]. They propose that various marine dinoflagellate toxins (i.e., yessotoxin, gymnodiine, 13-desmethyl spirolide-
C, and gambierol) can attenuate kinase thereby preventing overexpression of Aβ and the hyperphosphorylation tau 
proteins, which may lead to potential treatments for AD [56]. However, they point out that one marine 
dinoflagellate, okadaic acid (OA), has a different cellular mechanism compared to the other marine toxins. OA 
mediates the inhibition of phosphatase activity leading to hyperphosphorylation of tau proteins, which causes 
neuronal and synaptic dysfunction and cellular death [56]. 
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3. Insecticides, Fungicides, and Herbicides 

The changing climate, characterized by rising temperatures and increased pest outbreaks, has led to a greater 
reliance on insecticides, fungicides, and herbicides in sustaining agriculture practices [57]. These shifts, coupled 
with changes in farming regions, have heightened human and environmental exposure to agricultural chemicals, 
raising concerns about their health and ecological impacts. Climate change exacerbates environmental exposures 
to pesticides, fungicides, and herbicides, which increases the risk of neurological diseases through complex 
interactions in the exposome [58]. 

Plant protection products (PPPs), including insecticides, herbicides, and fungicides, offer significant benefits 
for agriculture, but they pose risks, including driving pest resistance, secondary pest outbreaks, environmental 
contamination, and human health concerns [59–61].  

While pesticides target harmful pests, they can harm non-target biota. A review by Kamel and Hoppin 
discusses how the detection of higher concentrations of organochlorine pesticides were found in the post-mortem 
brains of Parkinson’s disease patients, compared to a baseline population [62]. A study by Li et al. showed that 
exposure to the once commonly used pesticide dichlorodiphenyltrichloroethane (DDT) increased levels of Aβ 
precursor, which affected the Aβ synthesis pathways. DDT also impaired the clearance and extracellular 
degradation of Aβ peptides [63]. In 2014 a study, published by Richardson et al., measured levels of 
dichlorodiphenyldichloroethylene (DDE), the metabolite of DDT, in human serum (peri-mortem) and temporal 
cortex samples (post-mortem) and compared these levels to the apolipoprotein E (APOE) genotype [64]. In that 
study they found that a there was an increased risk of AD for those patients that had elevated DDE levels in their 
serum (supported by levels detected in brain tissue samples) and that were also carriers of the APOE ε4 allele [64]. 
Parrales-Macias et al., in 2023, published a study of chlordecone (CLD), another organochlorine pesticide, showed 
that chronic, low-level exposure could potentially lead to Parkinson-like neurodegeneration [65]. Both mouse 
midbrain cell cultures and Caenorhabditis elegans (C. elegans) worms were exposed to varying levels, and 
durations, of CLD. The data indicated progressive losses of dopamine neurons in C. elegans worms after exposure 
[65]. CLD also caused the phosphorylation of protein tau in both the mouse midbrain cell cultures and in the C. 
elegans worms [65]. Another study looked at organochlorine pesticides (OCPs) and two herbicides trifluralin and 
triallate (fluorinated and thiocarbamate herbicides, respectively) and their effect on human neuroblastoma cells 
viability [66]. This study concluded that the OCPs caused cell death via mitochondrial dysfunction and 
dysregulation of cellular processes, while the two herbicides were more likely to cause cellular death through 
mitophagy and inhibition of proliferation. These cellular disruptions and dysregulation are implicated in the 
development of neurodegenerative disorders, such as AD, PD, and multiple sclerosis [66].  

As mentioned in the introduction, TPT, an organometallic compound, is a widely used fungicide that has 
connections to neurodegenerative disease. TPT, after application to crops, can be released into the surrounding 
environment via waterways or potentially during dust storms and carried along with airborne soil particulates, thus 
increasing exposure to people living or working near TPT-applied crops. TPT exposure can lead to an increase in 
α-synuclein aggregation, implicated in neurodegenerative disease, in human nerve cells [25]. A review by Ferraz 
de Silva et al. discusses links between TPT, as well as other organotins, and how they can cross the blood-brain 
barrier to initiate neurotoxic effects, such as neuroinflammation and OS [67].  

Pesticides such as organophosphates and carbamates inhibit acetylcholinesterase, a key enzyme for nerve 
function, causing neurotoxicity and increasing the risk of disorders such as PD, AD, and cognitive decline with 
chronic exposure [68–71]. Herbicides such as glyphosate and paraquat contribute to OS and mitochondrial 
dysfunction, which are linked to neurodegenerative diseases, such as PD [68,72]. Fungicides, including 
dithiocarbamates, can disrupt neurotransmitter balance and induce OS, potentially aggravating neurological 
conditions causing PDC (Parkinsonism-dementia complex) [73]. Long-term exposure, even at sub-lethal doses, 
can accumulate in the body and trigger chronic neuroinflammation and neurodegeneration, which is particularly 
concerning for communities living in, and near, agricultural regions, and especially for farm workers who apply 
PPPs and work in the fields after application [68,74,75]. Prenatal exposure to PPPs has been linked to 
neurodevelopmental disorders, including autism spectrum disorder and attention-deficit hyperactivity disorder, 
due to disruptions in brain development during critical periods [76,77]. 

The potential mechanistic effects of pesticides, fungicides, and herbicides of neurodegenerative diseases such 
as ALS and PDC are excitotoxicity, OS, endocrine disruption, and gut-brain axis disruption. Glutamate-induced 
excitotoxicity is a key mechanism in the pathogenesis of ALS, leading to selective motor neuron degeneration 
[78]. Due to their high calcium influx and limited buffering capacity, motor neurons are particularly susceptible 
to degeneration [78,79]. Exposure to pesticides, particularly organochlorine insecticides, has been linked to an 
increased risk of ALS [80]. Fortunately, advances in induced pluripotent stem cell technology now allow for 
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human cell-based models that study ALS-related excitotoxicity, accelerating research on gene-environment 
interactions and disease mechanisms [81]. These models are especially valuable for investigating how pesticides 
and cyanotoxins affect neuronal excitability [81]. A deeper understanding of excitotoxicity in ALS is essential for 
developing targeted treatments, as demonstrated by riluzole—the only FDA-approved ALS drug—which is 
believed to exert its effects by reducing excitotoxic damage [78,79]. 

4. Microplastics  

Climate change and MPs are an interconnected phenomenon. Climate change can increase the abundance 
and distribution of MPs throughout the environment due to the rise of ocean temperatures, melting ice caps, and 
extreme weather events, all of which redistribute the flow of waters [82]. Rising temperatures have increased the 
rate of plastic degradation through enhanced chemical, biological and physical means, creating an abundance of 
MPs [82].  

Small particles of plastic that are 0.1 µm to 5 mm in diameter have been categorized as “microplastics,” and 
those plastic particles with diameters less than 100 nm are “nanoplastics” [83]. There are two categories of MPs 
based on the method of their production. Primary MPs are intentionally manufactured, for items such as toothpaste, 
cosmetics, and sunscreen. Secondary MPs are created through the breakdown of plastic debris, particularly MPs, 
over time due to physical, biological, or chemical processes [82,84]. This profusion of MPs into the environment 
can indirectly affect the carbon cycle by damaging marine life that is essential to carbon fixation [85]. Higher 
temperatures also increase the distribution of MPs into ocean currents due to the influx of fresh water into the 
oceans from the melting ice caps, disrupting oceanic circulations [86]. Extreme weather events, such as typhoons 
and flooding, can cause additional movement of MPs throughout the environment. Samples of surface water and 
sediment after such events have indicated increased levels of MPs [83,87–90]. 

MPs are an environmental concern due to marine and mammalian uptake of MPs; these MPs can cross the 
blood-brain barrier potentially leading to neurotoxicity or having a role in neurodegeneration [28,83]. MPs harm 
aquatic ecosystems as they are small enough to be ingested, or absorbed, by living organisms. Once ingested, or 
absorbed, a variety of complications can occur including OS, clogging of the digestive tract, and reduced growth 
rate [26]. The chemical additives within MPs, when inhaled or ingested, can result in neurotoxic effects within the 
brain. In addition, MPs may contribute to the imbalance between antioxidants and free radicals in the body, 
resulting in OS, which can lead to the cellular damage and neuroinflammation commonly associated with diseases, 
such as AD and PD [83].  

MPs may also trigger an immune response when they enter the brain, causing chronic activation of microglia, 
the immune cells of the brain, leading to neuroinflammation [91]. They can directly affect synaptic function, 
affecting neurotransmitter release which would inhibit the ability of efficient neuronal transmission [83]. 
Additionally, the inhibition of AChE is one of the most reported effects of the neurotoxic MPs [83]. The inhibition 
of AChE results in the lack of acetylcholine being broken down and its accumulation in the synaptic cleft, causing 
continuous stimulation of the postsynaptic neuron. 

Additionally, MPs can absorb organic pollutants which can be introduced to the food chain [84]. A recent 
study demonstrated that polyfluoroalkyl substances were bonded to MPs during wastewater treatment. The MPs 
collected from the wastewater were categorized as smaller MPs, whereby 99.8% of the MPs collected were < 1mm 
[92]. These smaller MPs have higher sorption capacities, allowing for a diversity of other chemicals to be sorbed 
onto them. Another recent study has shown that TPT binds onto the surface of an agglomeration of MPs [93]. This 
study demonstrated that the fungicide TPT was carried along with the MPs across the blood-brain barrier (MPs < 
50 nm). The two chemicals together formed a unit that displayed a synergistic effect in enhancing neurotoxicity, 
as compared to when they were introduced individually [93]. 

5. Conclusions 

Throughout this review we have tried to show the links between neurodegenerative diseases and a subset of 
chemical classes. Algal toxins, pesticides, fungicides, herbicides, MPs, and NPs are just a few of the contaminants, 
out of potentially millions, which have been implicated in neurodegenerative disorders. Table 1 and Figure 4 
summarize the various pathological mechanisms that are common across the chemical classes discussed in the 
three sections of this review. 
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Table 1. Summary of mechanisms leading to neurological degeneration. 

Mechanism Algal Toxins Pesticides Microplastics Notes 

Oxidative stress 

MC induces OS, 
mitochondrial damage; 
anatoxin-a excitotoxic 

Ca²⁺ overload 

Paraquat causes OS 
via mitochondrial 

inhibition; glyphosate 
includes oxidative 

stress; TPT and OCPs 
also linked 

MPs and NPs increase 
OS, disrupt antioxidant 
balance, mitochondrial 

impairment 

Universal 
mechanism; 
central to all 
exposures.  

Neuroinflammation 

MC disrupts BBB  
microglial activation; 

anatoxin-a excitotoxicity 
drives inflammation 

TPT triggers 
neuroinflammation; 

OCPs. Fungicides and 
herbicides promote 

chronic glial 
activation 

MPs activate microglia 
inflammasome 

Common 
downstream 

drive of 
degeneration  

Protein aggregation 

MC promotes Aβ plaques, 
tau phosphorylation, α-
syn aggregation; OA 

promotes tau 
hyperphosphorylation 

TPT promotes α-syn 
aggregation; CLD 

promotes tau 
phosphorylation; 

DDT/DDE enhances 
Aβ accumulation  

MPs accelerate 
Aβ40/42 aggregation; 
synergize with TPT to 

worsen protein 
misfolding 

Converges on 
AD/PD 

hallmarks (Aβ, 
tau, α-syn) 

Blood-Brain barrier disruption 
MC crosses BBB via 

OATPs, damages tight 
junctions 

Organotin (e.g., TPT) 
and other PPPs disrupt 

barrier integrity  

MPs (<50 nm) crosses 
BBB; NPs can carry 

pesticides across, 
synergizing toxicity 

Shared entry 
route 

enhancing 
CNS exposure. 

Excitotoxicity/synaptic dysfunction  

Anatoxin-a mimics 
acetylcholine  persistent 

receptor stimulation; 
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Figure 4. Pathological mechanisms across algal toxins, pesticides and microplastics. 

The studies presented in this review implicate that post-industrial climate change is causing increasing 
temperatures and humidity, rising CO2 levels, and stronger cyclones, tornadoes, and hurricanes. This disturbance 
of the natural order by anthropogenic changes has increased the production of HABs, led to greater use of plant 
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protection products to keep the world fed, and has created a new category of contaminants, MPs, which are 
potentially a health concern, especially as they are now known to transport other chemicals into living organisms. 

Overall, the need is urgent to reduce our reliance on greenhouse gas-producing chemicals and plastics. It has 
been suggested by Cheng [94], that our most urgent mission is turning our knowledge into action. It remains an 
ongoing challenge to promote science and take steps to form a civil movement for a global effort towards 
decarbonization. As individuals who are concerned about the environment, especially those of us in industrialized 
countries, we can do our part to encourage science studies, reduce our dependence on plastics, and bridge the gap 
between science and communities. Shen et al. sound the alarm on how our dependence on plastics contributes to 
not only greenhouse gas emissions but also increasing degradation of said plastics into the environment as MPs 
and NPs, where their interactions with other chemicals can occur [85].  

While this is an abbreviated review, we encourage readers to explore further these connections between 
climate change, the exposome and neurological diseases. New data and discoveries are continually adding to our 
knowledge and hopefully redirecting our efforts towards a more sustainable future. There are gaps in our 
knowledge that can be further explored, such as, studying synergistic effects of contaminant microplastics and 
chemical mixtures. Ideally, getting away from animal research models to ones that incorporate induced pluripotent 
stem cell technology, or potentially developing human organelles for more accurate modeling would be better for 
understanding the mechanistic pathways of exposure to neuro-cellular degeneration. 

Ultimately, future research should prioritize longitudinal human cohort studies that integrate climate 
modeling with detailed exposomic and biomarker analysis to untangle the complex interactions driving 
neurodegeneration. 
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