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Abstract. Climate change has become one of the biggest challenges for the 21st century. Global 
warming, sea level rise, changes in weather conditions, and atmospheric contamination caused by 
climate change not only have impacts on nature but also present threats to human health. Climate 
change can influence the generations and distribution of some representative toxic compounds with 
specific examples, including heavy metals (arsenic and manganese), persistent organic pollutants 
(POPs), air pollutants, and biotoxins (domoic acid and β-N-methylamino-L-alanine). This review 
discusses how the effects of climate change drive the production and spread of toxic substances 
that enter the human body through different means as well as presents the biochemical mechanisms 
and experimental evidence of their toxicological effect on human health, which provides an insight 
on climate change allowing toxic substances to enter human body and calls on readers to understand 
and pay attention to climate change from a more comprehensive aspect 
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1. Introduction 

Climate change is one of the most serious and most urgent challenges in the 21st century with 

potentially far-reaching consequences for both nature and humans. Climate change is originally a 

natural event that has been going on since the earth formed 4.5 billion years ago. However, human 

activities, such as burning fossil fuels, deforestation, and excessive agricultural practices, have 

brought climate change into an unprecedentedly concerning situation [1].  

Human-induced climate change can be reflected by abnormal changes in the patterns of three areas: 

global warming, changes in precipitation patterns, and increases in frequency and intensity of extreme 

weather events [2]. Global warming is mainly caused by the increase in greenhouse gasses (CO2, 

CH4, NO2). The atmospheric CO2 concentration has increased from 280 parts per million (ppm) in 

the pre-industrial times to over 400 ppm currently, which is higher than at any point in at least the 

past 800,000 years [1]. From NOAA’s observations, global methane emissions in 2021 (17 parts per 

billion) are 162% greater than pre-industrial levels [3]. Current global mean surface temperature has 

about 1°C above the pre-industrial level and is predicted to rise 2-4 °C more by 2100 [1]. Regarding 

the changes in precipitation patterns, generally, there is increased rainfall in higher latitudes and 

altitudes, including Alaska, northern Europe, northern Asia, Tibetan Plateau, and so on, and decreased 

rainfall in lower latitudes, including the Mediterranean region, southern Africa and so on [1]. Climate 

change also brings about increases in the frequency and intensity of extreme weather events 

heatwavess, droughts, hurricanes, tropical storms or floods, etc). Climate-related disasters increased 

from 3656 in the period 1980-1999 to 6681 in the period 2000-2019 [4]. Attribution studies of 405 

extreme weather events show that 70% of them were made more likely or more intense by human-

induced climate change [5]. Moreover, these outcomes of human-induced climate change can interact 

with each other and impose further compounded effects. For example, global warming promotes the 

melt of methyl clathrate and thus leads to more methane released into the atmosphere, causing a 

greater greenhouse effect and further warming up the earth [6]. Therefore, if these problems cannot 
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be resolved in time, these problems will enter a vicious cycle and lead to more serious and more 

intense problems that are more difficult to reverse.  

Climate change not only affects the natural environment, the distributions and lives of plants and 

animals, and the socio-economic activities of humans, but it also threatens the health of humans in 

various ways. One way is that climate change can alter the bioavailability of some environmental 

toxins, making them be exposed to humans more easily and then impose toxicological effects on 

human bodies [7]. The change in physical level manifested in climate change (for example, the 

temperature increase, the precipitation increases, and the pH decrease in acidified ocean) will lead to 

the changes on the chemical level, in this case, the properties, distribution, and the concentration of 

some environmental toxins. It will eventually impact the biological level when humans are exposed 

to these toxins with the increased bioavailability and suffer from the toxicological effects.  

This review summarizes the pathways of how climate change impacts the bioavailability of four 

types of environmental toxins (heavy metal, persistent organic pollutant, air pollutant, and biotoxin) 

and introduces their toxicological effects on humans. This review aims to provide a clearer and 

broader link and explanation between climate change and the bioavailability of various environmental 

toxins and their toxicological effects on human health, so as to raise the reader's awareness of 

environmental protection from a novel perspective of toxicology. 

2. Climate change and environmental toxins 

Fig. 1 showed proposed pathways of how climate change affects human body. Climate change 

impacts heavy metals, such as arsenic and manganese. This review discusses how the rising sea level 

caused by the climate change increases the bioavailability of the heavy metals by expanding their 

reduction zone in the ocean, and their toxicological effects after human being exposed to them from 

drinking water. POPs can also be influenced by climate change. This review summarizes the pathway 

of climate change accelerating the remobilization and the increase in the environmental concentration 

of the POPs, and also their toxicological effects after human inhalation. In addition, air pollutants can 

be affected. With the case of ozone, this review analyzes how climate change promotes the generation 

of ozone and ozone precursor pollutants, followed by a review of the toxicological effects of lipid 

ozonation products and ozonation by-products (compounds formed after ozone is inhaled into human 

bodies). Moreover, neurotoxins, including domoic acid (DA) and β-N-methylamino-L-alanine are 

introduced. This review discusses the relationship between climate change, increase in CO2 the 

bloom of some toxin-producing organisms, and increased concentration of biotoxins in the 

environment, as well as their toxicity after taking up by human through consuming marine organisms. 

 

Figure 1. Climate change introduces toxicological effects to human body through different 

pathways. 
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3. Climate change and heavy metals 

Changes in hydrology alter the redox state of soil and underground mineralogy, introduce salinity 

and reduction zones in areas where oxygenation or brackish water is retained for long periods of time, 

creating a threat of redox-sensitive toxic elements such as arsenic (As) and manganese (Mn) being 

released to soils (Table 1) [8].  

3.1. Rising sea level provides new reductions zones 

The reaction and migration of as in soil and sediment are closely related to environmental 

conditions such as pH and ionic competition, as well as other elements in soil such as Fe and Mn 

hydrogen oxide [8]. Scientists used an advanced biogeochemical microcosm (MC) system to create 

oxidative and reductive environment using arsenic-contaminated soil samples. Microwave acid 

digestion and other characterization of soil content discovered by inductively coupled pairing as well 

as other ion atomic emission spectrometry provide a range of data on coastal arsenic-contaminated 

soils exposed to seawater in biogeochemical microreactors under redox conditions [9].  

3.2.1. Distribution of As.  

The study found that in the case of seawater inundation, the introduction of reducing conditions 

may increase arsenic being released from soil by dissolving arsenic-containing mineral oxides. Rising 

sea levels can release arsenic into polluted coastal soils. Hypoxic conditions caused by sea level rising 

reduce surface-bound As (V) weakly-adsorbed As (III), thereby increasing As mobility in coastal 

soils [10]. Arsenic contamination in sediments and drinking water is a global concern, and arsenic is 

naturally present in drinking water in many countries. Arsenic is found in nearly 20% of public 

groundwater in the United States [11]. In Southeast Asia, millions of population are recurrently 

poisoned by arsenic contaminations in groundwater [8]. Inorganic arsenic is strongly associated with 

the induction of a range of human cancers (skin, lung, and bladder, as well as liver, prostate, and 

kidney cancers) [12]. Arsenic is present in drinking water in the form of arsenate (As(V)) or arsenite 

(As(III)) [13]. 

3.2.2. Toxicological impacts of As.  

Arsenite hinders with energy metabolism by interacting with lipoic acid to inhibit pyruvate 

dehydrogenase (PDH) in the tricarboxylic acid cycle (TCA) cycle, while arsenate, like phosphate, 

inhibits oxidative phosphorylation, inhibits mitochondrial respiration and Energy-related NAD+ 

reduction during ATP synthesis [14]. Arsenic can cause oxidative stress in a variety of ways, such as 

activation of NADPD oxidase and nitric oxide synthase during the reduction of As(V) to As(III) 

leading to elevation of reactive nitrogen species, inhibition of PDH, and exhaustion of glutathione 

(GSH) reduction, etc. 

Methylated metabolites of arsenic also tend to induce cancer in animals. Arsenic, one of the few 

metals that can be metabolized in the body, is methylated to produce mono (MMA) and dimethyl-

arsenic compounds (DMA). Dimethyl-arsenic (DMA), the major metabolite of inorganic arsenic, was 

found to promote cancer and tumors in rats [15]. The main route of the introduction of inorganic 

arsenic into animals is through drinking water. Thus, the threat of the reactivation of As brought about 

by sea level rise to human toxicity cannot be underestimated. 

3.2.3. Distribution of Mn.  

Manganese (Mn) is the 4th most plentiful metal and is widely spread in the earth’s soil and water 

resources. Due to its redox sensitivity, this metal is included in a wide variety of chemical processes. 

The anthropogenic supply of Mn to ocean biomes comes primarily from mining and steel production, 

with about 90% of Mn being used as deoxidizing and desulfurizing additives and alloying 

components [16]. Recent forecasts of Methylcyclopentadienyl manganese tricarbonyl (MMT) use 

suggested that a person may absorb a few percentage higher of manganese during the recent year. In 

tropical regions where shrimp farming is rapidly expanding, Mn is introduced to shrimp aquaculture 
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in the form of potassium permanganate (KMnO4) disinfectant, resulting in an increase of manganese 

effluent discharged into ponds and coastal areas [17]. 

Mn turns into bioavailable Mn (II) when Mn in sediments is reduced under anoxic conditions. The 

reduction of Mn dioxide happens when the organic substances in the sediment decompose [18]. Mn 

solubility and bioavailability increase with decreasing oxygen pressure [19]. In anoxic conditions 

where the concentration of O2 is relatively low, the amount of Mn (II) can grow by orders of 

magnitude. When Mn is filtered through soil, it is reduced to an even more soluble form Mn2+, which 

can easily enter groundwater and surface water [20]. 

3.2.4. Toxicological impacts of Mn.  

In Canada, high levels of Mn in drinking water resulted in an increase of manganese in hair samples 

from school-aged children. Increased Mn concentrations in hair are significantly linked with 

increased hyperactivity, weakened cognitive competence, and lower intelligence quotient among 

children [21]. Analysis of North Carolina’s groundwater showed that increases in groundwater Mn 

level are associated with an increase in infant mortality per 1000 live births [22]. Despite differences 

in exposure levels between human and animal studies, Mn has been shown to be closely correlated to 

mitochondrial dysfunction, causing decreased myocardial contractility and induction of vasodilation. 

Decreased blood pressure is also discovered after acute exposure, but the exact mechanism of 

cardiotoxicity remains unknown [23].  

4. Climate change and POPs 

4.1. Shifted weather conditions alter the fate and behavior of POPs 

Persistent organic pollutants (POPs) are substances of global concern because of their potential for 

long-distance transmission, persistence in the environment, and capacity to biomagnify and 

bioaccumulate in ecosystems. Climate change may impact persistent organic pollutants' 

environmental behavior by affecting the underlying processes of solvent transition and solvent 

consumption, as well as increasing pollutant degradation (Table 1) [24-28]. 

The volatility of persistent organic pollutants and their dissemination into the atmosphere through 

solvent conversion may increase as a result of global warming. POP deposition in aquatic and 

terrestrial ecosystems can be exacerbated by increased precipitation and melting snow and ice [26, 

29]. Falling snow creates a solvent-switching condition, allowing pollutants to be quickly absorbed 

to the snow surface and then transferred to the ground. Solvent depletion can occur as snow melts, 

resulting in higher contaminant concentrations in the meltwater. The exchange rate of some persistent 

organic pollutants from air to water may also be accelerated by melting sea ice and the extension of 

open waterways [30]. POPs may be stored in glaciers for extended periods of time, and the melting 

of these ices can reflow the pollutants [31]. 

Climate change may also impact the organic carbon cycle in terrestrial and aquatic systems, 

thereby affecting the distribution of persistent organic pollutants [29, 32]. POPs are easily isolated 

from carbon-rich particles like Dissolved Organic Carbon (DOC) in water. Drought-induced 

reductions in water flow and increased evaporation as a result of warming can decrease water's 

capacity to bind contaminants and make them more easily accessible to aquatic organisms and even 

humans. 

Increased POP concentrations and easier dissemination to water and aquatic biota may be 

facilitated by the temperature-induced acceleration of organic carbon metabolism in soils and 

sediments [29]. Warmer temperatures further boost the volatilization of POPs from the soil to the 

atmosphere, where they are photodegraded and migrate [24]. As permafrost melts due to rising 

temperatures, toxins are released, enabling them to escape into the atmosphere or run off into aquatic 

systems. 
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4.2. Toxicological impacts of POPs 

Using microarray technology, researchers examined miRNA and transcriptome responses in the 

blood of healthy volunteers and discovered a total of 93 miRNAs whose levels were substantially 

linked with POP exposure [33]. Interactions with oncogenes such as Myc, Ccnd1, Bcl2, and Vegfa 

can be detected by combining miRNA and transcriptome profiles. POP exposure may alter cancer 

gene expression via influencing miRNAs and target genes linked with many kinds of cancers and 

implicated in related signaling pathways such as Wnt and P53. 

Studies showed associations between occupational exposure to POPs and cardiovascular and 

endocrine disruptive health issues [34]. POPs have been related to poor neurobehavior and immunity, 

reduced Reproductive hormone secretion, diabetes, and more [35]. Some POPs operate as endocrine 

disruptors, imitating hormones by binding or inhibiting hormone receptors, according to another 

survey of POP exposure studies [36]. Studies have been conducted on combining the effects of 

intrauterine and lactation exposure to human-relevant POPs on the mammary gland, ovarian 

folliculogenesis, and liver function in CD-1 progeny female mice [37]. Female offspring that were 

perinatally exposed developed abnormal mammary glands and ovarian follicle maturation was 

inhibited. Hepatocyte enlargement was seen 30 weeks after weaning, probably leading to 

hepatotoxicity. Increased hepatic cytochrome P450 enzymatic activity indirectly suggested activation 

of nuclear receptors.  

5. Climate change and air pollutants 

5.1. Greenhouse gas emission causes rapid formation of ozone 

Ozone is produced in the lower atmosphere where precursor pollutants react under sunlight. The 

ozone-forming reaction occurs faster with more sunlight and higher temperatures [38]. Global 

warming can accelerate the generation of ozone and ozone precursor pollutants. The two main 

precursor pollutants of ozone formation are nitrogen oxides (NOx) (produced primarily through the 

combustion of fossil fuels) and volatile organic compounds (VOCs) (produced through the 

combustion of fuels and the evaporative storage of fuels). Emissions of anthropogenic and biological 

VOCs grow with increasing temperature. NOx emissions also increase with rising temperature due 

to increased combustion of fossil fuels for power generation during heatwaves. 

Atmospheric scientists at the University of Cambridge used the Chemical Climate Predicting 

UM_CAM to model the interaction between ozone and a range of other climate change factors [39]. 

Changes in circulation caused by climate change have an impact on the amount of O3. The 

stratospheric-tropospheric exchange of ozone is accelerated by doubling CO2, resulting in an increase 

in O3 in the temperate troposphere and subsequent diffusion to the surface. Enhanced convection also 

accelerates the removal of ozone precursor pollutants from the boundary layer, boosting ozone 

production in the troposphere. Furthermore, as carbon dioxide levels rise, so do the nitrogen oxides 

from lightning, which enhances ozone generation as isoprene levels rises [39]. 

5.2. Toxicological impacts of ozone and its by-products 

Ozone is so reactive that when it contacts the first layer of tissue at the lung/air interface, it is 

completely devoured [40]. As a result, biochemical changes caused by ozone inhalation must be 

conveyed to deeper tissue layers through lipid ozonation products (LOPs). Unsaturated fatty acids are 

found in the lipids of the lung intima and lung cell bilayers, and ozone combines with them to form 

ozone-specific compounds [41]. According to preliminary findings, a single LOP activates certain 

lipases, causing endogenous inflammatory mediators to release. Ozone exposure stimulates the 

synthesis, production, and release of many pro-inflammatory lipid mediators: Exposure of epithelial 

cells to ozone in vitro results in a dose-dependent increase in the activities of PLA2, PLC, and PLD, 

which are phospholipases responsible for hydrolyzing phospholipids, leading to inflammation and 

pain [42]. The formation of ozonation by-products (OBP) is also a concern. Ozonated carbamazepine 
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(CBZ) is an antiepileptic drug often found in zebrafish embryos. Ozonation of CBZ induces its toxic 

effects in zebrafish embryonic larvae, primarily as cardiovascular toxicity, leading to malformations 

and reduced heart rate [43]. 

6. Climate change and biotoxins 

6.1. Elevated temperature and CO2 level expedite the growth of photosynthetic organisms 

The increase in global temperature and atmospheric CO2 level accelerates the rate of 

photosynthesis in photosynthetic organisms. This generates extra nutrients for them to reproduce in 

a larger number. In this way, more biotoxins such as DA and β-N-methylamino-L-alanine (BMAA) 

are produced into the environment by some photosynthetic biotoxin-producing organisms (Table 1). 

6.2.1. Increased production of DA.  

DA is an excitotoxic glutamate receptor agonist that can cause amnesic shellfish poisoning (ASP) 

and neurodegeneration [44]. The symptoms of ASP in humans include gastrointestinal distress, 

confusion, disorientation, seizures, permanent short-term memory loss, and death in the most severe 

cases [45]. DA is naturally produced in several types of algae, in which the toxigenic diatoms, 

represented by the genus Pseudo-nitzschia, threaten human health the most. By consuming the DA-

producing algae, filter-feeding marine animals, such as clams, oysters, and crabs can accumulate DA 

in their bodies. Then, because of the bioaccumulation mechanism of the food chain, human beings 

may be exposed to DA if they eat those animals [44]. 

Climate change can lead to Pseudo-nitzschia bloom and increased DA production. The growth rate 

of Pseudo-nitzschia continues to be positive as the temperature increases from 12℃ to 30℃. The 

research also shows that as the temperature increases, both the relative abundance of Pseudo-nitzschia 

spp and DA production will increase [46]. An applied DA risk assessment model for the US West 

Coast also reveals “a common relationship” that the greater the ocean temperature is, the more likely 

DA is to exceed the alert thresholds in the upwelling season, and the more toxic and/or extensive a 

DA event could become [47]. Besides global warming, an increase in atmospheric partial pressure of 

CO2 (pCO2), a factor that contributes to climate change, can also cause an enhanced growth in Pseudo-

nitzschia. A meta-analysis in 2019 of Pseudo-nitzschia suggested that there is a significant increase 

in the growth rate of Pseudo-nitzschia with elevated pCO2 (by 32%) [48]. Thus, climate change can 

lead to bloom in Pseudo-nitzschia and thus an increase of DA in seawater. 

6.2.2. Toxicological impacts of DA.  

DA is an excitatory neurotoxin, similar in structure to the excitatory amino acid’s glutamate and 

kainite. These excitatory amino acids can activate the glutamate receptors which are mainly located 

in the postsynaptic membrane of neurons in the central nervous system, astrocytes, and 

oligodendrocytes. By mimicking the structure of those amino acids, DA can also bind to and activate 

ionotropic glutamate receptors (a type of glutamate receptors that control the flow of ions) in vivo 

and promote the subsequent responses. Therefore, exposure to excessive DA will cause a continuous 

activation of ionotropic glutamate receptors [49]. The activation of ionotropic glutamate receptors 

can activate voltage-dependent ion channels, and continuous activation of their receptors by DA will 

cause an excessive influx of extracellular Na+, K+, and Ca2+, and continuously elevated intracellular 

osmotic pressure will lead to damage to nerve tissue. Moreover, neurons are very sensitive to calcium 

ions overload caused by the excessive influx of Ca2+ [50]. Although Ca2+ acts as a second messenger 

and plays an important role in the maintenance of cellular function under normal physiological 

conditions, overload of Ca2+ may lead to various detrimental excitotoxicity effects, including the 

mitochondrial damage and dysfunction, production of reactive oxygen species (ROS), endoplasmic 

reticulum (ER) stress, cellular inflammation, and damage of cellular structures. These effects exert 

compounded damage on the cell and one effect may provoke or exacerbate the others, and ultimately 

lead to cell apoptosis and neurodegeneration in the context of the nervous system [51].  
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In the DA-induced chronic neurotoxicity model of mice, DA can reduce the expression of Complex 

I-V in mitochondria, cause the inhibition of electron transport chain function and energy depletion, 

lead to mitochondrial dysfunction, promote the release of cytochrome c, and eventually induces 

apoptosis. Besides, DA can significantly increase the level of ROS in hippocampal neurons in mice, 

causing oxidative stress to brain tissue, and finally causing cognitive damage in mice [52]. After 

microinjection of DA in the hippocampus of rats, rats exhibited long-term anterograde amnesia for 

spatial memory in the Morris water maze test [53]. DA can not only induce persistent epilepsy in rats 

but also promote aggressive behavior in rats [54]. Significant destruction of dopaminergic neurons is 

shown after long-term treatment of primary mesencephalic cell culture with DA [55]. Besides its 

toxicity on the nervous system, DA may also exert toxicological effects on other organs since most 

of the human organs have some level of glutamate receptor expression [56]. 

6.2.3. Increased production of BMAA.  

BMAA is a neurotoxin produced in various types of cyanobacteria. It has been postulated to play 

a significant role in neurodegenerative diseases. Humans are exposed to BMAA when they inhale the 

aerosolized BMAA, drink water containing cyanobacterial blooms, or consume seafood living in and 

around areas containing blooms [57]. 

Climate change and global warming have been shown to correlate with the growth of 

cyanobacteria and higher production of BMAA. An experiment examining eight types of 

cyanobacteria at six different temperatures (20-35°C) shows that all the eight types grew well up to 

35°C [58]. A large-scale and long-term study is carried out on the effects of climatic variables on the 

expansion of cyanobacterial blooms during the past 23 years in Taihu, China. The results showed that 

increased temperature directly affects cyanobacterial bloom events by advancing its onset time and 

extending its duration [59]. Moreover, many cyanobacteria can form gas vesicles that enable them to 

float near the water surface. These surface blooms can maintain a high rate of photosynthesis while 

shading out underlying, non-buoyant organisms, and thus outcompete other species [60]. 

6.2.4. Toxicological impacts of BMAA.  

BMAA also acts as an excitotoxin in human bodies and has a similar toxicological mechanism to 

DA. BMAA reacts with CO2 in the presence of bicarbonate or carbonate to form chemically stable β-

carbamate, which has a similar structure to the ligands of glutamate receptors and can activate the 

glutamate receptors. Therefore, exposure to excessive BMAA would over-activate the glutamate 

receptors, changing the intracellular ion, especially Ca2+, concentration and eventually damaging the 

cells by excitotoxicity [61]. In addition to the excitotoxic mechanism, BMAA can be misincorporated 

into human proteins by replacing the serine, which can lead to protein misfolding and aggregation, 

ER stress, and apoptosis. It has also been found that BMAA can interfere with enzymes that are 

important for neurotoxin sequestration, neurodegeneration, and the detoxification of β-amyloid-

linked cellular toxicity, including melanin, neuromelanin, and catalase [62]. 

BMAA can cause degeneration of cortical neurons in mice at physiological concentrations of 

bicarbonate [63]. Different concentrations of BMAA were perfused into the striatum of the mouse 

brain by microdialysis technology, and it was found that the perfusion volume of BMAA had a dose-

response relationship with the amount of extracellular dopamine output, and rapid infusion of high 

doses of BMAA resulted in significant damage to dopamine terminals [64]. 10 μL of 100 mM BMAA 

could induce neuronal damage or even partial neuronal death in the CA1 region of the mouse 

hippocampus [65]. BMAA in dissociated mixed spinal cord cultures can increase Ca2+ concentration 

in motor neuron cells and selectively promote the production of ROS in motor neurons and result in 

motor neuron damage at concentrations (∼30 μM) significantly lower than those previously found to 

induce widespread neuronal degeneration [66]. Rhesus macaques were fed high doses of BMAA 

(2100 mg·kg-1·day-1, experimental period 2-12 weeks), and it was found that the rhesus monkeys 

developed motor neuron dysfunction and exhibited Parkinson's disease lesions features include 

muscle atrophy in the extremities, degeneration or loss of cerebral cortex, and insufficient conduction 

capacity of the central motor pathway [67]. Using Drosophila melanogaster to study the toxic effects 
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of BMAA, it was found that daily intake of BMAA reduced the neurological function and average 

lifespan of Drosophila [68]. The brain tissue analysis of patients who died of ALS-PDC in Guam 

found that all samples contained protein-bound BMAA (149–1190 μg·g-1), and 83% of the samples 

contained free BMAA (3–10 μg·g-1). No form of BMAA was detected in human brain tissue from 

other causes of death, indicating that BMAA may be involved in the pathogenic process of 

amyotrophic lateral sclerosis-parkinsonism (ALS-PDC) [69]. 

Table 1. Effects of Toxic Substances Stimulated by Climate Change. 

Chemical Name Toxicity References 

Inorganic arsenic 
Induces skin, lung, and bladder cancers, as well as human liver, 

prostate, and kidney cancers 
[12] 

Arsenite 

Interacts with lipoic acid to inhibit pyruvate dehydrogenase 

(PDH) in the tricarboxylic acid cycle (TCA) cycle to interfere 

with cellular energy metabolism 

[14] 

Arsenate 
Inhibits oxidative phosphorylation and energy-related NAD+ 

reduction during mitochondrial respiration and ATP synthesis 
[14] 

Dimethyl-arsenic 

compounds 
Promote cancer and tumor [15] 

Manganese 

Associated with hyperactivity, weakened cognitive competence, 

and lower intelligence quotient; associated with increased infant 

mortality; affects mitochondrial function; causes decreased 

myocardial contractility and vasodilation; causes acute 

reduction in blood pressure 

[21-23] 

Persistent 

organic 

pollutants 

(POPs) 

Alters cancer gene expression by affecting miRNAs and target 

genes associated with a variety of cancers; associated with 

cardiovascular and endocrine disrupting health problems; acts 

as endocrine disruptors, mimicking hormones by binding or 

inhibiting hormone receptors; causes mammary gland dysplasia 

and Inhibited ovarian maturation; causes enlarged liver cells, 

which may lead to hepatotoxicity, etc. 

[33, 34, 36, 

37] 

Lipid ozonation 

products (LOPs) 

Activates lipase and stimulates the synthesis and production of 

many pro-inflammatory lipid mediators, leading to the release 

of endogenous inflammatory mediators 

[41,42] 

Ozonation by-

products (OBP) 

Cardiovascular toxicity, resulting in cardiovascular-related 

malformations and reduced heart rate 
[43] 

Domoic acid 

(DA) 

Amnesic shellfish poisoning (ASP), excitotoxicity, oxidative 

stress, apoptosis, cognitive damage, potential damage other than 

the nervous system 

[44, 51, 52, 

56] 

β-N-

methylamino-L-

alanine (BMAA) 

Neurodegeneration, excitotoxicity, misincorporation into 

human proteins, interfering with important enzymes, 

suppressing cell cycle in non-neuronal cells 

[57, 61, 62] 

7. Conclusion 

Impacts of climate change have always been focused on the environment and the biosphere. This 

review mainly focuses four different aspects: sea level rise provides reducing conditions for heavy 

metals; warming temperature leads to regeneration of POPs; atmospheric pollution leads to increased 

ozone content; changes in marine environment enable algae blooms. Toxicity related to climate 

change mainly enter the human body by breathing, water drinking and consuming marine organisms, 

and threaten human health from different aspects such as the respiratory system, nervous system, 

reproductive system and endocrine system: POPs regenerated from melted glacier and warmed soil, 
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as well as the volatile organic compounds and reactive oxygen species released from fuel combustion 

enter the respiratory system; sea level rise allows more chemical elements to be in the anaerobic 

environment and convert them to more toxic forms, which enter human drinking water; algae with 

neurotoxins also obtained better growth conditions under higher temperature and higher CO2-

contained conditions, eaten and digested by marine organisms then further consumed by human. 

Climate change is closely related to human health, and the threat it brings cannot be underestimated. 

It is expected that the academic communities can make more connections between climate change 

and its threat to human health, and also call on readers to understand and pay attention to climate 

change from more aspects, and carry out behaviors such as resource conservation and green travel in 

daily life in order to respond to environmental advocates. 

References 

[1] IPCC, Global Warming of 1.5 °C, an IPCC Special Report on the impacts of global warming of 1.5°C 

above pre-industrial levels and related global greenhouse gas emission pathways, in the context of 

strengthening the global response to the threat of climate change, sustainable development, and efforts to 

eradicate poverty 2018, 2018. 

[2] J.A. Ruszkiewicz, A.A. Tinkov, A.V. Skalny, V. Siokas, E. Dardiotis, A. Tsatsakis, A.B. Bowman, J.B.T. 

da Rocha, M. Aschner, Brain diseases in changing climate, J. Environ. Res. 177 (2019), 108637. 

[3] NOAA, increase in atmospheric methane set another record during 2021, 2022. 

[4] UNDRR, The human cost of disasters: an overview of the last 20 years (2000-2019), 2020. 

[5] Carbon Brief, mapped: How climate change affects extreme weather around the world, 2021. 

[6] C.D. Ruppel, J.D. Kessler, The interaction of climate change and methane hydrates, Rev. Geophys. 55 

(2017) 126–168. 

[7] P.D. Noyes, M.K. McElwee, H.D. Miller, B.W. Clark, L.A. Van Tiem, et al., The toxicology of climate 

change: Environmental contaminants in a warming world, Environ. Int. 35 (2009) 971–986. 

[8] J.W. Stuckey, M.V. Schaefer, B.D. Kocar, J. Dittmar, J.L. Pacheco, et al., Peat formation concentrates 

arsenic within sediment deposits of the Mekong Delta, Geochim. Cosmochim. Acta. 149 (2015) 190–205. 

[9] J.J. LeMonte, J.W. Stuckey, J.Z. Sanchez, R. Tappero, J. Rinklebe, et al., Sea Level Rise Induced Arsenic 

Release from Historically Contaminated Coastal Soils, Environ. Sci. Technol. 51 (2017) 5913–5922. 

[10] L. Charlet, G. Morin, J. Rose, Y. Wang, M. Auffan, et al., A. Fernandez-Martinez, Reactivity at 

(nano)particle-water interfaces, redox processes, and arsenic transport in the environment, CR Geosci. 

343 (2011) 123–139.  

[11] J.L. DeLemos, B.C. Bostick, C.E. Renshaw, S. StÜrup, X. Feng, Landfill-Stimulated Iron Reduction and 

Arsenic Release at the Coakley Superfund Site (NH), Environ. Sci. Technol. 40 (2006) 67–73. 

[12] Q. Zhou, S. Xi, A review on arsenic carcinogenesis: Epidemiology, metabolism, genotoxicity and 

epigenetic changes, RTP. 99 (2018) 78–88. 

[13] T. Watanabe, S. Hirano, Metabolism of arsenic and its toxicological relevance, Arch. Toxicol. 87 (2012) 

969–979. 

[14] A. Susan, K. Rajendran, K. Sathyasivam, U.M. Krishnan, an overview of plant-based interventions to 

ameliorate arsenic toxicity, Biomed. Pharmacother. 109 (2019) 838–852. 

[15] H. Wanibuchi, S. Yamamoto, H. Chen, K. Yoshida, G. Endo, et al., Promoting effects of dimethylarsinic 

acid on N-butyl-N-(4-hydroxybutyl) nitrosamine-induced urinary bladder carcinogenesis in rats, 

Carcinogenesis. 17 (1996) 2435–4239. 

[16] M. Saric, Chapter 15. Manganese. In: Friberg L, Nordberg GF, Vouk V (eds) Handbook on the toxicology 

of metals, 2nd ed., Elsevier, Amsterdam, 1986, pp 54–386. 

[17] P. Visuthismajarn, B. Vitayavirasuk, N. Leeraphante, M. Kietpawpan, Ecological Risk Assessment of 

Abandoned Shrimp Ponds in Southern Thailand, Environ. Monit. Assess. 104 (2005) 409–418. 

[18] F. Dehairs, W. Baeyens, D. Van Gansbeke, Tight coupling between enrichment of iron and manganese in 

North Sea suspended matter and sedimentary redox processes: Evidence for seasonal variability, Estuar. 

Coast. Shelf Sci. 29 (1989) 457–471. 



Highlights in Science, Engineering and Technology BEEFM 2022 

Volume 6 (2022)  

 

42 

[19] S.D. Faust, O.M. Aly, Chemistry of water treatment. Ann Arbor Press. 1998. 

[20] J. Nadaska, J. Lesny, I. Michalik, I. Environmental aspect of manganese chemistry. 2012 

[21] M. Bouchard, F. Laforest, L. Vandelac, D. Bellinger, D. Mergler, Hair Manganese and Hyperactive 

Behaviors: Pilot Study of School-Age Children Exposed through Tap Water, Environ. Health Perspect. 

115 (2007) 122–127. 

[22] A.H. Spangler, J.G. Spangler, Groundwater Manganese and Infant Mortality Rate by County in North 

Carolina: An Ecological Analysis, Ecohealth. 6 (2009) 596–600. 

[23] Y. Jiang, W. Zheng, Cardiovascular Toxicities Upon Manganese Exposure, Cardiovasc. Toxicol. 5 (2005) 

345–354. 

[24] J. Ma, H. Hung, P. Blanchard, How Do Climate Fluctuations Affect Persistent Organic Pollutant 

Distribution in North America? Evidence from a Decade of Air Monitoring, Environ. Sci. Technol. 38 

(2004) 2538–2543. 

[25] R. Macdonald, D. Mackay, B. Hickie, Peer Reviewed: Contaminant Amplification in the Environment, 

Environ. Sci. Technol. 36 (2002) 456A462A. 

[26] T. Meyer, F. Wania, Organic contaminant amplification during snowmelt, Water Res. 42 (2008) 1847–

1865. 

[27] A.J. Sweetman, M.D. Valle, K. Prevedouros, K.C. Jones, the role of soil organic carbon in the global 

cycling of persistent organic pollutants (POPs): interpreting and modelling field data, Chemosphere. 60 

(2005) 959–972. 

[28] F. Wania, On the origin of elevated levels of persistent chemicals in the environment, Environ. Sci. Pollut. 

Res. 6 (1999) 11–19. 

[29] R.W. Macdonald, D. Mackay, Y.F. Li, B. Hickie, How Will Global Climate Change Affect Risks from 

Long-Range Transport of Persistent Organic Pollutants? HERA. 9 (2003) 643–660. 

[30] R.W. Macdonald, T. Harner, J. Fyfe, Recent climate change in the Arctic and its impact on contaminant 

pathways and interpretation of temporal trend data, Sci. Total Environ. 342 (2005) 5–86. 

[31] J.M. Blais, D.W. Schindler, D.C.G. Muir, M. Sharp, D. Donald, et al., Melting Glaciers: A Major Source 

of Persistent Organochlorines to Subalpine Bow Lake in Banff National Park, Canada, AMBIO. 30 (2001) 

410–415. 

[32] D.W Schindler, P.J. Curtis, S.E. Bayley, B.R. Parker, K.G. Beaty, et al., Climate-induced changes in the 

dissolved organic carbon budgets of boreal lakes. Biogeochemistry, 36 (1997) 9–28. 

[33] J. Krauskopf, T.M. de Kok, D.G. Hebels, I.A. Bergdahl, A. Johansson, F. Spaeth, H. Kiviranta, P. 

Rantakokko, S.A. Kyrtopoulos, J.C. Kleinjans, MicroRNA profile for health risk assessment: 

Environmental exposure to persistent organic pollutants strongly affects the human blood microRNA 

machinery, Sci. Rep. 7 (2017).  

[34] L. Lind and P.M. Lind, can persistent organic pollutants and plastic-associated chemicals cause 

cardiovascular disease? J. Intern. Med. 271 (2012) 537–553. 

[35] T. Damstra, S.W. Page, J.L. Meredith, Persistent organic pollutants: potential health effects? J. Epidemiol. 

Community Health. 56 (2002) 824–825. 

[36] A. Abelsohn, B.L. Gibson, M.D. Sanborn, E. Weir, Identifying and managing adverse environmental 

health effects: 5. Persistent organic pollutants, CMAJ. 166 (2002) 1549–1554. 

[37] S.M. Johanson, E. Ropstad, G.C. Østby, M. Aleksandersen, G. Zamaratskaia, et al., Perinatal exposure to 

a human relevant mixture of persistent organic pollutants: Effects on mammary gland development, 

ovarian folliculogenesis and liver in CD-1 mice, PLOS ONE. 16 (2021) e0252954. 

[38] A.M. Fiore, V. Naik, E.M. Leibensperger, Air Quality and Climate Connections, J. Air Waste Manag. 65 

(2015) 645–685. 

[39] G. Zeng, J.A. Pyle, P.J. Young, Impact of climate change on tropospheric ozone and its global budgets, 

Atmospheric Chem. Phys. 8 (2008) 369–387. 

[40] W.A. Pryor, how far does ozone penetrate into the pulmonary air/tissue boundary before it reacts? Free 

Radic. Biol. Med. 12 (1992) 83–88. 

[41] W.A. Pryor, G.L. Squadrito, M. Friedman, the cascade mechanism to explain ozone toxicity: The role of 

lipid ozonation products, Free Radic. Biol. Med. 19 (1995) 935–941. 



Highlights in Science, Engineering and Technology BEEFM 2022 

Volume 6 (2022)  

 

43 

[42] A. Argiolas, J.J. Pisano, Facilitation of phospholipase A2 activity by mastoparans, a new class of mast 

cell degranulating peptides from wasp venom, J. Biol. Chem. 258 (1983) 13697–13702. 

[43] J. Pohl, L. Ahrens, G. Carlsson, O. Golovko, L. Norrgren, et al., Embryotoxicity of ozonated diclofenac, 

carbamazepine, and oxazepam in zebrafish (Danio rerio), Chemosphere. 225 (2019) 191–199. 

[44] K.A. Lefebvre, A. Robertson, Domoic acid and human exposure risks: A Review, Toxicon. 56 (2010) 

218–230. 

[45] T.M. Perl, L. Bédard, T. Kosatsky, J.C. Hockin, E.C.D. Todd, R.S. Remis, an outbreak of toxic 

encephalopathy caused by eating mussels contaminated with domoic acid, NEJM. 322 (1990) 1775–1780. 

[46] Z. Zhu, P. Qu, F. Fu, N. Tennenbaum, A.O. Tatters, et al., Understanding the blob bloom: Warming 

increases toxicity and abundance of the harmful bloom diatom pseudo-nitzschia in California Coastal 

Waters, Harmful Algae. 67 (2017) 36–43. 

[47] S.M. McKibben, W. Peterson, A.M. Wood, V.L. Trainer, M. Hunter, et al., Climatic regulation of the 

neurotoxin domoic acid, PNAS.114 (2017) 239–244. 

[48] K.M. Brandenburg, M. Velthuis, D.B. Van de Waal, Meta‐analysis reveals enhanced growth of marine 

harmful algae from temperate regions with warming and elevated CO2 levels. Global Change Biology, 

25 (2019) 2607–2618.  

[49] D.R. Hampson, J.L. Manalo, The activation of glutamate receptors by kainic acid and domoic acid, Nat. 

Toxins. 6 (1998) 153–158.  

[50] F.W. Berman, K.T. LePage, T.F. Murray, Domoic acid neurotoxicity in cultured cerebellar granule 

neurons is controlled preferentially by the NMDA receptor Ca2+ influx pathway, Brain Res. 924 (2002) 

20–29. 

[51] D. Nguyen, M.V. Alavi, K.Y. Kim, T. Kang, R.T. Scott, Y.H. Noh, et al., A new vicious cycle involving 

glutamate excitotoxicity, oxidative stress and mitochondrial dynamics, Cell Death Discov. 2 (2011). 

[52] A. Vranyac-Tramoundanas, J.C. Harrison, A.N. Clarkson, M. Kapoor, I.C. Winburn, et al., Domoic acid 

impairment of cardiac energetics, Toxicol. Sci. 105 (2008) 395–407. 

[53] R.J. Sutherland, J.M. Hoesing, I.Q. Whishaw, Domoic acid, an environmental toxin, produces 

hippocampal damage and severe memory impairment, Neurosci. Lett. 120 (1990) 221–223. 

[54] J.M. Fuquay, N. Muha, P.L. Pennington, J.S. Ramsdell, Domoic acid induced status epilepticus promotes 

aggressive behavior in rats, Physiol. Behav. 105 (2012) 315–320. 

[55] K. Radad, M. Al-Shraim, A. Al-Emam, R. Moldzio, W. Rausch, Neurotoxic effects of domoic acid on 

dopaminergic neurons in primary mesencephalic cell culture, Folia Neuropathologica. 56 (2018) 39-48. 

[56] R. Petroff, A. Hendrix, S. Shum, K.S. Grant, K.A. Lefebvre, et al., Public health risks associated with 

chronic, low-level domoic acid exposure: A review of the evidence, Pharmacol. Ther. 227 (2021) 107865. 

[57] J. Beri, T. Nash, R.M. Martin, M.S. Bereman, Exposure to BMAA mirrors molecular processes linked to 

neurodegenerative disease, Proteomics. 17 (2017) 1700161. 

[58] M. Lürling, F. Eshetu, E. Faassen, S. Kosten, V. Huszar, Comparison of cyanobacterial and green algal 

growth rates at different temperatures, Freshw. Biol. 58 (2012) 552–559. 

[59] M. Zhang, H. Duan, X. Shi, Y. Yu, F. Kong, Contributions of meteorology to the phenology of 

cyanobacterial blooms: Implications for future climate change, Water Res. 46 (2012) 442–452. 

[60] A. Walsby, P. Hayes, R. Boje, L. Stal, the selective advantage of buoyancy provided by gas vesicles for 

planktonic cyanobacteria in the Baltic Sea, New Phytol. 136 (1997) 407–417. 

[61] C.N. Allen, P.S. Spencer, D.O. Carpenter, β-N-methylamino-L-alanine in the presence of bicarbonate is 

an agonist at non-N-methyl-D-aspartate-type receptors, Neuroscience. 54 (1993) 567–574. 

[62] D. Nunes-Costa, J.D. Magalhães, M. G-Fernandes, S.M. Cardoso, & N. Empadinhas, Microbial Bmaa 

and the pathway for parkinson’s disease neurodegeneration, Frontiers in Aging Neuroscience, 12 (2020).  

[63] J.H. Weiss, J.Y. Koh, D.W. Choi, Neurotoxicity of β-N-methylamino-L-alanine (BMAA) and β-N-

oxalylamino-L-alanine (BOAA) on cultured cortical neurons, Brain Res. 497 (1989) 64–71. 

[64] M. Santiago, E.R. Matarredona, A. Machado, J. Cano, Acute perfusion of BMAA in the rat's striatum by 

in vivo microdialysis, Toxicol. Lett. 167 (2006) 34–39. 

[65] E.J. Buenz, and C.L. Howe, Beta-methylamino-alanine (BMAA) injures hippocampal neurons in vivo, 

NeuroToxicology. 28 (2007) 702–704. 



Highlights in Science, Engineering and Technology BEEFM 2022 

Volume 6 (2022)  

 

44 

[66] S.D. Rao, S.A. Banack, P.A. Cox, J.H. Weiss, BMAA selectively injures motor neurons via 

AMPA/kainate receptor activation, Exp. Neurol. 201 (2006) 244–252. 

[67] P.S. Spencer, P.B. Nunn, J. Hugon, A.C. Ludolph, S.M. Ross, D.N. Roy, R.C. Robertson, Guam 

amyotrophic lateral sclerosis-parkinsonism-dementia linked to a plant excitant neurotoxin, Science. 237 

(1987) 517–522. 

[68] X. Zhou, W. Escala, S. Papapetropoulos, W.G. Bradley, R.G. Zhai, BMAA neurotoxicity in drosophila, 

ALS. 10 (2009) 61–66.  

[69] S.J. Murch, P.A. Cox, S.A. Banack, J.C. Steele, O.W. Sacks, Occurrence of beta-methylamino-L-alanine 

(BMAA) in ALS/PDC patients from Guam, Acta Neurol. Scand. 110 (2004) 267–269. 

 


