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Abstract

“The simple truth is that we are living in a sea of toxins and it 
is destroying our bodies and brains.”—Dr. Hyman

Introduction

Our brain is one of the most important organs which helps us 
to be the most productive in our society. It is also the most 
complex in the animal world. Cells follow perfectly sequential 
processes as it is only when the former stage is completed, and 
then they move on to the next stage. Any neurotoxin exposure 
at any stage of the development leads to disruption of this 
sequence leading to its gross, microscopic and functional 
impairment manifesting with neurological and psychiatric 
symptoms in humans for the rest of their life.

Even the matured neuronal cells and their circuitry are very 
sensitive to toxin‑induced injury. The toxin‑induced apoptosis 
of neurons results in disruption of their extensive circuitry which 
causes varied patterns of clinical signs and symptoms. The central 
and peripheral nervous system has a protective mechanism in 
the form of blood–brain barrier (BBB) and blood–axon barrier, 
respectively. However, some areas in the brain do not have 
this protection  (area postrema, hypothalamus, pineal gland, 
autonomic ganglia, motor, and sensory nerve terminals) and are 
therefore susceptible to easy entry and injury by neurotoxins.

Environmental Toxins

Any poisonous chemical substance and its by‑products or 
organism present in our immediate environment that wrongly 
affects human health  (e.g.  carcinogenesis, cardiovascular, 
respiratory or neurological disorders) are included in the 
category of environmental toxicants. It is known that they 
do interfere with the normal physiology of the cells but the 

underlying mechanisms involved are still not well defined.[1] 
According to Landrigan et  al.,[2] pollution‑related diseases 
have led to approximately 9 million deaths prematurely in 
2015, that is, 16% of all deaths globally which accounts for 
nearly thrice the amount of deaths caused by communicable 
diseases like HIV, tuberculosis and malaria altogether and 
15 times more deaths than that caused by wars and other acts 
of violence. Figure 1 and Table 1 show various toxins present 
in our food, water and air.

Determinants for Neurotoxicity by Environmental 
Pollutants

i.	 Urbanization and climatic changes
The executive summary of the article  –  “The Lancet 
Commission on pollution and health”[2] – has highlighted that 
environmental pollution, especially after the combustion of 
fossil fuels, is a major determinant for the destruction of the 
various ecosystems and for bringing about climate change 
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globally. The worst affected are the low and middle‑income 
countries, where by 2050, it is believed that nearly 50% of the 
global population will be residing especially in urban locations 
leading to overcrowding, poor air quality and dissemination 
of various airborne infections.[16]

ii.	 Time of exposure, concentration and duration of 
exposure to environmental toxins
Extremes of ages are more severely affected by environmental 
toxins. Their entry through the placenta in utero or through breast 
milk post‑natally has bad effects on the neurodevelopment of 
the child as these toxins, even in low concentrations, can cross 
the BBB to affect the developing brain. Poor hepatic and renal 
functions and age‑related neurodegeneration make the elderly 
population more vulnerable to the ill‑effects of environmental 
pollutants. Also, depending upon the concentration of the 
toxins and duration of their exposure, clinical manifestation 
will vary; for example, acute presentation may occur on 
exposure to a high concentration of toxin for a short duration 
and chronic presentation may occur with prolonged exposure 
to low concentration of toxin.[17]

Pathogenetic Mechanism of Neurodegeneration by 
Environmental Toxins

The various environmental toxicants enter the central nervous 
system  (CNS) through the BBB  [Figure  2]. They use four 
mechanisms to cross the BBB: first, through a specific channel 
via transporters; second, using the high lipophilic characteristic 
of the toxin to pass directly through the plasma membrane; third, 
the toxin can easily enter through the disrupted BBB; and lastly, 
direct entry of systemic proinflammatory cytokines produced due 
to toxins affecting systemic organs like lungs, liver and heart.[18] 
After entering the CNS, they affect the normal physiological 
functioning of various cells, including neurons, microglia, 
astrocytes and oligodendrocytes, leading to stimulation of release 
of pro‑inflammatory cytokines like interleukin‑1β (IL‑1β), tumour 
necrosis factor‑α and interferon‑γ causing neuroinflammation 
within CNS and neurodegeneration.[19]

Environmental Toxins and Neurological 
Disorders

It is a known fact that changes in our immediate environment 
have direct implications on our mental health [Figure 3]. The 
exposure of humans to neurotoxins in our environment leads 
to various neurological clinical manifestations; for example, 
encephalopathies, dementia, movement disorders, autism, 
neuropsychiatric symptoms and peripheral neuropathies in 
isolation or combination. This association is imprecise and 
unpredictable because there are no well‑structured long‑term 
follow‑up studies on this issue of great concern.

I.	 Acute neurological conditions
A.	 Encephalopathies
Acute exposure to neurotoxins  (e.g.  lead, aluminium, 
cannabis and organic solvents) can precipitate features of 
encephalopathy; for example, headache, delirium, short‑term 
transient memory loss and gait disturbances.[20] These 
symptoms are temporary and resolve once the patient is isolated 
from the site of exposure. However, acute encephalopathy can 
progress to chronic encephalopathy with features of cognitive 
impairment and psychomotor slowing, especially on exposure 
to heavy metals like aluminium, cadmium and lead.

B.	 Stroke
There is a strong association between air pollution and 
stroke.[21] It is a known fact that the toxins in the air (e.g. NO2, 
SO2, PM2.5 and PM10) are important contributors to vascular 
thrombotic events responsible for ischemic strokes and acute 
coronary syndromes.

I.	 Neurodegenerative disorders
A.	 Dementia
In a review by Kim et al.,[21] continual exposure to PM2.5 in the 
air has been strongly associated with developing dementia and 
Alzheimer’s disease. Also, in a study by Cerza et al.,[22] they 
have found a definitive association between NO2 and ozone 
in ambient air and first‑time hospitalizations for dementia. 
Clinically, the patient presents with difficulty in immediate 
recall and new learning capabilities in the preclinical stage 
due to rapid and progressive grey matter atrophy.

B.	 Disorders of movement
Cerebellar and extrapyramidal symptoms have been shown to 
have developed following exposure to environmental toxins.[17] 
Mercury, Lithium and 5‑Fluorouracil have been implicated in 
the manifestation of the cerebellar syndrome of gait ataxia, 
incoordination and speech disturbances. Extrapyramidal 
toxic syndromes include Parkinsonism, dystonias and 
dyskinesias. A  well‑known example is excessive exposure 
to 1‑methyl‑4‑phenyl‑1, 2, 3, 6‑tetrahydropyridine, a toxin 
present in some drugs of abuse, leading to Parkinsonism.

C.	CNS Demyelination
Multiple sclerosis is believed to be causally associated with 
air pollution. On exposure to particulate matter, especially 
PM10 and fine dust, there is the release of systemic cytokines 

Figure 1: Various environmental toxins
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like IL‑2, IL‑6 and macrophage migration inhibitory factor‑1 
which cross BBB and lead to neuroinflammation and CNS 
demyelination.[21]

II.	 Neurodevelopmental delay
There is a strong correlation between exposure to environmental 
toxins in utero and delay in attainment of developmental 
milestones, which include cognitive impairment, attention 
deficits and hyperactivity disorder, behavioural and executive 
dysfunction and autistic disorders. Various environmental 
neurotoxins have been implicated in neurodevelopmental 
disorders – polychlorinated biphenyls, mercury exposure leads 
to decreased IQ and delayed attention span in children,[23,24] 
birth defects like microcephaly, autistic disorders on prenatal 
exposure to organophosphate compounds,[25] cognitive 

impairment seen with polycyclic aromatic hydrocarbons.[26] 
Studies have shown that fetal exposure to PM2.5, O3 and fine 
dust during early pregnancy was associated with reduced levels 
of brain‑derived neurotrophic factor and neurodevelopmental 
delay with reduced grey‑matter volumes in the brain.[27,28] Many 
environmental chemicals are silently involved in fetal brain 
damage but are still not documented.

III.	Neuropsychiatric manifestations
Environmental pollution and mental health conditions that 
exist hand in hand through their correlation are controversial. 
Studies have shown that the risk of having depression 
increases with prolonged exposure to PM2.5 and even limited 
exposure to PM10, NO2, SO2 and CO.[29] This is because these 
air pollutants can stimulate adrenal glands to secrete excess 

Table 1: Neurotoxins derived from the environment

Environmental toxin Examples Comments
Chemical toxins Organic Polychlorinated biphenyls (PCBs) 

or Chlorinated hydrocarbons, TCDD (2, 3, 7, 
8‑tetrachlorodibenzo‑p‑dioxin), Fluorinated organic 
substances
(per‑ and polyfluoroalkyl substances [PFAs] or 
perfluorinated compounds [PFCs])

Used in plastics and rubber products and pigments, dyes.
They are persistent in aquatic ecosystems

Inorganic compounds
Heavy metals like arsenic,
mercury,
lead and
cadmium
Warfare agents like Sarin

Encephalopathies
Peripheral neuropathies

Radiation Sunlight, x‑rays, radio waves, particle radiation, i.e., alpha 
and beta
Particles and neutrons.

Predispose to cancer, congenital disabilities, or skin burns. 

Pesticides DDT
Pyrethroids

Their poor bio‑degradability results in bio‑ accumulation of 
chemicals and bio‑magnification within a food web

Biological agents Phytotoxins
‑derived from food plants and fruits

Phytotoxins e.g., Lathyrus sativus causing lathyrism,[3] Litchi 
fruit causes hypoglycaemic encephalopathy,[4] Cassava ingestion 
leads to cassavism due to cyanide toxicity,[5] Annona muricata 
associated with atypical parkinsonism.[6]

Mycotoxins
‑ derived as metabolite of fungi which act as neurotoxin for 
animals and human.

Ergot, fumonisin B1 and ochratoxin[7‑9] have neurotoxic effects.
Neurological manifestations can include encephalopathy, 
movement disorders like choreoathetosis, spasms and ballism,[10] 
epileptic encephalopathy[11]

Algae toxins
Cyanobacteria or blue‑green algae bloom in higher 
temperatures in aquatic ecosystem which is associated with 
climate change.

They produce cyanotoxins which can result in neurotoxicity due 
to seafood poisoning e.g., paralytic shellfish poisoning (PSP), 
neurotoxic shellfish poisoning (NSP), and amnesic shellfish 
poisoning (ASP).[12]

Infectious diseases Neurotropic viruses
Bacteria e.g., Diphtheric toxin
Protozoa e.g., malaria

West Nile encephalitis,[13] Zika virus[14] yellow fever,[15] dengue,[15] 
COVID‑19.

Air pollutants Carbon monoxide/Carbon di oxide Most common and widely distributed air pollutant.
Sulphur di oxide Released from fossil fuels, domestic fires etc.
Lead Children and pregnant women are affected the most. Affects 

blood and brain in children.
Ozone Strongest oxidizing agent.
Particulate matter Complex mixture of organic and inorganic substances.

Coarse particles with an aerodynamic diameter of 2.5 to 10 
um (PM10), fine particles of less than 2.5 um
(PM2.5) and ultrafine
(UFPs) or nano‑sized (NP) particles less than 0.1 um.
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cortisol via the pituitary and hypothalamus[30] which can 
result in neuroinflammation leading to cognitive impairment 
and depression.[31] Another mental health disorder associated 
with environmental neurotoxins is schizophrenia. In a study 
by Liang et al.,[32] it was shown that short duration exposure 
to PM10, SO2 and NO2 increases the risk of developing 
schizophrenia.

Environmental Neurotoxicity Assessment

Humans and other living organisms are exposed to different 
classes of environmental toxins with a broad range of adverse 
consequences. In a review by Legradi et  al.,[33] it has been 
highlighted that it is challenging to identify various neurotoxins 
and develop novel neurotoxicity testing methods. Moreover, 
current testing is not allowed for screening populations at a 
large scale and is limited only to medium and high production 
volume chemical compounds. Also, their neurotoxic effects on 

other organisms in our ecosystem are not considered for testing. 
Figure 4 shows various key components for the assessment of 
environmental neurotoxicity.

The United States Environmental Protection Agency and the 
Organization for Economic Co‑operation and Development 
guidelines focus on clinical presentations, measurements of 
motor activity, sensory response to stimuli and neuropathological 
examinations.[34] The USA and European Union  (EU) have 
developed separate guidelines for developmental neurotoxicity 
testing, which include measurements of developmental 
landmarks and primitive reflexes, motor activity, auditory 
startle test, learning and memory tests, and neuropathology. 
Recent legislations  [e.g.  REACH  (Registration Evaluation 
and Authorization of Chemicals) and the Cosmetics 
Directive (76/768/EEC) in the EU] have been keeping a strong 
control as far as registering the increasing number of chemicals 
that are being developed for commercial purpose.

Figure 2: Pathogenetic mechanism of neurotoxicity by various environmental toxins

Figure 3: Various neurological manifestations to environmental toxins
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Environmental Neurotoxicity: Indian Perspective

The data projecting the incidence and prevalence of various 
neurological diseases due to environmental neurotoxicity 
in the Indian population is scarce. A study by doctors at the 
Ecotoxicology facility at the All India Institute of Medical 
Sciences  (AIIMS) in 2019 confirmed that nearly 35 of 
216 patients referred to their clinic had “excessive” amounts 
of heavy metals and toxins (iron, mercury, lead, chromium and 
fluoride) in their bodies detected on blood and urine samples 
who presented with various cancers, neurodevelopmental 
disorders and bone disorders among other serious conditions. 
Another study conducted by Central Water Commission 
found that India’s 42 rivers had at least two toxic heavy 
metals beyond the permissible limit, with lead being the most 
common pollutant. River Ganga was found to be polluted 
with five heavy metals, namely chromium, copper, nickel, 
lead and iron. According to the report, mining, milling, plating 
and surface finishing industries are the main sources of heavy 
metal pollution in these rivers.[35]

In India, environmental pollution is a national crisis. It has 
been rated as one of the most polluted countries in the world. 
The Environmental Protection Index 2016 score has ranked 

India at 141 position out of the 180 countries studied. In 
India, various legislations related to preventing water and 
air pollution (Water Prevention and Control of Pollution Act, 
1974; Air Prevention and Control of Pollution Act, 1981), 
environmental protection  (Environment Protection Act, 
1986), forest conservation  (Forest Conservation Act, 1980) 
and biodiversity protection (Biological Diversity Act, 2002) 
have been passed but there is laxity in the administrative will 
to implement these laws. There is an urgent need for setting 
up an independent environmental regulatory body with no 
political interference and also to step up the penalty and 
liability mechanism, that is, “Polluter pays principle”.

In an article by Divyanu Jain et  al., it is mentioned that 
during the coronavirus disease  (COVID‑19) pandemic, 
when a lockdown was imposed in India in 2020, there was a 
significant improvement in air quality in 88 cities across the 
country.[36] This was possible because industrial activities and 
mass transportation were at a halt for a significant period.

Environmental Neurotoxins: Future Directions

Environmental planning has two major aspects of the 
formation of policies and their implementation, which include 

Risk assessment of environmental 
neurotoxicity based upon

Exposure hazard 

Population level

Molecular level

Adverse Outcome 
Pathways(AOPs)

Clinical and 
biochemical effects

Developmental 
effects - Model 

organisms such as the 
fish species medaka 

and zebrafish

Behavioural effects - 
As early warning signs. 
Fluorescence emissions 
can be used to monitor 
phytoplankton biomass, 
behaviour changes in 

Daphnia and fish.

Epigenetic effects- 
DNA methylation, 

histone modifications 
and non-coding RNA

Neurotransmitter modes of action - 
Disturbances in electric signal transduction 

and inhibition of chemical signal 
transduction through interference 
with the neurotransmitters e.g. OP 

compounds

Body fluid assays

Biomarker analysis -
Measurement of AChE inhibition, 

activity of monoamine oxidase 
with dopamine or serotonin 

receptors, GABA transaminase 
with GABA (A) and GABA(B) 
receptors as well as glutamic 

acid decarboxylase and glutamine 
synthetase with the receptors 
NMDA, AMPA and Kainate 

can be determined.

Sensory test assays

Stem cell assays - Human 
induced pluripotent stem cells 

(iPSCs) have the potential 
to play an important role 

in predicting human-specific 
neurotoxicity

In vitro assays

Chemical changes

Chemical analysis- 
Chromatographic separation 

techniques combined with 
mass spectrometric 

detection, atomic absorption 
spectroscopy (AAS) or 

inductively coupled plasma 
mass spectrometry (ICP-MS)

Effect directed 
analysis

Chemoinformatics- in vitro 
assays and computational 

toxicity approaches 
e.g.Tox21 and ToxCast, 
ChEMBL and PubChem

Figure 4: Components for risk assessment of environmental neurotoxicity
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comprehensive growth management and environmental 
pollution control. It is mandatory that urban development 
planning must protect and conserve the natural resources and 
other ecosystems as any disturbance in the eco‑balance can 
cause serious harm to humans and other living organisms. 
Environmental pollution control policies are concerned with 
air, water and soil pollution. The key components of these 
policies include environmental planning, land development 
policies and the designing of pollution‑free transportation 
systems for stopping greenhouse gas emissions. Also, 
education of the masses, making them aware of environmental 
health concerns and public action are the best ways to minimize 
risks from environmental neurotoxins. Figure  5 provides a 
brief overview of various interventions needed for controlling 
environmental pollution.

Conclusion

Environmental chemicals with neurotoxic effects can result in 
a wide range of neurological and psychiatric disorders such as 
Parkinson’s disease, Alzheimer’s dementia, encephalopathies 
to subtle memory and cognition alteration, headaches and 
depression. This can occur even after the many years have 
elapsed between exposure and neurological manifestation. 
Also, there are no policies for screening populations at large 
for testing the environmental toxins. It is prudent to combine 
clinical, epidemiological and toxicological studies with 
cost‑effective quantitative risk assessment when use and 
exposure warrant. Newer biological markers for assessing 
subclinical neurotoxic effects need to be developed by in vitro 
analysis and animal‑based studies. Better exposure‑surveillance 

systems are to be developed to mitigate the effects of toxin 
exposure. There is a dire need to formulate experimental 
designs for studies to provide information regarding the 
risk‑assessment process on exposure to environmental 
neurotoxic agents.
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