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ABSTRACT

The problem of mercury biomagnification poses a significant risk that needs to be addressed immediately.
This paper summarizes, in brief, the mercury biomagnification process, its effects on water ecosystems, and
potential health hazards associated with the consumption of mercury-contaminated fish. Methylmercury,
the more toxic form, is slowly becoming more widespread as it moves up the aquaculture food chain and
reaches greater concentrations in larger predator species posing significant risks to aquatic life as well as
humans and other animals. We are looking at the mechanisms and variables that affect bioavailability,
including fish populations and bird species, as well as effects on aquatic biodiversity. In addition, we
assess possible health risks to human beings, particularly for children and women of childbearing age. In
conclusion, the techniques to reduce mercury biomagnification in light of international initiatives such as
the Minamata Convention on climate change are explored in order to solve this problematic environmental
problem. Thorough knowledge of mercury biomagnification is a necessity, which underlines the need for
consistent management of marine ecosystems in order to perform efficient conservation efforts and lay
down necessary health regulations in order to avoid profound health implications for human beings.
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1. Introduction

Mercury (Hg) is a naturally occurring trace metal found
everywhere in the environment. Revelation to tall points
of mercury canister outcome in serious harm to the
fundamental anxious classification, leading to symptoms
like tremors, speech difficulties, kidney issues, breathing
problems, dizziness, vision problems, delusions, and
smooth expiry.! Additionally, confident research has shown
that children might experience developmental delays due
to mercury exposure, and there can be negative effects
on cardiovascular health and the immune system.> More
recently, mercury’s potential as an immunotoxin has been
explored, especially in vulnerable mouse models, revealing
its capacity to cause immune system impairment. 3
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Human activities such as the use of fuels and artisanal
gold mining subsidize the issue of elevated mercury
absorptions in the atmosphere, affecting the air, soil, and
water.* Moreover, the toxic and carcinogenic nature of
mercury has both indirect and direct implications for
human health and aquatic life. Similarly added heavyweight
metallic element, hg cannot be naturally broken down
within ecosystems. Therefore, addressing the problem
requires methods that either remove or control its presence.
Consequently, organizations like The maximum granted
mercury concentrations in drinking water were determined
by the World Health Organization or WHO, and the US
Environmental Protection Agency (USEPA), set at 0.002
mg/L and 0.001 mg/L, separately.>®

Hg is commonly created within biological developments,
usually by way of sulfide ore known as vermilion (HgS).
It is also a suggestion component in other naturally
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occurring deposits like coal.” Mercury possesses distinctive
attributes, including its remarkably in height gas heaviness.
Different from most weighty metallic elements, the hg
container transforms into vapor on lower fevers, releasing
the situation into the surrounding air. In the atmosphere,
mercury manifests in three primary forms: gaseous
elemental mercury (GEM), gaseous oxidized mercury
(GOM), and particulate-bound mercury (PBM). GEM
prevails, accounting for 95-99% of the total atmospheric
mercury.®® Mercury exists in multiple forms: inorganic
variants, encompassing metallic mercury, mercury vapor
(Hg0), as well as mercurous (Hg2++) or mercuric (Hg++)
salts; and organic forms, which involve compounds where
mercury is chemically bonded to structures containing
carbon atoms, like methyl, ethyl, phenyl, or similar groups.

The organic form of mercury that has been methylated,
referred to as methylmercury or MeHg, is recognized as
one of the most harmful pollutants.'® This is primarily
because it has a strong affinity for proteins, leading to
its retention within tissues. As a result, there is a process
of biomagnification that occurs throughout the whole
nutrition chain, after plankton to the highest pillagers. The
accumulation of mercury in fish is particularly significant,
especially in areas where fish is the primary food source
for the local population and the primary source of fibrin. !!
Once inanimate hg mixtures stay released into aquatic
or loam and are subjected to microbial actions, they get
converted into methylmercury over time. This conversion
process results in a decrease in the quantities of these
inorganic mercury compounds. It can also lead to issues like
undesirable taste, color, or odor in water. 12

The significance of phytoplankton in biogeochemical
cycles and climate regulation cannot be overstated.
Amplifying human-driven impacts on ecosystems have
caused the Earth’s temperature to surge by about 0.6
oC over the last century, an unparalleled increase when
contrasted with the past millennium.'>!* Prolonged shifts
in climate and extensive climatic fluctuations can also
impact environmental developments that reshape planktonic
algae. Alterations in the current erection of aquatic columns
might incline the balance towards smaller algal cells and
species adept at adjusting to buoyancy changes and higher
temperatures. !> This transition to smaller phytoplankton
could potentially lead to reduced biomass production.

Zooplankton play a vital role in connecting different
levels of the food chain in ecosystems. They do this by
serving as consumers of primary producers and serving as a
preferred food source for numerous economically valuable
fish species. Mercury (Hg) toxicity can have harmful effects
on zooplankton, as it can on various aquatic organisms.
Mercury exposure can impair the reproductive capabilities
of zooplankton. It may result in reduced reproductive
rates, fewer offspring, or even reproductive failure, Mercury
toxicity in zooplankton can disrupt the flow of energy and

nutrients through the aquatic food web. As zooplankton
are a crucial link between primary producers and higher
trophic levels, their contamination with mercury can have
far-reaching ecological consequences.

Methylmercury (MeHg) is prevalent in both marine
and freshwater fish, originating from either natural
environmental processes or human activities that involve
the circulation of mercury.'® Microbial actions facilitate
the conversion of inanimate hg hooked on the extremely
poisonous MeHg procedure through a methylation
process.!” Subsequently, MeHg becomes integrated into
the aquatic food chain, contributing to the overall buildup
of MeHg levels in aquatic organisms.'® Fish, in particular,
serves as a prime example of how mercury accumulates
through the food chain. !° According to research by Soares
et al.??, as much as 98% of MeHg tends to accumulate in
fish. This makes MeHg in fish a primary source of mercury
pollution with potential implications for human health due
to the biomethylation of discharged mercury compounds. ?!

Prolonged consumption of fish and other marine
organisms contaminated with methylmercury poses a
significant health risk, particularly during developmental
stages, which can lead to neurological changes.??2*
Additionally, mercury exposure has been scientifically
linked to increased susceptibility to cardiac sicknesses than
incidents. Trendy instances of plain revelation, there is
a potential for adverse effects on the reproductive and
immune systems, as well as a heightened risk of premature
mortality. 2326

The goal of this review is to offer a succinct overview
of recent findings concerning the different forms of
mercury (Hg) and their interactions with phytoplankton,
zooplankton, fish, and human beings in their natural habitat.

2. Source of Mercury to the Environment
2.1. Natural source of mercury

Mercury is also found in the earth’s crust, mainly as a
mineral cinnabar. The metal is released due to volcanic
activity, rock weathering, and the weather of rocks. In
addition, deposited oxidized mercury can be reduced by
photochemical or biological processes and is released
back into the atmosphere. The redeployment of mercury
from soil, plant, and marine surface is considered to
be important when compared with primary sources; so
secondary sources are also influencing the amount of
mercury in the atmosphere. But also by reactivating to
a considerable extent. Mercury was probably more or
less uniformly distributed in the atmosphere, as well as
in terrestrial and aquatic compartments before (major)
anthropogenic emissions began since the cycle was active
in the pre-industrial environment. >’
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2.2. Anthropogenic source of mercury

Anthropogenic sources of mercury (Hg) refer to human
activities that release mercury into the environment.
These activities are a major contributor to the global
mercury cycle and can have significant environmental
and health impacts. "The main cause of hg corruption
in the environment remains attributed to human doings,
with significant contributions coming from artisanal small-
scale gold mining, industrial facilities, coal combustion,
waste incineration, mining operations, and their associated
processing activities. These anthropogenic actions have
led to an approximately 4.5-fold increase in atmospheric
mercury levels compared to natural concentrations, as
reported by various studies3*3* Coal combustion and
thermal conversion account for a total of 24% of
anthropogenic mercury emissions, according to some
sources>> Evidence also suggests that mercury used for
the mining of precious metals increased inputs into the
atmosphere, in turn increasing the input to the ocean, prior
to the onset of a highly industrialized era before the 20th
century’s conclusion. '3 It is estimated that between 6,000
and 9,000 tons of mercury are released into the atmosphere
each year, mostly as elemental Hg0 and occasionally as
divalent HgII.3® Recent studies show that natural processes
account for about 800 tons of atmospheric Hg, of which
varieties active roughly 18% of the total pool of atmospheric
mercury.?’ The section below summaries, briefly, the
main anthropogenic mercury sources taken into account in
this work. More detailed information, particularly on the
principal byproducts of man-made activities, is available in
the global mercury assessment. 8

2.3. Main anthropogenic by-product and source of
mercury

The most important sources of primary anthropogenic
mercury are those from which mercury productions are
mainly accidental; by-product; excluding mercury mining,
mercury emissions result from mercury in the form of
mercury; attachment; in used fuel or raw materials. the
head; by-product; releases originate from coal or oil burning
industries, production of iron and steel, production of
non-ferrous metals and production of cement. Stationary
combustion of coal and to a lesser extent other fossil fuels
related to energy or heat production at large power stations,
small industrial or residential heating units, smaller-scale
home heating systems also as well and various industrial
processes constitute the largest single source category for
anthropogenic mercury emissions into air. Despite the fact
that coal doesn’t contain a lot of mercury, The large volume
of coal that is burnt and the fact that emissions mainly
flow to the atmosphere are primary anthropogenic causes
for an increase in unintended mercury emissions into the
environment.

As a result of fuel burning, mercury is present in ores
as impurities, and through accelerating the exposure of
rock to natural weathering processes, mining and industrial
processing of ores, in particular, in primary production of
iron and steel and non-ferrous metal production (particularly
copper, lead, and zinc smelting), release mercury. Gold
production also uses mercury, since it is contained in ores
and is used in some industrial processes for the extraction
of gold from lode deposits, in addition to mining, which
is a relatively small source of mercury. For the purpose
of obtaining gold, mercury is deliberately employed by
smaller-scale and artisanal gold mining operations.

Mercury is released mostly as a result of the combustion
of fuels (primarily coal but also a variety of wastes) to
heat cement kilns, which is the third greatest source of
mercury "by-production” discharges. Fly ash that contains
mercury may occasionally be added to cement after the
manufacturing process.

2.4. Artisanal gold mining

The biggest source of mercury consumption worldwide
is still artisanal and small-scale gold mining (ASGM).
According to reports, it keeps rising along with the trend
in the price of gold and is the main environmental emission
from global mercury use. It is intricately tied to problems
with poverty and the health of people.

The UNIDO/UNDP/GEF Global Mercury Project?’
estimates that at least 100 million people, mostly in Africa,
Asia, and South America, depend directly or indirectly
on ASGM for their livelihood in over 55 countries.
Approximately 500 to 800 tonnes of gold are produced
annually by ASGM, which accounts for 20 to 30 percent
of global gold production.

2.5. Chlor-alkali production

The third largest global usage of mercury is the chlor-alkali
sector. Many plant operators have switched over to the more
energy-efficient and mercury-free remembering technique,
while others either have intentions to do so or have not
yet made any such announcements. Governments have
frequently partnered with business leaders and/or offered
financial incentives to hasten the phase-out of mercury
technology.

2.6. Battery

Although mercury use in batteries remains important, as
more and more countries establish policies to address
the issue of diffuse mercury release from batteries, usage
is decreasing. Although the consumption of mercury in
Chinese batteries is widely reported to have increased
during 2000 and has been found to be above average
throughout this period, a large majority of China’s
manufacturers are still switching towards designs with lower
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mercury content. Observance of world legal trends and
client needs in different parts of the world, 40 Despite this,
the consumption of mercury continues to be significant
because batteries are still being manufactured in China and
other countries with massive quantities that exceed tens of
billions.

3. Impact of Climate Change on Mercury Toxicity

Weighty metallic elements remain the prime reason for
Pollution of the environment, then Hg remains Single of the
biggest threats to human health worldwide, it is a common
contaminant.*! The trophic transmission and of Hg in
the aquatic food chain is one of the main problems with
Hg contamination.*> Methylmercury (MeHg), in particular,
is a strong neurotoxin that is susceptible to biological
magnification and biotic extension in sea aquatic nutrition
nets, which remain the primary mechanisms through which
MeHg associates or arrives people.*?

Mercury is of a different nature from the majority of
pollutants in the environment. Mercury may change form
through oxidation, dilution, and methylation; processes that
are repeated in the environment as described in the preview
section. Once the mercury has been removed, it’s returned
in a fairly large volume to the atmosphere. This mercury
cycle, as presented by Gonzalez** is shown in Fig. 1. Recent
research has indicated that mercury’s ecological fate will
affect climate change over time and into the future.**
Climate change typically affects several physical factors
such as those related to long-range transport from wind
direction, precipitation rates, ocean currents, melting of
polar ice caps and mountain glaciers, higher frequency of
extreme events, and biotic transport. In addition, increased
mercury emissions into the Arctic could have serious health
consequences for humans.

A study has been presented that shows the effects of
mercury emissions in the Arctic region. For a variety of
reasons, the Arctic region has an important habitat for Hg
cycle and pollution monitoring. Four hypothetical situations
have been examined by the authors. A scenario that takes
into account all Hg emissions resulted in a 12% increase
in atmospheric deposition and 9% of the oceanic deposition
between 2015 and 2050.4

Mercury is a pollutant that is present across the world,
but not everywhere has a problem with it. Mercury
is often only a concern when the natural generation
rate of methylmercury from inorganic mercury is larger
than the opposite reaction, with the exception of very
contaminated situations. Methylmercury is a single kind
of mercury that significantly builds up in fisheries.
Certain kinds of wetlands, diluted low-pH lakes in the
Northeast and Northcentral United States, portions of the
Florida Everglades, recently flooded reservoirs, and coastal
wetlands, particularly those along the Gulf of Mexico,
Atlantic Ocean, and San Francisco Bay, are environments

that are known to favor the production of methylmercury.

4. Transformation of Mercury in the Aquatic
Environment

A variety of chemical and biological reactions are involved
in the complex process of mercury transformation in the
aquatic environment. Different forms of mercury exist, and
their transformation can have substantial effects on the
environment and people’s health. Over the past century,
anthropogenic emissions have increased the amount of
mercury in the atmosphere by at least a factor of three.!3
There are naturally occurring hgs in dissimilar crystals,
which are comparatively constant and do not pose important
hazards. It creates problems since these elements are used
in different human activities. During the mining of these
reserves, a significant volume of Hg is released into the
environment. *$4° Recent research suggests that the fiery of
relic oils, production of nonferrous metals, iron and steel
making, waste incineration, cement manufacture, or some
other industrial processes are also anthropogenic sources of
mercury emission. >
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Figure 1: Mercury cycle in the environment (Hg amounts in
Mg/y). Adopted from Gonzalez-Raymat et al. (2017), reprinted
with permission

announcements of phreatic water from fumaroles,
benthic sediments, river and estuary flow, and straight
atmosphere deposition are the principal Hg sources that
flow into ocean surface regions.'? Replicas and dimensions
indicate that straight atmospheric testimony into surface
waters is the core foundation of Hg deposits in oceans,
with universal contributions ranging from 2800 near 5800
t over the past decade.'> Due to manufacturing releases
that pollute waterways with the variability of contaminants,
fluvial Hg is a significant cause of Hg for the aquatic



12 Gupta and Yadav / Journal of Pharmaceutical and Biological Sciences 2024;12(1):8-18

environment.’! Additionally, when particles in suspension
come into contact with Hg gasses in the troposphere, they
may form bonds with them and stick to them, leading to
their deposition into seabed sediments.’> As a result, Hg
concentrations there are now five times as many greenhouse
gases in the troposphere and two times as many in the
oceans as they would have been otherwise, compared to
what would have been the case if it had not been for these
effects.*

By converting an inorganic divalent mercury HglIl
into MeHg when there are low oxygen concentrations
in the environment, methylated microbes produce a main
character trendy the environmental production of MeHg?>?
(see Figure 2) CH3Hg microorganisms, which intermediate
the change of inorganic bivalent mercury (HglII) into MeHg
under O2 -deficient circumstances, are primarily responsible
for the formation of MeHg in the environment.’® Some
sulfate-dropping microorganisms, iron-reducing bacteria,
methanogens, and fermenters are examples of such
mediators.>® However, given that some education has
shown that The oxygenated sea exterior waters should not
be disregarded because 20-40% of the MeHg measured
below the exterior diverse layer is shaped from the surface
and then enters deeper marine liquids.’® Most of this
methylation occurs in the periphyton, water columns,
and sediments.> Sulfate-reducing bacteria thrive in the
oxygen-poor seafloor sediments (also referred to as "dead
zones") that are abundant in dissolved sulfates.> Global
warming and anthropogenic eutrophication of numerous
water bodies are speeding up the formation of these
dead zones.>?33 A number of other environmental factors,
including temperature, pH, and media composition, also
affect the divalent Hg methylation process, as below
describe.

The bioconcentrations in the base organisms of the
chain, such as microalgae, are one of the most imperative
environmental effects on the assignment of MeHg from
the marine environment to the nutrition cable.*®%" The
handover of MeHg from a liquid medium to phytoplankton
is a crucial step for subsequent bioaccumulation in
higher organisms, which will largely determine the
bioconcentration in them.

4.1. Bioaccumulation of mercury in the aquatic food
chain

When mercury gets into the waterway stream, it is
transformed by microbes into carbon-based substances
such as CH3Hg and C2H6Hg. These are some of the
most hazardous organic forms All sorts of organisms eat
mercury with bioavailable properties, thus this is the case.
Transferred via all the food chain’s links.>?

Human exposure to MeHg is primarily caused by eating
marine organisms.'! In comparison to the concentrations
of MeHg in seawater, the Bioaccumulation, of MeHg in

planktonic algae. and zooplankton can be as tall as 105
and 106 periods, respectively.!! Later, the proteins of
phytoplankton cells bind the intracellular MeHg, which is
then bioaccumulated in marine food nets. Thus, algae play
a significant part in the uptake and conversion of Hg classes
in marine environments as a major point of entry for Hg into
aquatic food webs. ©!
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Figure 2: Diagram image of (a) rudimentary procedures in the
biological generate chemical pedaling of Mercury in sea zones.
Contractions: mercury (0), rudimentary mercury; Hg(Il), bivalent
mercury; MeHg, methylmercury; Me2Hg, dimethylmercury;
MeHgP, methylmercury convinced to particulate matter carbon-
based material; Hg(IDP, bivalent hg certain to particulate matter
carbon-based material. Lime missiles specify geographically
interceded; ecological environments for sulfate-reducing
microorganisms, wherever Hg methylation occurs, are: 5 < pH <
10; —=0.4 < Eh(mV) < 0.0; DO < 0.2 mg/L. (b) Biomagnification
of MeHg through the marine nutrition trap: MeHg arrives the
nutrition network at the actual lowest via bacterial methylation
activity, then it is partially taken up by microalgae; from that point
on, it biomagnifies through rotifers that scrape on microalgae, and
additional via slighter fish that target on rotifers, then marauder
fish that target on smaller fish, and lastly transmissions to marine
natures and people that eat polluted fish. Contractions: Hg(II),
divalent mercury; MeHg, methylmercury; DOM, dissolved
organic matter; Eh(mV), redox potential; DO, liquified oxygen.
Modified since, 926

4.2. Mercury exposure’s effects on phytoplankton

As the base of the food chain in aquatic environments,
plankton is a group of autotrophic and heterotrophic
drifting organisms. Bacterioplankton, phytoplankton, and
zooplankton all belong to this group. The concentrations of
nutrients, the physical and chemical characteristics of the
water, and the abundance of other plankton all affect the
abundance and distribution of plankton. Their abundance
changes with the seasons, vertically, and horizontally.

Half of the world’s CO2 is sequestered by photosynthetic
marine microorganisms (phytoplankton), which also
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produce half of the world’s oxygen, or 1% of all
plant biomass.%® Consequently, in order to control the
biogeochemical cycles of the planet, especially carbon
cycles and global ecosystems and climate change, they
play an essential role. Future CO2 capture systems
based on microalgae could be made possible by the high
ability of phytoplankton to fix CO2, by way of they
require considerably fewer planetary and capitals while
also fixative CO2 with productivity that is between 10
and 50 times higher than that of other photosynthetic
creatures. %% Therefore, they have a central role to play
in the management of biogeochemical cycles on Earth,
including carbon cycles and global ecosystems as well
as climate change. A high ability of phytoplankton to
process CO2 could make it possible to develop future
microalgae systems that would capture CO2 at a level
that is 10 or 50 times more efficient than the efficiency
of existing photosynthesis species, as they have very little
space and resources while requiring much lesser energy;®
Eukaryotic algae and cyanobacteria, which are hydrophytic
plants, and photosynthetic microbes found in the highest
sheet of normal waters, are included in phytoplankton.’°
Microalgae affect the arrangement and efficiency of
groups of all advanced animals through the production of
photosynthetic biomass.”® Microalgae benefit from their
surroundings, including of metallic elements, to perform
photosynthesis.”® Due to the fact that metallic elements
accrued by planktonic algae will eventually be transported
near additional bacteriological groups and grazers, this
has an important effect on the biogeochemical cycling of
these fundamentals.”! Multiple pollutants that are present
in aquatic ecosystems can have an impact on microalgae.’>
Due to their severe metabolic toxicity to organisms, heavy
metals are significant environmental pollutants.”®> Mercury
and other heavy metals may build up in primary producers
like microalgae and then move to higher trophic levels.”*

There is strong evidence that exposure to IHg and
MeHg causes general toxic effects in primary producers,
such as oxidative stress, growth and photosynthesis
reductions, and reduced photosynthesis. ’7>7> By resulting
in physiological and metabolic abnormalities, these
detrimental effects in turn prevent their development and
reproduction.’® Fortunately, it has been determined that
the typical levels of Hg found in water are much lower
than those that have a significant impact on microalgae
growth and photosynthesis.”’ Mercury stands out since
extra heavyweight metallic element unpaid to its propensity
to biomagnification throughout the entirety of aquatic
food chains, though.”® When combined with the oxidative
stress brought on by exposure to mercury, which has a
specific interaction with sulfhydryl groups in enzymes,
mercury can exert toxicity at all trophic heights.”® Hg
whitethorn quandary to cytosolic ligands once inside algal
cells and then be distributed throughout organelles. The

basic idea behind Hg harmfulness is the blocking of enzyme
purposeful collections by removing particles from these
sites or altering their shape. ’”

By influencing the electron transportation shackle,
altering the photosystem II, and eventually reducing
the significant production of photorespiration, HglIl has
been shown to remain extremely contaminated to the
photorespiration structure of microphytes.”> Additionally,
excessive reactive oxygen species (ROS) resulting from
Hgll exposure can harm protein sequence appearance and
ultimately result in cellular harm.”?> Although THg straight
marks hemoglobin crust trustworthiness, some training has
shown that MeHg indirectly affects membrane integrity
while MeHg might non consume a substantial impact on the
electron transportation cable at low concentrations. ”>

The bioavailability of metallic elements, which is
influenced by metal speciation and abundance, drives
the uptake of metallic elements by planktonic algae.
prison cell through inactive (dispersal and adsorption) and
energetic approval machinery (complexation of liquefied
metallic element).”” Phytoplankton remains one of the
defense mechanisms that have been developed by both
plants and animals to combat mercury exposure.’? At
least three intracellular or extracellular techniques are
used by microalgae to reduce mercury toxicity, as well
as increase antioxidant production.®! The first tactic is
metal exclusion, which involves decreasing the number of
ligands on the metal-responsive compartment superficial to
prevent excessive metallic growth,®1-71:82-94 Metal toxicity
can be considerably decreased by immobilizing Hg on the
cell surface. According to some sources, cellular debris
fractions can store awake to 56% of the overall cellular hg
that has been accumulated.3” The second method involves
reducing intracellular mercury to the less bioavailable form
of dissolved gaseous Hg0 832

As for the durable intracellular compulsory of Hg,
the defecation of collected Hg appears to be a difficult
decontamination machine.*! Additionally, it appears that
MeHg is a weak inducer of phytochelatins.

5. Mercury Exposure Effect on Zooplankton

Small animals known as zooplankton can be found in the
water column of almost all bodies of water, including lakes,
ponds, and oceans, though they are typically unable to
survive in rivers and streams. They can include the larval
stages of larger animals like mussels and fish and range in
size from a few millimeters to a few microns (one micron is
equal to 1/1000 of a millimeter

The MeHg that is present in phytoplankton is consumed
by zooplankton, but it is removed from their cells more
slowly than it is taken in. In contrast to phytoplankton,
zooplankton has higher MeHg concentrations due to
bioaccumulation. It’s interesting to note that the range of
zooplankton concentrations varies less than the range of
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phytoplankton concentrations. This is due to the connection
between the availability of nutrients, the uptake of MeHg,
and the overall mercury content of the phytoplankton. The
conditions that result in the highest levels of MeHg in
phytoplankton are also those in which there is a lack of
food for their predators, which lowers consumption rates
and consequently lower zooplankton MeHg intake. The
conditions linked to low phytoplankton MeHg are also the
conditions where zooplankton eat a lot. They consume a lot
of MeHg because there is a lot of food available, but they are
also growing more rapidly and effectively, which reduces
their own MeHg concentration through growth. This results
in concentrations of MeHg in zooplankton being 50,000-
1,000,000 times higher than in the surrounding seawater.
This large increase compared to the seawater, before even
making it to fish, makes tiny mercury concentrations in the
ocean lead to much larger mercury concentrations in marine
food webs.

The cardiovascular and nervous systems are primarily
affected by long-term exposure to mercury. For Hg
intoxications, the kidney cortex and endocrine glands are
most affected, and the kidney cortex and thyroids are most
affected.® Accidental MeHg poisoning in humans has
been documented in Iraq and Japan. In Japan, industrial
MeHg emissions caused MeHg poisoning in Minamata and
Niigata, leading to the first reports of Minamata disease
(MD).%!

Children are particularly at risk and may get sick
from eating contaminated fish. Methylmercury may cause
neurodevelopmental issues in the developing fetus if it
bioaccumulates in fish and is consumed by pregnant women.
The most hazardous exposure is transplacental because the
fetal brain is extremely sensitive. Intellectual disability,
seizures, loss of vision and hearing, delayed development,
language problems, and memory loss are examples of
neurological symptoms. Chronic mercury exposure has
been linked to the development of the condition known
as acrodynia (or "pink disease") in infants and young
children. This condition is characterized by red, painful, and
itchy extremities with localized swelling and sensitivity to
light. %39

5.1. Toxicity of mercury on fishes

Due to its high nutritional value, fish is one of the most
significant foods in the human diet. They are a famous
cause of PUFAs, particularly omega-3 and omega-6, which
can fend off thrombosis and atherosclerosis. These fatty
acids have protective effects against coronary heart disease,
autoimmune diseases, and arrhythmias, and they also lower
blood pressure and plasma triglyceride levels. Fish contains
nearly altogether of the reserves that our figures essential
and are present popular fish. Ferrum, Calcium oxide,
Galzin and ZnCl2, phosphor, selenocysteine, fluorite, and
iodise are the reserves found in fish. Due to their high

bioavailability, these minerals can be ready to be taken
up by the body.® Mercury contamination from long food
chains that accumulate in the body is a major issue with
marine food fish.%¢ The mercury contamination present in
the fish body in this instance will enter the bloodstream
and build up in the peritoneal cavity.’” By encouraging
oxidative damage and altering organ damage that lowers fish
health status, mercury contamination can have an impact
on fish behavior.®8%° The liver, kidney, muscle, gonad,
and brain are the first fish tissues to show the effects of
mercury contamination®® When using the histopathology
assessment, the liver is one of the organs that is given
priority. This is because, once likened to additional tissues,
the liver-colored consume has been found to accumulate
the most mercury.® The effects of mercury exposure led
to tissue damage.

Fish gill deficiency due to mercury contamination is
possible; HgCl12, at concentrations of 0.01 and 0.02 mg/L,
can reduce the ability of yellowfin seabreams to exchange
gases. According to earlier research, the length of exposure
to mercury, its concentration, the fish’s size, and the
lesions that resulted in the gills can all affect how severe
the lesions are.”® Water-exposed sensory cells, such as
mechanoreceptors of the lateral-line system, cutaneous
sensory cells, and/or taste receptor cells, can pass through
fish skin and oral epidermis and enter the fish brain.”!
Through the blood barrier, both organic and inorganic
mercury can harm the Central Nervous System (CNS) of
the brain in teleost fish. %>

According to other studies, following exposure to MeHg
and Hg (II), approximately 46.9% to 59.5% of MeHg and
42.3% to 64.9% of Hg (II) were discovered accumulated
in gill, with nearly 41.9% of Hg (II) being detected in the
stomach®? The amount of mercury present will, however,
increase linearly over the course of the exposure, whereas it
will steadily decrease in the gills. When exposed to dietary
mercury, there is a slow exchange of MeHg between the
blood and internal organs, with the liver and gills absorbing
the most at 1.5 days.”* The gill and intestine had the highest
concentrations of inorganic mercury because they were the
main organs through which mercury entered a fish’s body
before being transported by the bloodstream to other fish

organs.’!

6. Toxicity of Mercury on Human Beings

Chemical pollutants like mercury are a concern for
human health everywhere. Mercury is one of the top 10
chemicals that the WHO reflects toward stand of community
healthiness anxiety.”’ Global valuation schemes have
shown that (1) mercury pollution sources are distributed
globally, (2) mercury emission levels are rising over time,
and (3) anthropogenic activities are largely to blame for
these emissions.”® Mercury levels in some marine nutrition
products, customer and manufacturing crops, and work



Gupta and Yadav / Journal of Pharmaceutical and Biological Sciences 2024;12(1):8-18 15

environments may reach levels deemed hazardous to human
health.”® According to human biomonitoring studies, the
majority of people in the world are exposed to some level
of mercury, and certain populations are particularly at risk
(such as Original Peoples and artisanal before moderate
golden sappers (ASGM)) because of nutritional or industrial
issues.” Catastrophic events at Minamata Bay and other
locations in the middle of the 20th century warned the
world that mercury pollution is still a major concern today.
Since then, significant epidemiological studies have been
conducted in the Faroe Islands, Seychelles, New Zealand,
the Amazon, and the Arctic, and they have shown that hg
is an autism, learning disabilities, and intellectual disability
concern with mounting evidence that it also has an impact
happening the circulatory and protected schemes. There is
a vast physique of information about the effects of hg on
anthropological healthiness that has been compiled in fresh
excellent analysis papers.31-99-101

Methylmercury, one of the mercury compounds, is
primarily to blame for the neurological changes seen in
both experimental animals and people. The toxic rise in
reactive oxygen species (ROS) is thought to be a factor
in the mechanisms. Although these mechanisms have not
yet been fully understood, oxidative stress is linked to the
etiology of neurodegenerative diseases like amyotrophic
lateral sclerosis, Parkinson’s disease, and Alzheimer’s
disease. 92193 Additionally, research shows that exposure
to mercury during fetal development can decrease neuronal
density and cytoarchitecture in humans. 94105

For decades, the toxic effects of mercury were associated
mainly with the central nervous system; however, inorganic
mercury also produces profound cardiotoxicity. %17 The
increased risk of hypertension, myocardial infarction,
coronary dysfunction, and atherosclerosis has also been
linked by other studies. !~ According to data presented
by Yoshizawa et al.!'? exposure to mercury was linked
to the development of atherosclerosis and a higher risk of
cardiovascular disease. '3

The risk of developmental issues caused by mercury is
highest in children whose mothers ate a lot of contaminated
fish while pregnant. According to the Centers for Disease
Control and Prevention, about 6% of American women of
childbearing age have blood mercury levels that are unsafe
for a growing fetus. Mercury exposure during pregnancy,
which can be brought on by a mother eating methylmercury-
containing fish and shellfish, can harm a developing baby’s
brain and nervous system. Children’s developing brains and
nervous systems are extremely sensitive to mercury and may
suffer permanent harm from it. Children may be exposed to
methylmercury if they consume specific types of fish or if
their mothers consumed fish tainted with mercury prior to
giving birth. 14

7. Conclusion

The environment and public health have been impacted
by mercury contamination in water. Mercury is highly
toxic to human health, posing a particular threat to the.
Because mercury is a potent neurotoxin in fish, wildlife,
and humans, it is one of the most dangerous contaminants
in our country’s waters. is a heavy metal that is very toxic.
It comes in three different varieties: organic, inorganic, and
elemental. It has been established that all forms of mercury
have toxic effects on living things. It has the capacity to
gather in the various bodily tissues, where it increases the
concentration from lower to higher trophic levels. Mercury
was primarily introduced to aquatic life through various
human-made activities. The main cause of Hg pollution in
the air is identified as thermal power plants, which use coal
as their primary fuel. It is taken from the air, deposited
on the ground, and then washed into a body of water. The
process by which it enters the food chain is through aquatic
plants and animals. In an aquatic ecosystem, organisms are
easily exposed to and ingest mercury that accumulates in
their gills, liver, and other organs. The public is becoming
more and more aware of the harmful health effects of
mercury pollution in the ocean since the Minamata incident
in Japan. As a result, there has been a lot of interest in
the health of people who eat fish that contain mercury
(Hg). The toxicity of mercury to marine fish has, however,
gotten much less attention. We sum up mercury buildup
in marine fish and the toxicological effects of mercury
exposure in this review. The findings demonstrated that
mercury bioaccumulation in marine fish was highly variable
and that the physiological and ecological traits of various
fish species had an impact on mercury concentration. It’s
not only an environmental issue it’s a human health issue
also. MeHg toxicity is linked to neurological impairment
in children and adults as well as damage to the nervous
system in adults. Mercury that has been consumed may
bioaccumulate, gradually increasing the burdens on the
body. The systemic pathophysiology of specific organ
systems linked to mercury poisoning is discussed in this
review. The toxicological effects of mercury on cells, the
heart, the blood, the lungs, the kidneys, the immune system,
the nervous system, the endocrine system, the reproductive
system, and the embryo are significant.
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