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Abstract 

The presence of heavy metals (HMs) on Earth is essential to all forms of life. These metals are essential 
for plant and animal development but can have numerous negative effects on the living environment. In this 
review, we looked at where HMs come from, why they are harmful, and how they affect plants. Articles indexed 
in Google Scholar, PubMed, Research Gate, Science Direct, and a few books on heavy metals were consulted 
for this study. Heavy metals are essential for plant development and growth. According to this analysis, the 
hazardous effects of HMs are on the rise all throughout the globe, and this trend may be attributed mostly to 
human activity. Because of its impact on agricultural productivity and environmental changes, soil pollution 
caused by HMs is among the most crucial elements. Plants have evolved very sophisticated defense systems 
to deal with these environmental challenges. The threat that HM stress poses to plants has attracted a lot of 
attention worldwide because it could stunt agriculture’s long-term expansion. In spite of their importance 
for plants, this study found that HMs pose a signi icant threat to plant life. The novelty of this review lies in its 
detailed examination of both the bene icial and detrimental roles of HMs, providing a balanced perspective 
often overlooked in current literature. The signi icance of this work is underscored by its potential to inform 
sustainable agricultural practices and environmental management strategies, as it highlights the delicate 
balance required to harness the bene its of HMs while mitigating their risks. Despite their necessity for plant 
development, this review underscores the signi icant risks HMs pose to plant health and ecosystems.Less 
than 10 cases have been reported in the literature of the association of germline BRCA1 and Squamous cell 
Carcinoma – the esophagus. The article focuses on the probable pathogenesis of BRCA1 mutation with non-
classic malignancies and the response of Poly adenosine diphosphate ribose polymerase inhibitors (PARP) 
inhibitors in such a scenario. We report an unusual manifestation of the BRCA1 gene with second primary 
oesophageal squamous cell cancer occurring ive years later to triple-negative breast cancer.

Introduction 

Heavy metals are metals with atomic masses or densities 
that are comparatively large. Its de inition varies depending on 
the situation in every ield. For instance, a heavy metal may be 
characterized in terms of its density in metallurgy. Although a 
chemist would be more interested in a heavy metal’s chemical 
behavior, physicists can characterize a heavy metal in terms of 
its atomic number [1].

Heavy metals include the oldest known common elements 
like copper, iron, and tin as well as pricey elements like silver, 
platinum, and gold. The irst discoveries of gallium, hafnium, 
and thallium occurred around the turn of the 19th century. 
Due to the heavy nature of naturally occurring metals like 
aurum (gold), iron, and copper, as well as their malleability, 

efforts were made to shape metals into decorations, tools, and 
weapons throughout prehistory [2]. 

Leopold Gmelin, a German scientist, divided the elements 
into non-metals, light metals, and heavy metals in 1817. Heavy 
metals have a density of 5.308–22 g/cm3, whereas light metals 
have a density of 0.860–5 g/cm3. Eventually, the phrase began 
to refer to metals having large atomic masses or numbers. 
Toxicologist J. Duffus examined the de initions of heavy metals 
in 2002 and concluded that they were so wildly different 
that the word was functionally useless. With this inding, the 
classi ication of certain metals as heavy was also questioned 
since they are also light and have a role in biological processes. 
Despite its ambiguous de inition, the phrase “heavy metal” 
often occurs in scienti ic literature [3].
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Iron, cobalt, zinc, and other vital nutrients are among the 
heavy metals. Some are safe, like silver and indium, but too 
much of them may be hazardous. For instance, vanadium 
pentoxide (V2O5) damages DNA and causes cancer in animals. 
The liver and kidney are poisoned by the permanganate ion 
(MnO4-). Heart failure may occur if you consume more iron 
than 0.5 g. The majority of youngsters who experience this die 
within 24 hours. At 30 ppm, nickel carbonyl (Ni (CO)4) causes 
mortality, brain damage, and respiratory failure. The lethal 
dose of selenium is 5–6 mg ( can have paralytic effects)[4]. 

Lead, Hg, and cadmium are toxic. Mining, industrial waste, 
agricultural waste, paints, and treated lumber are key sources 
of these metals environmentally hazardous heavy metals 
[5]. Some are poisonous only in excess or in speci ic forms. 
Metal fume fever may result from inhaling metal particles 
or vapors. Due to widespread usage, chromium, arsenic, 
lead, mercury, and cadmium are harmful. Like mercury 
compounds, chromium (VI) is hazardous. Sulfur attracts these 
ive elements/heavy metals in the body. They generally bind to 

metabolic reaction-speeding enzymes [6]. 

We also need heavy metals. Our bodies contain tiny 
quantities of these, yet they are essential. Iron was employed 
extensively. Blood contains it. They create sheets, wires, 
machines, glass coloring, paints, plastics, and catalysts. 
Electronics, magnets, lights, and nuclear equipment employ 
them [7].

The novelty of this review lies in its comprehensive and 
nuanced examination of the dual nature of Heavy Metals 
(HMs) in the environment, which is often underrepresented in 
the existing literature. While most studies tend to focus either 
on the detrimental effects of heavy metals on plant life or their 
essential roles in physiological processes, this review brings 
these two aspects together, providing a balanced perspective 
that underscores the complexity of HMs’ interactions with 
plant systems. By integrating an analysis of both the bene icial 
roles and the toxic effects of HMs, this review sheds light 
on the intricate mechanisms plants employ to utilize these 
metals for growth and development while simultaneously 
defending against their potential toxicity. This dual focus 
not only enhances our understanding of plant resilience but 
also highlights gaps in current research, suggesting areas 
where further study could lead to more re ined approaches to 
managing heavy metal stress in agricultural settings.

The signi icance of this review extends beyond academic 
inquiry, offering critical insights with direct implications 
for sustainable agricultural practices and environmental 
management. As soil pollution from HMs continues to 
rise, largely due to anthropogenic activities, the need for 
informed strategies to mitigate their adverse effects becomes 
increasingly urgent. This review contributes to this discourse 
by emphasizing the delicate balance required to harness the 
bene its of HMs for plant growth while minimizing their toxic 

impacts. The indings presented here have the potential to 
inform policy-making and the development of innovative 
agricultural techniques aimed at enhancing crop resilience in 
polluted environments. Moreover, the review’s emphasis on 
the global nature of HM stress underscores the widespread 
relevance of these issues, making it a valuable resource for 
researchers, practitioners, and policymakers alike who are 
working towards ensuring the long-term sustainability of 
agricultural systems and the preservation of ecological health.

Methodology
This review systematically examined the literature on the 

sources, roles, and effects of Heavy Metals (HMs) on plant 
life, with a focus on publications from 2000 to 2023. The 
objective was to synthesize existing knowledge and highlight 
both the bene icial and detrimental impacts of HMs on plants, 
incorporating studies from various scienti ic disciplines.

Data collection

The literature search was conducted using multiple 
academic databases, including Google Scholar, PubMed, 
ResearchGate, and ScienceDirect. In addition to peer-reviewed 
journal articles, relevant books, conference papers, and 
review articles were also included to provide a comprehensive 
analysis. The time frame for data collection spanned from the 
year 2000 to 2023 to capture the most relevant and recent 
developments in the ield, while also considering foundational 
studies that are still in luential.

Inclusion criteria

The following criteria were used to determine the inclusion 
of studies in the review:

1. Relevance: Only studies that directly addressed 
the role, sources, and effects of HMs on plant life 
were included. This encompassed research on HM 
toxicity, soil contamination, plant physiology, and the 
mechanisms plants use to cope with HM stress.

2. Recency and impact: Articles published between 
2000 and 2023 were prioritized, with a particular focus 
on studies from the last decade (2010-2023) to ensure 
the incorporation of the latest scienti ic insights and 
technologies.

3. Quality and credibility: Peer-reviewed articles, high-
impact journals, and authoritative books were selected 
to ensure the scienti ic rigor of the review.

4. Geographical scope: Studies from different 
geographical regions were included to provide a global 
perspective on the issue, acknowledging that the impact 
of HMs can vary based on environmental and regional 
factors.

5. Language: Only studies published in English were 
included to maintain consistency in the review process.
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Lead

Lead’s atomic number is eighty-two (from the Latin 
plumbum). Dense metal. Lead melts easily. When cut, lead is 
silvery-blue, but air turns it grey [9]. Lead inishes three heavy 
element decay chains and has the highest atomic number of 
any solid material. Prehistoric Western Asians realized lead 
can be easily mined from its ores. Galena, a lead mineral, 
often contains silver, which promoted lead mining and usage 
in ancient Rome. As Rome fell, lead production dropped until 
the Industrial Revolution. About half of the 10 million tonnes 
of lead produced globally in 2014 were recycled. Lead is 
useful because of its density, low melting point, ductility, and 
oxidation resistance. Due to its low cost and availability, it was 
used in construction, plumbing, batteries, bullets and shots, 
weights, solders, pewters, fusible alloys, white paints, leaded 
gasoline, and radiation shielding[10] (Figure 4).

Sources of lead

Inhalation and ingestion are common methods of 
exposure to lead. In the digestive and respiratory systems, 
lead is easily absorbed into the body. In addition to routine 
hand-to-mouth behavior, children’s propensity for discovery 
increases their risk of lead exposure. A baby is exposed to lead 
without purposeful ingestion when exposed to lead-covered 
items, degrading paints, contaminated soil or dust, or lead-
containing products. Lead reassessments are often seen in 
the environment [11]. Before 1978, lead was furthermore a 
gasoline additive in the USA. Lead solder and pipes may leach 
into drinking water. Lead from active business or battery 
disposal may also be discovered in soil. Lead may be found in 
various places inside and outside your home [12].

Paint

Lead was formerly used in paint to add color, increase 
coverage, and prolong its lifespan [13]. The use of lead 
paint in residential construction was made illegal by federal 
authorities in the year 1978. There is a good chance that paint 
on the walls of homes built before 1978 contains lead. Toys 
and furniture that had been painted before 1978 might have 
also been painted with lead-based paint. Paint that contains 
lead may become dangerous if it chips, becomes dust, or gets 
into the soil [14].

Soil

The use of lead in gasoline was made illegal by the federal 
government in 1996, after having begun a reduction process 
in 1973. Despite this, lead levels in the environment continue 
to be elevated due to the combination of vehicle exhaust 
and dirt from the roadside. Lead levels in soil around busy 
roadways may also be higher [15]. Metal smelting, battery 
manufacture, and other lead-using enterprises still produce 
lead. Lead is released into the air and combines with the soil 
surrounding homes, particularly if they are close to sources. 
Outside homes, laking lead-based paint may mingle with the 

Exclusion criteria

The review excluded the following:

1. Irrelevant topics: Studies that did not directly relate to 
the effects of HMs on plant life, such as those focusing 
solely on human or animal health, were not considered.

2. Non-peer-reviewed sources: Articles from non-peer-
reviewed journals, opinion pieces, and non-scienti ic 
publications were excluded to maintain academic 
integrity.

3. Outdated research: Studies published before 2000 
were generally excluded unless they were seminal 
works that provided essential background information 
or foundational theories relevant to the review.

Data analysis

The selected studies were carefully analyzed to identify 
recurring themes, signi icant indings, and emerging trends 
in HM research related to plant life. Emphasis was placed on 
understanding the dual role of HMs as both essential nutrients 
and toxicants, as well as the complex defense mechanisms that 
plants have developed in response to HM stress. The data were 
synthesized to present a balanced overview of the current 
state of knowledge, highlighting critical areas where further 
research is needed and potential implications for sustainable 
agricultural practices.

Sources of heavy metals

Heavy metals are helpful yet harmful. Heavy metal sources, 
uses, consequences, mechanism of action, and prevention in 
plants will be examined. Components with towering nuclear 
weights and densities at least ive times greater than water 
are dominant metals. They include a variety of metals, 
including nickel (Ni), arsenic (As), chromium (Cr), lead (Pb), 
mercury (Hg), and cadmium (Cd). The contradictory nature 
of heavy metals—that is, their capacity for both support and 
destruction—may make for an intriguing study topic, given 
their intricate roles in the mechanical world, the natural 
world, and human intuition (Figures 1,2). 

Origins of the Greatest Metals The common forms and 
fabricated activities can introduce a signi icant amount of 
metals into the ecosystem. Typical sources of metal release 
into the atmosphere, water, and soil include volcanic eruptions, 
rock weathering, and soil dissolution. Anthropogenic sources 
are extremely mechanical processes that release signi icant 
amounts of heavy metals into the environment, such as 
mining, re ining, and purifying metals. Furthermore, the use 
of heavy metals in several industries, such as paint, batteries, 
hardware, and coloring, adds to their environmental proximity. 
Agricultural practices that involve phosphate fertilizers and 
insecticides also introduce heavy metals into the soil and 
water systems. Wastewater release and the dishonest transfer 
of mechanical waste exacerbate the degradation [8] (Figure 3).
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soil. If homeowners aren’t cautious, lead-based paint and soil 
may mix. Wind may sweep lead dust into buildings and yards 
from lead-contaminated soil [16].

Drinking water

Rivers and lakes seldom have lead. Lead enters drinking 
water largely via corroded plumbing and lead-containing 
water distribution system components. [17]. These materials 
include lead-based solder used to connect copper pipe, brass, 
and chrome-plated brass faucets, and, in certain cases, lead 
pipes linking homes and businesses to water mains [18]. 
Congress banned the use of lead solder containing more than 
0.2% lead and set a limit of 8.0% lead for faucets, pipes, and 
other plumbing ixtures in 1986. It’s possible that plumbing 

Figure 1: Sources of heavy metals and route to plants.

Figure 2: Schematically Scheme diagram of Sources of Heavy Metals in the 
Environment.

 

Figure 3: Represent the use of heavy metals.

Figure 4: Representation of the sources of lead.
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in older buildings is where lead in drinking water comes from 
[19] (Figure 5).

Air

Lead is present in both indoor and outdoor air. Because of 
industrial sources, lead is mostly present in outdoor air (e.g., 
smelters, waste incinerators, utilities, and lead-acid battery 
manufacturers) [20]. Lead from both natural and man-made 
sources, decaying paint, burning of leaded gasoline and 
aviation fuel, and deteriorating paint may all be found in wind-
blown soil and road dust. Sources of lead in indoor air include 
suspended dust, outside air, and a variety of hobbies (e.g., 
making stained glass objects using lead solder, and shooting 
using lead bullets at indoor iring ranges) [21].

Folk medicines, ayurvedic and cosmetics

Lead is present in folk medicines. They come from Mexico, 
the Dominican Republic, India, the Middle East, and Southeast 
Asia. Greta and Azarcon are an example. Rueda, Alarcon, 
Maria Luisa, and Coral are the names given to Azarcon. 
Greta, in powdery yellow. For indigestion, they are. Lead is 
present in pay-loo-ah. Rash and fevers are treated with red 
powder. Traditional remedies including golf, ghasard, bala, 
and kandu all contain lead. Cosmetic brands Kohl and Surma 
are connected [20]. Lead-free Ayurveda is ancient Indian and 
Asian medicine. Ayurveda remedies include herbs, minerals, 
metals, or animal products [22].

Children’s jewellery and toys

In the United States, inexpensive children’s jewelry 
containing lead is sold in vending machines and at large 
discount stores. It is also seen in low-quality amulets made 
of metal that are worn for good luck or protection. Moreover, 
lead may be found in adult costume jewelry. Jewellery is not to 
be handled by or consumed by children [23].

Firearms with lead bullets

Lead is also found in venison and small game shot with 

lead bullets. A new study discovered small lead pieces in meat 
from lead-bullet-shot deer. Some gunshot fragments are too 
small to see, touch, or chew [24]. On indoor shooting ranges, 
lead may be discharged when a gun is ired. Lead particles 
are produced when the bullet spirals through the barrel. Lead 
dust on food, cigarettes, and other products may be inhaled or 
ingested [21].

Importance of lead

Due to its high density, lead is employed in nuclear 
reactors and X-ray equipment as a shield against gamma and 
X-ray radiation. In certain medical imaging devices, lead is 
also utilized. In addition to these applications, lead is used 
in the manufacturing of ammunition, as a material to absorb 
vibrations and noises, and as a corrosion-resistant coating 
on some wires and cables [25]. In spite of the fact that lead 
is prevalent in our surrounding environment, there is no 
evidence to suggest that it serves any purpose in our bodies. 
As lead gets into the body, it is confused with calcium and 
other essential minerals and elements. In the long term, this 
confusion may be detrimental to the health of both children 
and adults [26] (Figure 6).

Negative eff ects of lead on plants

Reactive Oxygen Species (ROS) overproduction from 
lead poisoning reduces DNA damage, lipid peroxidation, and 
ATP synthesis. Lead inhibits plant growth, transpiration, 
chlorophyll production, water content, seed germination, 
root elongation, seedling development, and protein content. 
Lead interferes with enzyme activity, mineral nutrition, water 
balance, and photosynthesis. These ailments impact how 
plants operate [27].

Soil pollution by lead (Pb) is prevalent. It’s quite toxic. 
Pb causes morphological, physiological, and biochemical 
dysfunctions in plants while having no biological role. Pb 
exposure activates several plant tolerance mechanisms. The 
majority of Pb is absorbed by roots. Rapidly absorbing huge 
quantities of Pb and storing it in the vacuole, which is followed 

Figure 5: Representation of Lead Contamination in Drinking Water. Figure 6: Representation of the importance of lead.
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by changes in root development and branching pattern, or 
translocating to the plant’s aboveground sections in the form 
of hyperaccumulators are all examples of how plant roots 
react [28].

Rhizosphere Pb levels and root development’s 
physiological and metabolic processes. Lead poisoning causes 
rapid root suppression, underdeveloped plant development, 
root blackening, and chlorosis. Lead hinders photosynthesis, 
mineral nutrition, water balance, and enzyme function [29]. 
These abnormalities in luence physiological processes in 
plants. Cells may be killed by high lead doses. Lead also 
prevents seedling growth and reduces root and shoot dry 
mass, root and shoot length, tolerance index, and germination 
percentage. Lead lowered the fresh biomass, growth tolerance 
index, and root, shoot, and leaf growth of seedlings [30]. 
Further research found that Pisum sativum and Zea mays grew 
fewer roots, shoots, and leaves as well as fresh and dry biomass 
at the predicted lead levels. Lead causes phytotoxicity in plant 
cell membranes. ADP and ATP active groups, sulphydryl (SH) 
group reactivity with cations, putative af inity for phosphate 
groups, and changes in cell membrane permeability may all be 
shocking. Repercussions High amounts of lead diminish loral 
production (Figure 7) [31]. 

Lead’s mechanism of action

Symptoms similar to those of lead poisoning may also 
be produced by grass tetany, polioencephalomalcia (PEM), 
botulism, and plant poisoning (magnesium de iciency) All 
exposed cattle must have their lead residues examined [32].

Two more sources of lead in ecosystems are mining 
and direct waste stream discharge into water bodies. 
Environmental lead exposure may cause developmental 

issues and decreased growth. Vertebrate organisms such as 
plants and animals go through neurological consequences 
when reproducing. Lead poisoning may be brought on by 
unintentional intake of contaminated soil or dust as well as 
direct lead inhalation [33]. With the exception of some root 
vegetables like carrots, turnips, radishes, and beets, which take 
up very little lead in their stems and leaves, scientists say they 
are safe to consume. Most of the time, plants do not take the 
lead into their tissues. Particles may collect on produce grown 
in soil polluted with lead or in areas where lead-laced air 
pollution has accumulated. Consuming unclean produce might 
get you sick with the virus [34]. When inhaled or swallowed, 
lead particles may be harmful to one’s health. Healthy skin 
prevents the body from absorbing lead. Plants often do not 
absorb lead into their tissues. In regions where lead-laden 
air pollution has accumulated or on lead-contaminated soil, 
vegetables may pick up lead particles. Eating contaminated 
food may leave you open to infection (Figure 8). Little children 
who play in the dirt and then put their hands in their mouths 
run the risk of dying from lead exposure [11].

Figure 7: Representation of the negative effects of lead on plants.

Figure 8: Representation of Mechanism of Action of Lead in Plants.

Prevention from Lead

The two primary treatment approaches are chelation 
therapy and lead source elimination. Treatment for lead 
poisoning also tackles de iciencies in iron, calcium, and zinc, all 
of which promote lead absorption. Whole intestine irrigation, 
cathartics, endoscopy, or even surgery may be utilized to 
remove any lead-containing particles found in the digestive 
tract and stop additional exposure [35]. Lead shrapnel and 
bullets might be harmful. If they’re close to luid- illed or 
synovial regions, they may need to be surgically removed to 
avoid exposure. Treatment for organic lead poisoning involves 
removing the skin’s lead component, avoiding exposure, 
managing seizures, and maybe undergoing chelation therapy 
for elevated blood lead levels [36]. 
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Since it has at least two groups that are negatively charged, 
lead, which is a chelating agent, may form complexes with 
metal ions that have multiple positive charges [37]. Urine may 
irst eliminate the nontoxic chelate 50 times faster. Edetate 

disodium calcium (CaNa2EDTA), dimercaprol (BAL), succimer, 
and d-penicillamine are injectable and oral lead-poisoning 
chelating agents [37,38]. Chelation therapy is required for 
patients with acute lead poisoning, severe lead poisoning, or 
encephalopathy who have blood lead levels that are more than 
25 g/dL [39]. Chelation therapy is not often administered to 
asymptomatic people who have high lead levels in their blood. 
Chelation therapy is unsuccessful for patients who have been 
exposed to persistently low levels of lead. If the patient’s 
symptoms improve or their blood lead levels return to 
normal, the chelation therapy is often discontinued. There is 
a possibility of an increase in blood lead levels after chelation 
due to lead leaking from bone reserves [40].

Mercury

The chemical element mercury has the atomic number 
80 and the letter Hg [41]. Mercury is a heavy, silvery d-block 
element. It is the only metallic element that is liquid at these 
conditions. Cinnabar, the most prevalent kind of mercury, is 
present in deposits all over the planet (mercuric sul ide) [42].

Grinding natural or synthetic mercuric produces 
vermilion. Thermometers, barometers, manometers, 
sphygmomanometers, loat valves, mercury switches, 
mercury relays, luorescent lights, and others use mercury. 
Mercury thermometers and sphygmomanometers have been 
phased out in clinical settings owing to concerns about their 
toxicity. Alcohol- or galinstan- illed glass thermometers and 
thermistor-based mechanical devices have replaced them 
[43]. The strain gauge sensors and digital pressure gauges 
have taken the position of mercury sphygmomanometers. In 
certain regions, dental amalgam and scienti ic research still 
employ mercury [44]. Moreover, luorescent lighting uses it. 
A luorescent lamp’s phosphor glows and emits visible light 
when electricity passes through the mercury vapour within 
the lamp, which then emits short-wave ultraviolet radiation 
[45] (Figure 9).

Sources of mercury

Mercury is unique and released into the environment by 
natural and human activities. Mercury is the only liquid metal 

at room temperature. Nevertheless, it is generally solid or gas. 
Mercury, like other elements, can only change chemical states, 
making it very durable in the environment. We mostly worry 
about methylmercury since its chemical form determines its 
toxicity. Methylmercury in food chains harms humans and 
animals. Mercury enters the air, water, and soil via natural and 
human activities [46]. Granite and cinnabar contain mercury. 
Volcanic activity, undersea vents, and rock weathering 
release mercury from mineral deposits. Each year, natural 
sources release 2000 tonnes of mercury. Humans emit 2900 
tonnes of mercury every year. Mercury emissions come from 
electricity production, transportation, and industry. mining, 
smelting, and burning [47]. These three sectors emit 70% of 
Canada’s mercury. Industrialization tripled mercury levels. 
Environmental mercury Mercury may travel across the planet 
once released into the atmosphere. Mercury is found in rain, 
snow, and dust, as well as around power plants and volcanoes. 
Elemental mercury dominates airborne mercury. Around 98% 
of atmospheric mercury is elemental. When deposited in the 
environment, elemental mercury may become methylmercury, 
which is more toxic [48]. Fish are often referenced in mercury’s 
environmental and health impacts. Fish are the main source of 
mercury for humans, and ish-eating animals like loons may 
accumulate enough mercury to damage their reproduction 
[49]. Large predatory ish have greater mercury levels than 
little ish that eat insects or plants. The purple bar’s size and 
darkness indicate the critters’ methylmercury levels. The large 
right ish has the most methylmercury [50].

Importance of mercury

Mercury is the only element and metal that can exist in a 
liquid state at normal room temperature and pressure (Hg). 
The raw form of mercury is extracted from the cinnabar ores, 
a granular, reddish-coloured deposit that is widespread across 
the globe [51]. Because of its solubility at room temperature 
and silvery appearance, it is sometimes referred to as 
“quicksilver.” In reality, certain small organisms transform 
elemental mercury into organic form when it is deposited in 

 

Figure 9: Representation of the sources, environmental pathways, and effects of 
mercury on both humans and plants.
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water (methylmercury). Eating ish and shell ish that contain 
methylmercury is the main way that mercury is ingested [52].

Methylmercury is particularly toxic to children and 
unborn people because it may harm their developing brains. 
Methylmercury exposure during pregnancy has been linked to 
impaired cognitive functioning, memory, attention, language, 
ine motor abilities, and visual-spatial skills in children [53,54]. 

Elemental breathing humans are also at risk for mercury-
related illnesses. This kind of exposure may happen when 
items containing elemental mercury, such thermometers, 
malfunction inside with inadequate ventilation (Figure 10). 
More information about mercury poisoning and its treatment 
is available from the Centre for Disease Control and Prevention 
[55].

Harmful eff ects of mercury on plants

Heavy metals are a major environmental contaminant 
when they are found in soil at high levels and may impair 
plant growth, nodulation, nitrogen ixation, and other 
processes. When ingested, breathed, or absorbed via the 
skin, certain mercury compounds may result in neurological 
and behavioural issues. Just a few of the indications and 
symptoms include tremors, lack of sleep, memory loss, 
neuromuscular effects, headaches, and cognitive and motor 
dysfunction. Cellular structure is disturbed by mercury stress, 
and metabolism is still a mystery [56].

Both light and dark photosynthetic responses are 
impacted by mercury. In living cells, replacing the magnesium-
containing core atom of chlorophyll with mercury prevents 
the absorption of photosynthetic light, which causes the 
breakdown of photosynthesis. Depending on how strong the 
light is, the impact varies [57].

Heavy metals are a major environmental contaminant 
when they are found in soil at high levels and may impair plant 
growth, nodulation, nitrogen ixation, and other processes 
[58]. Cellular structure is disturbed by mercury stress, and 
metabolism is still a mystery. Total soil mercury concentrations 
in the ield had little effect on tree diversi ication. In the 

research we conducted in a greenhouse, it was discovered that 
organic mercury species are more dangerous than inorganic 
mercury species, and EFPC soil inoculants did not provide any 
protective effects against Hg toxicity [59,60] (Figure 11).

Mercury’s mechanism of action

As it may damage the brain and reproductive systems of 
humans and other animals, mercury pollution of freshwater 
lakes, ish, and ish-eating birds like loons and eagles has 
long been known to occur [61]. Mercury has an impact on 
photosynthesis’s reactions to both light and darkness. In 
living organisms, replacing the magnesium-containing core 
atom of chlorophyll with mercury impairs the ability of those 
chlorophyll molecules to capture photosynthetic light, leading 
to the failure of photosynthesis. Depending on the brightness 
of the light, the response varies [62].

The most obvious and constant effect of spindle activity 
disruption is the formation of c-mitosis, which leads to 
polyploid and aneuploid cells as well as c-tumors. According 
to study, organomercurials are 200 times more potent than 
inorganic mercury. Exposure to inorganic mercury decreases 
the incidence of chromosomal aberrations and lowers the 
mitotic index in root-tip cells in a dose-dependent way. The 
relationship between exposure concentration and duration 
and the time it takes the body to heal after exposure to 
mercury is inverse. Toxic metal ion resistance systems, such 
as Hg2+, are encoded by bacterial plasmids and function by 
energy-dependent toxic metal ion ef lux [63,64].

ATPases and chemiosmotic cation-proton antiporters are 
used to move ions. The inducible mercury resistance locus 
codes for both the detoxifying enzymes and the absorption 
of mercury ions. The periplasmic protein MerP, the inner-
membrane transport protein MerT, the cytoplasmic enzyme 
mercuric reductase, the protein MerA, and the reduction of 
mercuric ions to elemental mercury, Hg, are all involved in the 
process in gram-negative bacteria (II). A mercury-sensitive 
acidophilic chemoautotrophic bacterium is called Thyobacillus 
ferrooxidans [65,66].

 

Figure 10: Representation of the importance and uses of mercury. Figure 11: Representation of the Harmful Effects of Mercury on Plants.
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It has been discovered that a group of mercury-resistant 
strains known as ions may volatilize mercury. A 2.3 kb section 
of the chromosomal DNA from Escherichia coli strain E-l 5 
that encodes 56,000 and 16,000 molecular-weight proteins, 
respectively, also contains the whole coding sequence for the 
mercury-ion resistance gene. In response to mercury heavy 
metal stress, higher plants and Schizosaccharomyces pombe 
produce phytochelatins (PCs) as chelators [67-69].

Mercury-safety

Everyone must contribute to mercury reduction. Purchase 
mercury-free thermostats, switches, relays, barometers, 
and manometers. Contact your local home hazardous trash 
collection programmed to recycle mercury-containing 
products and bulk mercury [70].

Mercury powers luorescent and high-intensity-discharge 
lights. These lights are energy-ef icient and use less electricity 
from coal-burning power stations, which release mercury into 
the atmosphere. Use and disposal of these commodities may 
limit mercury leakage from human activity [71].

Mercury-containing product manufacturers, government 
programmes, and solid waste disposal facilities have decreased 
mercury in the environment. Hennepin County’s waste-to-
energy facility’s pollution control technology and procedures 
to keep mercury out of the waste stream lowered mercury 
emissions from 496 pounds in 1990 to 21 pounds in 2000, a 
95% reduction. Mercury-free equipment include barometers, 
manometers, thermostats, switches, and relays [72,73].

Cadmium and arsenic

Cadmium and arsenic sources in plants: Heavy metals 
have atomic numbers below 20 Cr, Hg, Cu, Cd, Pb, and As. Non-
biodegradable materials impair biological systems. They harm 
soil microorganisms. Cadmium and arsenic are heavy metals 
[74]. Arsenic is a toxic metal with atomic weight 74.9, melting 
point 8170 C, and speci ic gravity 5.73. Several insecticides 
utilise it. - As has oxidation numbers 3, 0, +3, and +5. Industrial 
sediments and natural water sources contain it. Arsenic may 
occur as H3AsO3, H3AsO4, arsenites, methylarsenic acid, 
and arsenates. Natural waters include arsenite (AsO33-) and 
arsenate (AsO43-) [75-77].

It forms hard acid with oxides and nitrogen in soil. Trivalent 
arsenites develop in decreasing anaerobic conditions like 
ground water. As(OH)3, AsO2OH2-, As(OH)4-, and AsO33- 
are typical trivalent arsenates. For decades, researchers have 
studied As and Cd in paddy rice and tea crops. As and Cd cycling 
depends on PH, which is altered by electrons and protons. Due 
to paddy ield looding, As and Cd biogeochemical processes 
are impacted. As and Cd’s solubility is affected. Reduction 
potential decreases when rice ields lood due to microbial 
O2 consumption. When reduced, As and Cd on iron (oxy) 
hydroxide and manganese oxides release [75].

When As (v) is microbially reduced to As (III), its 
solubility decreases. When sulphate-reducing bacteria reduce 
sulphate to sulphide, cadmium sulphide may precipitate. CdS 
production decreases Cd solubility, although reduction of iron 
(oxy) hydroxides and As(v) to As enhances As solubility (III) 
[78].

After paddy water is drained, the process reverses 
(Cd solubility is increased). Cadmium creates soil-soluble 
complexes as a cationic element [79]. The major As (III) 
uptake route is silicon. Cadmium transporter OsNRAMP5 
is manganese. It stands for natural resistance associated 
macrophage protein. Rice roots and exodermis and endodermis 
cells’ plasma membranes are polarized [80] (Figure 12).

Mechanism of heavy metal uptake by plants

In order to get vital nutrients, plants use unique systems. 
Several of them, such redox potential, pH change, and 
chelating compounds produced by plants, have already been 
covered [81]. One example of a transport mechanism is a 
protein pump (also known as an ATPase, which generates an 
electrochemical gradient and uses energy), another is a co- 
and anti-transporter, which uses the electrochemical gradient 
created by ATPases, and a third is a channel that helps ions 
enter cells [82].

Most plants acquire trace elements in the range of 10 to 
15 ppm depending on their needs, however there are certain 
plants that are hyperaccumulators that can store metals up to 
thousands of ppm. Evapotranspiration is the mechanism by 
which water molecules in roots are pulled by water transpiring 
from leaves. Following are several methods by which these 
heavy metals are absorbed [83] (Figure 13). 

Phyto extraction

It is the process by which plants move pollutants from the 
roots to the more exposed portions of the plant, such as the 
shoots and leaves [84].

Figure 12: Representation of the Sources of Cadmium and Arsenic in Plants.
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Phyto stabilization

Absorption, accumulation of toxins in plant tissue, and 
precipitation within the root zone are all examples of this 
process, which is responsible for the immobilization of 
contaminants found in soil and groundwater [85].

Rhizo fi ltration

Since precipitation or adsorption of dissolved substances 
onto plant roots or adsorption into the roots may take place, 
this phenomenon is sometimes referred to as Rhizo-root [86].

Phytovolatilization

It is the process through which pollutants are absorbed 
by plants and subsequently lowed from the plants into the 
atmosphere. In this process, evapotranspiration is crucial [87].

Eff ects of cadmium and arsenic on plants

Effects of cadmium: 

• Effects on growth 

Cadmium and other heavy metals are non-essential 
elements. Since cadmium accumulation negatively impacts 
metabolism, absorption, transport, and other components, it 
also has an impact on plant development [88].

The impact increases with concentration. Germination 
and growth rate in barley have both dropped by 45%. The 
primary targets of this metal are the roots, which causes 
harm to their development and slows them. Plants experience 
distinct affects at various phases of their lives. During the early 
stages of the rice plant, photosynthesis and the development 
of the reproductive organs were both inhibited. Chlorosis 
develops as a consequence of arsenic exposure’s suppression 
of inorganic nutrients [89,90].

• Changing chromosomal shape

The creation of this heavy metal causes errors in DNA 
synthesis, duplication, and chromosomal aberration. Zhang 
noticed in 1997 that Cd had an adverse impact on barley, 
causing nucleolus destruction and chromosomal aberration. 
There have been reports of nuclear decay, polyploidy, and 
chromosomal rings as adverse outcomes of exposure to Cd, 
Hg, and Pb [91].

• Cd damages the cell membrane

The enzymatic system serves as a barrier between the 
cell and its environment for the exchange of materials and 
information. Stabilization of enzymatic systems is required 
for the physiological operation of the cell. The damage caused 
by Cd to this enzyme system reduces the cell penetration. 
The polypeptide content of the thylakoid membrane is really 
modi ied under the stress of CD. The buildup of H2O2, O2, and 
malondialdehyde in wheat leaves reduced in the SH group, and 
electrolytic leakage of leaf cells was seen as the peroxidation 
of cellular membranes was sped up by active oxygen radicals 
[92].

• Cd-induced photosystem and chlorophyll effects

Chlorophyll proteins that absorb protons for 
photosynthesis in PS II are broken down by the Cd stress. As a 
result of the chloroplast’s sub-membrane structure changing, 
the membrane system is damaged. Thus, the drop-in protons 
have an impact on photosynthetic activity [93].

• Enzymatic activity affected by Cd

Superoxide dismutase (SOD), peroxidase (POD), and 
catalase (CAT) are protective enzymatic systems that are 
particularly effective in protecting against environmental 
stress. The balance of these three enzymes regulates the 
generation and destruction of free radicals, as well as the 
likelihood that free radicals can harm cells. The activity of these 
enzymes is reduced at high concentrations of heavy metals like 
Cd. Cellular damage is so increased [94] (Figure 14).

Figure 13: Representation of the key steps involved in the uptake and translocation 
of heavy metals by plants, highlighting both passive and active transport mechanisms.

Figure 14: Representation of the effects of Cd on plants.
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Toxic eff ects of arsenic heavy metal

Toxicity of arsenic (As): The mobility of various arsenic 
species varies, and as a result, so do their consequences. It 
has been discovered that the phytotoxic impact of As differs 
according on the kind of plant and the availability of nutrients 
[95]. Due to their structural similarity, arsenic may be used as 
a replacement for Pi in biochemical reactions, which disturbs 
several cellular functions. Similar to that, As III’s af inity for 
thiol groups in proteins and cofactors of enzymes makes it 
more likely to attach to them, putting cellular activities at risk. 
Reactive Oxygen Species (ROS) generation has been shown to 
be enhanced by arsenic [96].

Binding thiols: As III, which is a thiol reactive molecule that 
may bind up to three sulfohydral groups, acts as a cross linkage 
binding agent in contrast to As V. As III also binds poly-thiol 
compounds like PC in a similar manner [96]. Proteins and co-
factors containing thiols are also bound by As III. AsIII targets 
the gly decarboxylase complex, 2-Oxoglutrate dehydrogenase 
complex, co factor dihydrolipoamide, and the mitochondrial 
and plastid pyruvate dehydrogenase complex. The half-life of 
a complex is just 1-2s, but as the number of bonds increases, 
so does stability, and half-lives may range from 1.3 min to 155 
min when two or three thiol links are formed. Signal proteins, 
metabolic enzymes, and structural proteins are all directly 
impacted by the interaction of arsenics with thiols in proteins, 
which alters their folding and subsequently their structure 
[96,97].

Oxidative stress: Due to exposure to As III and V the 
formation of reactive oxygen species (ROS) such superoxide 
(O2-), H2O2, and hydroxy radicals (OH) increases. Membrane 
lipids may be peroxidized by ROS, and they can also harm 
proteins and purine nucleotides. Radicals produced from 
lipids are created as a result of lipid peroxidation. While the 
precise mechanism of ROS formation caused by As is unknown, 
PC synthesis and AsV to AsIII reductase are thought to be the 
primary causes [98].

Antioxidants already present in the body normally balance 
out ROS imbalance, but when exposed to As, ROS production 
increases, the body’s defenses are overpowered, and cellular 
damage results [99] (Figure 15).

Positive eff ects of Cd and As on plants

Osmolyte accumulation: While the buildup of As and Cd 
has certain harmful consequences, it also has some favourable 
ones. For instance, under As and Cd stress, maiz’s total protein 
and prolin levels were shown to rise by up to 30%. Similarly, 
a 34% rise in total soluble sugars has been seen in the maize 
variety Dong dang 80. Phenolic concentration rises by 40% 
and 49%, respectively, in the rung nong 35 and dong dang 80 
varieties of maiz. The content of proteins, carbohydrates, and 
prolin increases throughout time [100,101].

Enzymatic and non-enzymatic antioxidants

Antioxidants that are both enzymatic and non-enzymatic 
are crucial in preventing the peroxidation of proteins and 
lipids brought on by ROS. Heavy metals like As and Cd do 
enhance these oxidants, but it has also been shown that they 
have an impact on enzymatic and non-enzymatic antioxidants. 
With the Dong dang 80 and Run nong 35 types of maiz, this 
effect has been researched. Both revealed a 20%-28% increase 
in all antioxidant species. Actually, As and Cd have an indirect 
relationship with the formation of these antioxidants since 
the metals create a rise in ROS, which is directly tied to the 
creation of antioxidants [101,102].

Preventions from heavy metals As and Cd

Induced proteins and peptides: Metal-binding proteins 
and organic acid chelation lessen heavy metal stress. He and 
Luo isolated maiz Cd-binding protein in 1991 at a 1:3 ratio. 
Metal binding proteins, a natural plant resistance to heavy 
metals like As and Cd, bind 40% - 45% of Cd, reducing its harm 
to 40% - 45%. Rice, beans, and tobacco now yield metal-binding 
proteins such metallothiopeptides. They may be planted. 
Phytochelatin induces another heavy metal detoxi ier. PC is 
produced by phyto chelatin synthase catalyzing glutathione, 
not gene translation [103].

Enzyme and nucleic acid gene expression

Another enzyme found in plants that combines with heavy 
metals is lacti-dehyrogenase. The alcoholic dehydrogenase 
(ADH) alteration has been noticed on two levels as well as Cd. 
When various heavy metals are introduced to plants, DNA-like 
proteins are created that can be removed from the plant and 
added to other heavy metal-stressed plants [104].

Discussion
The role of Heavy Metals (HMs) in plant life is a complex 

and multifaceted subject that has garnered signi icant 
attention in recent years. However, gaps remain in the 
existing literature, particularly in the integration of both the 
bene icial and detrimental effects of HMs on plants. Much of 
the research to date has tended to focus either on the essential 
roles of HMs in plant nutrition or on their toxicity and the 
associated stress responses, often treating these aspects 
separately. This fragmented approach fails to fully capture the Figure 15: Representation of the effects of Arsenics on plants.
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dynamic interactions between HMs and plant systems across 
diverse environmental contexts. This review addresses these 
gaps by synthesizing current knowledge on the dual roles of 
HMs, providing a balanced perspective that considers both 
their essentiality and toxicity. By doing so, it offers a more 
comprehensive understanding of how plants interact with 
HMs, highlighting the need for strategies that can harness the 
bene its of HMs while mitigating their risks.

From the author’s perspective, recognizing the dual nature 
of HMs is crucial for developing sustainable agricultural 
practices that can adapt to the increasing levels of HMs in 
the environment. This review emphasizes the importance 
of adopting an integrative approach that considers both the 
bene icial and harmful impacts of HMs, which is essential for 
informed decision-making in environmental management 
and agriculture. However, alternative perspectives from 
various scholars suggest a more focused approach, either by 
enhancing the bene icial roles of HMs through bioforti ication 
or by prioritizing efforts to mitigate HM toxicity. While 
these approaches have merit, they may not fully address the 
broader ecological implications and the need for a nuanced 
understanding of HMs’ interactions with plant systems.

The limitations of this review include its reliance on studies 
published predominantly in English, which may overlook 
signi icant research conducted in other languages, and the 
focus on literature from 2000 to 2023, potentially missing out 
on earlier foundational studies. Additionally, while the review 
provides a comprehensive overview, it does not delve into the 
speci ic molecular mechanisms of HM tolerance and toxicity, 
which could be an area for further exploration. Future research 
should aim to bridge these gaps by exploring the effects of 
HMs across a wider range of plant species and ecosystems, 
particularly in under-researched regions and environments. 
Moreover, interdisciplinary studies that integrate molecular 
biology, environmental science, and agronomy are needed 
to develop more effective and sustainable strategies for 
managing HM contamination in agricultural systems. By 
addressing these areas, future research can contribute to a 
deeper understanding of HMs’ roles in plant life and support 
the development of innovative solutions to the challenges 
posed by HM pollution.

Conclusion
We may draw the following conclusion from the above 

conversation: heavy metals have bene its as well as drawbacks. 
We are unable to dispute the usefulness and signi icance of 
these things in both everyday life and the functioning of living 
systems. But, they also pose a danger to the lives of both plants 
and animals (both aquatic and terrestrial animals). They are 
the cause of numerous illnesses that affect both plants and 
animals. That indicates that we need to make use of these 
metals, but in addition to that, we ought to take preventative 
precautions. If we don’t take the necessary safeguards, then 

heavy metals will contaminate our environment, and the 
range of consequences they have will be far wider. We need 
to devise such processes so that we may utilize these metals 
while causing a minimum amount of harm to the surrounding 
ecosystem.
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