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Introduction

Mercury is a naturally occurring element that is released into the environment through both natural processes and human activities.
However, human activities, particularly industrial processes, have significantly increased the amount of mercury in the environment,
leading to widespread pollution. Mercury pollution has a long history that spans several centuries. Mercury has been used in various
applications throughout history due to its unique properties. Some common uses include the production of thermometers, barometers,
electrical switches, fluorescent lamps, dental amalgams, and certain batteries. It has also been used in industrial processes, such as
gold and silver mining, and as a catalyst in chemical reactions (IARC, 1993).

Mercury is extremely toxic to all living organisms in the environment. Its vapors can be inhaled and absorbed through the lungs, while
ingesting mercury compounds or contaminated food can lead to poisoning. Mercury exposure can cause severe health effects,
particularly on the nervous system, kidneys, and cardiovascular system. Developing fetuses and young children are particularly
vulnerable to the harmful effects of mercury. Mercury exists in various forms: elemental and inorganic (where people might be
exposed through their occupation); and organic (e.g., methyl mercury) (Harda, 1978). These forms of mercury differ in their degree of
toxicity and in their effects on all the nervous, digestive and immune systems, and on lungs, kidneys, skin and eyes (Bridges and
Zalups, 2010). Mercury occurs naturally in the earth's crust. It is released into the environment through natural process like volcanic
activity, weathering of rocks and also by the result of human activity. Human activity plays a main role in mercury release, as from
coal-fired power stations, coal burning for heating and cooking, industrial processes, waste incinerators and as a result of mining for
mercury, gold and other metals.

Mercury is a persistent pollutant that can accumulate in the environment and the food chain. It can be released into the air, water, and
soil through natural processes, but human activities, such as coal combustion, industrial emissions, and improper disposal of mercury-
containing products, are significant contributors to environmental mercury pollution. Once released, mercury can be transformed into
methyl mercury, a highly toxic and bioaccumulative form that can concentrate in fish and other organisms. Due to the significant
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health (Cortes et al., 2018) and environmental risks associated with mercury, there have been international efforts to regulate and
control its use and emissions. Public awareness and responsible management of mercury are essential for protecting human health and
the environment from its harmful effects.

Here is an overview of the history of mercury pollution. Early civilizations, such as the Egyptians and Chinese, used it for medicinal
and cosmetic purposes. The review starts with an introduction to the element's history and its increasing use in industrial processes
during the modern era.

Mercury history

Mercury, also known as quicksilver, is one of the few elements that have been known since ancient times. Its discovery is not
attributed to a single individual because it has been used and recognized by various civilizations throughout history.The ancient
Egyptians and Chinese are believed to have known about mercury as early as 1500 BCE. They used it for medicinal and cosmetic
purposes and likely discovered it in its natural form.The Greek philosopher Theophrastus described the process of extracting mercury
from cinnabar (mercury sulfide) around 300 BCE. Theophrastus was a student of Aristotle and one of the early pioneers in studying
minerals and metals. In terms of the element's name "mercury,” it has its roots in Roman mythology. The Romans associated the
element with the god Mercury, who was the messenger of the gods and the god of trade, profit, and commerce. The reason behind this
association is likely due to the element's unique physical properties and its use in various trade-related applications.

It is important to note that while mercury was known and used by ancient civilizations, it wasn't until much later in history that the
understanding of its properties and its role in various processes advanced significantly. Today, we have a much better understanding
of the element and its potential environmental and health risks, which has led to more stringent regulations to limit its use and release
into the environment (Jones, 1999).

Early Industrial Era (19th and early 20th centuries): During the early stages of the Industrial Revolution, mercury was extensively
used in various industries. It was used in the production of chlorine and caustic soda, as well as in the extraction of gold and silver
from ores. These processes resulted in the release of large quantities of mercury into the air and water bodies. The impacts of mercury
pollution were not well understood at the time, and little attention was given to its environmental consequences. Romans used
vermillion (the red-colored sulfur salt of mercury) extracted from the Almadén cinnabar mines as a cosmetic and decorative
(Goldwater, 1972).

Mid-20th Century: In the mid-20th century, the detrimental effects of mercury pollution started to become apparent. One of the most
notorious incidents of mercury poisoning occurred in Minamata, Japan, in the 1950s and 1960s. The Chisso Corporation, a chemical
company, released methyl mercury, a highly toxic form of mercury, into Minamata Bay. The mercury bio accumulated in fish and
shellfish, which were then consumed by the local population. Thousands of people suffered from mercury poisoning, leading to severe
neurological damage and deaths. The Minamata incident raised global awareness about the dangers of mercury pollution.

Mercury levels

Under the Safe Drinking Water Act, EPA in 1991 set an enforceable regulation for inorganic mercury, called a maximum contaminant
level (MCL), at 0.002 mg/L or 2 ppb. As per WHO standards of mercury levels were 0.001 mg/l, for drinking water and 0.01 mg/l, for
industrial effluents.

Impact of Mercury pollution on Health

Mercury pollution can cause various health problems and diseases, particularly when humans are exposed to high levels of mercury
over a prolonged period. The toxicity of mercury depends on its form, with methylmercury being the most dangerous to human health.
Here are some diseases and health effects associated with mercury pollution:

1. Minamata Disease: Minamata disease is one of the most well-known examples of mercury poisoning. It occurred in the
1950s and 1960s in Minamata, Japan, due to the consumption of seafood contaminated with methylmercury (Harda, 1978).
Symptoms include neurological damage, numbness, muscle weakness, impaired vision and hearing, tremors, and in severe
cases, paralysis, coma, and death (Nagaki J, 1985;Sakamoto et al., 2018; NRC, 2000; UNIDO, 2008; Takeuchi and Eto,
1999; Nishigaki and Harada, 1975; Tokuom et al., 1961).

2. Neurological Disorders: Mercury has a strong affinity for the nervous system and can cause various neurological disorders
(Hussain et al. 1997, Letz et al. 2000; Yin et al, 2011). High levels of mercury exposure, especially in developing fetuses and
young children, can lead to impaired cognitive function, learning disabilities, and developmental delays (Pinheiro et al 2008;
Coxet al.1989). It may also cause tremors, memory loss, irritability, and other behavioral changes in adults. Mercury toxicity
leads to neurodegenerative effects (Carocci et al. 2014, Houston, 2011). Mercury exposure leads to oxidative stress (Teixeira
et al.2018) in order causing array of illness like Epilepsy, Parkinson’s disease, Alzheimer’s disease (Bridges CC, Zalups,
2010; Roulet et al. 1998; Szasz et al., 2002)

3. Cardiovascular Effects: Chronic exposure to mercury has been linked to cardiovascular diseases (Fernandes et al. 2012). It
can damage blood vessels, increase blood pressure, hypertension (Carmignani et al. 1992; Wakita et al. 1987; Houston et al.
2007) and affect the functioning of the heart muscle (Vassallo et al. 1999; Da Cunha et al., 2000; Omanwar et al., 2011,
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2013). Studies have shown that long-term mercury exposure may contribute to an increased risk of heart attacks, heart
disease, and stroke (Genchi et al. 2017, Oliveira et al. 1994).

4. Liver damage:In severe cases, prolonged exposure to high levels of inorganic mercury can lead to liver failure (Trebucobich
et al., 2014; Choi et al., 2017) and also decline in liver enzyme functions (Futatsuka et al., 1992; Lee et al., 2014; Lee et al.,
2017). Animal studiesshowed necrotic changes were observed in most of the liver tissue samples upon a histological
examination (Wadaan, 2009; 5. Macirella et al., 2016; Ung et al., 2010)

5. Renal Damage: Mercury can cause damage to the kidneys, leading to impaired kidney function. Prolonged exposure to
mercury may result in kidney dysfunction, failure, proteinuria (presence of protein in urine), and even renal injury or
nephropathy (Ha et al. 2016, Pollack et al, 2015, Li SJ et al. 2010, Carranza-Rosales et al. 2005, Habiba et al. 2016,
MananDoshi et al. 2009, Yawei et al. 2021).Mercury accumulates in proximal tubular cells(Aslamkhan et al. 2003).
ZhenzhenGao, et al., 2022 showed that due to chronic mercury poisoning causesnephrotic syndrome. Typical sclerotic
glomeruli with expanded mesangial matrix, shrinkage and occlusion of the glomerular capillaries (Bridges et al. 2014,Denic
et al. 2016). There were numerous intracellular and intercellular enzymes detected in urine (Stacchiotti et al. 2009, Prozialeck
and Edwards 2010, Zalups 2000, Kanda et al. 2008, Al Bakheet et al. 2013, Bridges et al. 2013,Agrawal et al. 2014,Carneiro
et al. 2014, Joshi et al. 2014a, 2014b) and also excretion of Hg in the urine (Engstrom et al. 2013) . Animal studies showed
that there is Hg-mediated nephrotoxicity (Bridges et al. 2014, Zalups et al. 2014, Hazelhoff et al. 2021, Goel et al. 2023).

6. Reproductive and Developmental Effects: Mercury can have adverse effects on reproductive health and development (El-
Desoky et al., 2013; Kalender et al., 2013; Henriqueset al., 2019; Kumar et al., 2022). In pregnant women, high levels of
mercury exposure can lead to developmental abnormalities in the fetus, including neurological impairments (Solan and
Lindow, 2014). It can also impact fertility and increase the risk of miscarriages (Panet al., 2007; Rodriguez-Villamizaret al.,
2015; Maeda et al., 2018; Sukhn et al., 2019; Bjorklund et al., 2019).

7. Respiratory Problems: Inhalation of mercury vapor can cause respiratory problems, particularly in occupational settings
where mercury is used or released (Smiechowicz et al., 2017). Chronic exposure to mercury vapor may lead to respiratory
inflammation, bronchitis, and lung damage (Lilis et al., 1985; Linet al., 1989; Rowens et al., 1991 Asano et al., 2000;
Moromisato et al., 1994; Kanluenand Gottlieb, 1991, Cortes et al., 2018).

It is important to note that the severity of these health effects depends on the dose, duration, and route of exposure to mercury.
Minimizing exposure to mercury and implementing strict environmental regulations are essential for preventing mercury-related
diseases and protecting human health.

Regulatory Measures and Awareness (1970s-1990s): In response to growing concerns about mercury pollution, various countries
began implementing regulations to control its release into the environment. The United States passed the Clean Air Act in 1970, which
targeted reductions in air pollution, including mercury emissions. The use of mercury in industrial processes started to decline, and
efforts were made to improve waste management and treatment practices.

International Actions: The global community recognized the need for concerted efforts to address mercury pollution. In 1990, the
United Nations Environment Programme (UNEP) initiated the Global Mercury Assessment Program to assess the global impact of
mercury pollution. This program led to the establishment of the Intergovernmental Negotiating Committee on Mercury (INC) in 2003,
which aimed to develop a legally binding instrument on mercury. After years of negotiations, the Minamata Convention on Mercury
was adopted in 2013 and entered into force in 2017. The convention seeks to control mercury emissions and reduce its use in various
industries.

Current Challenges and Future Outlook: Although significant progress has been made in reducing mercury pollution, challenges
remain. Artisanal and small-scale gold mining, coal-fired power plants, and industrial processes still contribute to mercury emissions.
Mercury can travel long distances through the atmosphere, leading to global distribution and contamination of ecosystems far from the
original sources. Mercury accumulates in the food chain, particularly in fish and seafood, posing risks to human health.

Efforts are ongoing to further regulate mercury use and emissions, promote cleaner technologies, and increase public awareness.
Continued research, monitoring, and international collaboration are crucial to addressing the challenges posed by mercury pollution
and minimizing its adverse impacts on human health and the environment.

Conclusion

Industrialization brought human progress today, with consequently had the side effects of pollution which both are inevitable. We
need sustainable scientific approaches to balance this scenario.The review concludes with a summary of the mercury pollution,
emphasizing the lessons learned and the urgency of continued efforts to protect the environment and human health from this enduring
threat.
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