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Abstract 
Manganese, a key micronutrient on the earth's surface, is mainly found with oxides of iron. 

Though it does not exist naturally, manganese is a component of more than 100 minerals. 

Manganese becomes an important trace element for plants, the human body, and animals for 

their growth and to operate biological activities, as well as for many biological enzymes to work 

properly. Manganese has also been reported to have importance in different biochemical and 

physiological processes in humans as well as animals, such as immune response, proper 

digestion, energy metabolism, reproduction, and homeostasis and provides defense against 

oxidative stress. Insufficient intake of Mn in human beings causes various negative health 

impacts, including reduced fertility rate, impaired bone density, growth impairment, and altered 

protein and carbohydrate metabolism processes. If manganese is taken in excess amounts, it can 

become a potent neurotoxin to humans. Soils, rocks, and water all contain manganese. 

Manganese can be leached from rocks and soils into a variety of water bodies, especially in 

groundwater, where it is more likely to mobilize under chemically reducing conditions. The 

leaching of manganese from different sources in the different water bodies, including 

groundwater sources, can play a critical role for human health and other living beings when it 

becomes toxic. Their deficiencies also affect human health. 

Keywords: Low Micronutrient, Cellular enzymes, Neuro-toxicant, Leached, Mobilization, 
Human health. 
 

1. Introduction 
Manganese naturally occurs in a wide variety on the surface of earth and in 

groundwater, in addition to soils with different rock structures and water bodies. 

Regrettably, a significant portion of the manganese contamination in water 

bodies is also caused by human activity1. Seawater's ambient manganese 

concentration ranges from 0.4 to 10g/L, with average range of roughly 2.0g/L2. 

In freshwater, a concentration usually ranges from 1.0 to 200.0 g/L2. Dissolved 

manganese level in US river water was found to be <11.0>51.0 g/L. In 1991, 

water quality assessment program was run by US Geological survey has gathered 

data from study basin. According to these statistics, surface waters have a mean 

of Mn concentration was 16.0g/L, with a 99-percentile value of 400,800 g/L3. 

Elevated concentrations in aerobic waterways are typically linked to industrial 

contamination4. 

Due to erosion of soil, volcanic eruptions, emissions of gases and other 

pollutants from industries and burns of gasoline containing 

methylcyclopentadienyl manganese (MMT), manganese is found in the 

atmosphere in the form of particulate matter5.  
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2. Materials and Methods 
Relevant literature was collected from databases 

including Google Scholar, Scopus, Web of 

Science, and PubMed using appropriate 

keywords related to the study topic. Peer-

reviewed articles, reviews, and reports published 

in English were included and critically analyzed 

to prepare the present review. 

3. Availability of Manganese 
Manganese can also be found in waters bodies in 

both suspended and dissolved forms, depending 

on the pH, redox potential, and availability of 

anions. Manganese is more prevalent in dissolved 

form in groundwater due to anaerobic respiration 

process that takes place there. At pH 4 to 7, water 

primarily contains the divalent form of 

manganese (Mn⁺²), which is more oxidized than 

other form can arise at high pH level or from the 

microbial activities1. Mn could absorb on earth's 

surfaces. Numerous variables, including the soil's 

organic content and cation exchange capability, 

affect how much manganese is adsorbed on its 

surface. Manganese is not bioaccumulated in 

higher creatures; instead, it is primarily found in 

aquatic settings in the form of phytoplankton, 

algae, molluscs, and small fish. Manganese 

biomagnification in food chains is not 

particularly substantial1. 

Manganese is mostly utilized in the 

manufacturing sector in the form of different 

manganese compounds, iron, and steel alloys, 

and as a component of many kinds of goods1,5. 

Batteries, glass, and fireworks are just a few of the 

goods that are made using manganese dioxide 

and other manganese compounds. The 

application of potassium permanganate 

(KMnO₄) is as an oxidizing detergent for 

cleaning and disinfection of manganese 

compounds6. Manganese green sands are utilized 

for portable water treatment across the world. In 

some parts of the world, methylcyclopentadienyl 

manganese is mainly used as octane-increasing 

ingredient in unleaded gasoline substances. 

Manganese is also utilized as an organic 

molecule7. Worldwide, another kind of 

manganese compound is utilized as fungicide, 

varnish, fertilizer, and livestock feed addition6. 

 
Figure 1. Different sources of dissolved manganese in ground water from various routes 

 

Groundwater naturally contains manganese, 

which is known to produce a variety of aesthetic 

issues with drinking water8. A significant portion 

of the groundwater, bedrock, and soil all have 

enough manganese in their natural state. Any 

natural body of water with a dissolved manganese 

content of around 50 mg/L can have several 

negative effects9, including annoyances for the 

home due to manganese precipitating into the 

water pipes due to atmospheric oxygen, excess 

manganese causing stains on laundry and 

furniture, and other types of distinct aesthetic 

effects like discoloration, taste, or smell. 

The benefits of manganese on human health are 

being more widely acknowledged every day, but 

there are some recent studies documented that 
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excessive manganese consumption also has 

significant health hazards to the people with 

acute neurological effects10. These investigations 

also indicate that manganese concentrations 

above 100.0 g/L in a water body may directly 

affect human health because drinking water is 

positively connected with mild deficits in 

memory, attention, and motor skills11. 

To reduce the negative effects of higher 

concentration of manganese in different water 

bodies on human health and aesthetic concerns, 

a non-enforceable directive has been issued12. 

Manganese concentrations in residential water 

supplies should be kept below ~50.0 g/L, 

according to recommendations made by the 

Environmental Protection Agency (EPA). 

However, these are not legally binding drinking 

water criteria connected to health. Inadequate 

regulation and monitoring exist for manganese 

levels in drinking water supplies throughout the 

public and private domains13. It is required to 

create water use guidelines that are tightly 

enforced to mitigate potential health concerns 

and lower health problems; rather, appropriate 

water testing and sophisticated testing methods 

have the potential to lower health hazards related 

to human health in the field of education and risk 

communication14. 

4. Manganese and Human Health 
For the survival and various biochemical and 

metabolic processes among all living organisms, 

including humans, manganese is essential15. 

Manganese is necessary for many kinds of 

enzymes to function properly against abiotic 

stresses like oxidative stress (such as manganese 

superoxide dismutase) and to activate the other 

biochemically essential enzymes (e.g., kinases and 

decarboxylase)16. 
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Figure 2. Different type of diseases occurred in human body in the presence of excess (toxic level) 

of manganese 

 

Manganese is one of the micronutrients that in 

trace amounts, is necessary for living things to 

survive and carry out biological functions15 and is 

needed for process including the synthesis of 

carbohydrates and the synthesis of amino acids, 

as well as regulating the production of 

cholesterol. Additionally, it is essential for the 

creation of collagen, bone, and cartilage. 

Manganese deficiency in humans can cause major 

health issues, and it can also have an impact on 

the results of irregular bone growth and wound 

healing for a variety of reasons17. Since there are 

not many sources available to them to meet their 

needs for various micronutrients, people in 

developing countries suffer from manganese 

deficiency. In the current global population 

scenario, people in developed countries easily 

meet their manganese requirement through 
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various sources like the consumption of nuts, 

various legumes, tea, and whole grains18. 

Manganese can be absorbed or eliminated by 

tissues; therefore, direct consumption is not good 

for health19. Just 3.5 percent of the manganese is 

consumed by the human body into the tissue, but 

both children and adults have fully functional 

metabolisms that regulate and keep manganese in 

their bodies15. Manganese can be excreted by 

immature infants due to their limited bodily 

systems, but they also absorb a significant 

quantity of the metal, up to 40% of it, in their 

newborn bodies20. Manganese is essential for 

human health, but too much of it can be 

dangerous, especially for young children. High 

manganese inhalation dosages have the potential 

to be harmful to humans. 

John Couper was the first to report in the year 

1937 that employees at chemical factories that 

ground manganese had side effects like 

Parkinson's disease21. Because of the manganese 

they inhale, workers with the aforementioned 

conditions experience weakness in their lower 

extremities and walk with a forward tilt, resulting 

in short running steps. They also have paralyzed 

facial muscles and lose their capacity to talk 

forcefully. Together with more subdued exercise 

effects that have been documented in studies of 

rodents and non-human primates as well as 

human epidemiological research, this 

constellation of health impacts on humans has 

more recently been dubbed ‘Manganism’21. It has 

recently been discovered that ingesting 

manganese at lower amounts can have 

neurotoxic consequences for humans22. 

However, inhaling manganese (insoluble form of 

manganese dioxide) into the human body and 

having it go to the brain through the olfactory 

epithelium occurs in several animal species23,24. 

Manganese can influence or harm the brain's 

astrocyte cells during the time of transit from the 

olfactory nerve ends25,26. Manganese can be 

eliminated from the blood through the choroid 

plexus when taken orally, just like any other metal 

or element27,28. Manganese's direct return 

transport from the olfactory epithelium to 

various parts of the central nervous system or 

brain cells may suggest that a considerably lower 

safe dose is required following oral 

consumption29. 

Although oral manganese exposure is generally 

regarded as one of the least hazardous methods 

for both people and animals, there has been some 

debate on the widespread neurological effects 

that result from oral manganese inhalation. 

Numerous publications regarding widespread 

oral manganese intake describe neurological 

disorders as one of the main side effects. To 

determine manganese's impact on neurological 

disorders, however, information regarding the 

mineral's effects at the neurological level as well 

as the qualitative and quantitative details of its 

exposure is lacking. A person can take a high-

dose magnesium supplement for an extended 

period30, and after four weeks, another individual 

taking a 1.8mg of potassium permanganate of the 

body weight per day will have an appearance like 

Parkinson's disease after nine months31. 

A study was previously conducted in Greece for 

investigation of potential impact and relationship 

between the presence of manganese in the 

human body for more than ten years, manganese 

exposure through water, and manganese's 

potential effects on neurological problems in the 

elderly32. Three distinct geographical areas, which 

have their manganese in different concentrations, 

were examined, and the water from these areas 

was consumed to evaluate the various effects of 

manganese on human health. There were three 

different water bodies with different manganese 

concentrations: the control region had 3.6 to 14.6 

gm/L, the second site had 81 to 253 gm/L, and 

the third place had 1,800 to 2,300 gm/L of 

manganese. Higher concentration of Mn found 

in the water body caused hair loss in the old-aged 

peoples, and the steady increase the Mn in 

drinking water demonstrated a continually rising 

prevalence of neurological symptoms due to 

chronic exposure to human body. 

There were no harmful impacts on human health 

despite the nearly 0.75mg/L of Mn levels in 

drinking water33. For several months, patients 
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who took 30 mg of manganese citrate (9.0 mg of 

Mn) daily had no symptoms34. Significant 

correlations were found between higher 

manganese and lower magnesium concentrations 

in drinking water and motor neuron disease in 

Japan35. Onset of neurological signs may be 

accelerated due to progressive vulnerability of 

manganese and other critical mineral deficits. 

Other theories about differential mineral 

deficiencies with increasing oral exposure of 

manganese, and denaturation of manganese-

catalyzed with copper-free prion protein to the 

pathogenic protein have been proposed36. These 

theories may explain why certain prion diseases 

are more common across the world37. Manganese 

with high concentration in groundwater is a 

potent poison for human health. It is brought on 

by intellectual deficiencies, obsessive behavior, 

and attention problems, particularly in young 

children. Elevated manganese concentrations in 

groundwater have been linked to impaired 

language abilities and potential neurological 

consequences in kids38. Seniors who are exposed 

to high manganese concentrations may develop 

diseases like Parkinson's and Manganism. 

5. Conclusion 
Manganese concentration in the groundwater 

above the permissible limit causes various types 

of diseases in human health. The higher 

concentrations of manganese in groundwater 

mainly affect the children and old age people, but 

they also affect the young ones11. Many 

technologies are available in the current scenario 

for the treatment and remediation of higher 

concentrations of manganese in groundwater for 

drinking purposes, such as carbon filtration, 

reverse osmosis, cation exchange, and 

adsorption. Higher manganese concentrations in 

groundwater impose a major threat on human 

beings, and they also affect the health of humans 

and other biota39, 40.  
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