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WorkOSH

The trace element manganese (Mn) is 
essential for normal development and body 
function across the life span of all mammals. 
Mn binds to and/or regulates many enzymes 
throughout the body. For example, Mn is a 
required co-factor for arginase, which is 
responsible for urea production in the liver, 
superoxide dismutase, which is critical to 
prevent against cellular oxidative stress, and 
pyruvate carboxylase, an essential enzyme in 
gluconeo-genesis. In brain, about 80% of Mn 
is associated with the astrocyte-specific 
enzyme glutamine synthetase, where Mn 
plays a regulatory role, although it is not a 
required co-factor. 
Mn toxicity has been reported through 
occupational (e.g. welder) and dietary 
overexposure and is evidenced primarily in 
the central nervous system, although lung, 
cardiac, liver, reproductive and fetal toxicity 
have been noted. Mn neurotoxicity results 
from an accumulation of the metal in brain 
tissue and results in a progressive disorder of 
the extrapyramidal system which is similar to 
Parkinson's disease [1]. 
Exposure to manganese can go for years 
without detection due to its slow and subtle 
recognizable effect on the body. The 
manganese exposure can lead to very serious 

health conditions, including manganism, 
manganese poisoning and has been linked to 

Parkinson’s disease and Wilson's disease. It 
is important to be able to recognize signs of 
manganese poisoning, especially if you work 
directly with the dangerous chemical. By 

practicing safe occupational methods you 
can greatly reduce the risk of developing a

manganese health condition, however some 
people are unknowingly exposed to 
manganese. 

Manganism occurs when prolonged exposure 
to manganese has resulted in the neurological 
condition. Similar to Parkinson's disease, 
manganism generally occurs in people 
exposed to high levels of manganese in the 
workplace. Depending on the levels of 
manganese the affected individual is exposed 
to it can take years before discovering signs of 
manganese poisoning or as short as a few 
months. 

Manganese exposure can occur through air, 

food, water, or soil, but workers are at highest 

risk through inhaling fumes or dust containing 

manganese at workplace. There are 

workplace standards that exist to protect 

workers who are potentially exposed to toxic 

levels of manganese to avoid unnecessary risk 

of danger [2].
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Figure 1: Exposure to fumes during 

welding (source[3])



Ingestion 

Dermal contact 

Short Term Exposure: 

Long Term Exposure:

Manganese in food or water may enter your body through 

the digestive tract to meet your body's needs for normal 

functioning. 

Only very small amounts of manganese can enter your skin 

when you come into contact with liquids containing 

manganese. 

Inhalation of fumes with high concentration of manganese 

and its oxides may bring about 'metal fume fever'. 

Symptoms of metal fume fever are chills and fever, upset 

stomach, vomiting, dryness of the throat, cough, weakness, 

and aching of the head and body. Symptoms often occur 

several hours after exposure to fumes and usually exist for 

only one day.

Prolonged or repeated exposure to manganese may affect 

the nervous systems with difficulty in walking and 

balancing, weakness or cramps in the legs, hoarseness of 

the voice, trouble with memory and judgement, unstable 

emotions or unusual emotions or unusual irritability. If high 

exposure continues, a person may have poor coordination, 

difficulty in speaking clearly, or shaking or tremor of the 

arms or legs. A person may also have hallucinations or 

uncontrolled laughter or crying. The respiratory system may 

be affected by a condition known as manganese pneumonia 

which may result in signs and symptoms of coughing, fever, 

chills, general aching of the body, chest pain, and other 

common signs of symptoms [8].

Chronic exposure to excessive manganese levels can lead to 

a variety of psychiatric and motor disturbances, termed 

manganism [9]. Affecting the central nervous system, high 

amounts of manganese is linked to conditions such as 

Parkinson's disease [2].

In severe cases, physical signs of Mn neurotoxicity include 

dystonic movement of the extremities with tremor and a 

particularly characteristic gait called 'cock-walk' in which 

patients walk on their toes, leaning forward. Initial 

psychological symptoms are gradual and mainly psychiatric. 

It is possible to detect, in the absence of clinical 

manifestations, early signs of nervous system dysfunction 

associated with occupational and environmental Mn 

exposure. Occupational exposure for an average of 7 years 

was associated with significant decrements in neurological 

function.

HEALTH HAZARDS 

OCCURENCES OF MANGANESE

About 80% of the known world manganese resources are 

found in South Africa; other important manganese deposits 

are in Ukraine, Australia, India, China, Gabon and Brazil [5]. 

The important deposits in India lie in the states of Madhya 

Pradesh, Maharashtra, Orissa, Karnataka, Gujarat, 

Rajasthan and Goa [6]. 

Table 1: USES OF MANGANESE [7]
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ROUTES OF EXPOSURE [7]

Inhalation

When you breathe air containing manganese, a small 

amount of the manganese will enter your body through 

your lungs and the remainder can become trapped in your 

lungs. Some of the manganese in your lungs can also be 

trapped in mucus which you may cough up and swallow into 

your stomach.  

Manganese is used principally in 

steel  production to improve 

hardness, stiffness, and strength. It is 

used in carbon steel, stainless steel, 

high-temperature steel, and tool 

steel, along with cast iron and 

superalloys. 

Manganese occurs naturally in most 

foods and may be added to food or 

made available in nutritional 

supplements. Manganese is also 

used in a wide variety of other 

products, including:

 fireworks

 dry-cell batteries 

 fertilizer 

 paints a medical imaging agent 

 cosmetics

 It may also be used as an additive in 

gasoline to improve the octane 

rating of the gas. Small amounts of 

m a n g a n e s e  a r e  u s e d  i n  a  

pharmaceutical product called 

mangafodipir trisodium (MnDPDP) 

to improve lesion detection in 

magnetic resonance imaging of body 

organs. 

·

·

·

·

·
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SPECIFIC DISEASES

WILSON'S DISEASE AND MANGANESE

PARKINSON'S DISEASE AND MANGANESE

Wilson's disease is a metabolic disorder and the metabolic 

abnormality causes a progressive accumulation of copper in 

the body. As a result an excessive amount of copper in the 

liver, central nervous system, kidneys, eyes, and other 

organs result. Diagnosing Wilson's disease can be difficult 

due to the lack of any clinical feature that is unique to 

Wilson's disease. Manganese poisoning causes neurologic 

symptoms that resemble both Parkinsonism and Wilson's 

disease [2].

Evidence shows the link between certain toxins in the 

environment, such as manganese, and Parkinson's disease. 

Parkinson's disease is a progressive impairment or 

deterioration of nerve cells in the brain areas called 

substantia nigra. The brain does not produce enough 

dopamine, resulting in abnormal nerve functioning and a 

loss of control over bodily movements. 

It takes a long time to eliminate manganese from the central 

nervous systems so neurotoxic effects can occur with time, 

including Parkinson's disease. Parkinson's disease is 

characterized by rigidity, tremors, slowness of movement, 

difficulty in walking & balance problems.

Figure 3: Patient after being pushed slightly from the back. 

Note flexing of the arms and knees accompanied by child-

like smile (Source [10])

The prevalence of abnormal results positively correlated 

with years of Mn exposure, suggesting cumulative 

neurotoxicity results from repeated Mn exposure. Other 

epidemiological studies of industrial workers showed a 

positive correlation between neurological dysfunction and 

lifetime integrated or cumulative Mn exposure [1].

Figure 2: Exposure to the foundries workers (source [4])

Researchers have linked the disease with manganese 

poisoning after observing workers exposed to manganese 

had an earlier onset of Parkinson's disease than individuals 

not at high risk for manganese exposure [2].

Manganism or manganese poisoning is a toxic condition 

resulting from chronic exposure to manganese. It was first 

identified in 1837 by James Couper.

 Manganism has become an active issue in workplace safety 

as it has been the subject of numerous product liability 

lawsuits against manufacturers of arc welding supplies. In 

these lawsuits, welders have accused the manufacturers of 

failing to provide adequate warning that their products 

could cause welding fumes to contain dangerously high 

manganese concentrations that could lead welders to 

develop manganism. Companies employing welders are 

also being sued, for what colloquially is known as "welders' 

disease." However, studies fail to show any link between 

employment as a welder and manganism (or other 

neurological problems) [9].

Manganism may be associated with some effect on 

dopamine pathways but does not respond to treatment 

with L-dopa, whereas PD [Parkinson Disease] shows severe 

impairment of dopamine 

 

MANGANISM

metabolism and improves with 

administration of L-dopa [13].
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MANGANESE PNEUMONIA

Considering that a causal connection between exposures to 

manganese and pneumonia has been repeatedly suggested 

in the literature since 1921, there have been surprisingly few 

studies concerned with the relationship between the 

incidence of pneumonia and the type and level of exposure. 

However, a 35-fold increase in the incidence of pneumonia 

was reported in workers engaged in the manufacture of 

potassium permanganate. The incidence was 26 per 1000 

workers compared with 0.73 in a control group. The 
3manganese concentrations in air ranged up to 14 mg/m , as 

calculated from measurements of manganese dioxide in 

dust. Although measurements were scarce and higher 

concentrations may have existed in the beginning of the 8-

year period of the study, the fact that no signs of chronic 

manganese poisoning were observed suggests that the 

exposure was comparatively low. It is not possible to 

conclude whether manganese exerts a direct chemical 

action on the lungs or causes an increased susceptibility to 

bacterial or viral agents [11].

Exposure to manganese dust occurs primarily in mining, 

ore-crushing, and metallurgical operations for iron, steel, 

ferrous and nonferrous alloys. Manufacturing of dry-cell 

batteries, anti-knock gasoline additives, pesticides (e.g. 

maneb), pigments, dyes, inks and incendiary devices can 

also lead to occupational manganese exposure [12].

OCCUPATIONAL EXPOSURE TO MANGANESE 

Figure 5: Instability in the posture (Source [14])

Figure 4: Patient suffering from manganese toxicity showing 

elevated upper lips, muscular contraction, and hypertrophy 

of the muscles over the neck. (Source [10]).

RELATED STUDIES

In the workplace, exposure to manganese is most likely to 

occur by inhalation of manganese fumes or manganese-

containing dusts. These dusts can contain various 

manganese oxides as well as manganese in the oxides of 

other elements, such as potassium permanganate, 

manganese ferric oxide (MnFe O ), and manganesesilicate 2 4

(MnSiO ). Exposure is a concern mainly in the 3

ferromanganese, iron and steel, dry-cell battery, and 

welding industries. Exposure can also occur during 

manganese mining and ore processing, and dermal 

exposure and inhalation can occur during the application of 

manganese-containing fungicides.
3

Manganese air concentrations of 1.5–450 mg/m  have been 
3

reported in US manganese mines, 0.30–20 mg/m  in 
3ferroalloy production facilities, 0.02–5 mg/m  in German 

3 3
foundries, 1–4 mg/m  during welding with, up to 14 mg/m  

3
during welding with welding wire, and 3–18 mg/m  in a dry-

cell battery facility. Many recent studies on occupational 

exposures to manganese have recorded average exposure 
3

levels of 1 mg/m  or less in the workplace. Thus, for workers 

in industries using manganese, the major route of exposure 

might be inhalation from workplace air rather than 

ingestion of food [15].

There are few reports regarding dermal exposure to 

manganese in humans. In most cases, manganese uptake 

across intact skin is expected to be very limited. However, 

effects and elevated urinary manganese levels were 

observed in a man burned with a hot acid solution 

containing 6% manganese. There are also reports of workers 

experiencing effects from dermal exposure to organic 

manganese compounds. Headache and paraesthesia were 

among the symptoms reported in workers exposed 

dermally to MMT after a spill. Two young Brazilian 

agricultural workers developed Parkinsonian syndrome and 

a 37-year-old Italian man developed Parkinsonism after 

chronic dermal and inhalation exposure to the fungicide 

Maneb [15].



 

Table 2: OCCUPATIONAL EXPOSURE VALUES FOR 
MANGANESE [12]

1 
3 3

mg/m  (TWA) and 3 mg/m  

(STEL)

3500 mg/m

35 mg/m  (ceiling)

30.02 mg/m (TWA)

3
5 mg/m (TWA)

NIOSH REL

NIOSH IDLH

OSHA PEL

ACGIH TLV

PLE (The Factories 

Act,1948,

schedule II)

 Agency Occupational Exposure 
Value

IDLH: immediately dangerous to life and health concentration

PEL: permissible exposure limit

REL: recommended exposure limit

STEL: short-term exposure limit

TLV: threshold limit value

TWA: time-weighted average

PLE: Permissible limits of exposure

Table 3: COMMON OPERATIONS AND CONTROL 
MEASURES: [8]

 Operation Control

Liberation during welding 

operation

Liberation during casting of 

molten ferromanganese 

Liberating during bagging 

of manganese ore

Liberation during mixing 

and pressing of dry battery 

depolarization

Liberation during grinding 

of ore containing 

manganese

Local Exhaust Ventilation, 

respiratory protective 

devices, dilution ventilation

Local exhaust ventilation

Local Exhaust Ventilation, 

respiratory protective 

devices and dust 

suppression with water

Local exhaust ventilation

Local Exhaust Ventilation, 

respiratory protective 

devices and dust 

suppression with water

5 

Local Exhaust Ventilation, 
respiratory protective 
devices, dilution ventilation

General dilution ventilation 
and process enclosure, if 
possible

General dilution 
ventilation; respiratory 
protective devices

Local exhaust ventilation; 
respiratory protective 
device

Local exhaust ventilation; 
respiratory protective 
devices

Local exhaust ventilation; 
respiratory protective 
devices

Local exhaust ventilation

Local exhaust ventilation

Local exhaust ventilation

Liberation during arc 
burning of manganese 
hardened steel in repair 
and manufacture programs

Liberation from top of 
submerged arc electric 
furnace

Liberation of dust during 
ore extraction

Liberation during metal 
finishing operations of high 
manganese steel

Liberation of dust during 
crushing of 
ferromanganese metal 
prior to shipment; during  
dumping ,weighing, and 
mixing operations in 
ceramics and glass 
manufacture for 
pigmentation and 
coloration purpose

Liberation from 
formulation of proprietary 
mixtures for paint and 
varnish manufacture

Liberation of dioxide and 
sulphate during 
manufacture and 
application of fertilizers

Liberation of dust during 
manufacture of 
manganese soap and wood 
preservatives; manufacture 
of safety matches, signal 
flares, fire-works, and kiln 
operations of brick 
manufacture

Liberation of dusts during 
manufacture and 
utilization of oxidation 
catalyst, such as hopcalite, 
manganese acetate, and 
naphthenate
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GENERAL POPULATION EXPOSURE

REDUCING MANGANESE RISK

 At present, there is no evidence that the manganese 
3

concentrations of less than 0.1 µg/m  generally found in 

rural and urban ambient air are associated with any health 

risk to human [15].

Annual mean concentrations of manganese in air exceeding 
30.1 µg/m  are invariably man-made and are found in areas 

associated with manganese-processing industries. 

Manganese compounds may be widely used as petrol 

additives in the future and may cause urban air 

concentrations of manganese to exceed this level.

Increased morbidity and mortality due to pneumonia, and 

nonspecific effects on the respiratory tract in the general 

population have been related to increased exposure caused 

by nearby manganese alloy plant. The documentation 

available is inadequate for the establishment of guidelines 

with respect to manganese concentrations in ambient air. In 

view of existing data and considering the possibility of 

increasing use in the future of organo manganese 

compounds as petrol additives, it is recommended that 

epidemiological surveys be conducted in communities 

exposed to annual mean concentrations of manganese in 
3air exceeding 1 µg/m  [15].

Some reports also mention such sources as contaminated 

drinking water, and fuel additive methylcyclopentadienyl 

manganese tricarbonyl (MMT), which on combustion 

becomes partially converted into manganese phosphates 

and sulfate that go airborne with the exhaust, and 

manganese ethylene-bis-dithiocarbamate (Maneb), a 

pesticides [9].

Lifestyle traits may also lead to exposure to manganese. 

People who smoke tobacco or inhale second-hand smoke 

are typically exposed to manganese at levels higher than 

those not exposed to tobacco smoke [7].

Workplace standards exist to protect people from toxic and 

harmful substances that can result in irreversible health 

damage. Manganese has been linked to cancer hazards, 

reproductive hazards, Parkinson's disease, and Wilson's 

disease. Understanding your workplace health risks is 

important and necessary to recognize the signs of 

manganese poisoning, or any other health condition that 

can occur as a result of manganese poisoning. 

In a workplace area containing manganese, enclose the 

operation if it is possible and use local exhaust ventilation at 

the manganese release site. Respirators should be used in

the workplaces where local exhaust ventilation is not 

installed to avoid exposure to manganese. Workers should 

protect their skin with work clothing that will not expose 

them to direct contact with manganese. The protective 

work clothing should not be transported home and to avoid 

the risk of manganese exposure at homes. Immediately 

wash your protective clothing and have a bath at the end of 

the workday. 

If a manganese spill occurs, the workers should know how to 

properly handle this emergency situation or should 

immediately contact someone knowledgeable on how to 

deal with the risk. All persons not wearing protective 

equipment in the area of the manganese spill or leak should 

be removed from the area until the cleanup has been 

completed and it is safe to enter the premises. Anyone that 

comes in direct contact with the manganese should 

immediately takes steps to take away the direct risk [8].

In the event of emergency, introduce first aid procedures 

and send for first aid or medical assistance.

 If the person breathes in large amount of 

manganese, move the exposed person to fresh air at once. If 

breathing has stopped, perform artificial respiration. Keep 

the affected person warm and at rest. Get medical attention 

as soon as possible.

  When manganese has been swallowed and 

the person is conscious, give the person large quantities of 

water immediately. After the water has been swallowed, try 

to get the person to vomit by having him touch the back of 

his throat with his finger. Do not make an unconscious 

person vomit. Get medical attention immediately.

 Move the affected person from the hazardous 

exposure. If the exposed person has been overcome, notify 

someone else and put into effect the established 

emergency rescue procedures. Do not become a casualty. 

Understand the facility's emergency rescue procedures and 

know the locations of rescue equipment before the need 

arises [8].
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EMERGENCY FIRST AID PROCEDURES
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EVENTS
stENVIS-NIOH celebrated the   “Swachhata Diwas” on 1  

October, 2015 to raise awareness about the importance of a 

clean and healthy environment. ENVIS NIOH team visited 

Lalli Gam, Dist- Ahmedabad. An awareness programme was 

carried out for the school children of the village on the 

importance of cleanliness and pamphlets on swachhata 

were distributed among them.  An awareness programme 

was also carried out for the women of the village, who play a 

key role in the society for the cleanliness drive to make them 

understand the initiative they have to take for the 

cleanliness at home to avoid the communicable diseases 

and to protect her family.

For queries/feedback mail us to:   nioh@envis.nic.in   OR write to
ENVIS Coordinator, National Institute of Occupational Health, Meghani Nagar, Ahmedabad-380016, Gujarat, Tel. 079-
22682848; 22688854

Dr. Soumya Swaminathan, Secretary- Department of Health 

Research (Ministry of Health & Family Welfare, Govt. of 

India,) & Director General, ICMR visited ENVIS-NIOH. She 

was briefed by Dr. Sunil Kumar (Director-In-Charge, NIOH) 

on the activities carried out at the centre.

 



Published By: ENVIS-NIOH Centre
National Institute of Occupational Health, Meghaninagar, Ahmedabad – 380016

Background Picture Source:

Front: http://gabonreview.com/wp-content/uploads/Comilog-Gabon1.jpg 

Back: http://stlenergy.org/wp-content/uploads/2012/04/manganese-ore.jpg


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

