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INTRODUCTION
Mn is an essential trace element and is provided for, 
through daily intake, in amounts of 3-7 mg. It acts as 
a cofactor for a number of important enzymes, namely 
arginase, cholinesterase, phosphoglucomutase, 
pyruvate carboxylase, and mitochondrial superoxide 
dismutase and, together with vitamin K, plays a role in 
the formation of prothrombin. 

Occupational exposure usually occurs through inha-
lation or ingestion of fumes/dust produced during the 
mining/refi ning of Mn ores or the treatment of Mn alloys. 
Certain organic derivatives of Mn are currently used as 
octane-improving additives in unleaded gasoline. 

Exposure to high levels of Mn may lead to a condition 
known as manganism/metal fever. An individual involved 
in the manufacture or processing of steel, welding rods, 
batteries, ceramics, or pesticides (Mn-containing herbi-
cides) may be at risk, depending on exposure levels. 

MANGANESE TOXICITY 
Workers absorb Mn mainly through the lungs, with 
gastrointestinal absorption being low (1-5%).1 Mn 
absorption is controlled by homeostatic mechanisms 
and is shown to be reduced through concomitant inges-
tion of calcium.2 There may be sex-specifi c differences 
in blood levels of Mn, lead (Pb) and cadmium (Cd), 
related to underlying iron (Fe) defi ciency, oestrogen 
and variability in the absorption rates of these metals.3 
It is therefore important that these factors be considered 
by the occupational practitioner during monitoring. Mn 
is mainly present in the red blood cells and is 25 times 
higher in these cells than in serum. The liver is the 
main storage organ, with the kidney and brain acting 
as secondary reservoirs following chronic exposure. 
Manganism presents with symptoms and signs simi-
lar to Parkinson disease. Patients present with fi xed 
gaze, tremors, body rigidness, and slowed movements 
(bradykinesia).4 It has been shown that welders exposed 
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ABSTRACT 
Although manganese (Mn) is an essential nutrient, toxicity has been demonstrated in workers accidentally 
exposed to large amounts. Chronic exposure to Mn can damage the nervous system and respiratory tract 
and result in symptoms similar to Parkinson disease.

to Mn are more likely to develop Parkinson disease than 
the rest of the population, especially at an early age.5 
Mn has been shown to interfere with the absorption of 
Fe,6 with long-term exposure leading to Fe-defi ciency 
anaemia. Fe-defi ciency, on the other hand, can lead to 
brain Mn accumulation;7 and research has shown that 
dietary increases or decreases in Fe might contribute to 
brain deposition of Mn in populations exposed to Mn.8 
Increased Mn also impairs the activity of the copper 
metallo-enzymes. 

 
Clinical stages of manganese poisoning
Historically, three stages of manganism were described 
in workers with very high levels of Mn exposure.9 

Stage 1  Very subtle symptoms. Individuals present 
with headaches, exhaustion, weakness and apathy. 
Symptoms can easily be confused with depression or 
other illnesses. Some researchers believe that this early 
stage is reversible.4 

Stage 2  Individuals may present with short-term 
memory loss, impaired judgment, slurred speech, and 
even hallucinations. “Manganese madness” was the 
term used to describe the compulsive, strange behaviour 
of workers over-exposed to Mn in the Mn mines.10  

Stage 3  Symptoms and signs of the last stage include 
involuntary muscle movements, tremors, poor coordina-
tion, a mask-like rigid face, and a staggering strutting 
gait. This stage is irreversible and may lead to complete 
disability. Removing a patient from exposure at this point 
does not seem to be helpful. In one report, the disease 
progressed over a 10-year period even after the patient 
was no longer exposed to Mn.11 It is important to note 
that the symptoms of manganism may appear any time 
from months to several years after an individual’s initial 
exposure to Mn.12,13
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METABOLISM AND EXCRETION
Mn metabolism is similar to that of Fe. It is absorbed 
in the small intestine with the absorption process being 
slow. More than 90% of Mn is excreted in bile.14

Whole blood Mn, of which the majority is bound to 
the  haemoglobin, averages 9 μg/l (3.9 – 15 μg/l) in 
normal adults,15 whilst urinary Mn concentrations in 
unexposed persons have been reported to range from 
1-10 μg/l.16 

BIOLOGICAL AND EFFECT MONITORING
Manganism is a clinical diagnosis that requires evidence 
of overexposure and a clinical syndrome consistent with 
basal ganglia dysfunction. The role of ancillary tests to 
support diagnosis, such as MRIs, chest X-rays, lung 
function tests, full blood count and liver function tests, 
is unknown. Mn has a very short half-life in blood so 
routine blood monitoring only provides modest informa-
tion on current exposures. Moreover, no studies have 
demonstrated a clear relationship between blood Mn 
and clinical health outcomes. Urine Mn is also not a 
useful measure of exposure.17 Hair or nails are currently 
considered to be more practical for determining chronic 
exposure to Mn,18 while bone Mn levels are also good 
indicators of long-term exposure.19 Chelation therapy 
of Mn intoxication with para-aminosalicylic acid maybe 
an alternative way to determine accumulation of Mn.20  

CONCLUSION
Manganism is a clinical diagnosis supported by motor, 
behavioural, and cognitive dysfunction in the setting 
of overexposure to Mn. Unfortunately, ancillary tests 
provide, at best, supportive evidence of exposure.
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