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Abstract
One of the main essential elements for human is Manganese (Mn). Furthermore Mn is a row material for many
king of ferrous foundry and there is a working exposure to Mn for workers in the workplaces. High exposure to Mn
can result in increase in human tissues levels and neurological effects. Though, there should be some threshold
limit value for Mn exposure related to adverse effects may occur and increase with higher exposures further than
threshold limit. Conclusions from scientific literatures related to Mn toxicity revealed that this pollutant can effect
on brain system and create some neurological disorders or neurological endpoints which measured in many of the
occupational health assessments. Many researches have tried to show a relationship regards to biomarkers with
neurological effects, such as neurological changes or magnetic resonance imaging (MRI) changes have not been
founded for Mn. More precise study need for Mn risk assessment for industrial pollution exposure and it will be used
to recognize situations that may guide to understand Mn accumulation on brain and Mn metabolism in different
exposed workers. Workplace evaluations for Mn will prepare valuable scientific information for the development
of more scientifically sophisticated guidelines, regulations and recommendations for future study and for Mn
occupational toxicity control and exposure prevention in the related workplaces.
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Introduction
There are many chemical materials which can affect on human health
as air pollutant, one of them is manganese exists as airborne particulate
matter in ferrous foundries is manganese particle. Furnacemen are
exposed to manganese (Mn) in the workplaces from both naturally
occurring processes and processing activities. There are variety of
pollution sources in such factories include furnaces, melting process,
cars, lift trucks, sanding and combustion. Because of their small size
particles, tend to remain and suspending in the air for long periods of
time (weeks or months). Usually, the health effects of Manganese (Mn)
airborne particles for human are likely to depend on several parameters,
including the ingredient of melting materials, duration of and level of
exposure, size of the particles, and individual characterization of the
exposed subject. High exposure to airborne manganese may tend to
accumulation of the compound in the basal ganglia of the brain [1,2],
where it may toxic condition for subjects [3]. Researchers illustrated
that the neurological disorder of manganese (`manganism’) that bears
many similarities to Parkinson’s disease for exposed workers [4-6]. To
prevent of work-related disease early indicators of the clinical effects
and sensitive parameters of manganese exposure are needed. The major
parameter to control the exposure is time weighted average exposure
for manganese airborne particulate concentration is about 1 mg/m3
in workplaces. The manganese preclinical adverse effects have been
observed to cause in the central nervous systems in workers exposed
for less than 20 years [7]. A few studies have revealed basis subclinical
intoxication which has been observed in manganese exposed workers
with moderate (1 ± 4 lg/l) increases in B-Mn [8,9]. The foundry
furnacemen are potentially exposed to manganese pollution during
melting, weighting, transportation of recycled manganese-alloyed
iron scrap from storehouse to furnace as well as manganese fumes
exposure from the furnaces, especially during smelting in the foundry
workplace. The non-furnace workers may be potentially exposed
to manganese during the handling of manganese-alloyed iron and
preparing of the production and maintenance. There is a need to
find personal exposure with manganese particles in foundry factory
based on local psychrometric condition such as relative humidity,
dry bulb temperature, wind speed and altitude; it may improve our
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understanding of what humans are actually exposed to and how to
reduce this exposure. Assessment of indoor air quality may carry out
by variety study models such as regression model or multiple linear
models aimed for pollution estimation with emphasis on particle
matter distribution of effectiveness by psychrometric parameters in
the workplaces. Similarly, regression model was used before by other
researchers in terms of pollution predictive model [10-12].

Manganese Exposures
The ferrous foundry iron and steel industry is especially different in
materials and processes, resulting in occupational exposures to a wide
variety of substances. The introduction of organic binder materials in
the late 1950s has resulted in exposures of foundry workers to other
chemicals, including phenol, formaldehyde, isocyanates and various
amines. Earlier exposure studies have been reviewed previously (IARC,
1984). Furthermore, the main toxic element in the foundry workplaces
is airborne manganese which inhales by exposed worker. The threshold
limit value (TLV) for Mn exposure according to NIOSH standards for
fine particulate matters in the factories should not exceed 1 mg/m³
(NIOSH).

Mn Biomarkers of Exposure
According to occupational health studies, blood and urine Mn
levels have been the most widely used biomarkers of exposure for
researchers. The range of manganese (Mn) for normal whole blood is
from 7-12 μg/l and 0.6 to 4.3 μg/l in serum [13]. Blood Mn (Mn B) is not
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a good indicator of the quantity of Mn absorbed for short term before
sampling or occurring during the earlier days, because it changes very
little with inhalation exposure [14]. Urinary Mn (MnU) excretion is
not a good indicator of Mn exposure, because Mn is typically excreted
in the bile, and only approximately 1 percent is excreted in urine [13].
Mn toxicology assessment related to human hair is also not a reliable
indicator of exposure, as there is possible for external Mn exposures
that may affect Mn levels in hair [15]. Mn level for normal urine is
usually less than 1 μg/l and hair levels are normally below 4 mg/kg1.
Mn half-life in blood is 10 to 42 hours [16] and less than 30 hours in
urine [17].

11. Mirmohammadi M, Hakimi M, Anees A, Omar AK, Mohammadyan M, et al.
(2009) Indoor Air Pollution Evaluation with Emphasize on HDI and Biological
assessment of HDA in the Polyurethane Factories. Environ Monit Assess
Journal 165: 341-347.

Carcinogenic in Humans

15. Pal PK, Samii A, Calne DB (1999) Manganese neurotoxicity: A review of clinical
features, imaging and pathology. Neurotoxicology 20: 227-238.

Numerous cohort studies revealed the effect of manganese exposure
on human who working as iron and steel founding workers in various
parts of the world. Closely all of these show a significantly increased
risk for lung cancer, either in the entire cohort or in high-exposed
subgroups [18-24]. Based on a cohort study from the United Kingdom
[22] an internal dose–response in terms of years of employment was
found. Other researchers from the USA explained a significantly
increased lung-cancer risk after adjustment for smoking history [25].
According of two additional cohort studies, relative mortality revealed
supporting proof for an increasing of lung cancer chance among
furnacemen [26,27]. Other researches demonstrated a statistically
significant increasing of lung cancer in association with foundry
workers with adjustment for smoking [28,29].

Conclusion
Mn is a neurotoxic substance at convinced exposure levels despite
of route of exposure; however, there is a lake of data on the time
weighted average for the development of subclinical neurological
or neurobehavioural. While the understanding of the occupational
exposure of Mn continues to be developed for the various types of
Mn and in different working groups, more refined and health risk
assessments may be developed for Mn.
References
1. Dastur DK, Manghani DK, Raghavendran KV (1971) Distribution and fate of
54
Mn in the monkey: studies of different parts of the central nervous system and
other organs. J Clin Invest. 50: 9-20.
2. Ansari AS, Pandis SN (2000) Water absorption by secondary organic aerosol
and its effect an inorganic aerosol behavior. Environ SciTechnol 34: 71-77.
3. Krieger D, Krieger S, Jansen O, Gass P, Theilman L, et al. (1995) Manganese
and chronic hepatic encephalopathy. Lancet 346: 270-273.
4. Aschner M, Aschner JL (1991) Manganese neurotoxicity: cellular effects and
blood-brain barrier transport. Neurosci Biobehav Rev 15: 333-340.
5. Burnett RT, Cakmak S, Brook JR, Krewski D (1997) The role of particulate size
and chemistry in the association between summertime ambient air pollution
and hospitalization for cardiorespiratory diseases. Environ Health Perspect.
105: 614-620.

12. Mirmohammadi M, Hakimi M, Anees A, Omar A, Mohammadyan M, et al.
(2009) Evaluation of methylene diphenyldiisocyanate (MDI) as an indoor air
pollutant and biological assessment of MDA in the polyurethane factories.
Indian J Occup Environ Med. 13: 38-42.
13. Saric M (1986) Manganese. Handbook on the toxicology of metals, Elsevier
Science Publishing Co., New York, 2: 354-386.
14. Smargiassi A, Mutti A (1999) Peripheral biomarkers and exposure to
manganese. Neurotoxicology 20: 401-406.

16. Nelson K, Golnick J, Korn T, Angle C (1993) Manganese encephalopathy:
Utility of early magnetic resonance imaging. Br J Ind 50: 510-513.
17. Roels H, Lauwerys R, Genet P, Sarhan MJ, de Fays M, et al. (1987) Relationship
between external and internal parameters of exposure to manganese in workers
from a manganese oxide and salt producing plant. Am J Ind Med. 11: 297-305.
18. Koskela RS, Hernberg S, Karava R, Jarvinen E, Nurminen M, et al. (1976) A
mortality study of foundry workers. Scand J Work Environ Health 2: 173-189.
19. Sitas F, Douglas AJ, Webster EC (1989) Respiratory disease mortality patterns
among South African iron moulders. Br J Ind Med. 46: 310-315.
20. Andjelkovich DA, Shy CM, Brown MH, Janszen DB, Levine RJ, et al. (1994)
Mortality of iron foundry workers. III. Lung cancer case-control study. J Occup
Med 36: 1301-1309.
21. Moulin JJ, Wild P, Mantout B, Fournier-Betz M, Mur JM, et al. (1993) Mortality
from lung cancer and cardiovascular diseases among stainless-steel producing
workers. Cancer Causes Control 4:75-81.
22. Sorahan T, Faux AM, Cooke MA (1994) Mortality among a cohort of United
Kingdom steel foundry workers with special reference to cancers of the
stomach and lung, 1946-90. Occup Environ Med. 51: 316-322.
23. Adzersen KH, Becker N, Steindorf K, Frentzel-Beyme R (2003) Cancer mortality
in a cohort of male German iron foundry workers. Am J Ind Med. 43: 295-305.
24. Hoshuyama T, Pan G, Tanaka C, Feng Y, Yu L, et al. (2006) Mortality of ironsteel workers in Anshan, China: a retrospective cohort study. Int J Occup
Environ Health 12: 193-202.
25. Andjelkovich DA, Janszen DB, Brown MH, et al. (1995) Mortality of iron foundry
workers: IV. Analysis of a subcohort exposed to formaldehyde. J Occup Environ
Med 37: 826-837.
26. Egan-Baum E, Miller BA, Waxweiler RJ (1981) Lung cancer and other mortality
patterns among foundrymen. Scand J Work Environ Health 7: 4147-4155.
27. Silverstein M, Maizlish N, Park R, Silverstein B, Brodsky L, et al. (1986)
Mortality among ferrous foundry workers. Am J Ind Med 10: 27-43.
28. Blot WJ, Brown LM, Pottern LM, Stone BJ, Fraumeni JF (1983) Lung cancer
among long-term steel workers. Am J Epidemiol 117: 706-716.
29. Becher H, Jedrychowski W, Flak E, Gomola K, Wahrendorf J, et al. (1989)
Lung cancer, smoking, and employment in foundries. Scand J Work Environ
Health 15: 38-42.

6. Barbeau A (1984) Manganese and extrapyramidal disorders. Neurotoxicology
5: 13-36.
7. Calne DB, Chu NS, Huang CC, Lu CS, Olanow W (1994) Manganism and
idiopathic parkinsonism: similarities and differences. Neurology 44: 1583-1586.
8. Mergler D, Baldwin M (1997) Early manifestations of manganese neurotoxicity
in humans: an update. Environ Res. 73: 92-100.
9. Lucchini R, Bergamaschi E, Smargiassi A, Festa D, Apostoli P (1997) Motor
function, olfactory threshold, and hematological indices in manganese-exposed
ferroalloy workers. Environ Res 73: 175-180.
10. Roels HA, Ghyselen P, Buchet JP, Ceulemans E, Lauwerys RR (1992)
Assessment of the permissible exposure level to manganese in workers
exposed to manganese dioxide dust. Br J Ind Med. 49: 25-34.

J Pollut Eff Cont
ISSN:2375-4397 JPE, an open access journal

Citation: Mirmohammadi S (2014) Manganese Exposure and Toxicity. J Pollut
Eff Cont 2: 116 doi: 10.4172/2375-4397.1000116

Volume 2 • Issue 2 • 1000116

