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Abstract
Manganese is a trace element and a cofactor of many enzymes, so it is essential for physiologic functioning, but it is also 
a neurotoxin at high doses. Manganism is most often caused by occupational exposure. It is manifested by a myriad of signs 
and symptoms ranging from the neurasthenia syndrome, such as headache and dizziness, to the Parkinson-like syndrome, 
depending on the blood manganese levels as well as the duration of exposure. We are reporting a case of manganism us-
ing both clinical and occupational hygiene investigation methods. The patient presented the neurasthenia syndrome ac-
companied by hypertonicity of arm muscles and was diagnosed to have mild chronic manganism. Finally, the patient was 
discharged from the hospital after the treatment had improved her condition. In China, there are many chronic manganese 
cases, partly due to a rapid industrial development with great use of Mn and the low self-protection awareness among the 
workers and the factories management that cannot catch up with the speed of the economical development. Therefore, 
factories are responsible for improving the conditions at the workplace.
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INTRODUCTION

Manganese (Mn) is a metal used in numerous industries 
including welding, mining, steel production, and formu-
lating gasoline additives. However, it is also required 
for our proper functioning in a variety of physiologi-
cal processes [1]. Mn plays a role in immune response, 
blood sugar homeostasis, adenosine triphosphate (ATP) 
regulation, reproduction, digestion, and bone growth [2]. 
It is an important cofactor for a variety of enzymes 

including oxidoreductases, transferases, hydrolases, lyas-
es, isome rases and ligases. In the central nervous system 
(CNS), Mn is also involved in the regulation of superox-
ide-dismutase 2 (SOD 2) which is the major cellular anti-
oxidant enzyme [3], the gliaspecific glutamine synthetase 
(GS) [4], and glutamate-glutamine cycling and ammonia 
detoxification [5,6]. Despite its essentiality, exposure to 
excessive Mn levels is associated with an irreversible brain 
disease characterized by psychiatric and motor disturban-
ces [7,8]. This disorder is referred to as manganism.
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The electrocardiogram and electroencephalogram were 
normal. The laboratory tests showed normal blood, urine, 
and feces results and normal hepatic and renal functions.
Our center reported this case to the Chongqing health 
supervision agency and made an occupational hygiene 
investigation at the patient’s workplace. We detected 
the Mn concentration in the air of her workplace and 
found that the mean reached 0.29 mg/m3, which is above 
the level of the occupational exposure limit in China. 
The final diagnosis of the neurasthenia syndrome accom-
panied by hypertonicity of arm muscles caused by chro-
nic overexposure to Mn was formulated. Subsequently, 
supportive, complementary and electronic biofeedback 
therapies were applied. The patient was treated with two 
kinds of traditional Chinese medicine, one being ginkgo 
leaf extract and diphyridamole injections, and the other 
acanthopanax senticosus injections, used to improve mi-
crocirculation. Each course of the treatment included 
taking medicine continuously for seven days, followed 
by a seven-day break. The other treatment included citi-
coline sodium injections applied to repair and regener-
ate the nerves, estazolam and electronic biofeedback 
therapies for insomnia. Then, the patient’s condition 
improved and she was discharged from hospital after the 
two-month treatment. 
Based on the data from the occupational hygiene inves-
tigation at the patient’s workplace, we found that the 
platoon fans as the major device of mechanical ventila-
tion were used, but this mode was inefficacious, because 
the Mn level was higher than the admissible limit. As for 
the worker’s individual protection, although the work-
ers were provided masks, they did not wear them due to 
the lack of supervision and self-protection awareness. As 
regards the enterprise, it lacked routine data files cover-
ing the workers’ physical examination information con-
cerning their exposure to chemicals. The enterprise did 
not monitor the level of exposure to manganese or any 
others substances at this workplace, furthermore it did 

Chronic manganese intoxication resulting from the Mn 
intake above the daily requirement or exposure for long 
duration is known as an occupational disease observed 
mostly in industrial workers [9]. Some studies have re-
ported associations between Mn exposure in drinking 
water and described cognitive/behavioral problems in 
children in Quebec [10], Bangladesh [11], and Tai-
wan [12]. In healthcare facilities, there are many chronic 
manganese poisoning cases due to Mn usage in industry. 
For example, excessive Mn exposure occurs in occupa-
tions such as ferroalloy smelting [13], welding [14,15], 
mining [16], battery assembly [17], and the manufactur-
ing of glass and ceramics [18]. In China, there are quite 
a few reports on occupational Mn poisoning [19]. We are 
describing the case of a woman exposed to excessive Mn 
levels at the workplace.
In this report, we are describing the investigation of a case 
of manganism following excessive exposure to Mn at the 
workplace. The objectives of this investigation were to 
confirm the diagnosis, identify the underlying etiology, 
recommend control measures, and assess whether other 
persons were at risk as well.

CASE

A 36 years old woman had been occupationally exposed to 
manganese for 17 years (1991–2008). She was employed in 
a coal mine and engaged in electric and gas welding. She 
had never worn mask in her working time, which amount-
ed to 3 hours per day for six consecutive days a week. 
The Mn concentration (4 h TWA) in the air of her work-
place was 0.29 mg/m3 (Occupational exposure limit be-
ing 0.15 mg/m3) [20], because there was no efficient and ef-
fective equipment for mechanical ventilation. The patient 
had suffered from insomnia, limb weakness, giddiness, 
and headache for 3 months before hospital admission. Her 
physical examination tests on admission were all within 
normal ranges, except for hypertonicity of arm muscles. 
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Manganese poisoning cases were ceaselessly reported in 
China. A prevention and treatment center for occupation-
al diseases in the north of China diagnosed 105 chronic 
manganese intoxications from 1990 to 2005 [33]. Another 
prevention and treatment center for occupational diseases 
received 69 manganism cases from 2002 to 2005, 15 cas-
es from coal mines, 20 cases from the chemical industry, 
17 cases from the petrochemical industry, 15 cases from 
the metallurgy industry, and 2 cases came from another 
industry [34]. An occupational health examination was 
conducted for 1160 electric welders and 19 people were 
diagnosed to have chronic manganese (Wang, 2003) [35]. 
All the reports indicated that manganism is still a serious 
problem in the area of prevention and control of occupa-
tional diseases.
In China, health supervision agencies control if the en-
terprises detect the Mn levels at the workplace as part of 
their health protection routine, and the agencies also go to 
different factories, chosen randomly, to require the origi-
nal data. If they find something potentially dangerous, 
they give advice to those enterprises so that they can cor-
rect them in time. While there are some illegal factories, 
hidden in the country, health supervision agencies do not 
know they exit. Usually, when some persons who worked 
in these factories go to the hospital, the hospital reports 
such fact to the agency, and then these factories are found. 
Therefore, increasing the self-protection awareness is es-
sential for workers who should be able to distinguish 
whether their workplace is safe or not. The Chinese pre-
vention and treatment centers for occupational diseases 
have broadcasted to workers how to strengthen their 
personal protection on the media, and Chinese govern-
ment offers funds and an open media platform to broad-
cast such announcement. Finally, the workers are gaining 
some self-protection awareness, but still not enough. In 
China, the employers have the legal obligation to control 
the exposure to toxic substances. If they do not, they can 
be accused of violating the provisions contained in the 

not establish and kept the files of workers’ physical exa
mination. Such misconducts contradict the provisions of 
the Code of Occupational Diseases Prevention in force 
in the PRC. At same time, there were also three other 
welders who had been exposed to high Mn levels at the 
workplace for a long time.

DISCUSSION

The patient’s symptoms and the occupational exposure as-
sessment were consistent with the chronic low-level expo-
sure pattern. The symptoms of manganism vary from the 
mental excitement, headaches, fatigue, decreased memory 
and concentration, dizziness and insomnia to a Parkinson-
like disease [21–26]. Low-level exposures to Mn can result 
in neuropsychological changes with few or none neuro-
logical changes observed for manganism [27]. The perfor-
mance of Mn workers is less precise and effective in tasks 
that require coordinated, sequential, alternating move-
ments at high speed, i.e. the functions regulated by the 
extrapyramidal system [28–31]. Various countries have set 
acceptable environmental exposures to Mn at the le vels 
ranging from 0.05 to 31.5 μg/m3. The current workplace 
threshold limit value for Mn in the USA is 0.2 mg/m3 [32] 
and in China 0.15 mg/m3 [20]. Due to the results of our 
occupational hygiene investigation and the knowledge of 
these reports, although the other 3 welders that worked 
with our patient had no symptom of manganism, we had 
a reason to believe that those 3 welders are at risk of de-
veloping manganism. Bearing in mind the health of the 
welders and the benefit of this mine, the enterprise must 
take measures to improve their work environment, for ex-
ample, by enhancing the efficacy of the ventilation system 
and obliging the workers to wear masks.
China is a developing country, and in the society experien-
cing such a rapid development of economy, the demand 
for workers in the area of mining, smelting, welding and 
steel production is usually observed to drastically increase. 
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Code of Occupational Diseases Prevention in force in 
the PRC. A worker suffering from an occupational disease 
has the right to sue the enterprise. In the described case, 
the mine was a legal one, but the management of the mine 
is not very proficient, especially in the area of occupation-
al health. Therefore, our center offered to provide some 
advice to the enterprise, which should oblige its workers 
to wear the protective equipment and establish occupa-
tional health files containing the results of their workers’ 
health examination, as well as monitor the Mn levels as 
part of their health prevention routine. Subsequently, the 
Chongqing health supervision agency included this enter-
prise into its blacklist. 

REFERENCES

1.  Erikson KM, Syversen T, Aschner JL, Aschner M. Interac-
tions between excessive manganese exposures and dietary iron-
deficiency in neurodegeneration. Environ Toxicol Pharma-
col 2005;19(3):415–21. DOI 10.1016/j.etap.2004.12.053.

2.  Aschner JL, Aschner M. Nutritional aspects of manga-
nese homeostasis. Mol Aspects Med 2005;26(4–5):353–62. 
DOI 10.1016/j.mam.2005.07.003.

3.  Bidmon HJ, Kato K, Schleicher A, Witte OW, Zilles K. 
Transient increase of manganese-superoxide dismutase in re-
mote brain areas after focal photothrombotic cortical lesion. 
Stroke 1998;29(1):203–10; Discussion: 211. DOI 10.1161/01.
STR.29.1.203.

4.  Morello M, Zatta P, Zambenedetti P, Martorana A, D’Angelo V, 
Melchiorri G, et al. Manganese intoxication decreases the ex-
pression of manganoproteins in the rat basal ganglia: an im-
munohistochemical study. Brain Res Bull 2007;74(6):406–15. 
DOI 10.1016/j.brainresbull.2007.07.011.

5.  Wedler FC, Denman RB. Glutamine synthetase: the ma-
jor Mn (II) enzyme in mammalian brain. Curr Top Cell 
Regul 1984;24:153–69.

6.  Takeda A. Manganese action in brain function. Brain Res 
Brain Res Rev 2003;41:79–87. 

http://dx.crossref.org/10.1289%2Fehp.9504
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bowler RM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakagawa S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Drezgic M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roels HA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Park RM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Diamond E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Josephs KA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ahlskog JE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Klos KJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kumar N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fealey RD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Trenerry MR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cowl CT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Erikson KM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Syversen T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Aschner JL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Aschner M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Interactions between excessive manganese exposures and dietary iron-deficiency in neurodegeneration##
http://www.ncbi.nlm.nih.gov/pubmed/?term=Interactions between excessive manganese exposures and dietary iron-deficiency in neurodegeneration##
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Aschner JL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Aschner M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/16099026##
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bidmon HJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kato K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schleicher A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Witte OW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zilles K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/9445352##
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Morello M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zatta P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zambenedetti P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Martorana A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22D'Angelo V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Melchiorri G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Manganese intoxication decreases the expression of manganoproteins in the rat basal ganglia: an immunohistochemical%20study##
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wedler FC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Denman RB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/6149889##
http://www.ncbi.nlm.nih.gov/pubmed/6149889##


MANGANISM AND WORKPLACE ENVIRONMENT IN CHINA        C A S E  R E P O R T S

IJOMEH 2012;25(4) 505

27.  Stopford W. Welding and Exposures to Manganese Assessment 
of Neurological Adverse Effects. Durham: Duke University 
Medical Center; 2005. p. 24.

28.  Saric M, Markicevic A, Hrustic O. Occupational exposure to 
manganese. Br J Ind Med 1977;34(2):114–8. 

29.  Roels H, Sarhan MJ, Hanotiau I, de Fays M, Genet P, Ber-
nard A, et al. Preclinical toxic effects of manganese in workers 
from a Mn salts and oxides producing plant. Sci Total Envi-
ron 1985;42(1–2):201–6. DOI 10.1016/0048-9697(85) 90022-
1.

30.  Beuter A, Mergler D, de Geoffroy A, Carriere L, Belan-
ger S, Varghese L, et al. Diadochokinesimetry: a study of pa-
tients with Parkinson’s Disease and manganese exposed work-
ers. Neurotoxicology 1994;15(3):655–64.

31.  Lucchini R, Apostoli P, Perrone C, Placidi D, Albini E, Mi-
gliorati P, et al. Long-term exposure to “low levels” of manga-
nese oxides and neurofunctional changes in ferroalloy workers. 
Neurotoxicology 1999;20(2–3):287–97. 

32.  ACGIH. Threshold limit values for chemical substances and 
physical agents and biological exposure indices for 1995–1996. 
Cincinnati, OH: American Conference of Governmental In-
dustrial Hygienists; 1996.

33.  Shang B, Fu EH. Clinical analysis on 11 cases of chronic man-
ganism complicated with welder’s pneumoconiosis. Chin J Ind 
Med 2008;21(4):240–1 [in Chinese].

34.  Xie SJ. Data analysis of occupational disease among weld-
ing workers in Taian from 2002 to 2005. Prevent Med 
Trib 2007;13(3):288 [in Chinese].

35.  Wang X. 1160 welders’ health condition analysis. Occup 
Health 2003;19(4):9–10 [in Chinese]. 

17.  Bader M, Dietz MC, Ihrig A, Triebig G. Biomonitoring of 
manganese in blood, urine and axillary hair following low-dose 
exposure during the manufacture of dry cell batteries. Int Arch 
Occup Environ Health 1999;72:521–7.

18.  Srivastava AK, Gupta BN, Mathur N, Murty RC, Garg N, 
Chandra SV. An investigation of metal concentrations in blood 
of industrial workers. Vet Hum Toxicol 1991;33:280–2.

19.  Song Y, Wang WJ, Zhang HY. Investigation on occupational 
risks of welding workers in a factory. Zhonghua Lao Dong Wei 
Sheng Zhi Ye Bing Za Zhi 2010;28(1):36–7 [in Chinese].

20.  The National Occupational Health Standards In China. 
Manganese and inorganic compounds GBZ2.1-2007 [in Chi-
nese]. 

21.  Flinn RH, Neal PA, Fulton WB. Industrial manganese poi-
soning. Ind Hyg Toxicol 1941;23(8):374–87.

22.  Rodier J. Manganese poisoning in Moroccan miners. Br J Ind 
Med 1955;12(1):21–35.

23.  Mena I, Marin O, Fuenzalida S, Cotzias GC. Chronic man-
ganese poisoning. Clinical picture and manganese turnover. 
Neurology 1967;17(2):128–36.

24.  Barrington WW, Angle CR, Willcockson NK, Padula MA, 
Korn T. Autonomic function in manganese alloy workers. En-
viron Res 1998;78(1):50–8. DOI: 10.1006/enrs.1997.3826.

25.  SińczukWalczak H, Jakubowski M, Matczak W. Neurologi-
cal and neurophysiological examinations of workers occupa-
tionally exposed to manganese. Int J Occup Med Environ 
Health 2001;14(4):329–37.

26.  Bowler RM, Gysens S, Diamond E, Booty A, Hartney C, 
Roels HA. Neuropsychological sequelae of exposure to weld-
ing fumes in a group of occupationally exposed men. Int J Hyg 
Environ Health 2003;206(6):517–29. 

This work is available in Open Access model and licensed under a Creative Commons Attribution-NonCommercial 3.0 Poland License – http://creativecommons.org/
licenses/by-nc/3.0/pl/deed.en.

http://www.cqvip.com/Main/Search.aspx?w=%e5%82%85%e6%81%a9%e6%83%a0
http://en.cnki.com.cn/Article_en/CJFDTOTAL-SOLE200804013.htm                          
http://en.cnki.com.cn/Article_en/CJFDTOTAL-SOLE200804013.htm                          
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Song Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang WJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhang HY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/20426977##
http://www.ncbi.nlm.nih.gov/pubmed/20426977##
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en

