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Infroduction

This report presents bibliographic details of rediarature addressing a number of research
areas that are considered of direct relevancedch#alth effects of Manganese (Mn), and
include:

Section 1 - EXPOSURE MEASUREMENT AND MODELLING: Papers relating
to the measurements or modelling of environmental accupational Mn exposure, the
development of biomarkers of exposure or effect.

Section 2 - HEALTH EFFECTS: Papers on the influence of Mn on health, disease
and dysfunction.

Section 3 - MECHANISM: Papers on the physiological, biochemical and callul
mechanisms underlying the toxic effects of Mn.

Section 4 - HUMAN SUSCEPTIBILITY: Papers relating to assessment of the
influence of genetic and epigenetic factors on huswsceptibility to the effects of Mn.

Section 5 - TREATMENT AND IMAGING: Papers on the development and
implementation of new medical approaches to thetrment of excessive Mn exposure.

Section 6 - MISCELLANEOUS: Other papers considered of interest or potential
relevance to the study of the health effects of Mn.

The papers presented herein were identified usirsgraes of structured searches of the
following on-line databases: Medline, Toxline, Rigical Sciences and Proquest Health. The
paper abstracts were reviewed and categorised bgxparience Scientist to confirm their
relevance before inclusion in this report.

The papers presented were identified as beinggdubtished betweedune 2006 andAugust
2006, together with some earlier papers not previoustyuisked in the on-line databases used
to identify publications. Future reports will presehe literature published during subsequent
3-monthly (quarterly) intervals.
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1. EXPOSURE MEASUREMENT AND MODELLING

Agusa, T., Kunito, T. & Fujihara, ,Jet al (2006) Contamination by arsenic and other trace
elements in tube-well water and its risk assessntenthumans in Hanoi, Vietnam.
Environmental Pollution, 139(1), 95-106.

Antonini, J.M., Santamaria, A.B. & Jenkins, N.& al (2006) Fate of manganese associated
with the inhalation of welding fumes: Potential naogical effects Neurotoxicology, 27(3),
304-10.

Bast Pettersen, R., Ellingsen, D.G. & Hetland, $.Bi.al (2004) Neuropsychological
function in manganese alloy plant worketsternational Archives of Occupational and
Environmental Health, 77(4), 277-287.

Bellido-Milla, D., Garcla-Verdugo-Caso, C. & Herndez-Artiga, M.P. (2002) Classification
and Prediction Techniques Applied to Metal Conaitns Produced by Welding Fumes in a
Shipyard.Toxicological and Environmental Chemistry, 83(1-4), 45-53.

Bocio, A., Nadal, M. & Domingo, J.L. (2005) Humarpesure to metals through the diet in
Tarragona, Spain: temporal tremilological Trace Element Research, 104(3), 193-201.

Bocio, A., Nadal, M. & Garcia, Fet al (2005) Monitoring metals in the population liviirg
the vicinity of a hazardous waste incinerator. @miations in autopsy tissueBiological
Trace Element Research, 106(1), 41-50.

Botta, C., larmarcovai, G. & Chaspoul, B.al (2006) Assessment of occupational exposure
to welding fumes by inductively coupled plasma-mapgctroscopy and by the alkaline
Comet assayenvironmental and Molecular Mutagenesis, 47(4), 284-295.

Colquitt, P.J. (2002) Do powered toothbrushes cuimtate toothpaste with metaldhe
Science of the Total Environment, 289(1-3), 25-32.

Crinella, F.M. (2006) Childhood behavior disordeXguropsychological deficits in neonatal
dietary manganese exposu#éth Annual Meeting of the Teratology Society, 24 - 29 June
2006.

Ellingsen, D.G., Hetland, S.M. & Thomassen, Y. (2DManganese air exposure assessment
and biological monitoring in the manganese alloyodoiction industry. Journal of
Environmental Monitoring, 5(1), 84-90.

Godderis, L., Vanderheyden, W. & Van Gee),el.al (2005) Exposure and inhalation risk
assessment in an aluminium cast-housarnal of Environmental Monitoring, 7(12), 1359-
1363.

Granero, S. & Domingo, J.L. (2002) Levels of metalsoils of Alcala de Henares, Spain:
human health risk€nvironment International, 28(3), 159-164.

Halatek, T., Sinczuk-Walczak, H. & Szymczak,, .al (2005) Neurological and respiratory
symptoms in shipyard welders exposed to mangaiwateenational Journal of Occupational
Medicine and Environmental Health, 18(3), 265-274.

Harris, M.K., Ewing, W.M. & Longo, W.et al (2005) Manganese exposures during shielded

metal arc welding (SMAW) in an enclosed spadeurnal of Occupational and
Environmental Hygiene, 2(8), 375-382.
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Homady, M., Hussein, H. & Jiries, fet al (2002) Survey of some heavy metals in sediments
from vehicular service stations in Jordan and th#gcts on social aggression in prepubertal
male mice Environmental Research, 89(1), 43-49.

Kim, J.Y., Hauser, R. & Wand, M.Pet al (2003) Association of expired nitric oxide with
urinary metal concentrations in boilermakers exdose residual oil fly ashAmerican
Journal of Industrial Medicine, 44(5), 458-466.

Liu, Y., Woodin, M.A. & Smith, T.J.et al (2005) Exposure to Fuel-Oil Ash and Welding
Emissions During the Overhaul of an Oil-Fired Bnildournal of Occupational and
Environmental Hygiene, 2(9), 435-443.

Lu, L., Zhang, L-L. & Li, G.J.et al (2005) Alteration of serum concentrations of marege,
iron, ferritin, and transferrin receptor followingkposure to welding fumes among career
welders.Neurotoxicology, 26(2), 257-265.

Malara, P., Kwaputiski, J. & Malara, B.et al (2003) [Use of element concentration ratios in
the estimate of their metabolism in the teeth ajgbe environmentally exposed to metals].
Roczniki Panstwowego Zakladu Higieny, 54 Suppl53-55.

Matczak, W. (2002) [Assessment of exposure to tox@étals released during soldering and
grazing processedyledycyna Pracy, 53(6), 473-480.

Matczak, W. & Przybylska-Stanistawska, M. (2004)efBrmination of fumes and their
elements from flux cored arc weldingfledycyna Pracy, 55(6), 481-489.

Mukherjee, S., Rodrigues, E. & Aeschliman, D.&.al (2005) Urinary metal and polycyclic
aromatic hydrocarbon biomarkers in boilermakersosed to metal fume and residual oil fly
ash.American Journal of Industrial Medicine, 47(6), 484-493.

Myers, J.E., Thompson, M.L. & Naik, ket al (2003) The utility of biological monitoring for
manganese in ferroalloy smelter workers in SoutticAf Neurotoxicology, 24(6), 875-883.

Nadal, M., Schuhmacher, M. & Domingo, J.L. (2004t pollution of soils and vegetation
in an area with petrochemical industifhe Science of the Total Environment, 321(1-3), 59-
69.

Roychowdhury, T., Tokunaga, H. & Ando, M. (2003)rn&y of arsenic and other heavy
metals in food composites and drinking water arttinegion of dietary intake by the villagers
from an arsenic-affected area of West Bengal, Infti@ Science of the Total Environment,
308(1-3), 15-35.

Sharma, R. & Pervez, S. (2005) Toxic metals statusiman blood and breast milk samples
in an integrated steel plant environment in Cenfmdia. Environmental Geochemistry and
Health, 27(1), 39-45.

Spangler, J.G. & Elsner, R. (2006) Commentary ossilile manganese toxicity from
showering: response to critiqudedical Hypotheses, 66(6), 1231-3.

Spiegel-Ciobanu, V. (2006) Parkinson's diseaseexpdsure to manganese during welding.
Welding and Cutting, (2), 108-111.

Sukumar, A. & Subramanian, R. (2003) Elements & iair of Non-Mining Workers of a
Lignite Open Mine in Neyvelilndustrial Health, 41(2), 63-68.
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Tsai, J-L., Horng, P-H. & Hwang, T;X t al (2004) Determination of urinary trace elements
(arsenic, copper, cadmium, manganese, lead, z#lenism) in patients with Blackfoot
diseaseArchives of Environmental Health, 59(12), 686-692.

Tuerkdogan, M.K., Kilicel, F. & Kara, Ket al (2003) Heavy metals in soil, vegetables and
fruits in the endemic upper gastrointestinal canoegion of Turkey. Environmental
Toxicology and Pharmacology, 13(3), 175-179.

Welch, L.S., Rappaport, S.M. & Susi, P. (2004) Gamdion welding exposures to
manganese likely to exceed proposed TLXurnal of Occupational and Environmental
Hygiene, 1(6), D63-5.

Wongwit, W., Kaewkungwal, J. & Chantachum,, ¥ al (2004) Comparison of biological
specimens for manganese determination among hexpgsed welderdhe Southeast Asian
Journal of Tropical Medicine and Public Health., 35(3), 764-769.

Young, T., Myers, J.E. & Thompson, M.L. (2005) Thervous system effects of occupational
exposure to manganese--measured as respirableiassouth African manganese smelter.
Neurotoxicology, 26(6), 993-1000.

Zaidi, S., Sathawara, N. & Kumar,, &t al (2004) Development of indigenous local exhaust

ventilation system: reduction of welders exposoravélding fumesJournal of Occupational
Health, 46(4), 323-328.

4

Institute of Environment and Health Report to MHRBReptember 2006



2. HEALTH EFFECTS

Bast Pettersen, R., Ellingsen, D.G. & Hetland, $.Bi.al (2004) Neuropsychological
function in manganese alloy plant worketaternational Archives of Occupational and
Environmental Health, 77(4), 277-287.

Bouchard, M., Mergler, D. & Baldwin, M. (2005) Maagese exposure and age:
neurobehavioral performance among alloy producti@rkers. Environmental Toxicology
and Pharmacology, 19(3), 687-694.

Bowler, R.M., Gysens, S. & Diamond, ,Eet al (2003) Neuropsychological sequelae of
exposure to welding fumes in a group of occupatlgrexposed menlnternational Journal
of Hygiene and Environmental Health., 206(6), 517-529.

Bowler, R.M., Gysens, S. & Diamond, ,Eet al (2006) Manganese exposure:
neuropsychological and neurological symptoms arfdcef in welders.Neuraotoxicology,
27(3), 315-26.

Chlebda, E., Antonowicz-Juchniewicz, J. & AndrzejBk (2004) [The effect of occupational
exposure to heavy metals and arsenic on serum wcwatiens of carotenoids in copper
foundry workers]Medycyna Pracy, 55(5), 389-401.

Crinella, F.M. (2006) Childhood behavior disordeXguropsychological deficits in neonatal
dietary manganese exposure. 46th Annual MeetintpefTeratology Sociefy24 - 29 June
2006.

Donbak, L., Rencuzogullari, E. & Yavuz, A&t al (2005) The genotoxic risk of underground
coal miners from Turkey.Mutation Research-Genetic Toxicology and Environmental
Mutagenesis, 588(2), 82-87.

Dynerowicz-Bal, E., Andrzejak, R. & Antonowicz-Judéwicz, J, et al (2005) [The
influence of occupational exposure to arsenic agavir metals on the activity of catepsins
and their inhibitors in blood serum of copper semlt Medycyna Pracy, 56(5), 347-361.

Erikson, K.M., Syversen, T. & Aschner, J.let al (2005) Interactions between excessive
manganese exposures and dietary iron-deficiencynaorodegenerationEnvironmental
Toxicology and Pharmacology, 19(3), 415-421.

Gao, Y-Q., Jiang, Y-M. & Lu, J-P. (2006) Effects Mfanganese Fume and Dust on Lipid
Peroxidation and Antioxidant Enzymes in Blood opBged Male Workersgndustrial Health
and Occupational Diseases -Beijing-, 32(PART 2), 88-90.

Gao, Y-Q., Lu, J-P. & Jiang, Y-M. (2006) Effects ifanganese Fume and Dust on Metal
Elements in Erythrocyte of Exposed Male Workdrdustrial Health and Occupational
Diseases -Beijing-, 32(PART 2), 91-93.

Gobba, F. (2006) Olfactory toxicity: long-term affe of occupational exposures.
International Archives of Occupational and Environmental Health, 79(4), 322-31.

Goldstein, R.A., Arbor-Johnson, K. & Bayer, Met al (2005) Manganese-induced
Parkinson's syndroméournal of Toxicology: Clinical Toxicology, 43(5), 488.

Jiang, Y. & Zheng, W. (2005) Cardiovascular toxé&st upon manganese exposure.
Cardiovascular Toxicology, 5(4), 345-354.
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Lees-Haley, P.R., Rohling, M.L. & Langhinrichsenfifing, J. (2006) A meta-analysis of the
neuropsychological effects of occupational exposuce manganese.The Clinical
Neuropsychologist, 20(1), 90-107.

Li, X., Li, D. & Wu, C. (2006) Analysis on contend$ immunoglobulin and microelements in
manganese exposure worke@hinese Journal of Public Health -Shenyang-, 22(NUMB 2),
215-216.

Lucchini, R., Benedetti, L. & Borghesi,,&t al (2003) [Exposure to neurotoxic metals and
prevalence of parkinsonian syndrome in the arere$cia].Giornale Italiano Di Medicina
Del Lavoro Ed Ergonomia, 25 Suppl(3), 88-89.

Martin, C.J. (2006) Manganese neurotoxicity: cotingcthe dots along the continuum of
dysfunction.Neurotoxicology, 27(3), 347-9.

Myers, J.E., teWaterNaude, J. & Fourie,, Mt al (2003) Nervous system effects of
occupational manganese exposure on South Africanngamese mineworkers.
Neurotoxicology, 24(4-5), 649-656.

Myers, J.E., Thompson, M.L. & Ramushu, &.al (2003) The Nervous System Effects of
Occupational Exposure on Workers in a South Afrislanganese Smeltdxleurotoxicology,
24(6), 885-894.

Nadal, M., Schuhmacher, M. & Domingo, J.L. (2004t pollution of soils and vegetation
in an area with petrochemical industfijhe Science of the Total Environment, 321(1-3), 59-
69.

Namazbaeva, Z.l., Rakhishev, E.K. & Bud'kova, L.At al (2003) [Biochemical and
hormonal characteristics of workers engaged intmimgi manganese-containing ores].
Meditsina Truda i Promyshlennaia Ekologiia, (10), 8-13.

Normandin, L., Panisset, M. & Zayed, J. (2002) Mamgse neurotoxicity: behavioral,
pathological, and biochemical effects following ieais routes of exposurdReviews on
Environmental Health, 17(3), 189-217.

Ostiguy, C., Asselin, P. & Malo, S. (2006) The egesrce of manganese-related health
problems in Quebec: an integrated approach to atiahy diagnosis, management and
control. Neurotoxicology, 27(3), 350-6.

Park, J., Yoo, C-Il. & Sim, C.Set al (2006) A retrospective cohort study of Parkinson's
disease in Korean shipbuildeMeurotoxicology, 27(3), 445-9.

Park, R.M., Bowler, R.M. & Eggerth, D .Fet al (2006) Issues in neurological risk assessment
for occupational exposures: the Bay Bridge welddesrotoxicology, 27(3), 373-84.

Rasmussen, A.A., Thulstrup, A.M. & Kolstad, H.Aet al (2004) [Is there a risk of
extrapyramidal disorder after exposure to mangaimeserrent Danish work environments?].
Ugeskrift for Laeger, 166(49), 4461-4464.

Schaumburg, H.H., Herskovitz, S. & Cassano, V.A00@ Occupational manganese
neurotoxicity provoked by hepatitis Neurology, 67(2), 322-323.

Spiegel-Ciobanu, V. (2006) Parkinson's diseaseexpdsure to manganese during welding.
Welding and Cuitting, (2), 108-111.
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Thompson, M.L. & Myers, J.E. (2006) Evaluating aimderpreting exposure-response
relationships for manganese and neurobehaviorabmes Neurotoxicology, 27(2), 147-52.

Tsai, J-L., Horng, P-H. & Hwang, T;JXt al (2004) Determination of urinary trace elements
(arsenic, copper, cadmium, manganese, lead, zalepniam) in patients with Blackfoot
diseaseArchives of Environmental Health, 59(12), 686-692.

Wang, X., Yang, Y. & Wang, Xet al (2006) The effect of occupational exposure to iseta
on the nervous system function in welddmirnal of Occupational Health, 48(2), 100-106.
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exposure to manganese--measured as respirableimassouth African manganese smelter.
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Exposed to Manganesedustrial Health and Occupational Diseases -Beijing-, 32(PART 2),
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3. MECHANISM

Antonini, J.M., Afshari, A.A. & Stone, S.et al (2006) Design, construction, and
characterization of a novel robotic welding fumengtor and inhalation exposure system
for laboratory animalslournal of Occupational and Environmental Hygiene, 3(4), 194-203.

Brain, J.D., Heilig, E. & Donaghey, T.Cet al (2006) Effects of iron status on
transpulmonary transport and tissue distribution Mri and Fe.American Journal of
Respiratory Cell.and Molecular Biology, 34(3), 330-7.

Corsini, E., Viviani, B. & Birindelli, S. et al (2006) Molecular mechanisms underlying
mancozeb-induced inhibition of TNF-alpha productioffoxicology and Applied
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Donbak, L., Rencuzogullari, E. & Yavuz, A&t al (2005) The genotoxic risk of underground
coal miners from Turkey.Mutation Research-Genetic Toxicology and Environmental
Mutagenesis, 588(2), 82-87.

Dorman, D.C., McManus, B.E. & Marshall, M.\t al (2004) Old age and gender influence
the pharmacokinetics of inhaled manganese sulfagt manganese phosphate in rats.
Toxicology and Applied Pharmacology, 197(2), 113-124.

Dorman, D.C., Struve, M.F. & Marshall, M.\t al (2006) Tissue manganese concentrations
in young male rhesus monkeys following subchronianganese sulfate inhalation.
Toxicological Sciences, 92(1), 201-10.

Erikson, K.M. & Aschner, M. (2006) Increased mangsm uptake by primary astrocyte
cultures with altered iron status is mediated prilpaby divalent metal transporter.
Neurotoxicology, 27(1), 125-30.

Fitsanakis, V.A., Amarnath, V. & Moore, J, Bt al (2002) Catalysis of catechol oxidation by
metal-dithiocarbamate complexes in pesticida®e Radical Biology & Medicine, 33(12),
1714-1723.

Goldoni, M., Vettori, M.V. & Alinovi, R, et al (2003) Models of neurotoxicity: extrapolation
of benchmark doses in vitrBisk Analysis, 23(3), 505-514.

Gwiazda, R.H., Lee, D. & Sheridan, ét al (2002) Low cumulative manganese exposure
affects striatal GABA but not dopaminéeurotoxicology, 23(1), 69-76.

HaMai, D., Rinderknecht, A.L. & Guo-Sharman,, &t al (2006) Decreased expression of
inflammation-related genes following inhalation egpre to manganeséleurotoxicology,
27(3), 395-401.

Heilig, E., Molina, R. & Donaghey, T.et al (2005) Pharmacokinetics of pulmonary
manganese absorption: evidence for increased dustigpto manganese loading in iron-
deficient rats.American Journal of Physiology. Lung Cellular and Molecular Physiology,
288(5), L887-93.

Homady, M., Hussein, H. & Jiries, Aet al (2002) Survey of some heavy metals in sediments

from vehicular service stations in Jordan and thffiects on social aggression in prepubertal
male mice Environmental Research, 89(1), 43-49.
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Kim, Y., Kim, J-M. & Kim, J-W, et al (2002) Dopamine transporter density is decreased i
parkinsonian patients with a history of manganegmsure: what does it meaivovement
Disorders, 17(3), 568-575.

Kwik-Uribe, C. & Smith, D.R. (2006) Temporal resas in the disruption of iron regulation
by manganesdournal of Neuroscience Research, 83(8), 1601-1610.

Landrigan, P.J., Sonawane, B. & Butler, R.&t.al (2005) Early environmental origins of
neurodegenerative disease in later lEavironmental Health Perspectives, 113(9), 1230-
1233.

Ramesh, G.T., Ghosh, D. & Gunasekar, P.G. (2002)ivéton of early signaling
transcription factor, NF-kappaB following low-lewslanganese exposuiioxicology Letters,
136(2), 151-158.

Reaney, S.H., Kwik-Uribe, C.L. & Smith, D.R. (200RJanganese oxidation state and its
implications for toxicity.Chemical Research in Toxicology, 15(9), 1119-1126.

Salehi, F., Krewski, D. & Mergler, Det al (2003) Bioaccumulation and locomotor effects of
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inhalation exposurél.oxicology and Applied Pharmacology, 191(3), 264-271.

Yazbeck, C., Moreau, T. & Sahuquillo, é al (2006) Effect of maternal manganese blood
levels on erythrocyte calcium-pump activity in newfs. The Science of the Total
Environment, 354(1), 28-34.

Yokel, R.A. & Crossgrove, J.S. (200M)anganese toxicokinetics at the blood-brain barrier.
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Yu, I.J., Park, J.D. & Park, E.St al (2003) Manganese distribution in brains of Sprague
Dawley rats after 60 days of stainless steel wgldinme exposureNeurotoxicology, 24(6),
777-785.

Zhou, Y., Shie, F-S. & Piccardo, ,Pet al (2004) Proteasomal inhibition induced by

manganese ethylene-bis-dithiocarbamate: relevaac@arkinson's diseasd&leuroscience,
128(2), 281-291.
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4. HUMAN SUSCEPTIBILITY

Dorman, D.C., McManus, B.E. & Marshall, M.Wt, al (2004) Old age and gender influence
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HaMai, D., Rinderknecht, A.L. & Guo-Sharman, It,al (2006) Decreased expression of
inflammation-related genes following inhalation egpre to manganeséleuraotoxicol ogy,
27(3), 395-401.

Weiss, B. (2006) Economic implications of mangarmesgrotoxicity.Neurotoxicology, 27(3),
362-368
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5. TREATMENT AND IMAGING
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occupational parkinsonism with p-aminosalicylicdaca case of 17-year follow-up study.
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6. MISCELLANEOUS
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