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1.  SUMMARY AND RECOMMENDATIONS FOR FURTHER STUDIES

1.1  Summary

    1.1.1  Analytical methods 

        Numerous analytical methods are available for the quantitative 
    determination of manganese in environmental media and biological 
    samples. The method the most frequently used is atomic absorption 
    spectroscopy, which appears to be sufficiently sensitive for most 
    analytical purposes. The way in which biological and environmental 
    samples are procured and stored, prior to analysis, has an important 
    bearing on the accuracy and validity of the results. For example, in 
    air sampling, it is important to ensure that respirable particulate 
    matter is collected. In the collection of biological samples with a 
    low manganese content, contamination may constitute a major 
    difficulty. 
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    1.1.2  Sources and pathways of exposure 

        Manganese is one of the more abundant elements in the earth's 
    crust and is widely distributed in soils, sediments, rocks, water, and 
    biological materials. The major sources of man-made environmental 
    pollution by manganese arise in the manufacture of alloys, steel, and 
    iron products. Other sources include mining operations, the production 
    and use of fertilizers and fungicides, and the production of synthetic 
    manganese oxide and dry-cell batteries. Organomanganese fuel 
    additives, though only a minor source at present, could significantly 
    increase exposure, if they come into widespread use. Average manganese 
    concentrationsa in soils range from about 500 to 900 mg/kg and 
    concentrations in sea water range from 0.1 to 5 µg/litre. Surface 
    waters may have a manganese content of 1-500 µg/litre, but in areas 
    where high concentrations of manganese occur naturally, levels may be 
    considerably higher. Average manganese levels in drinking water range 
    from 5 to 25 µg/litre. 

        Manganese is present in all foodstuffs, usually at concentrations 
    below 5 mg/kg. However, concentrations in certain cereals, nuts, and 
    shellfish can be much higher, exceeding 30 mg/kg in some cases. Levels 
    in finished tea leaves may amount to several hundred mg/kg. 

        Manganese has been found in measurable quantities in practically 
    all air samples of suspended particulate matter. Annual average levels 
    in ambient air in unpolluted urban and rural areas vary from 0.01 to 
    0.07 µg/m3. However, in areas associated with the manganese industry, 

a  Throughout the document, the term concentration refers to mass 
       concentration, unless otherwise stated. 

    annual averages may be higher than 0.5 µg/m3, and have occasionally 
    exceeded 8 µg/m3. About 80% of the manganese in suspended particulate 
    matter is associated with particles having a mass median equivalent 
    diameter (MMED)b of less than 5 µm, i.e., particles within the 
    respirable range. This association with small particles favours the 
    widespread airborne distribution of manganese. 

    1.1.3  Essentiality of manganese 

        Manganese is an essential trace element for both animals and man. 
    It is necessary for the formation of connective tissue and bone, and 
    for growth, carbohydrate and lipid metabolism, the embryonic 
    development of the inner ear, and reproductive functions. Some 
    specific biochemical functions of manganese have been discovered such 
    as the catalysing of the glucosamine-serine linkages in the synthesis 
    of the mucopolysaccharides of cartilage. 

        Estimates from intake and balance studies in man show that the 
    daily requirement for adults is 2-3 mg/day and that of pre-adolescent 
    children, at least 1.25 mg/day. Manganese deficiency states, which 
    have been detected in a wide variety of animals, have been described 
    only once in man, in association with vitamin K deficiency and the 
    accidental omission of manganese from the diet. A distinctly negative 
    manganese balance is found in newborn infants, the metal being 
    excreted from stores that have accumulated in the tissues during fetal 
    life. However, deficiency symptoms have not been detected. 

    1.1.4  Magnitude of environmental exposure 
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