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Manganese is a naturally occurring metal, and is present in most rocks and soils to some degree.  Manganese is primarily used in many metal alloys, including steel, and secondarily, in fertilizer, fungicide, livestock feed, and as a gasoline additive. Manganese occurs naturally at low levels in water and food.  

In water, manganese can be found in several chemical forms, and in three physical forms: very small (colloidal) particles, larger particles (particulate), and/or dissolved.   Manganese can cause taste, odor, and color problems, as well as staining laundry and household fixtures.  It can impart a bitter taste to heated beverages, and cause black water problems from oxidizing bacteria.  Manganese can also cause operational problems such as increased corrosion of asbestos-cement pipe, and black slime deposits in distribution systems.  Manganese can cause problems at concentrations at or below the secondary maximum contaminant level (MCL) of 0.05 milligrams per liter (mg/L).  This non-enforceable secondary MCL was set to prevent clothes from staining and to minimize taste problems.

Human Health Effects and Exposure 

Manganese is an essential trace element for humans.  The National Academy of Science set an adequate intake for manganese at 2.3 mg/day (for men) to 1.8 mg/day (for women), with an upper limit of 11 mg/day. Human exposure to manganese occurs primarily through ingestion of foods containing manganese.  Oral exposure at levels common in Western diets is not known to produce adverse health effects.   

Exposure to toxic levels of manganese affects the nervous system, and may cause neurological and behavioral symptoms, including dementia, anxiety, and a “mask-like” face.  These symptoms are generally the result of very high exposures via inhalation, as might occur in an industrial setting, and are not seen among the general population exposed to low or moderate manganese levels.  

Manganese has very low toxicity when ingested orally with food, and reports of adverse effects by this route are rare.  Drinking water accounts for a relatively small proportion of manganese intake.  Because manganese is an essential nutrient, concern for toxic over-exposure must be balanced against the potentially negative effects of nutritional deficiency resulting from under-exposure.  

In the United States, occurrence estimates for manganese in source water is high, with approximately 20 percent of municipal drinking water supplies containing manganese periodically above 0.05 mg/L, and with small systems being the most vulnerable to these problems.  In a Water Stats (AWWA) survey of 349 groundwater systems, approximately 30 percent of systems had manganese levels at 0.05 mg/L or higher in source water.  Similarly, for 428 surface water systems surveyed, approximately 40 percent of systems had manganese levels at 0.05 mg/L or higher in source water.  The National Inorganics and Radionuclide Survey (NIRS) results show that 68 percent of systems sampled detected manganese, with a median concentration of 0.01 mg/L, and with a 99th percentile concentration of 0.72 mg/L.

Manganese primarily enters water through natural processes, such as water contact with rock, soil, and sediment containing manganese.  Secondarily, manganese can be released into the environment through emissions from industry, exhausts from gasoline-burning vehicles, incineration of wastes, and the spraying of pesticides.

Treatment

Treatment strategies depend on the chemical and physical state of manganese in source water.  The primary strategy involves oxidizing any dissolved manganese to a particulate form.  Then, manganese particles are removed by standard solid/liquid separation techniques.  The following are the more commonly used techniques for controlling manganese (other techniques are available as well):

· Minimizing manganese in source water supplies by maximizing dissolved oxygen in reservoirs and wells.

· Causing manganese to precipitate using chemical oxidation, such as potassium permanganate, chlorine, chlorine dioxide, or ozone.  (Potassium permanganate is effective over a broader range of pH and temperature conditions than other chemical oxidants.)  Oxidation is followed by removal of manganese particles using coagulation, sedimentation, and filtration, or adsorption.

· Using a medium, such as manganese greensand, to remove dissolved manganese through surface oxidation, filtration, and adsorption.  The medium must be replaced periodically.

· Preventing manganese particles from being released into treated water by preventing anaerobic conditions in treatment-plant residual sludge.

Removal of manganese must be balanced with competing water-quality objectives and treatment processes.  For example, the pH conditions favorable for total organic carbon removal and the minimization of disinfection by-products may be contrary to effective manganese oxidation. Also, as surface water systems adjust pre-oxidation practices to comply with the disinfectants/disinfection by-product rule, an increased vulnerability to manganese problems in surface water supplies is expected.

Regulation

Manganese is included on the US Environmental Protection Agency (USEPA) Drinking Water Contaminant Candidate List (DWCCL) for possible regulation in drinking water.  On June 3, 2002, USEPA published a preliminary determination to not regulate manganese.  On July 16, 2002, USEPA held a stakeholder meeting where the rationale for this decision was discussed.  USEPA believes that the available data on occurrence, exposure, and other risk considerations suggest that regulating manganese does not present a meaningful opportunity to reduce health risk.  Only the non-enforceable secondary MCL for manganese of 0.05 mg/L will remain in effect.  USEPA plans to publish a final regulatory decision for manganese in late 2002.

USEPA does not require routine monitoring for manganese.  To determine manganese concentrations in water, samples should be taken and analyzed using atomic absorption or atomic-emission techniques following USEPA method 200.7, 200.8, or 200.9.  This analysis can cost approximately $12 to $24 per sample at a certified laboratory, depending upon the degree of sample pretreatment required.
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