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7.  REGULATIONS AND ADVISORIES

Because of its potential to cause adverse health effects in exposed people, a number of regulations and
guidelines have been established for manganese.  These are summarized in Table 7-1.

An MRL of 0.00004 mg manganese/m3 (0.04 µg manganese/m3 ) in respirable dust has been derived for
chronic inhalation exposure to manganese. The MRL is based on a surrogate NOAEL value of 0.074 mg
manganese/m3 (74 µg manganese/m3) that was determined using benchmark dose analysis (BMD) of the
raw data from the study by Roels et al. (1992) which reported neurological effects among battery factory
workers exposed to manganese.  A NOAEL of 0.071 mg manganese/m3 (71 µg manganese/m3) derived
from BMD analysis of the individual exposure and response data in foundry workers from the study by
Iregren (1990) is comparable.  These two BMDL10 NOAEL estimates are consistent with a NOAEL of
0.051 mg/m3, median respirable dust, for exposures in a metal producing plant reported by Gibbs et al.
(1999).  The sensitive endpoint used as the basis for this MRL, neurological effects among manganese
exposed workers, was also reported in studies by Roels et al. (1987a), Mergler et al. (1994), and Lucchini et
al. (1995, 1999). 

Based on the BMDL10 value of 0.074 mg manganese/m3 , a chronic inhalation MRL of 0.00004 mg
manganese/m3 (0.04 µg manganese/m3) was derived using (1) an uncertainty factor of 10 for human
variability, (2) factors of 5/7 and 8/24 to account for intermittent exposure (5 days/week, 8 hours/day),
(3) an uncertainty factor of 10 to account for limitations in the inhalation database, including the lack of
data on developmental effects and data on the potential for reproductive effects in women, and the potential
for differences in toxicity from different forms of manganese and, (4) a modifying factor of 5 for the
potential for increased susceptibility in children based upon differences in the pharmacokinetic handling of
manganese in the young.

The upper range of the estimated safe and adequate daily dietary intake of 5 mg/day (NRC 1989) has been
adopted as a provisional guidance value (0.07 mg/kg/day) for oral exposure to manganese.  This guidance is
necessary because, although manganese is an essential nutrient, its prevalence at hazardous waste sites puts
some individuals at risk for exposure to toxic levels.

The EPA has derived a chronic inhalation RfC of 5×10-5 mg/m3 for respirable manganese (IRIS 1998).  This
value is based on the LOAEL of 0.15 mg/m3 from a study of people exposed to manganese dioxide (Roels
et al. 1992).  The LOAEL was calculated by dividing the geometric mean concentration of the lifetime-
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integrated respirable dust concentration by the average duration of employment in the facility.  EPA
calculated the RfC by adjusting for continuous exposure and dividing by an uncertainty factor of 1,000 (a
factor of 10 for use of a LOAEL, a factor of 10 to protect sensitive individuals, and a factor or 10 for
database limitations reflecting both the less-than-chronic periods of exposure and the lack of developmental
data, as well as potential but unquantified differences in the toxicity of different forms of manganese).  The
estimated breathing rate in the exposed workers was assumed to be 10 m3/workday.

The EPA has derived a chronic oral RfD of 0.14 mg/kg/day for manganese (IRIS 1998).  This value is equal
to the average daily intake of manganese in the diet (10 mg/day) that is considered adequate and safe.  The
RfD was derived assuming an average body weight of 70 kg, and was based on a composite of data
including chronic humans’ NOAELs (WHO 1973), "safe and adequate levels" from the National Academy
of Sciences (NRC 1989), and research by Schroeder et al. (1966).  An uncertainty factor was not employed
because (a) the information used to determine the RfD for manganese was taken from many large
populations, (b) humans exert an efficient homeostatic control over manganese such that body burdens are
kept constant with variations in diet, (c) there are no subpopulations that are believed to be more sensitive to
manganese at this level, and (d) manganese is an essential element that is required for normal human growth
and maintenance of health. However, the EPA has recommended that a “modifying factor of 3 be applied
when assessing risk from manganese in drinking water or soil because the study by Kondakis et al. (1989)
raises significant concerns about possible adverse neurological effects at doses not far from the range of
essentiality.












