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Objectives The goal of this study was to assess long-term neurobehavioral effects associated with low 
ailborne concentrations of manganese in a ferroalloy plant. 
Methods During a period of forced cessation of work (1 to 42 d) neurobehavioral performance on tests of 
simple reaction time, finger tapping, digit span, addirinns, symbol digit, and shapes comparison was evaluated 
for 58 workers exposed from 1 to 28 (mean 13, SD 7) years to manganese. Airborne manganese concentrations 
ill total dust had been reduced in [be last 10 years from 70--1590 pg . m-3 (geometric means in  different areas) 
to 27-270 pg . m-'. For each worker, manganese concentrations in  blood and urine were measured, and a 
cumulative exposure index was also calculated. 
Results Blood manganese and urinary manganese ranged from 4 to 18 ug . I-' (0.07 to 0.03 pmol - I-') and 
[ruin 0.7 to 7 pg . I-' (o.01 to 0.13 pmol . I-'), respectively. significant relationships were round between the 
blood manganese and urinary manganese levels and between these biological measures and the cumulative 
exposure index. Correlations were also found between the blood manganese level, the urinary manganese level, 
and the cumulative exposure index and the following tests: finger tapping, symbol digit, digit span, and 
additions. The correlation coefficients increased as the latency time after the cessation of exposure and wzork 
seniority increased. 
Conclusions The results support the hypothesis that the neurobehavioral effects observed at exposure levels 
well below current dccupational standards are related to manganese body burden, which is better reflected by the 
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blood manganese level after the cessation of exposure. 
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Toxic effects of manganese (Mn) on the central nervous 
system have been well described by many authors in 
cases of exposure to high levels in mines (1, 2) and in 
intoxicarions occurring in a ferromanganese alloy fac- 
tory, where an unrepaired ventilation control system 
caused exposure levels of more than 20 000. pg . m-' (3). 

However. clinical signs of manganese intoxication 
have been reported also at exposure levels below 
5000 . pg . m-3 (4, 5). In 198 1 a group of experts of the 
World Health Organization (WHO) concluded that "signs 
of adverse elrecis on the CNS may occur at manganese 
concentrations in air ranging from 2000 to 5000 pg/m3 
[p 991" (6). However, on the basis of a wide variation in 
individual susceptibility, WHO suggests that the mini- 
mum effect level is probably below 1000 . pg . m-3 (6). 

In 1979 the American Conference of Governmental In- 
dustrial Hygienists (ACGIH) proposed a threshold limii 
value for a time-weighted average (TLV-TWA) of 
LUUU . pg . m-' tor manganese fumes and In 1988 a TLV- 
TWA of 5000 yg . m-3 for manganese in inhalable dusr. 
Recently, a TLV-TWA of 200. yg  . m4 was proposed 
for mnnpnese in inhalnhlf? dnst (7) 

Therefore, in order to determine the lowest exposurz 
level at which early effects on the central nervous system 
occur, neurobehavioral field studies have been carried 
out (8-12). In these studres, alterations ot response 
speed, motor functions, and memory have been found ar 
airborne manganese concentrations well below the 
ACGIH TLV-TWA of 5000 . kg . m-3 for t ~ t a l  dusr. 
Exposure levels vary from 1000--4000 . pg . m-3 in the 
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* Reprinted with permission from Dr. Lucchini. 














