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Table 7 Serum measurements in control and Mn exposed workers

Control (n = 101)

Exposed (n = 92)

p Value
Mean SD Range Mean SD Range (ttest)
Calcium (mg/dl) 9-73 0-44 8:71-10-87 9-66 0-47 8:20-10-57 NS
Iron (ug/dl) 123 (115)t 45 52-299 109 (105)t 32 59-223 0-021 (0-052)
LH (10~° IU/ml)* 6:04 (5-50)t 256 1-48-13-95 6-44 (5-99)t 271 2:43-20-38 NS
FSH (107’ IU/ml)* 476 (4-10)t 3-67 1-35-28-77 459 (4-30)1 1-77 2:10-10-17 NS
Prolactin (10° IU/ml)* 116-1 (101-7)t  63:4 21-7-378:7 125-4 (1047)f 999 29-0-742-2 NS

*Pituitary hormones are expressed in international units: LH in WHO 1st IRP68-40 units, FSH in WHO 2nd IRP78-549 units, and

prolactin in WHO 1st IRP75-504 units.
tGeometric mean.
NS = Not statistically significant.

visual reaction time was considered abnormal when
the subject’s simple reaction time measurements
were increased for each 2 minute examination period
(cut off values, see table 3). These three parameters
were not age related.

The relations between the prevalences of abnormal
values and the intensity of Mn exposure were first
examined on a group basis. The control workers were
considered as a separate group and the Mn exposed
workers were classified into three subgroups accord-
ing to MnB (<0-7, 0:7-1-0, >1-0 ug Mn/100 ml
blood), MnU (< 0-5,0-5-1-2, > 1-2 ug Mn/g creatin-
ine in urine), lifetime integrated exposure to respir-
able Mn dust (< 600, 600-1200, > 1200 ug Mn/m’ x
year), and lifetime integrated exposure to total Mn
dust ( <2500, 2500-6000, > 6000 ug Mn/m’ x year).
The number of subjects in each subgroup comprises
about one third of the Mn group. The prevalences of
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Figure 3 Dose-response relation between lifetime integrated

exposure to total (LITD) or respirable (LIRD) Mn dust
and the prevalences of abnormal outcome for three
psychomotor performances. Prevalences significantly different
from the control group are indicated with an asterisk.

abnormal performance for simple reaction time, eye-
hand coordination, or hand steadiness were not
found to be related to the concentrations of Mn in
blood or urine. The prevalences of abnormal test
results for the three psychomotor performances,
however, increased with increasing concentrations of
integrated respirable or total dust (fig 3; 2 x 4 %,
p < 0-05). The results do not permit us to suggest an
external exposure concentration without adverse
effect.

A logistic regression model was used to assess the
probability of developing an abnormal psychomotor
performance as a function of lifetime integrated
exposure to respirable (LIRD) or total (LITD) Mn
dust (log values). Table 8 shows results of this
analysis after transformation of the coefficient f, into
an OR and its 95% CI. A statistically significant
logistic regression was found for hand steadiness
(3:5mm hole) as a function of log LITD
(p = 0-029), whereas that as a function of log LIRD
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Figure 4 Probability of abnormal hand steadiness as a
function of lifetime integrated exposure to respirable (LIRD)
or total (LITD) airborne Mn dust. The equations of the
logistic regression models are:

n —2_ — 1-8615 x log LIRD (pg Mn|m’ x year)
T—p 275197, (p = 0-054); and

In —2__ — 1-8856 x log LITD (ug Mn|m’ x year)
I'—p _g88728,(p=0029).
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Table 8 Odds ratio for abnormal outcome of three psychomotor performances in the Mn group (n = 92) calculated from a
logistic regression model with either log LIRD or log LITD as independent regression variable

Simple reaction time (4 x 2 min period)  Eye-hand coordi; (% precision) Hand steadiness (3-5 mm hole)
Mn exposure ORYt (95% CI )1 OR (95% CI) OR (95% CI)
log LIRD§ 5-96 (0-55-64-7) 34 (0-44-4-03) 6-43* (0-97—42-7)
log LITD§ 4-22 (0-58-30-9) 1-63 (0-59—4-47) 6-59** (1-20-36-1)

*p = 0-054; **p = 0-029 (logistic regression).
+OR, Odds ratio.
195% CI, 95% confidence interval of odds ratio.

§LIRD and LITD, lifetime integrated exposure to respirable and total Mn dust respectively (ug Mn/m® x year).

nearly reached the level of statistical significance
(p = 0-054). Figure 4 illustrates these relations. The
upper limit of the 95% CI for LITD or LIRD
corresponding to a 5% probability of abnormal hand
steadiness amounts to 3575 ug Mn/m® x year for
LITD and to 730 ug Mn/m® x year for LIRD.

Discussion

Our previous cross sectional study? on workers from
a Mn oxide and salt producing plant has suggested
that exposure to airborne dust (total dust) below the
current ACGIH TWA (5 mg/m®) for less than 20
years may still lead to preclinical signs of intoxication
particularly respiratory symptoms, slight changes in
lung ventilatory parameters, and alteration of various
neurofunctional performances (simple reaction time,
hand tremor, short term memory) and moderate
hypercalcaemia.

The present study on workers exposed to MnO, in
a dry alkaline battery factory supports this con-
clusion. Their average lifetime integrated exposure
to Mn (total dust) was 50% less than that of the
workers examined during our previous study
(35 mg/m® x year v 6:7mg/m® x year). Their
lifetime integrated exposure to respirable Mn dust
ranged from 0-04 to 4-43 mg/m® x year (geometric
mean 0-79 mg/m®> x year). Despite the similar
current mean concentrations of airborne Mn (total
dust) in both plants (geometric mean 0-94 and
0-95 mg Mn/m® in previous and present study res-
pectively), the mean MnU and MnB in the workers
from the dry alkaline battery exposed exclusively to
MnO,, were lower than those measured in the
workers examined previously who were exposed not
only to Mn oxides (MnO, MnO,, Mn,0,) but also to
several manganese salts (MnSO,, MnCO,,
Mn(NO,),, Mn acetate). The different internal dose
of Mn in the workers from the two factories may be
partly due to differences in the bioavailability of Mn
oxide and various Mn salts.

In agreement with their lower internal and lifetime
integrated exposure to manganese, the dry alkaline
battery workers exhibited less adverse effects than
those of the salt and oxide producing plant. For
example, there were no indications of lung impair-
ment, biological disturbance of calcium metabolism
and the hypothalamo pituitary testicular axis, or

increased prevalence of neurovegetative complaints.
Unlike the previous Mn study, no significant short
term memory deficit was detected in the present
study; however, the other neurofunctional perfor-
mances studied (simple reaction time, eye-hand
coordination, and hand steadiness) were still altered
by Mn exposure. This indicates that the central
nervous system represents the critical organ after
long term exposure to Mn.

As in our previous study, the examination of the
dose-response relation does not show any clear cut
association between the neurofunctional distur-
bances and the internal exposure parameters (MnB,
MnU). There is, however, some tendency for the
prevalence of these alterations (visual reaction time,
hand steadiness, eye-hand coordination) to be
associated with the integrated exposure to airborne
Mn (total and respirable dust). Analysis of the data
on a group basis (fig 3) does not permit us to identify a
threshold effect level for airborne Mn. It can,
however, be concluded that a lifetime integrated
exposure to MnO, dust above 6000 ug Mn/m> x year
(total dust) or above 1200 ug Mn/m® x year (respir-
able dust) causes slight neurofunctional changes in a
significant proportion of exposed subjects. Logistic
regression analysis of the data suggests that tremor
(hand steadiness) is the most appropriate parameter
to define a threshold effect level (table 8, fig 4). It
indicates that a lifetime integrated exposure to Mn
dust (as MnQ,) above 3575 ug Mn/m® x year (total
dust) or 730 ug Mn/m® x year (respirable dust) may
lead to an increased risk of tremor. Of course, this
conclusion implies that oral exposure of the workers
to Mn dust is not important or because of the high
capacity of the liver to remove Mn," the amount of
Mn transferred from the gut to the systemic circula-
tion is not greatly influenced by an additional oral
intake from occupational exposure.

This study also underlines the need to implement
an appropriate surveillance programme to detect the
most susceptible subjects as early as possible. The
latter should include the regular application (for
example, every 12 months) of a standardised ques-
tionnaire on lung and central nervous system symp-
toms, the performance of a spirometric test, and the
monitoring of simple reaction time and hand tremor
with well validated methods (for example, orthokin-
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esimeter and hole tremormeter). Despite the fact that
MnU has limited usefulness on an individual basis to
assess exposure, its inclusion in a surveillance
programme may also be considered. Because on a
group basis, MnU seems partly influenced by recent
exposure, its regular determinaton in a group of
workers may detect changes in environmental pollu-
tion and a time trend in the risk of overexposure.
Studies are now needed to assess whether the
preclinical neurological signs of excessive exposure
to Mn are reversible when exposure is decreased or
has ceased and whether moderate exposure to Mn
may also favour the occurrence of degenerative
changes in the central nervous system in advanced
age. Such information is relevant to better define the
acceptable exposure level to Mn.
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