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ABSTRACT: Background: There is debate on the neurological impact of chronic exposure to
Manganese (MN). Methods: MN burden from rural well water was studied cross-sectionally in two
proband cohorts from rural dwellings located in northern Germany. Both cohorts had exposure times
for up to 40 years and were separated on the basis of well water MN content. Group A (41 subjects;
mean age 57.5 years) was exposed to MN water contents of at least 0.300 mg/l (range 0.300 to 2.160),
while group B (74 subjects; mean age 56.9 years) was exposed to concentrations of less than 0.050
mg/l. Both proband groups were homogenous with regard to age, sex, nutritional habits, and drug
intake. Neurological assessments by clinical investigators blinded for proband’s exposure status was
done using structured questionnaires, standardized neurological examination with assessment of possi-
ble Parkinsonian signs by the Columbia University Rating Scale, and instrumental tests of fine motor
coordination. Results: No significant difference in any neurological measure was found between
groups. Results were not confounded by demographic and dietary features. Conclusion: Exposure to
high body burden of MN does not result in detectable neurological impairment. Exposure to MN in
drinking water does not seem to be a risk factor for idiopathic Parkinson’s disease.

RESUME: L’exposition a long terme au manganése dans ’eau de puits n’a pas de répercussion neurologique.
Introduction: Les répercussions neurologiques d’une exposition chronique au manganése (MN) demeurent une
source de controverse. Méthodes: Nous avons effectué une étude transversale de la charge en MN chez deux
cohortes de sujets habitant la campagne dans le nord de I’Allemagne. Chez les individus des deux cohortes, le
temps d’exposition pouvait atteindre 40 ans. Le groupe A (41 sujets; 57.5 ans d’dge moyen) avait €té exposé 2 de
I'eau dont la teneur en MN était d’au moins 0.300 mg/l (intervalle de 0.300 a 2.160), alors que le groupe B (74
sujets; 56.9 ans d’dge moyen) avait été exposé a des concentrations de moins de 0.050 mg/l. Les deux groupes de
sujets étaient homogenes quant a I’age, au sexe, aux habitudes alimentaires et 2 la prise de médicaments. Des inves-
tigateurs cliniques ignorant le niveau d’exposition des sujets ont effectué une évaluation neurologique au moyen
d’un questionnaire structuré, d’un examen neurologique standardisé avec évaluation des signes parkinsoniens au
moyen de ’échelle de I'université Columbia lorsque pertinent, ainsi que des épreuves de motricité fine. Résultats:
Nous n’avons pas observé de différence significative pour quelque mesure que ce soit entre les deux groupes. Les
résultat n’étaient pas influencés par des particularités démographiques ou alimentaires. Conclusions: L’exposition &
une charge corporelle élevée en MN ne provoque pas de déficit neurologique décelable. L’exposition au MN dans
Peau potable ne semble pas étre un facteur de risque de la maladie de Parkinson.
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~ Agents from dri.nking water sources have repeatedly been dystonia, mental disturbances and, eventually, by pyramidal tract
discussed as potentially relevant for the aetiology of neurode- signs.'213 However, there is at present no evidence for an imme-

generative conditions such as amyotrophic lateral sclerosis and diate role of this element in the pathogenesis of PD, as for
Alzheimer’s disease.? In idiopathic Parkinson’s disease (PD),

premorbid rural residence near wells for drinking water supply
has raised speculations on the putative etiological role of water

contents,“ such as metals or pesticides.” From the Depanmem of Neurolpgy (RY., G:K.) and Institute of Mediczfl Statistics and
. . . Documentation (H.-M.T.), Medical University of Liibeck, Liibeck; Institute of
Among the most frequently discussed elements in this Environmental Toxicology (B.H.), Kiel; Public Health Authority of Kreis Herzogtum-
respect is manganese (MN). MN is involved in basal ganglia Lauenburg (P.S., H.-U.M.), Ratzeburg, Federal Republic of Germany.
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example, the post-mortem concentrations of MN in various
brain regions of PD patients and of healthy age-matched con-
trols did not differ. 416

Occupational studies in workers with long term exposure to
MN have raised the suspicion of slight neurological effects from
chronic exposure.!”'® Such workers had a higher rate of subjec-
tive complaints and of psychomotor impairment when tested
instrumentally. The application of such instrumental tests
seemed to be superior to conventional neurological examination
in the detection of subtle neurological impairment.'® Therefore,
we used similar methods to investigate whether longterm expo-
sure to well water with high MN concentration may carry an
analogous risk for neurological impairment; we also explored
whether such exposure may provide a link for the epidemiologi-
cal association between PD and rural well water supply. We also
studied whether MN intake could be a cofactor that might have
some kind of trigger function in the nigrostriatal compromise in
PD."?

METHODS

For decades many dwellings in rural Schleswig-Holstein, the
most northern province of Germany, have had their own wells
for supplying drinking water. By public health legislation, this
well water is monitored for chemicals and bacteria. In 1991, a
surveillance survey took place in a small southern rural area of
the county Herzogtum Lauenburg with mainly agriculture and
forestry but no steel or mining industries. The survey was com-
bined with the cross-sectional investigation of a randomly
selected group of right-handed residents above 40 years of age
who had used their wells as the principal drinking water source
for at least 10 years (range 10-40 yrs). To be eligible, their wells
had to have a complete documentation of monitoring results for
well water MN concentration for the last six years prior to this
investigation. Participants were divided in two groups; those
who continually consumed well water with a MN concentration
of at least 0.300 mg/l (group A). A control group (B) was cho-
sen from the same area, with the same preconditions and time
frame. The water concentration for MN in the wells of these
participants had never exceeded 0.050 mg/l. The individuals of
group A were matched to individuals of group B with respect to
age, sex, nutritional habits, and drug intake. Subjects were
excluded, if they had any history of occupation in the steel
industry, if they adhered to any dietary restrictions or had ever
taken CNS-relevant drugs, if they had diabetes mellitus, a history
of stroke or treatment for any psychiatric condition, if there was
any neuroorthopedic or related impairment of hand-finger
function, or if they had poor vision.

Subjects were interviewed with a detailed, structured ques-
tionnaire for medical and occupational history, for habits and
amounts of tobacco smoking and daily consumption of alcoholic
and non-alcoholic beverages, for dietary habits (esp. fruits, veg-
etables, fish, milk products), and drug use. A modified German
version of a standardized symptom list regarding accepted neu-
rotoxicological complaints of MN, pesticides, and solvents
(analogous the Q-16-questionnaire: 20) was applied (maximum
item score for highest degree of complaints: 20). Each partici-
pant underwent a complete, standardized neurological examina-
tion by the same certified neurologist with special experience in
movement disorders who was blinded to the group status of the
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participants. Signs of parkinsonism were evaluated by the
Columbia University Rating Scale (CURS: 21). Fine motor abil-
ities of both hands were tested in randomized sequence between
participants using a conventional apparatus (“motorische
Leistungsserie”: MLS: 22). This testing procedure was super-
vised by an experienced medical student who was blinded to the
group status of the individual participant. The following trials
were applied: (1) Aiming (duration, measured in seconds); (2)
Steadiness (errors, measured as absolute number, and duration
of errors, measured in seconds); (3) Line pursuit (errors, mea-
sured as absolute number; duration of errors and total duration,
measured in seconds); (4) Tapping (tapping rate, measured as
absolute number). The results of the MLS trials were trans-
formed into age-corrected standard values.?3 Because normative
data from the general population have an upper age limit of 72
years, MLS results of participants beyond this age were not con-
sidered for statistical analysis. Manganese concentrations in hair
and nails of the subjects were not determined. .

Blood was drawn from a forearm vein of each participant.
Sampling equipment and storage vials (Sarstedt Monovette, K-
EDTA) were controlled prior to use for contamination. The suc-
cessful participation in an external quality assurance round had
been certified (German Association for Occupational Medicine).
MN in water and blood was determined by means of electrother-
mal atomic absorption spectrometry with Zeeman background
correction using a Perkin-Elmer AAS S100/HGA.%* To adjust
for possible interactions between MN and iron as well as copper
metabolism,?* hemoglobin, and serum coeruloplasmine, copper,
and iron levels were analyzed by a certified private clinical labo-
ratory using conventional methods. Liver function was assessed
by determinations of bilirubin, alkaline phosphatase, glutamic
pyruvic transaminase, glutamic oxalacetic transaminase, and
gamma glutamyl transferase.

For comparison of differences in any of the clinical and labo-
ratory measures between groups A and B Student’s t-test was
used, or, in the case of skewed distribution, the Mann-Whitney
U-test.

RESULTS

164 subjects were eligible. 49 participants were excluded as
they did not meet the above criteria, or because documentation
of their well water monitoring was incomplete. 41 subjects (21
men, 20 women; mean age 57.5 + 10.3 years, range 41-84) were
attributed to group A. In group B there were 74 subjects (41
men, 33 women; mean age 56.9 + 11.8 years, range 41-86).
Mean ages were not different between the two groups. No
dietary differences (consumption of spirits, mineral water, cof-
fee, tea, tobacco, vegetables, and fruits) emerged between
groups A and B. There were no significant differences in the
mean item scores of the symptom list and of the CURS (Table).
Single subjects were neurologically ill unrelated to the issue of
the present investigation: Meniére’s disease (N = 1); traumatic
lesion of brachial plexus (N = 1), blepharospasm since youth (N
= 1), spasmodic torticollis since youth (N = 1). One subject had
senile tremor, another (of group A) chemically-induced parkin-
sonism by exposure unrelated to rural life. Three subjects had
idiopathic Parkinson’s disease; all were members of group B.
No subject had signs of cerebellar or anterior horn dysfunction.
All neurologically impaired subjects underwent instrumental
testing with the MLS.
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Table: Mean item values (£ SD) of the symptom questionnaire, the rat-
ing by the Columbia University Rating Scale (CURS) for parkinsonism,
and for motor coordination tests (test values for the right hand are
given) in the MLS between rural residents with high (group A) and low
(group B) manganese content in well water. None of the differences are
statistically significant.

Group A Group B

Symptom questionnaire (item number) 3.2 + 3.0 39+ 3.1
CURS (item number) 12+ 1.0 1.7+ 20
Aiming - Duration (sec) 1048 £ 9.1 1029 £10.0
Steadiness - Errors (number) 1039 103 103.1 = 79
Duration of errors (sec) 100.8 £10.6  100.2 = 10.5
Line pursuit - Errors (number) 1064 + 76 1066 £+ 8.0
Duration of errors (sec) 102.3 =+ 8.1 103.1 £ 10.6
Total duration (sec) 1043 £126 1007 £15.5
Tapping - Rate (number) 103.1 + 7.2 1039 = 10.5

Results of MLS testing were obtained for 36 participants in
group A (18 men, 18 women; mean age 56.4 + 8.4 years; range
41-72) and 67 participants in group B (35 men, 32 women;
mean age 55.1 £ 9.9 years; range 41-72). None of the trials of
the MLS was different when the results were standardized to
age-corrected values (Table).

Mean MN concentration in blood was 8.5 = 2.3 pg/l in group
A and 7.7 £ 2.0 pg/l in group B (not significantly different).
Mean hemoglobin, coeruloplasmine, copper, and iron values as
well as liver function tests in blood and serum, respectively,
were within normal ranges in both groups (data not shown).
There were no correlations between actual MN blood concentra-
tions of subjects and any clinical or instrumental parameter in
either group. Separate analyses for possible confounding demo-
graphic and dietary factors within group B did not disclose dif-
ferences in clinical or instrumental parameters between low and
high consumers of spirits, mineral water, coffee, tea, tobacco,
vegetables, or fruits.

DISCUSSION

Ecological cross-sectional studies such as ours have method-
ological limitations. First, we could not control for a “sick sur-
vivor effect”: subjects with disease effects possibly due to well
water consumption could have migrated from the area prior to
our investigation. Formal inquiries during our study and general
experience in this rural region, however, argue against signifi-
cant migration effects in the population under study. Secondly,
we could not thoroughly exclude confounding effects of nutri-
tion. This mostly applies for consumption of drinking water
from sources other than the wells investigated. It has largely to
be considered in subjects with a daily work site outside their
home residence. Commercially distributed mineral waters and
various foods could be neglected as confounding factors accord-
ing to the unrevealing results in our risk factor analyses in group
B between high and low consumers of any nutritional factor.
Finally, we did not correlate external exposure with internal
parameters of MN metabolism. In occupational medicine, blood
MN concentration is thought to reflect body burden rather than
actual exposure.'”'826 The results of blood MN concentrations
in our groups do not exceed reported values from normal (i.e.,
non-occupational) populations.?’
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Our results are in conflict with an earlier study from rural
Greece, where neurological impairment had been attributed to
elevated MN concentrations in pipeline-derived drinking
water;? in that study, neurological signs had been analyzed by a
clinical score, without instrumental testing, and participants
were ten years older on average than our probands. On the basis
of our screening procedure and methodology we, therefore,
think that neurological signs of aging are very likely to have
contributed to the findings of the above authors.

Our data from a middle-aged population with comparable
duration of exposure do not point to clinically or instrumentally
detectable neurological impairment from chronic water con-
sumption with MN concentrations over 0.300 mg/l. In contrast
with data from an occupational study,'® we did not find a higher
rate of subjective complaints following chronic exposure to MN.
Nor did we observe subjects that showed signs of motor impair-
ment suggestive of Parkinsonism. All three cases of
Parkinsonism encountered during this study had been classified
as typical PD and were members of group B, where MN water
content was low. Ecologically, our results argue against a puta-
tive etiological role of MN in PD that may be derived from
chronic exposure to drinking water concentrations above current
standards. MN most likely is not a meaningful link for the epi-
demiologic associations between PD and living near rural wells
or the use of rural well water;?? therefore, other contributing fac-
tors must be sought.

From a neurological viewpoint, chronic exposure to drinking
water with high concentrations of MN is not a public health
concern in unselected middle-aged probands. No reasons
emerge from this study to lower the maximum admissible con-
centration level of MN in drinking water, which by EC recom-
mendations is 0.050 mg/1.%°
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