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Differences in frequency of finger tremor in
otherwise asymptomatic mercury workers
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Abstract
Tremor was measured from the index finger
during low force, position holding in 18 control
subjects and 18 battery workers with low level
exposure to mercury. All workers were asymp-
tomatic on clinical neurological examination.
No differences were found in average tremor
amplitudes between the groups, but statis-
tically significant abnormalities in tremor
frequency distribution existed. Tremor power
spectra in the group of mercury workers were
shifted toward the higher frequencies and
compressed into narrow frequency peaks.
These results suggest that measurements of
finger tremor that evaluate the frequency dis-
tribution can produce a higher diagnostic yield
than traditional visual clinical judgement. The
findings also confirm other reports that
currently permitted exposures to mercury are
associated with subtle but distinctive differ-
ences in tremor accompanying voluntary
movement.

Evidence has accumulated that subtle neurological
changes can accompany low level exposures to
occupational mercury near or below permitted limits
(U.S. Occupational Safety and Health Administra-
tion inorganic mercury standard, eight hour time
weighted average = 0-1 mg/m' air). Studies of
asymptomatic mercury workers with normal clinical
neurological examinations have detected deficits in
memory and vigilance," emotional function,9' tac-
tile sensation at extremities,89 and in psychomotor
co-ordination.' 277101 Also, some studies of asymp-
tomatic workers have reported on physiological
tremor, an objective, involuntary end point of motor
control.""'6 Some of these studies examined the
frequency spectrum of limb micromovements and
identified distinctive changes in upper extremity
tremor including peaks and upward shifting in the
power distribution.'0 " Frequency analysis of finger
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force tremor is gaining scientific attention as a
promising indicator of overall motor unit activity
that can provide insight into the two neural mechan-
isms that control production of muscle force-
namely, recruitment and modulation of firing rate.
This information is useful for pathophysiological and
diagnostic purposes, and is not available with current
electromyographic or microneurographic tech-
niques. 7
We used a measurement system specifically desig-

ned to be sensitive to subtle amplitude and frequency
features by being sufficiently lightweight and pliable
to accurately track fine vertical movement oscilla-
tions. Subjects were positioned so that tremor was
measured from the isolated index finger of the
supported hand, a low mass limb segment less likely
to damp oscillations, and with less intersubject
anthropometric variability in size, weight, and elas-
ticity than the extended hand, forearm, or entire
upper extremity.8 19 The natural resonant frequency
of the index finger has been determined to be around
25 Hz, well outside the range of the neuromuscular
frequencies of interest in tremor measurement (4-16
Hz).20
We evaluated finger tremor associated with pre-

cision movement in a group of 18 asymptomatic
mercury workers and age matched controls. All the
mercury workers received a special medical examina-
tion specifically designed to search for signs and
symptoms of mercury toxicity. Urine samples of
workers were also evaluated for mercury content.
The purpose of the investigation was to compare the
sensitivity and specificity of tremor measurement to
conventional clinical examination procedures. We
were also interested in determining whether certain
features of tremor frequency were shared by the
mercury workers and how they were related to
indicators of exposure.

Methods
SUBJECTS
The 18 study subjects were employed by one firm
and worked in one of three plants producing cylin-
drical, alkaline magnesium batteries and button type
mercury battery cells. Their mean age was 33-3 (SD
12-6, range 20-57 years). Fourteen were men and
four were women. The mean duration of exposure
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was 5 3 years (SD 7-5, range 03-32). Half the group
had worked for two years or less. Three subjects were
newly hired and had been exposed for less than six
months. All the employees were exposed to elemental
mercury and inorganic mercury compounds that
were amalgamated with zinc and used to prevent
corrosion in both types of battery products. All
clinical examinations and tremor assessments took
place during weeks in which workers experienced
actual, ongoing exposures. The exposed group was
drawn from a number of different job classifications
and all spent time on the production line.
The control group comprised 18 healthy, un-

exposed subjects selected by age from a larger group
of 27 normal people who underwent tremor assess-
ment. Their mean age was 36-6 (SD 1 1-4, range 19-
51 years). Six were men and 12 were women. The
mean educational level of the controls (13-2 years)
was somewhat higher than that of the mercury
workers (12 6). There is no evidence to suggest that
physiological finger tremor is influenced by sex or
educational attainment. The study protocol was
approved by the university human subjects commit-
tee, and subjects gave informed consent.

SCREENING QUESTIONNAIRE
Exposed and control subjects were carefully screened
with a specially designed questionnaire and a guided
health history interview that searched for signs of
mercury toxicity. Each person was questioned about
age, alcohol and drug use, health history and current
health state, work history, and current job character-
istics, as well as previous conditions or agents with
neuropathic potential. Grounds for exclusion in-
cluded previous or current injuries or illnesses with

neuropathic potential, and exposures to neurotoxic
drugs or chemicals.

PHYSICAL AND NEUROLOGICAL EXAMINATIONS
The mercury workers were evaluated by a board
certified occupational medicine physician who
carried out a specially designed examination that
searched for the range ofsymptoms (gum tenderness,
metallic taste, increased salivation, teeth loosening,
personality change, tremors, difficulty with writing,
increased perspiration, appetite loss) and signs (gin-
givitis, gum discoloration, eyelid tremor) associated
with mercury toxicity. Standard neurological tests of
postural steadiness, gait, and finger tremor on volun-
tary movement were also included, as well as visual
assessment of extended index finger tremor at rest
with the hand supported. At least one measure of
mercury concentration in urine was obtained for each
worker from a 24 hour sample obtained the day
before administration of the questionnaire, clinical
examination, and tremor assessment session. Con-
centrations of mercury in urine were not assessed in
the control group.

MOVEMENT TESTING
Tremor testing was carried out in a controlled
humidity and temperature setting. It took place with
subjects seated comfortably in a chair with their
dominant arm resting on a table surface located
slightly below elbow height. Subjects assumed a
closed fist, pronated arm pose with the index finger
extended. The subject's arm, wrist, and hand were
firmly supported so that movement about the meta-
carpophalangeal joint of the index finger was isolated
(fig 1). This protocol for measurement of finger

Figure 1 Tremor transducer instrument in use.
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tremor is consistent with that used in other inves-
tigations."" Subjects depressed a spring bronze
transducer arm with the index finger of their domi-
nant hand. Voluntary regulation of the stationary
downward force exerted by the subject on the flex
strip (5 g) was assisted by an analogue, position
feedback display located next to the transducer.
Subjects were instructed to maintain a steady force
for 60 s by keeping the display's pointer positioned
within a designated range. To hold a steady position,
subjects needed to correct for normal drift up or
down. The position holding corrective adjustments
were typically slow ( < 4 Hz) small finger extension
or flexion movements in the vertical plane (5-20
mm). The signals were fed into a minicomputer for
power and frequency analysis. Spectral analysis
software was utilised for the frequency analysis
(Laboratory Subroutines Package, Digital Equip-
ment Corporation). High sampling rates (256 Hz)
and presample, low pass filtering (30 Hz and 24 dB
per octave) were used to control for frequency
aliasing. A high pass filter (3 Hz and 12 dB per
octave) was used to remove artifacts due to voluntary
movements at lower frequencies.21 22
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STATISTICS
Group mean scores on four tremor parameters
(amplitude, total power, half power frequency, and
highest band power) were compared using the non-
parametric Mann-Whitney test and considering the
small group sizes and potential for non-normal and
unequal variance distributions (see table for a defini-
tion of the tremor parameters). Multivariate dis-
criminant analysis was used to determine which
tremor parameters were most useful in distinguish-
ing the mercury workers from normal subjects. The
discriminant analysis utilised a total of 15 variables
from each group; the four tremor parameters used in
the Mann-Whitney test and 11 tremor per cent
power values (at 1 Hz bandwidths from 4 5-
15 5 Hz).

Results
All workers in the study group were judged asymp-
tomatic after the interviews and clinical examina-
tions. Mean concentration ofmercury in urine for the
battery worker group was 23 1 (SD 28 3) ig/l and
ranged from a high value of 121 ig/l in one employee
to normal concentrations for eight battery workers,
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Figure 2 Side by side comparisons for initial session measurements of dominant handfinger tremor in two mercury workers
and two age matched, unexposed normal controls. A, initial session measurements of normal amplitude dominant hand index
finger tremor during position holdingfrom an unexposed control (age 22) and a battery manufacturing worker (age 22)
without clinical evidence of mercury intoxication and with a concentration of mercury in urine of 28 /ig/l. Above, redrawn 12 s
portion of each force record. Below, linear scaled histogram of the per cent of total power in each of the 1 I frequency
bandwidths from 4 5 to 15 5 Hz. Error bars on controls indicate the range over six sequential weekday sessions. B, initial
session measurements in an unexposed control (age 36), and in a battery manufacturiag worker (age 38) with increased tremor
amplitude but without clinical evidence of mercury intoxication and with a concentration of mercury in urine of 51 pg/l.
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of less than 10 Mg/l, figures comparable with those
routinely found in unexposed controls in other
studies.23
Examination of 13 of the 18 finger tremor fre-

quency distributions in mercury workers showed a

visually detectable peak and general upward shift in
the distribution of spectral power relative to the
records from controls. These abnormalities varied,
however, greatly in magnitude and position on the
frequency scale for each mercury worker. Figure 2
gives a side by side comparison of tremor from two
mercury workers and age matched controls. Panel A
depicts an unexposed control, and a mercury-

exposed worker, who was employed as a cell analysis
technician with a total work career of 21 months. In
the battery worker, amplitude was normal but the
tremor frequency distribution was abnormally shif-
ted into the 10-15 Hz range. Panel B depicts the
results for an unexposed control and exposed battery
worker employed as a quality control engineer with a

total work career of 10 years. This mercury worker
had a higher than normal amplitude during
measurement of finger tremor that was not evident
visually during clinical examination. An upward shift
in the distribution of tremor spectral power was also
evident in the mercury worker, but into the 5-9 Hz
range. Seven other exposed employees had detecta-
ble peaks in the 5-9 Hz range and four others had
peaks in the 10-15 Hz range.

Figure 3 shows distributions ofgroup mean tremor
frequency for the mercury workers and the controls.
The group average percentages of total power were

not significantly different at any of the 11 1 Hz
frequency bands. The table shows Mann-Whitney
test comparisons of group means for derived tremor
parameters. Frequency differences in total power
and highest band power occurred, but no differences
in amplitude were found. A discriminant analysis
generated by the Wilk's lambda method explained
50% of the variance in the selected values for tremor

Normal subjects|
20 Mercury workers
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Figure 3 Histogram of the average per cent of total 4 5 to
15-5 Hz power byfrequency for dominant handfinger tremor
measurements from group of mercury workers (black bars)
and controls (white bars).

Tremor measurements in normal subjects and mercury
workers

Normal subjects Mercury workers
(n= 18) (n= 18)

Variables Mean SD Mean SD

Amplitudet 23 0 6 5 35-6 2-5
Total power+ 68 0 5-0 315 0 37.0*
Half power frequency§ 7 5 0 6 7 8 0 9
Highest band power 1 5 0-6 2 6 2 3**

*p < 0-01; **p < 0-001, usinig Mann-Whitney test statistic
adjusted for four comparisons.
tThe average amplitude of the finger forces over a 60 s recording
period was represented by the variance of the voltage values of the
individual digitised values of the signal. Scale is linear and units
are arbitrary.
+The spectral power values at all frequencies from 4-5 to 15 5 Hz
were summed to obtain total tremor power expressed here in
arbitrary units and linear scale.
§The half power frequency was defined as that frequency value in
Hz that evenly divided the power in the spectrum (500o of the total
spectral power above and 500, below this frequency value).
IThe average power across the 5-15 Hz spectrum for the entire
control group was subtracted from each individual spectrum. The
1 Hz bandwidth that deviated the most from the control group
average was designated the highest bandwidth power deviation and
was specified in standard deviation units from the normal group
average (absolute values).

parameters. The discriminant function ranked the
quantitative tremor parameters in the following
order of importance: highest band power, amplitude,
15 Hz power, and 8 Hz power. This discriminant
analysis correctly classified 14 of the 18 battery
workers (72% correct) and misclassified one control
(94% correct for control group classification and
83% correct overall for both groups).

Examinations of scatterplots and correlation co-
efficients failed to disclose any clear relation between
urine mercury concentrations or exposure types or
durations and the magnitude of tremor parameter
differences within the group of mercury workers.

Discussion
Exposures to mercury were associated with abnormal
features in measurements of tremor compared with
an age matched control group. The mercury exposed
group, however, did not exhibit symptoms or clinical
signs during a focused clinical examination.
Significant differences were present in parameters
derived from group average tremor frequency spec-
tra but not in amplitude. A multivariate discriminant
function analysis was able to successfully classify
720,, of the asymptomatic mercury workers on the
basis of their tremor measurements and misclassified
only one control.

Distributions in tremor energy were compressed
into peaks in 13 of 18 exposed workers and shifted
toward the upper bounds of the spectrum for finger
tremor. Increased power and upward shifting have
been consistently observed in previous measure-
ments of mercury tremor, although the research
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protocols differed between laboratories with regard
to exposures, body segment recorded from, limb
positioning, limb loading and transduction, and
analytical methods.'0 14 16 2425 Such upward shifting
of tremor energy has also been observed in myopath-
ies and certain types of peripheral neuropathy.'627

In some ofthe previous work on low level exposure
to mercury, simple amplitude measures were sig-
nificantly increased above normal." 1324 We did not
observe significant group mean amplitude differ-
ences in these workers manufacturing batteries,
perhaps in part due to the low mercury concentra-
tions in urine relative to other studies, and the lack of
any manifest symptoms in the present group.

Significant differences in tremor frequency were

present in the mercury workers evaluated here des-
pite a smaller group size (n = 18) and a lower average
mercury concentration in urine (23 jg/l) than in
other studies detecting tremor differences.'o 11 25 28
Single 24 hour concentrations of mercury in urine
were within the range considered normal for unex-

posed persons in eight of the 18 clinically asymp-
tomatic workers we studied.

Neither duration of working career nor 24 hour
concentrations of mercury in urine were related to
tremor changes. This may have resulted because we
did not use creatinine standardised analyses to
correct for variability in urine dilution, or because we
collected only single day urine samples, and not
cumulated measures over longer periods. Even when
such refinements have been employed in other
studies, however, urine and blood based indicators of
mercury exposure have often proved inadequate for
establishing dose response gradients.2A2>38

Currently, measurements of concentrations of
mercury in workplace air and in blood and urine of
employees are the principal indicators monitored to
prevent toxicity. Mercury concentrations in blood
and urine do not appear to be related in any simple
way, however, to either traditional workplace air or

indicators of work exposure, or to changes in health.
Instances of low or normal biological mercury con-

centrations co-existing with pronounced intoxication
are well documented, as are high concentrations in
the absence of symptoms.29 Concentrations in blood
or urine have been shown to be insensitive to high
mercury concentrations at small volume sites such as
the brain.230 Mercury half life in the brain may
exceed one year and considerable amounts have been
detected at necropsies as much as 10 years after last
exposure and after overt symptoms had faded before
death.'5 313 Mercury concentrations in body fluid
have commonly failed to relate well to neural out-
come measures including clinical neurological find-
ings,32 33 electrophysiological measures,434 and
neurobehavioural tests.3435 36

Two studies on mercury workers have suggested
that different people encountering similar exposures,

as indicated by the traditional exposure measures of
air concentrations and durations of exposure, may
show great variability in both actual absorption of
mercury and in changes in health.""3 Prospective
studies that pretested potential employees and then
monitored changes over time have shown that young
mercury workers with relatively short, low exposure
work histories can manifest the greatest body fluid
concentrations and changes in health.338 To explain
these findings, researchers have hypothesised that
effects of mercury toxicity may develop earlier than
previously thought, and that differential suscep-
tibility and selection may operate even during initial
months of employment, forcing severely affected,
often younger people, to leave the work.38 One
conclusion from this research is that direct
measurement ofhealth outcomes such as tremor may
provide a better indicator for preventing adverse
exposures to mercury than either clinical examina-
tions or monitoring concentrations of mercury in
urine, blood, or workplace air.

It is not clear whether the tremor differences we
found that were associated with exposures to mer-
cury can persist or are likely to deteriorate with
continued ageing or continued exposure, or both. In
two reports, detectable changes in tremor parameters
induced by mercury at subclinical exposure concen-
trations appeared to be entirely reversible after
reductions in mercury body burdens in the study
groups."'' Other reports on occupational mercury
intoxications have, however, observed more perma-
nent alterations.'5 4 A recent follow up study of
mercury refinery workers performed 10 years after
overt intoxications noted that pronounced finger
tremor remained visually apparent in 31 out of 70
subjects. In the affected refinery workers, tremor
persisted even in employees who had been removed
from exposure for many years and despite the fact
that all other sequelae, including ataxia, incoordina-
tion, dizziness, insomnia, and fatigue, were long
resolved.39 We have in preparation a case report on a
battery worker with severe poisoning (requiring a
stay in hospital of nine months) that also provides
evidence that mercury induced tremor can persist. At
discharge, our patient's mercury body burden
indices were reduced and other neurological abnor-
malities were long resolved, with the exception of
visually noticeable tremor.
The present findings of changes in tremor in an

otherwise healthy mercury exposed occupational
group suggest that measurement of tremor may
provide a more sensitive means of detecting respon-
ses to mercury exposure than current methods that
use clinical examination. Even when finger tremor
appears to be visibly normal to the affected subjects
and to observers, abnormalities of frequency can be
present. With further research to substantiate the
present results and determine the time course of
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changes in carefully monitored exposed groups, we

believe measurement of tremor could become an

extremely useful adjunct to current clinical and
biological monitoring techniques in preventing mer-

cury toxicity.

One of us (SLS) is now at the United States National
Institute for Occupational Safety and Health
(NIOSH), Cincinnati. Views expressed do not
necessarily reflect those ofNIOSH.

Requests for reprints to: Larry J Chapman, Univer-
sity ofWisconsin Neurology Department, 600 High-
land Avenue, Madison WI, USA 53792.
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