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Abstract
To find the residual effects of long term
exposure to mercury vapour, neurobe-
havioural tests were given to ex-mercury
miners about 18 years after the end of
mercury exposure. Seventy six male ex-
mercury miners who had been exposed
to high concentrations of mercury
vapour (over 1.0 mg/m3) and with a his-
tory of mercury intoxication were com-
pared with controls matched for age
(within 3 years), sex, and education.
Although the extent of the workers'
symptoms caused by mercury poisoning,
termed erethismus merculialis,
decreased considerably after the end of
exposure, matched paired comparison
showed that performances of motor
coordination, simple reaction time, and
short term memory had deteriorated sig-
nificantly in the exposed group. Multiple
linear regression analysis of exposure
variables with neurological examination
measures showed positive correlations
between poorer neurological perfor-
mance and variables related to mercury
exposure. Thus the duration of exposure
correlated with poorer performance of
hand-eye coordination, tapping, and a
colour card reading test. Job categories
classified by exposure to mercury also
had a significant negative correlation
with these performances. The period of
years after the end of exposure hada sig-
nificant correlation with better perfor-
mance of reaction time and digit span.
On the other hand, the history of intoxi-
cation itself had no significant correla-
tion with any ofthe current
neurobehavioural performances. These
results suggest that there are slight but
persistent effects on neurobehavioural
function, especially on motor coordina-
tion, among mercury miners even more
than 10 years after the end of exposure.

(Occup Environ Med 1994;51:35-41)

Chronic inorganic mercury poisoning in
humans is characterized by the development
of tremor, psychic disturbances, and altered
behaviour, the last two of which are known
together as erethismus mercurialis.'
According to published reports, the neurobe-
havioural effects of mercury vapour are cate-
gorised into four groups: (1) disturbances of
the motor system, such as fine tremor of the

extremities and poor psychomotor perfor-
mance,2" (2) deterioration of intellectual
capacity, such as memory disturbances and
poor verbal intelligence,5-'0 (3) alterations of
the emotional state such as depressive mood,
irritability, and listlessness,' and (4) periph-
eral neurotoxicity, such as polyneuropathy
with prolonged motor and sensory nerve con-
duction.'1-4

There are, however, only a limited number
of reports on neurobehavioural effects after
the end of exposure. Albers et al recently
examined 247 ex-workers who had been
exposed to mercury vapour for 20 to 35 years
previously to identify potential exposure
related neurological abnormalities."5 They
found that subjects with a history of peak uri-
nary mercury concentrations above 0-6 mg/l
showed significantly decreased strength,
decreased coordination, increased tremor,
decreased sensation, and increased preva-
lence of Babinski and snout reflexes when
compared with the subjects with lower expo-
sure. In our study we have surveyed symp-
toms and neurobehavioural performances of
ex-mercury miners about 18 years after the
end of exposure to mercury to find if there
were any adverse residual effects of long term
exposure to mercury vapour.

Methods
STUDY POPULATIONS
The subjects were ex-miners of a mercury
mine in Hokkaido, Japan, which started min-
ing in 1939 and closed in 1970. About 1000
men were engaged in mining at the plant
before 1945, (the end of the second world
war), whereas 517 men and 143 women
worked there in 1947. The number of
employees then gradually decreased to 361
men and 64 women in 1969.
Work processes and working conditions in

the mine have been described previously by
the industrial physician.'6 The atmospheric
mercury concentration was usually over
1-0 mg/m'-for example, 1-9-3 3 mg at the
pit face and 1-5 mg at the over chute. The
mean working time of these workers was 378
minutes each day. Unfortunately the exact
medical records with the monthly results of
urinary mercury analyses have been lost.
Mercury concentrations in urine at the time
of diagnoses were high-for example, 72-4%
of cases (60 of 83 patients) showed urinary
mercury concentrations of 500-2000 ,g/l,
22-8% showed over 2000 jug/l, and 4-8%
showed under 500 pgl.17
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SUBJECTS
In 1987, 18 years after the closure of the
mine, the addresses of 149 ex-miners were
taken from lists of employees and the workers
union, but 15 of them had already died.
Finally, we were able to survey the health of
117 male workers, including ex-miners and
workers in other job categories. After the clo-
sure of this mine, all of the ex-miners contin-
ued in employment. Some of them (seven
miners) were transferred to another mercury
mine and 22 moved to other mines in the
same prefecture (11 to coal mines, nine to a
copper mine, and two to a zinc mine). Those
mines were also closed some years after the
mercury mine was closed.

HISTORY OF MERCURY INTOXICATION
More than 70% of the 76 ex-miners with a
history of mercury poisoning had inpatient
care. Sixty three per cent of them were trans-
ferred from labour inside the pit to outside
jobs. These transfers were recommended to
decrease mercury exposure. The most fre-
quent subjective symptoms were painful
swelling of the gums (73-7%), tremor of the
hands or feet (72-4%), tiredness (69-7%),
insomnia (59.2%), fatigue (59.2%), and irri-
tability (56-6%).18

COMPARABIn1TY OF EXPOSED WORKERS AND
THEIR CONTROLS
The subgroup of 76 ex-mercury miners with
a history of mercury poisoning during their
employment in the mercury mine was com-
pared with matched referents on the bases of
age (within 3 years), sex, and education.
Seventy six controls were selected from 154
residents who visited any of the seven munici-
pal health centres located in the neighbour-
hood of the mercury mine for annual
screening of chronic diseases.

Table 1 shows demographic characteristics
of ex-miners with or without a history of mer-
cury intoxication. Their mean age, education,
duration of employment, time after exposure,
and present mercury concentration in plasma,
red blood cells, and urine were similar. The
main difference between the two groups was
in job categories. More than half of the work-
ers with a history of mercury intoxication
were engaged in mining or refining whereas
only 14-6% of workers without a history of
intoxication were employed in these two job
categories.
A higher percentage of controls than ex-

mercury mine workers were currently work-
ing, mainly because many of the controls over
60 years old were farmers. There were also
some differences in the distribution of the job
or industry categories, although there was no
difference in the ratio of jobs involved in
supervision, clerical work, and engineering.

COLLECTION OF MEDICAL DATA AND TEST
PROCEDURES
Examination of the study group included (1)
questionnaires on occupational and health
histories, lifestyle habits including smoking,
alcohol consumption, and food (such as the
extent of fish consumption), subjective symp-
toms, and (2) neurobehavioural tests, clinical
and neurological examinations, and biochem-
ical tests of blood, liver, and kidney function.
Detailed methods and results of the question-
naire survey were reported previously,'8 and
the results of the neurological examination
were published elsewhere.'920

Subjective symptoms
Questions dealing with chronic symptoms (n
= 79) included sensory disorders, psychiatric
symptoms such as irritability, sleeping diffi-
culties, impaired memory, and concentration

Table 1 Demographic data ofex-miners with and without a history of mercury intoxication

Mercy intxiatn
(n = 76)

Age (mean (SD))
Education (y, mean (SD))
Job category at the mercury mine (No (% of workers)):

Dining
Transport
Maintenance
Clerical

Duration (y) of employment at the mercury mine (No (% of workers)):
1-4
5-9
10-14
15-19
20-24
25-29
> 30
Unknown
Mean (SD)

Time (y) since end of exposure (No (% of workers))
<,4
5-9
10-14
15-19
20-24
25-29
> 30
Mean (SD)

Mercury concentration (present survey, mean (SD)):
Plasma (ngfml)
Erdrocytes (ng/g
Urine (ng/g Cr)

60-6 (7-0)
8-2 (1-5)

42 (54.7)
10 (13-3)
16 (21-3)
8 (10-7)
0 (0-0)

6 (7-9)
15 (19-7)
13 (17-1)
19 (25-0)
11 (14-5)
7 (9-2)
5 (6-5)
0 (0-0)

15-5 (8-7)

2 (2-6)
2 (2-5)
8 (10-5)

46 (60-5)
5 (6-6)

13 (17-1)
0 (0-0)

17-9 (5-1)

2-3 (1-7)
33-0 (26-3)
3-2 (4-1)

Without mercury
intoxication
(n = 41)

60-8 (7-7)
8-7(2-0)

5 (12-2)
1 (2-4)
8 (19-5)

22 (53-7)
5 (12-2)

8 (19-5)
8 (19-5)
7 (17-1)
6 (14-6)
3 (7-3)
7 (17-1)
1 (2-4)
1 (2-4)

13-7 (9-4)

0 (0-0)
1 (2.4)
1 (2-4)

19 (46-3)
4 (9-8)
12 (29-3)
4(9-8)

22-4 (7-2)

2-6 (2-5)
40-6 (34-6)
2-2 (1-4)
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difficulties. Also, general symptoms, includ-
ing those related to the autonomic nervous
system, skin, and digestive system, as- well as
the cardiac respiratory system were included.
We also included symptoms caused by min-
ing work (such as respiratory dysfunction,
lower back pain, hearing loss, and vibration
syndrome) and geriatric symptoms (such as
long sightedness, joint or lower back pain,
and loss of sexual desire) mainly because the
mean age of the ex-mercury miners was over
60. The questions concerning chronic symp-
toms aimed to clarify whether they occurred
in the past year or were present during
employment at the mercury mine (or about
20 years ago for the controls).

Measurements of mercury concentrations in blood
and uine
Mercury concentrations in blood and urine
were measured by the heat decomposition
gold amalgamation method,2' with Nippon
Instruments MA-1S and D-2 at the time of
the neurobehavioural study.

Neurobehavioural evaluation
The objective of the testing programme was
to assess those residual effects of mercury
exposure that were reported in previous stud-
ies. Tests were selected that could show
defects in motor coordination, cognitive, and
psychomotor function, and could be used
under field conditions for the testing of
elderly persons. The neurobehavioural exami-
nation consisted of an interview and a battery
of tests that included (1) sensorimotor perfor-
mance, (2) psychomotor function, (3) hand-
eye coordination, (4) reading fluency, (5)
verbal and non-verbal cognition, and (6)
short term memory.

Each subject was required to complete the
following procedures.

Sensoimotor performance
Grip strength-Grip strength for both hands
was determined with a hand dynamometer.

Equilibrium duration test-Subjects were asked
to stand erect with one leg bent at the knee,
both eyes shut, and arms outstretched. The
test was performed three times and the mean
endurance time was calculated.

Writing test-The writing test for hand tremor
was the modified Bender Gestalt test.22 The
reproduced figures were read blindly by one
of us, unaware of the neurological state of the
subjects. The sensitivity and specificity of this
method were studied by Fukuda et al.22

Psychomotorfunction
Simple reaction time-The subject was
required to grasp a falling steel pole as
quickly as possible after a visual cue from the
pole.23

Tapping-Finger tapping is a motor speed
task performed with a simple counter. The
subject was asked to tap with his index finger

as fast as possible. The whole task consists of
60 second trials with both hands.

Peg board and finger dexterity board-The sub-
jects' task consisted of three different kinds of
finger dexterity tests. The first test (replace-
ment) was to replace as many sets of metal
pegs in small round holes upside down as
possible in 30 seconds. The task was per-
formed with the preferred hand. In the sec-
ond test a finger dexterity board was used and
the subject was instructed to assemble rivets
and washers with both hands and to use them
to fill in as many holes as possible within the
allotted time (90 seconds). In the third test
(disjointing), the subject was asked to place
the rivets on one side of a board and washers
on a pole on the opposite side, separating as
many of the sets as possible within 60 sec-
onds. These are standardized tests used by
the Japan Ministry of Labour for vocational
aptitude.

Hand-eye coordination
The hand-eye coordination tests consisted of
aiming (a motor coordination test published
by the Tokyo University Department of
Rehabilitation, Ueda, 197125) and tracing
(MacQuarrie26) tests, both the aiming and
tracing test are paper and pencil tests that
require a seated subject to aim at a centre
point or trace a spiral pathway with a pencil.
Fifty seconds were allowed for the completion
of each test. The test score (error) was a
function of the distance plotted from a centre
and the number of times the edges of a con-
centric circle were touched with the pencil
used for the aiming.

Readingfluency
Performance on the colour card reading test
(Takei Instrument Co) was assessed in terms
of word reading speed, and reading fluency.27
The colour card had five colour strips (red,
blue, yellow, black, and white), printed on a
grey board and was set in a 10 x 10 matrix;
each colour strip appeared 20 times. The
instructions stressed the need for both speed
and accuracy.

Verbal and non-verbal cognition
Kohs block design test-Kohs block design28 is
a test for visual ability-namely, the ability to
see and reproduce spatial relations. The sub-
ject was given four or nine two coloured
blocks. The test includes 10 items and it
becomes more difficult from item to item.

Hasegawa's dementia screening scale29-This
is composed of 11 questions: (a) five primi-
tive questions about date, name of the place,
age, birthplace, and time, (b) two intelligence
tests about the year of the end of the second
world war and the name of the prime minis-
ter, (c) one series involving calculations, such
as subtract seven from 100, then seven from
93, (d) digit span-that is, to name numbers
in reverse-for example, 6-8-2, 3-5-2-9, (e)
immediate visual memory-namely, to list
five things (coin, toothbrush, watch, comb,
and spoon) and recall them. There are
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scoring norms for normal, borderline, pre-
dementia, and dementia.

Short term memory
Short term memory was assessed by the digit
span test (WAIS)30; the test score was the
total number of digits correctly repeated for-
ward and backward.

STATISTICAL METHODS
The prevalence rates of diseases experienced
by ex-mercury miners and controls were
compared by odds ratios with 95% confi-
dence intervals (95% CIs) according to
McNemar.3'1 p Values were calculated byx2
statistics. Differences in the neuro-

psychological performances of the exposed
workers and the non-exposed matched con-
trols were estimated with one tailed t tests for
unpaired data.

Careful assessment of potential confound-
ing variables is essential for the proper epi-
demiological evaluation of neurobehavioural
effects. It is important, for example, to exam-
ine the nature of the relation between neuro-
behavioural functions and age, alcohol and
drug intake, education, and other variables
that may influence a person's state of perfor-
mance.32 Multiple regression analysis33 was
used to investigate the relation between expo-
sure to mercury and both symptoms and neu-
robehavioural function while controlling for
these potential confounding factors. The
backward elimination technique was used,
whereby all variables were entered into the
equation, then sequentially removed if the
probability of its F value was > 0-05.
The suspected interaction between age and

history of mercury intoxication was also
investigated in the regression models by
including the product of the subject's age and
the presence or absence of a history of mer-

cury intoxication.

Results
MERCURY CONCENTRATIONS IN BIOLOGICAL
SAMPLES
Mean mercury concentrations of examiners
with a history of mercury intoxication were,
in plasma 2-3 nglml, in red blood cells
33 0 ng/g, and in urine 3-2 ng/g creatinine

(table 1). The concentrations were similar to
those of ex-miners without mercury intoxica-
tion and to those of healthy men living in
Japan.34

PREVALENCE OF DISEASES
Table 2 shows diseases experienced among
ex-mercury miners with mercury toxicosis
and their controls. The prevalences of hyper-
tension, lower back pain, and pneumoconio-
sis among ex-miners with a history of
mercury poisoning were significantly higher
than among their controls. There were some
increases in the prevalences of haemorrhoids
and neuritis among ex-mercury miners, but
those were not significant.

SUBJECTIVE SYMPTOMS
Detailed results on symptoms were presented
in our previous report.18 Briefly, the symp-
toms more often experienced during employ-
ment at the mine rather than at present were
tremors of hands, feet, and fingers, painful
swelling of the gums, and central nervous sys-
tem symptoms such as irritability and depres-
sion, which were termed erethism. By
contrast, the symptoms more often experi-
enced at present were geriatric symptoms
such as long sightedness, decline in sexual
desire, pain in the joints, back or hips, and
frequent sputum and coughing. Although the
extent of the symptoms of ex-workers caused
by mercury poisoning decreased considerably
after the end of exposure, comparison
between the exposed workers and the con-
trols showed that the prevalence of neurologi-
cal symptoms (such as hand tremors,
headache, and slurred speech), those associ-
ated with mining work (such as symptoms
related to pneumoconiosis and lower back
pain), and geriatric symptoms were signifi-
cantly higher than in the group of controls.

Table 3 shows a summary of stepwise
backward regression analyses of subjective
symptoms. Some exposure variables, duration
of exposure, job categories classified by the
exposure to mercury based on the data by
Hashiba,16 and the number of hospital admis-
sions for inpatient care had a significant posi-
tive relation with the increase in symptoms of
the nervous system both during employment
and within the past year. Respiratory

Table 2 Prevalence of diseases in the ex-mercury miners with a history of mercury poisoning and their matched referents
(76 pairs)

Ex-miners Referents Odds (95% CI) p Value
Disease (o%0) (o%0) ratio (from x2)

Hypertension 32-9 18-4 2-00 (0 97-414) < 0 005
Lowerbackpain 21-1 6-6 6-50 (1-47-28-80) < 0-001
Diabetes mellitus 14-5 13-2 1-14 (0-41-3-15) NS
Neuritis 13 2 5-3 2-50 (0 78-7 97) < 0-1
Pneumoconiosis 10-5 0.0 - < 0-001
Gastric ulcer 9-2 6-6 1-40 (0-44-441) NS
Haemorrhoids 7 9 2-6 3-00 (0-61-14-86) NS
Liver disease 3-9 7 9 0 50 (0-13-2-00) NS
Coronary heart disease 6-6 6-6 1-00 (0 25-400) NS
Artherosclerosis 6-6 5-3 1-25 (0-34-4 66) NS
Nephritis 3 9 0.0 - NS
Cerebral contusion 3 9 0.0 - NS
Psychosis 2-6 0 0 - NS
Stroke 1-3 0 0 - NS
Gall stones 0 0 2-6 - NS
Cancer 0 0 0 0 - NS
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Table 3 Summary ofstepwise backward linear regression analyses ofsubjective symptoms (117 ex-miners)

Symptoms during employment Symptoms within the pastyear

Nervous Digestive Nervous Respiratory
Variables system Psychiatric Teeth system system Geriatric system

Duration of exposure (y) - (0-02) + (0-04)
Job exposure category + (0-001) + (004) + (0-04) + (0-021)
History of toxicosis + (0-001) + (0 000)
Inpatient care + (0 000) + (0 000)

(frequency)
Job transfer + (0 000)

(frequency)
Alcohol intake - (0-04) - (0-04) - (0 008)

(frequency)
Gastric ulcer + (0-000) + (0 026) + (0 004)
Neuritis + (0-001) + (0-000) + (0-11)
R2 0045 0-21 0-17 0-15 0-25 0-15 0-11

+ or - (p value) = increase or decrease of symptoms (p < 0 05 only); job exposure category, history of toxicosis, gastric ulcer,
and neuritis were scored 0 = no, 1 = yes; age, education, smoking, history of hypertension, and diabetus mellitus were NS.

symptoms also had a positive association with
job categories, mainly because considerable
numbers of ex-pit workers suffered pneumo-
coniosis in this mine (table 2). The ex-miners
who consumed alcohol more often, com-
plained less of nervous system and psychiatric
symptoms than the ex-miners who consumed
alcohol less often.

NEUROBEHAVIOURAL COMPARISON BETWEEN
THE EXPOSED WORKERS AND CONTROLS
Matched paired analysis showed that grip
strength, simple reaction time, performance
of tapping, finger dexterity, hand-eye coordi-

Table 4 Mean performance (SD) on neuropsychological
tests by ex-workers with histories of mercury toxicosis and
matched referents

Performance Ex-workers Referents p Value

Height 162-5 (4-2) 160-4 (5 5) **
Weight 60-5 (6 6) 60-3 (10-0) NS
Grip strength:

Right 37-6 (7-3) 41-8 (6-7) **
Left 37-6 (7-1) 39-8 (6 3) *

Romberg 1-2 (0-5) 11 (0 3) NS
Equilibrium

duration 14-0 (1-3) 12-4 (13-7) NS
Tremor

(Bender Gestalt) 2-5 (1-3) 2-3 (0-7) NS
Simple reaction

time 228-6 (24-7) 216-7 (31-8) **
Tapping:

30 s 147-1 (27 6) 159-0 (31-6) **
60 s 287-9 (50 8) 308-4 (55 6) *

Peg board and
finger dexterity
board:

Replacement 19-2 (4-2) 21-2 (4 5) **
Assemblage 22-4 (5 0) 23-4 (4 4) NS
Disjointing 17-7 (4 2) 19-4 (4-2) **

Hand eye
coordination:

Aiming
Error, right 3 6 (4 3) 3 0 (6-7) NS
Error, left 11-0 (11-0) 5-4 (65) *
Tracing 38-2 (14-8) 48-3 (18-5) *

Colour card Reading:
Time 79-6 (22-1) 72-3 (18-0) *
Error 0-5 (0-9) 0-4 (1-0) NS

Block design 37 0 (15-5) 43 9 (18-2) **
Digit span:

Forward 4-9 (1-1) 5-5 (1-1) ***
Backward 3-5 (0 8) 3 0 (0-9) NS

Dementia scale 28-9 (3 0) 29-7 (2 9) NS

* p < 005 (one tailed); ** p < 001; ***p < 0001.

nation, speed of colour card reading, the
block design test, and the short term memory
(digit span) showed significant deterioration
compared with controls (table 4).

RELATION BETWEEN NEUROBEHAVIOURAL
PERFORMANCE AND HISTORY OF MERCURY
EXPOSURE
Multiple linear regression analysis showed
significant relations between the duration of
exposure and poor performance of hand eye
coordination (aiming), tapping, and colour
card reading. Job categories classified by
exposure to mercury also had significant neg-
ative relations with these performances. The
period of years after the end of exposure was
significantly correlated with better perfor-
mances of reaction time and digit span. On
the other hand, a history of mercury intoxica-
tion itself had no significant relation with any
of the current neurobehavioural perfor-
mances. Current working state (1, working;
0, not working) had significant positive rela-
tions with grip strength, hand-eye coordina-
tion (tracing), reaction time, tapping, and
colour card reading. No significant correla-
tions were found with education or frequency
of alcohol intake. Some variables-namely,
equilibrium duration test, psychomotor per-
formance (pegboard) and Kohs block design
test showed poorer performance with increas-
ing age (table 5).

Also the interaction term of age x history
of mercury intoxication" showed a significant
correlation with deteriorating performance of
hand eye coordination (aiming), pegboard,
and block design test (table 5). Most subjects
showed poorer performance with increasing
age. For several measures, subjects with pre-
vious mercury toxicosis showed more pro-
nounced age related trends toward
deteriorating performance than did control
subjects and ex-mercury miners without a
history of mercury toxicosis. The figure shows
the age x mercury toxicosis interaction for
the performance of aiming. Thus, subjects 65
years of age and older showed the most sig-
nificant differences between those with and
without histories of mercury poisoning and
control subjects.
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Table S Summary ofstepwise backward linear regression analysis ofneurobehavioural tests (117 ex-workers)

Hand-eye coordination Psychomotorfunction

Grip Equilibrium Colour Kohs Digit
strength duration Aiming Aiming Reaction Tapping card block span

Variables (right) test (right) (left) Tracing Pegboard time (30s) reading design (forward)

Age (y) - (0 000) - (0 000) - (0 001)
Working or not working + (0 007) + (0 000) + (0 027) + (0 03) + (0 03)
Duration of exposure (y) - (0-006) - (0 032) - (0-003) - (0-003)
Time since exposure (y) + (0 049) + (0 009)
Job exposure category -(0 010) - (0 010) - (0 003) - (0-003)
Age x history of

intoxication -(0 002) -(0 001) -(0 045)
R2 0010 0-15 0-13 0-16 0-28 0-31 0 11 0-28 0-25 0-20 0-08

+ or - (p value) = increase or decrease in function (p < 0 05 only); working or not working, and job exposure category were scored 0 = no, 1 = yes; history of
intoxication, education, and frequency of alcohol intake were NS.

Discussion
It is a well recognised fact that chronic expo-
sure to mercury can result in complex alter-
ations of a person's physiological state with
the primary effects being in the central ner-

vous system. Tremors and erethism are espe-
cially emphasised." Deficiencies in short term
memory and verbal intelligence tests have
been also detected among chlorine alkali
workers9 and workers at a fluorescent lamp
factory'0 exp.osed to low concentrations of
mercury, whereas patients suffering from

Interaction ofage and
performance ofaimingfor
miners with and without
mercury intoxication and
controls.
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advanced mercury intoxication have had
other neurological problems, such as con-
stricted visual fields and disorders of the audi-
tory nerve."

It is not so easy, however, to determine if
there were any residual effects of long term
exposure to mercury vapour from the present
results, because exposure related neurological
dysfunction caused by mercury vapour is
often reversible,36 and only rarely is the toxic
exposure so massive or the neuronal target so
vulnerable that irreversible neuronal changes
ensue. The- ex-miners in this study had been
working under conditions in which the mer-

cury concentrations of the atmosphere were
almost 100 times higher than the current
threshold limit value (0 05 mg/M3) in Japan.
Many of the ex-miners mentioned that they
suffered from mercury poisoning so often that
they could not remember exactly how many
times they required inpatient care. Takahata
et al37 studied two necropsy cases who had
worked for about 10 years in the same mer-

cury mine and had also worked as pit workers
in other mines, including coal, gold, sulphur,
and asbestos. Both cases showed residual
effects of mercury exposure-namely, rough
tremors and ataxia even 10 years after the end
of exposure to mercury vapour. The mercury
concentrations in the brains of the two cases
were high, especially in the occipital cortex
(33 56 and 14-80 ppm), parietal cortex (6&21
and 13-80 ppm) and the substantia nigra
(23-05 and 18&00 ppm), although histopatho-
logically no specific changes were found ex-
cept electron dense granules in the cytoplasm
of nerve cells, particularly Purkinje cells.
From an epidemiological viewpoint, it was

difficult to find proper controls for our ex-
workers, because of their age and the fact that
they had compulsory transfers to several jobs
after the closure of the mine. Although we

tried to find matched controls with the same
educational attainment, age, sex, and resi-
dency, the occupational histories of the con-
trols were not exactly in the same category as
those of ex-miners. Thus we applied multiple
linear regression models for all ex-mercury
mine workers to clarify the effects of these
confounding factors. Based on this analysis
there are slight but persistent effects on neu-
robehavioural function, especially on motor
coordination among mercury miners even
more than 15 years after the end of exposure.
Multiple regression analysis indicates that the

- Mercury intoxication (n = 76)

0 -o Without mercury
intoxication (n = 41)

o o Controls (n = 76)

u
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Residual neurobehavioural effects associated with chronic exposure to mercury vapour

effects of chronic mercury toxicity found after
the end of exposure correlates with the dura-
tion of exposure, period after the end of expo-
sure, and job categories. There was also an
interaction between age and the history of
intoxication.
Our results agree well with the study by

Albers et al. 5 They found that ex-workers
with high mercury exposure during their
employment still showed significantly
decreased strength, decreased coordination,
increased tremors, decreased sensation, and
increased prevalence of Babinski and snout
reflexes when compared with control sub-
jects, even 20 to 25 years after the end of
exposure. Further follow up studies on the
neurobehavioural function of ex-mercury
workers are needed to confirm how long the
residual effects of chronic mercury exposure
after the end of exposure last. Longitudinal
follow up studies on the interaction of aging
and mercury toxicosis seem to be especially
important, as natural neuronal attrition may
enhance the subclinical performance decre-
ments related to previous mercury exposure.

There were some significant relations
among symptoms and exposure and other
related variables according to the multivariate
analysis. Alcohol intake decreased both ner-
vous system and psychiatric symptoms during
employment and within the past year. Two
reasons may cause such a significant correla-
tion. Firstly, alcohol intake influences the
retention and exhalation of Hg.3539 Secondly,
alcohol may decrease the rate of oxidation of
mercury vapour.40
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