








Residual neurobehavioural effects associated with chronic exposure to mercury vapour

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.

23 r

20

C

.E
C

a,

co
.0a)

0

z

15

10

5

45-54 55-64

Age (y)

65+

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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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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