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Relation between exposure related indices and
neurological and neurophysiological effects in
workers previously exposed to mercury vapour

Dag G Ellingsen, Tore M0rland, Arne Andersen, Helge Kjuus

Abstract
A cross sectional study of aspects of their
neurology was carried out on 77 chloralkali
workers previously exposed to mercury (Hg)
vapour and compared with 53 age matched
referents. The chloralkali workers had been
exposed for an average of 7 9 years at a con-
centration of 59 gg HgIm3 in the working
atmosphere. The individual mean urinary
concentration of Hg for each year of exposure
was 531 nmol HgIl. On average the exposure
had ceased 12-3 years before the examina-
tions. Both the median sensory nerve conduc-
tion velocity and the amplitude of the sural
nerve were associated with measures of
cumulative exposure to Hg. An association
was also found between years since first expo-
sure to Hg and aspects of the visual evoked
response. Previously exposed subjects with
postural tremor or impaired coordination also
had alterations in visual evoked response.
These results may indicate an effect of previ-
ous exposure to mercury vapour on the ner-
vous system, possibly in the visual pathway,
cerebellum, and the peripheral sensory
nerves.

(British Journal ofIndustrial Medicine 1993;50:736-744)

Inhaled mercury (Hg) vapour is absorbed through
the alveolar membrane into the blood where it is
oxidised to divalent Hg. Elementary Hg in the
blood can pass the blood brain barrier by diffusion.
Inorganic Hg is mainly excreted into urine and fae-
ces.'
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Ongoing exposure to Hg vapour has been associ-
ated with a wide range of symptoms from the ner-
vous system and numerous investigations have
been performed to study neurological signs and
neurophysiological abnormalities.2-'6 Few studies
have focused on long term neurological abnormali-
ties after ceasing exposure to Hg vapour. One study
showed an increased prevalence of neurological
abnormalities such as impaired coordination,
tremor, and decreased sensation among subjects
for whom exposure had ceased more than 20 years
before examination.'7 The prevalence of finger
tremor and disturbance of fine movements diag-
nosed in Hg miners at the time of Hg intoxication
was reduced at the follow up, which was from two
months to 17 years later.'8
A post mortem study of two former Hg miners

more than 10 years after stopping exposure showed
the highest Hg concentrations in the occipital lobe
and substantia nigra.'9 A thermometer filler
exposed to Hg vapour for 18 months had a raised
Hg content in his brain 16 years after exposure had
ceased.20 In a study by Kosta et al,2' brain Hg con-
centrations among retired Hg miners were shown
to be roughly 100-fold higher than in unexposed
referents.

Evaporation of liquid Hg used as a cathode in
the electrolysis of brine in the production of chlo-
rine and caustic soda may result in a health hazard
to the workers in the chloralkali industry.

During 1989, 77 workers previously exposed to
Hg vapour at a chloralkali plant which started pro-
duction in 1947 and was closed in 1987 were stud-
ied by neurological examination, neurography, and
evoked responses. The main results from that study
were an increased prevalence of postural tremor,
impaired coordination, and reduced distal sensa-
tion among the exposed subjects. Prolongation of
N75 in the visual evoked response and reduced
median sensory and motor nerve conduction veloc-
ities were found among the subjects with the high-
est exposure.22
The purpose of the present investigation was to

further study the relation between different indices
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Relation between exposure to mercury and neurological effects

of Hg exposure and neurological and neurophysio-
logical results among subjects with past exposure to
Hg vapour.

Materials and methods
STUDY DESIGN
The inclusion criteria for the study were that the
workers should be men under 65 years of age
exposed to Hg vapour for more than one year
between 1947 and 1987. Individual measurements
of urinary Hg from at least four different three
monthly periods during their time of exposure were
also required. These criteria were met by 130 sub-
jects who were identified from the company's med-
ical records, personnel lists, and lists of urinary Hg
measurements from the biological surveillance,
which commenced in 1948.

Seven subjects were deceased and five had
moved to distant parts of the country and were thus
not considered for participation. One subject had
died from epilepsy. Exclusion criteria included
alcohol abuse, major head injuries, metabolic disor-
ders, and neurological, psychiatric, or other dis-
eases causing severe disability. Two subjects were
excluded because of neurological diseases, one due
to episodes of cerebral ischaemia and one due to
encephalopathy and epilepsy diagnosed one year
after the start of exposure to Hg. He had also been
heavily exposed to organic solvents. Six subjects
were excluded due to alcohol abuse. Daily exposure
to organic solvents for more than five years led to
exclusion of nine subjects. Altogether, 24 exposed
subjects were excluded from participation.
The reference group comprised men employed

by the same company who worked in the same
industrial complex as the exposed workers. They
were randomly selected from employees in a nitrate
fertiliser plant and frequency matched for age.
They had experienced no known work related
exposure to Hg compounds. The same criteria for
exclusion were used for the referents as for the
exposed subjects.
The response rate was 82-5% (n = 77) among

the previously exposed workers and 86-3% (n =
53) among the referents. The examinations were
performed during 1989.
The mean age among the exposed subjects and

referents was 44-8 (range 24 2-64 8) and 45-8
(range 24 3-63 7) years respectively. The exposed
subjects had an average of 9-6 years of education v
9-5 years among the referents. The prevalence of
current smoking was 57% and 68% respectively.
The self reported mean alcohol consumption (con-
verted to units of pure alcohol) was 0 3 (range
0-2 0) 1/month and 0-2 (range 0-09) 1/month
among the exposed subjects and referents respec-
tively. Among the exposed subjects, 58% had main-

ly been employed as maintenance workers and 42%
as production workers.
The groups under study were further charac-

terised by current mean concentrations of Hg in
whole blood (B-Hg) and urine (U-Hg) of 26-4
(median 25-0, range 12-0-61-0) nmol/l and 1 8
(median 1-5, range 0-3-6-1) nmol/mmol creatinine
among the exposed subjects respectively, compared
with 28-3 (median 26-0, range 15-0-64-0) nmol/l
and 1-3 (median 1-2, range 0 3-3 8) nmol/mmol
creatinine among the referents. For comparison,
the U-Hg not corrected for creatinine was on aver-
age 24-3 nmol/l among the previously exposed
workers and 15-2 nmol/l among the referents.

INDIVIDUAL EXPOSURE ASSESSMENT
Until the early 1970s, mercury was usually
measured in two to four urine specimens each year
for workers with the presumed highest exposure.
Subsequently the frequency was reduced to two or
three measurements each year. The compiled lists
of these results were complete from 1952 to 1987.
Measurements covering the period from 1948 to
1952 were found in the individual medical records
at the plant's health department.

Results from more than 2300 urinary Hg mea-
surements were identified among the 77 exposed
subjects. Based on these data, a cumulative "dose"
of urinary Hg (cumulative U-Hg) was calculated
for each worker. When no quarterly measurements
were available, the mean of the two known mea-
surements before and after the missing value was
used. The urinary Hg concentration for each year
was calculated as the mean of the four quarters.
These concentrations were added for each year
employed, giving a value for cumulative U-Hg.

Until 1975, different modifications of the dithi-
zone method were used to determine the urinary
Hg concentrations. Cold vapour atomic absorption
spectrophotometry was introduced in 1975.
Urinary creatinine concentrations were determined
since 1979 to correct for urinary dilution. As the
exposure among the participants had occurred
mainly before 1979, the cumulative U-Hg is
expressed in uncorrected terms.
The working atmosphere has been monitored

since late 1953 by Hg vapour detectors, thereby
determining the concentration of Hg in air (A-Hg)
directly. The measurements were performed rou-
tinely at different sites in the cell room and the
basement underneath the cell room. Quarterly
mean A-Hgs were calculated by plant personnel
and these figures were available to us. Based on
these quarterly mean A-Hgs, a cumulative dose of
Hg in air (cumulative A-Hg) was calculated as the
sum of A-Hg for each employment year. The mean
A-Hg calculated for 1954 was used as a substitute
for the concentrations from 1947 to 1953.
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Table 1 Exposure related characteristics among 77 subjects
previously exposed to Hg vapour

Mean Median Range

Current U-Hg (nmol/mmol 1-8 1-5 0-3-6-1
creatinine)

Current B-Hg (nmol/l) 26-4 25-0 12-0-61-0
Years since first exposure 20-9 21-0 4-0-41-0
Years since last exposure 12-3 9 0 1 0-35 0
Duration of exposure (y) 7 9 5-8 1-1-36-2
Cumulative U-Hg (nmol/1) 3225 2287 167-17229
Cumulative U-Hg/year 531 402 41 -2921

(nmol/l)
Cumulative A-Hg (g/rM3) 399 269 34-2260
Cumulative A-Hg/year (pg/M3) 59 49 10 -162

Table 1 presents some exposure related indices
among the exposed workers. They had been free
from Hg vapour exposure for an average of 12-3
years (median 9 0). The individual mean U-Hg for
each year employed was 531 nmol Hg/l (median
402), and the individual mean A-Hg for each year
employed was 59 pg Hg/m3 (median 49). The mean

duration of exposure was 7 9 years (median 5 8).
Eighty six per cent of the workers had exceeded a

urinary peak level of 500 nmol/l at least once dur-
ing their time of exposure, whereas a value above
3000 nmol/l has been recorded for 16% of the sub-
jects during their time of biological surveillance.
The exposed non-responders had been exposed

to Hg vapour for an average of 8- 1 (range 1 3-34-6)
years and their cumulative U-Hg was 3022 (range
308-11 547) nmol Hg/l v 3225 nmol Hg/l in the
group under study.

EXAMINATIONS
All subjects underwent a clinical interview with
emphasis on work history, exposure to known
occupational neurotoxicants, lifestyle habits, and
medical history. A brief clinical examination was

subsequently conducted. Specimens of urine were

sampled to determine the current U-Hg. A blood
sample was obtained for determination of the cur-

rent B-Hg. Details of sampling and determination
ofU-Hg and B-Hg have been reported elsewhere.23
The neurological and neurophysiological exami-

nations were accomplished by two trained neurolo-
gists. The examiners had neither knowledge of
exposure state, nor amount of previous exposure.
The neurography included a sensory study of the
sural and median nerves and a motor study of the
peroneal and median nerves. The evoked response
examinations included pattern reversal visual
evoked response, brainstem auditory evoked
response, and somatosensory evoked response. A
neurological state was established. Details describ-
ing the neurological and neurophysiological exami-
nations will be reported elsewhere.22

STATISTICS
The distribution of many continuous variables was
skewed. Hence, a non-parametric test (Mann-
Whitney) was used for the comparison of inter-
group differences.

Least square regression analysis was used to
study the relation between exposure related vari-
ables and the neurophysiological measurements.
The amplitudes of the measurements were log
transformed to achieve homoscedasticity, which
also normalised most of the distributions. The
cumulative dose estimates were also log trans-
formed as few exposed subjects had high cumula-
tive doses, thus reducing the influence of these
observations. To describe the relation between a

dependent continuous variable and several inde-
pendent variables, multiple stepwise (forward) lin-

ear regression analysis was performed (F to enter =
4-0, tolerance level 0.01).24

Logistic regression analysis was used to study the
relation between exposure related variables and

Table 2 Exposure related indices among 10 subjects previously exposed to Hg vapour with reduced distal sensation (A) and 15 exposed worker:
with postural tremorlimpaired coordination (B) compared with exposed subjects without such signs

Distal sensation Postural tremorlimpaired coordination

Reduced (n=10) Not reduced (n=67) Present (n=15) Not present (n=62)

Mean Median (Range) Mean Median (Range) p Value Mean Median (Range) Mean Median (Range) p Valu

Age (y) 48-3 49 4 (36-3-63 0) 44-3 44-1 (24 2-64 8) 0-29 50 5 55-3 (244-64 6) 43-5 41-0 (24 2-64-8) 0 04
U-Hg (nmol 2-0 1-7 (0-5-6-1) 1-8 1-4 (0-3-5 2) 0-98 1-3 1 1 (0-4-2-7) 2-0 1-6 (0-3-6-1) 0-10

/mmol)
B-Hg (nmol/l) 26-6 24-5 (20-0-38 0) 26-3 25-0 (120-61-0) 0-78 26-3 23-0 (18-0-61-0) 26-4 26-0 (12-0-44-0) 0 50
Years exposed 13-9 11-5 (20-362) 70 5-7 (1 1-255) 003 8-8 6-2 (1-3-36-2) 7-8 5-7 (1 1-255) 075
Years since
first exposure 22-7 22-0 (11-0-37-0) 20-7 21-0 (4-0-41-0) 0-48 25-6 28-0 (70-37 0) 19-8 20-0 (4-0-41-0) 0 04
last exposure 8-4 3-5 (1-0-23-0) 12-9 11 0 (1-0-35-0) 0-29 16-7 23-0 (10-33-0) 11-3 7 0 (1-0-35-0) 0-08

Cumulative
U-Hg(nmol/l) 5621 3186 (918-17229) 2868 2185 (167-14309) 0-06 3932 2209 (517-17229) 3054 2375 (167-14309)0-82
A-Hg(ug/m') 692 484 (197-2260) 355 268 (34-1555) 0 04 450 268 (67-2260) 386 298 (34-1555) 0-90
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Relation between exposure to mercury and neurological effects

dichotomous outcome variables. Due to small
numbers, the maximum number of covariates
included in any model was two. Both models with
the continuous covariates included linearity and as
sets of design variables representing different cate-
gories of covariable values were fitted. The model
evaluations were based on likelihood ratio tests.
The level of significance was chosen at 5%, and

all p values reported are two tailed. The statistical
calculations were performed using the statistical
data package BMDP PC90 on a personal comput-
er.

Results
Group comparisons between the exposed subjects
and referents are reported separately.22 Among the
77 exposed subjects, 15 had impaired coordination
and/or postural tremor, whereas 10 had slightly
reduced distal sensation. Only one subject had both
postural tremor/impaired coordination and reduced
distal sensation, and one subject had impaired
coordination without postural tremor. Table 2
shows some exposure related indices among the
exposed subjects with neurological abnormalities
compared with exposed subjects without such
signs. Cumulative A-Hg was higher and the dura-
tion of exposure longer among the exposed subjects
with reduced distal sensation compared with sub-
jects without this sign. The subjects with tremor or

impaired coordination were older and were exposed
for the first time earlier than subjects without these
findings. Current B-Hg and U-Hg did not differ
between the groups.
The neurophysiological results among exposed

subjects with neurological abnormalities were com-

pared with the results for the referents, and table 3
presents the results from the evoked response
examinations for the exposed subjects with postural
tremor/impaired coordination. They had bilateral
prolongation of P100 and unilateral prolongation of
N75 and N145 on the right side. Unilaterally short-
er latencies were found for N9-N13 and N13-N20
in the somatosensory evoked response. None of the
neurographical measurements differed significantly
between these exposed subjects and the referents.
No significant differences were found for brainstem
auditory evoked response.

Table 4 presents the results from the neuro-

graphical measurements among the exposed sub-
jects with reduced distal sensation compared with
the referents. Reduced median sensory nerve con-

duction velocity and significantly shorter unilateral
N13-N20 latency compared with the referents
(mean 5 7, range 4-7-6A4, not tabulated) were

found. None of the other results from the evoked
response examinations differed significantly
between the exposed subjects with reduced distal
sensation and the referents.

Table 5 shows the univariate relations expressed
as Pearson's correlation coefficients between select-
ed neurophysiological results and age, current B-
Hg, current U-Hg, cumulative U-Hg, cumulative
A-Hg, peak levels (number of times recorded when
urinary mercury exceeded 1000 nmol/1), and years
since first exposure to Hg. No significant associa-
tions between visual evoked response and age, cur-

rent B-Hg, or current U-Hg were seen among the
referents. In this group the conduction velocities of
the median and peroneal motor nerve and the
median sensory nerve were correlated with age, as

were the amplitudes of the sensory median and

Table 3 Selected results from the visual evoked response and somatosensosy evoked response among referents, exposed subjects
wtth tremorltmpaired coordination, and all exposed subjects

Tremorlimpaired
Referents (n = 53) coordination (n = 15) All exposed (n = 77)

Mean SD Median Mean SD Median Mean SD Median

Visual evoked response
N75 r 77-4 4-4 76-8 80-1* 3-6 79-1 78-3 4-0 77-3
N751 77 0 4 0 76-2 78-9 5-4 76-8 78-4 4-4 77-3
PIOO r 103-1 4-8 103-0 107-4* 5-5 106-0 104-2 5-1 103-0
P100 1 103-7 4-4 104-0 107-6* 5-3 108-0 104-5 5 0 104-0
N145 r 136-7 13-4 135-0 141-3* 8-2 140-0 137-8 14-0 134-0
N1451 138-2 12-8 135-0 141-9 8-6 144-0 139-3 13-1 137-0
Al r 8-3 4 0 7-7 8-7 5-1 7-3 8-3 3 9 7-5
Al 1 8-0 3 9 6-8 8-4 5 0 6-4 7-9 3-8 7-0
A2r 8-6 4-1 7-8 9 5 5-3 9-2 9 1 4-1 8-7
A21 9-2 4-8 8-0 9 9 5-9 9 0 9 1 4-4 8-5

Somatosensory evoked response
N9N13 r 4 0 0 5 4-0 3-7* 0-5 3-8 3-8 0 5 3-8
N9N131 4 0 0 5 4-0 3-9 0 4 3 9 3.9 0-5 3-8
N13N20 r 6-2 0-6 6-1 5 9 0 7 5 9 6-1 0-7 6-0
N13N201 6-3 07 6-3 5-8* 0-6 6-0 6-1* 1.0 6-0

*p < 0-05 (between the referents and the two exposed groups). All latencies measured in ms and all amplitudes (A) in jV.
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Table 4 Selected neurographical results among referents, exposed subjects with reduced distal sensation, and all exposed subjects

Referents Reduced sensation All exposed
(n=53) (n=10) (n=77)

Mean SD Median Mean SD Median Mean SD Median

Sensory median nerve:
NCV (m/s) 590 5-2 59-8 54-6* 6-5 53-7 57-4 6-2 57 9
A (pV) 10-5 5-5 9.1 9-8 5-3 8-7 10-3 5-7 9.1
Sensory sural nerve:
NCV (m/s) 49-0 5-3 49-1 49-6 5-2 49-0 50-2 4-5 50-2
A (gV) 5-1 3-8 4-5 3 9 4-5 2-5 7-3 5-7 5-6
Motor median nerve:
NCV (m/s) 58-0 4-8 58-7 59-3 5-8 60-0 58-8 5-1 58-7
A (mV) 6-8 2-5 7 0 5-8 2-9 5-9 6-1 2-6 5-8
Motor peroneal nerve:
NCV (m/s) 45-9 5-0 46-0 45-4 4-3 46-7 47 0 4-7 47-3
A (mV) 3-6 2-1 3-3 4-3 2-6 4-4 3-5 2-5 2-9

*p < 0-05 (between referents and the two exposed groups). NCV = Nerve conduction velocity, A = amplitude.

Table 5 Univariai
between selected neu
among 77 exposed a

1'

Exposed:
Age
Current U-Hg
Current B-Hg
Cumulative A-Hg
Cumulative U-Hg
Peak values
Years since

first exposure
Referents:
Age
Current U-Hg
Current B-Hg

Exposed:

N

Neurogr

N
Age
Current U-Hg
Current B-Hg
Cumulative A-Hg
Cumulative U-Hg
Peak values
Years since

first exposure

Referents:
Age
Current U-Hg
Current B-Hg

Neurogra
Exposed: N

N
Age
Current U-Hg
Current B-Hg
Cumulative A-Hg -

Cumulative U-Hg -

Peak values
Years since

first exposure
Referents:
Age
Current U-Hg
Current B-Hg

*p<0-05; **p < 0-01

sural nerve and motor peroneal nerve. There were
no statistically significant associations between cur-
rent U-Hg or current B-Hg and the neurophysio-

te correlation coefficients (Pearson) logical measurements among the referents. Several
rophysiological and independent variables variables in the visual evoked response were associ-
uorkers and S3 referents v iuleoe epnewr soiated with age and years since first exposure among
'wsual evoked response Pattern reversal the exposed subjects. An association between age
Z75 r N75 1 log Al r log Al 1 and several neurographical measures was also
0.43*** 0-31** - 0-23* - 0-25* found. The amplitude and conduction velocity of-0.33** -0 21 0218 0216 the sensory median nerve and the amplitude of the
-014 -0-09 0-20 0.27*
0-09 0-06 -0-15 -0-19 peroneal nerve were positively correlated with the
020 018 - 006 - 009 current U-Hg, indicating an increased amplitude or
0.26* 0-20 -0-10 -0-05 faster nerve conduction velocity with higher U-Hg.
0.44*** 0.34** - 0.30** - 0-36** Some of the variables were also correlated with

cumulative dose estimates.
004

1 0046 -012 -0007 Table 6 presents the results from the stepwise
0 11 004 -0-14 -0-18 multiple linear regression analysis for the different

effect indices. One model (model IV) was used foraphical motor nerve measurements
ledian nerve Peroneal nerve the referents and three alternative models for the
[CV log A NCV log A exposed subjects. The table shows the variables
-0-42*** 0-13 -0-28* -0-31**0-22 003 0- 10 0.32** that were included and the multiple R for the dif-
-001 001 0-08 -004 ferent models. All multiple Rs presented and the
-03225** 092 -0129 - 042 variables included were statistically significant. No
-0-20 0-22 -0 11 0 07 models for the visual evoked response were estab-
-0-36** 0-11 -0-25* -0-29* lished among the referents. Among the exposed

subjects the models with the highest multiple R
0-42** -0-16 - 0.43** - 0-42** included years since first exposure, and the figure
0-02 0 10 -0-15 -0-07 presents the relation between the latency of the first
-0-24 -0-15 -0-20 -0-06

wave (N75) on the right side in the visual evoked
iphical sensory nerve measurements response and the number of years since first expo-
edian nerve SuralneCve sure to Hg. Age was the only significant indepen-
0-32** - 0.53*** -0-05 - 0.33** dent variable included in the model for the
0.39*** 0.41*** -0 08 0 13 neurography among the referents. The motor nerve
0-02 0.10 -0-22 0-14
-0-23* -0-16 -0-06 -0-29* measurements among the exposed subjects were
-0-14 -0-20 -0 11 -0-36** mainly related to age, except for the peroneal
-0-05 -0-18 -0-05 - 0.33** amplitude, when U-Hg gave the highest multiple R.
-0.33** -0 53*** 0 05 -0-35** Adding age to the model increased the multiple R
-0-32* -0-51*** -0-11 -0.54*** to 0-38 with the contribution of age of borderline
-0-02 0-13 0-13 0-08 significance (p = 0-05). Sensory median nerve
-0-16 -0-17 -0-09 -0-17 conduction velocity was related to current U-Hg
l; ***p < 0001; log A = log amplitude. and cumulative A-Hg (multiple R= 0-51) and
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Relation between exposure to mercury and neurological effects

Table 6 Multiple Rsfrom the stepwise multiple linear
regression analysis among 77 subjects exposed to Hg vapour
and 53 referents. Independent variables contributing statistical
significance to the model in parentheses

Model I Model II Model III Model IV
R R R R

Visual evoked response:
N75 r 0-43 (1) 0-44 (6) 0-43 (1) -
N75 1 0-31 (1) 0 34 (6) 0-31 (1) -
Log Al r 0-23 (1) 0 30 (6) 0-23 (1) -
Log Al 1 0-38 (1, 3) 0 43 (6, 3) 0-38 (1, 3) -
Neurographical motor nerve measurements:
Median NCV 0-42 (1) 0-36 (6) 0-42 (1) 0-42 (1)
MedianA - - - -

PeronealNCV 0-28 (1) 0-25 (6) 0-28 (1) 0 43 (1)
Peroneal A 0-32 (2) 0-32 (2) - 0-42 (1)
Neurographical sensory nerve measurements:
MedianNCV 0 39 (2) 0-39 (2) 0-51 (2,7) 0-32 (1)
Median A 0-58 (1, 2) 0 57 (2, 6) 0-58 (1, 2) 0 51 (1)
Sural NCV - - - -
SuralA 0-36 (4) 0-36 (4) 0-33 (5) 0-54 (1)

All multiple Rs are statistically significant (p < 0 05);
A = amplitude.

Independent variables used: 1 = age, 2 = current U-Hg, 3 = cur-
rent B-Hg, 4 = cumulative U-Hg, 5 = urinary peak values >
1000 nmol/l, 6 = years since first exposure, 7 = cumulative A-Hg.

Model I: Exposed subjects; variables tested; 1, 2, 3, 4, 5.
Model II: Exposed subjects; variables tested; 1, 2, 3, 5, 6.
Model m: Exposed subjects; variables tested; 1, 2, 3, 5, 7.
Model IV: Referents; variables tested; 1, 2, 3.

sural amplitude to cumulative U-Hg.
The models with the highest multiple R were

used to study the influence of current alcohol con-
sumption. Alcohol consumption did not contribute
to any of the neurophysiological results among the
refe
con

E
f-

z

w=

Rela
vapc
evok

to the right Al in the visual evoked response giving
a multiple R of 0 40. The multiple R was 047 on
the left side (p = 0-08, two tailed for alcohol con-
sumption). The partial regression coefficients were
positive. The median motor nerve conduction
velocity was also related to the alcohol consump-
tion with increasing consumption resulting in
decreasing nerve conduction velocity.

Table 7 presents the final multiple linear regres-
sion equations for some of the neurophysiological
variables studied among the previously exposed
subjects. The addition of current consumption of
smoking tobacco to these final models did not
increase the multiple R. The brainstem auditory
evoked response measurements were not related to
any of the exposure indices.

Logistic regression analysis was performed on
the neurological data to study the occurrence of
postural tremor/impaired coordination and reduced
distal sensation. The outcome variables were cate-
gorised as normal (0) or abnormal (1). Continuous
independent variables were used. Table 8 presents
the results of the univariate relations between the
exposure related variables or age and the outcome
of effect. Cumulative U-Hg and cumulative A-Hg
were significantly associated with reduced distal
sensation, whereas age and years since first expo-
sure were not. Age and years since first exposure,
but not the cumulative U-Hg or cumulative A-Hg,
were associated with postural tremor/impaired
coordination. Models with more independent vari-
ables are not presented due to the few cases.

!rents. Among the exposed subjects the alcohol Discussion
sumption contributed significantly (p = 0 02) Current U-Hg and B-Hg were low among the

exposed subjects and comparable with the concen-
trations in the reference group, indicating that there
was no current work related exposure to Hg among

r = 0.44 the subjects in the index group.
p <O-001 As indicated elsewhere,22 the prevalence of pos-

950-0 V = 74-4 + O018x tural tremor, impaired coordination, and reduced
distal sensation were increased among the exposed
subjects compared with the referents. The present
results indicate that the exposed subjects with pos-
tural tremor or impaired coordination were older

850 . and had been exposed to Hg vapour for the first
time earlier than the other exposed subjects, where-

800- .:* .. as the exposed subjects with reduced distal sensa-
tion had higher cumulative U-Hg and cumulative75 0 .: * : ~~~~~~A-Hg than those without such abnormalities. These75*0-. findings seem to be supported by the logistic
regression analysis, where an association between

70-0- * . -" * g , . , the dose estimates (cumulative U-Hg, cumulative
A-Hg) and reduced distal sensation but not post-

Years since first exposure ural tremor/impaired coordination, was found.
ition between years since the start of exposure to Hg Among 14 subjects with postural tremor, seven had
our and the results from N75, right side, in the visual impaired coordination also, whereas only one sub-
ied response (VER). ject had reduced distal sensation, indicating that
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Ellingsen, M0rland, Andersen, Kjuus

Table 7 Thefinal multiple linear regression equations among 77 subjects previously exposed to Hg. p Values for the independent
variables included in brackets

Dependent variable Equation MultipleR p Value

Neurography:
Motor median NCV = 75-7 - 0-16 age (p < 0 01)

- 2-60 cumulative U-Hg(log) (p = 0 08)
- 3-16 alcohol consumption (p = 0 02) R = 0-52, p < 0 0001

Sensory median NCV = 68-9 - 003 age (p = 0 69)
- 5-75 cumulative A-Hg(log) (p = 0 01)
+ 2-15 current U-Hg (p < 0 01) R = 0-51, p = 0 0001

Sural A (log) = 2-02 - 001 age (p = 0 08)
-0-29 cumulative U-Hg(log) (p = 0 03) R = 0-41, p = 0 0011

Visual evoked response:
N75, right = 7454 + 0-18 years since first exposure (p < 001) R = 0-44, p = 0 0001
N75, left = 75-2 + 0-15 years since first exposure (p < 0 01) R = 0 34, p = 0-0022
Al, right(log) = 0-94 - 0-005 years since first exposure (p = 0-03)

+ 0-14 alcohol consumption (p = 0 02) R = 0 40, p = 0 0015
Al, left(log) = 0-80 - 0 007 years since first exposure (p = 0 01)

+ 0-006 current B-Hg (p = 0 05)
+ 0 11 alcohol consumption (p = 0 08) R = 0-47, p = 0 0004

NCV = Nerve conduction velocity; A = amplitude.

central nervous system signs in the present study
were not associated with reduced distal sensation.

Exposed subjects with postural tremor/impaired
coordination had prolongation of P100 bilaterally,
and N75 and N145 unilaterally in the visual evoked
response compared with the referents, which could
indicate an involvement of both the visual pathway
and cerebellum after previous exposure to Hg
vapour. A study among 41 chloralkali workers
under ongoing exposure to Hg vapour with com-
puterised electroencephalography showed slower
electroencephalographic complexes compared with
the unexposed referents, most pronounced in the
occipital region.10 Prolongation of P100 in the visu-
al evoked response was seen in a study on 28 work-

ers with suspected chronic Hg intoxication.8 The
exact current urinary Hg concentrations among the
exposed subjects in that study were not stated. The
postmortem observations made by Takahata et al'9
on two mercury miners more than 10 years after
they ceased exposure showed the highest Hg con-
centrations in the occipital cortex and small gran-
ules of Hg in the nerve cells, particularly in the
Purkinje cells.

In the present study the median sensory nerve
conduction velocity was reduced among the
exposed subjects with reduced distal sensation
compared with the referents. Albers et a16 found
reduced median sensory nerve conduction velocity
among 18 chloralkali workers with mild poly-

Table 8 Resultsfrom logistic regression analysis among 77previously exposed workers (univariate relations between neurological
findings and independent variables)

Improvement x2
LL p Value fl,o(SE) f,(SE)

Distal sensation:
Constant -29-73
Age -29-19 0 30 - -
Cumulative U-Hg -27-18 0-024 -2-69 (0 53) 0-0002 (0 0001)
CumulativeA-Hg -27-16 0-023 -2-70 (0 54) 0-0017 (0 0007)
Years since

first exposure -29-54 0 53 - -
Tremor/impaired coordination:
Constant -37 97
Age -35-67 0-032 -4 07 (1-38) 0-0560 (0 0280)
Cumulative U-Hg -37-54 0-35 - -

Cumulative A-Hg -37-81 0-57 - -

Years since
first exposure -35-74 0 035 -2 90 (0 84) 0-0650 (0-0320)

LL = Log-likelihood; neurological outcome variables were categorised as normal (0) or abnormal (1) based on the clinical neurological
examination.
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Relation between exposure to mercury and neurological effects

neuropathy during ongoing exposure compared
with 120 chloralkali workers without such findings.

In the examinations of somatosensory evoked
response, a shorter central conduction time (N13-
N20) was found both among exposed subjects with
postural tremor or impaired coordination and
reduced distal sensation when compared with the
referents. The reduction was statistically significant,
however, only unilaterally. Shorter central conduc-
tion time has also been observed in another study
among 11 chloralkali operators during ongoing
exposure to Hg,'2 and the authors suggested that
damage in inhibiting mechanisms in the central
sensory pathways could explain the results.

In the visual evoked response examinations in
the present study, N75 and the amplitudes (Al)
were bilaterally correlated with age among the
exposed, but not among the referents. Slightly
higher correlation coefficients were calculated when
years since first exposure was used as an indepen-
dent variable in the model. These findings may
indicate that years since first exposure is a more
appropriate predictor for these changes in visual
evoked response than is age. It is difficult however,
to differentiate between the two because of the high
correlation between them.
A significant association between cumulative A-

Hg and median sensory nerve conduction velocity
was found, whereas the association between cumu-
lative U-Hg and the median motor nerve conduc-
tion velocity was of borderline significance (p =
0-08, two tailed). Shapiro et al'6 noted reduced
median motor nerve conduction velocity among
dentists during ongoing exposure to Hg vapour,
with a high concentration of Hg at the wrist as
determined by an x ray fluorescence technique.
The present results also indicated an association
between cumulative U-Hg and the amplitude of the
sural nerve; however, other statistical procedures
did not show any group differences for this ampli-
tude.

Current alchohol consumption was significantly
correlated with the median motor nerve conduction
velocity in the exposed group, giving lower nerve
conduction velocity with increasing present con-
sumption. This effect was not found among the ref-
erents. A possible explanation could be that a nerve
already subclinically influenced by past exposure to
inorganic Hg is more vulnerable to other neurotox-
ins. Current alcohol consumption was also positive-
ly correlated with the amplitude (Al) of the visual
evoked response in the multiple linear regression
analysis. Assuming that the consumption at the
time of the study was about the same as in the
period when the subjects were exposed, a possible
interpretation could be that alcohol consumption
has led to reduced Hg retention in the brain. Hursh
et al25 found a decreased concentration of mercury

in the brain of rats given ethanol before exposure to
Hg vapour compared with rats not given ethanol.
In a study by Nylander et al26 on the relation
between dental amalgam fillings and Hg retention
in the brain, a somewhat lower than expected con-
centration of Hg in the occipital lobe was found in
nine cases with suspected alcoholism based on the
regression line between the number of tooth sur-
faces containing amalgam and the Hg concentra-
tion in the occipital lobe.

Minor effects associated with past exposure to
Hg vapour on both the peripheral and central ner-
vous system were found in the present study, which
could indicate that neurological abnormalities may
persist many years after exposure had ceased. The
effects are modest, however, in clinical terms, as
reported elsewhere.22 Persistent neurological abnor-
malities after ceasing exposure to Hg vapour was
also noted by Albers et al"7 who examined 247
workers exposed to elemental Hg 20 to 35 years
after exposure stopped. They found disturbed coor-
dination, increased prevalence of tremor, and
reduced sensation among the highest exposed sub-
jects, observations in agreement with those of the
present study. Ehrenberg et all5 studied 84 exposed
workers manufacturing thermometers. They found
more prevalent tremor, dysdiadochokinesia, abnor-
mal Romberg's test and difficulty with heel to toe
gait. Their findings were not related to recent expo-
sure to Hg, but there was some suggestion of an
association with previous exposure.
The observation in the present study of postural

tremor or impaired coordination, together with
abnormalities in some aspects of the visual evoked
response among the exposed subjects, could indi-
cate an involvement of the cerebellum and the visu-
al pathways after exposure to Hg vapour. These
abnormalities of the central nervous system were
not related to any of the indices of dose used in the
present study, but were related to age and years
since first exposure.

Another group of exposed subjects had reduced
distal sensation, which was related both to cumula-
tive U-Hg and cumulative A-Hg. Some neuro-
graphical measurements also showed dose-response
relations with the dose indices used in the present
study. Current U-Hg was associated with many
neurographical measurements among the exposed
subjects but not among the referents, which may
indicate that Hg from remote exposure is still
excreted and may have influence on the neuro-
graphical measurements.

We thank Tone Grande for her assistance in statis-
tical matters and Ms Patricia Flor for her linguistic
help.
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