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Subjective symptoms and psychological performance

of chlorine-alkali workers
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PIIKIVI L, HANNINEN H. Subjective symptoms and psychological performance of chlorine-alkali workers.
Scand J Work Environ Health 1989;15:69-~74. Subjective symptoms and psychological performances on
a computer-administered test battery were studied among a group of 60 chlorine-alkali workers and their
matched referents. The exposure time of the group exposed to inorganic mercury vapor had been about
14 years, and the estimated long-term average exposure had been about 25 pg/m?® of air. The exposed
workers had an actual mercury concentration of 51.9 (SD 25.0, range 15—150) nmol/l in blood and 84.1
(SD 56.6, range 15--260) nmol/] in urine. Neither perceptual motor nor memory nor learning abilities
of the mercury-exposed workers showed any disturbances in a comparison with the referents. However,
the exposed group reported statistically significantly more memory disturbances than the referents. Strain
caused by three-shift work was a possible cofactor for other increased subjective symptoms, namely, for

sleep disorders, fatigue, and confusion.
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The central nervous system is the critical target organ
during long-term exposure to organic mercury vapor
(1). Initial symptoms in intoxications due to elemen-
tal mercury have ranged from atactic intention trem-
or to a bizarre constellation of mental changes (2).
Nonspecific subjective symptoms such as fatigue,
weakness, loss of memory, insomnia, and increased
irritability have been characterized as micromercuri-
alism in subjects exposed for long periods of time to
low concentrations of mercury vapor (3, 4). In psy-
chological tests disturbances of cognitive and psycho-
motor functions have been associated with low levels
of mercury exposure (5—9). However, conflicting data
have also been reported for workers at similar levels
of exposure (10, 11).

The purpose of the present study was to discover
whether exposure conditions of about 25 pg of mer-
cury/m?* of air, as estimated by repeated analyses of
blood mercury concentrations, had resulted in any
measurable increase in subjective symptoms or dis-
turbances on a psychological test battery.

Materials and methods

Subjects and study design

Subjective symptoms and performances on psycholog-
ical tests were recorded by means of a cross-sectional
design. The design was longitudinal for the exposure
assessment, which was estimated from earlier blood
mercury analyses.
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After exclusions the exposed group consisted of 60
men who had been exposed to elemental mercury vapor
in a chlorine-alkali plant for at least five years. The
exclusion criteria were neurological, psychiatric and
metabolic diseases, abuse of alcohol, skull injuries, and
hypertension checked from the records of the period-
ic health examinations performed twice a year, as well
as from possible case records. Seven of the workers
who fulfilled the exposure criterion were excluded from
the study group. Four of them had chronic hyperten-
sion, and the others suffered from dipsomania (iden-
tified by the occupational health staff of the company).
In addition, since 1972, seven other workers had been
moved to unexposed tasks, two of them because of
chronic respiratory disease and the others because of
repeatedly increased concentrations of mercury in their
blood. The turnover of personnel without known mer-
cury-related problems could not be controlled. No
cases of mercury intoxication had been diagnosed
among the chlorine-alkali workers since the 1960s.

The mean age of the exposed group was 38.0 (SD
6.6, range 26—56) years. Their average exposure time
was 13.7 (SD 5.5, range 5—28) years. The exposed
workers had had general and vocational education for
a mean of 10.0 (SD 2.6, range 3—15) years. One sub-
group (N=37) had three-shift work with periods of
four workdays and 2 d of rest. The other exposed
workers (N = 23) had regular daywork with periods of
five workdays and 2 d of rest. The mean age was 38.7
(SD 7.2, range 26—56) years for the three-shift work-
ers and 36.7 (SD 5.4, range 29—49) years for the day
workers.

One referent, matched for age (£ 1 year), sex, voca-
tional status, and length of education, was chosen for
each exposed worker. The referents (N =60) were em-
ployed in mechanical woodprocessing plants. The ex-
clusion criteria for the reference group were earlier oc-
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cupational exposure to known neurotoxic chemicals
or a history of the same chronic diseases and injuries
listed as exclusion criteria for the exposed group. Re-
jection was based on medical records and on the judg-
ment of the occupational health staff of the employ-
ing company. The mean age of the referents was 38.2
(SD 6.6, range 28—55) years. Their general and voca-
tional education had lasted for a mean of 9.4 (SD 1.8,
range 6—14) years. All the referents had regular day-
work.

Examinations

At 1300 the subjects came to the hospital where the
examinations took place. Except for two of the refer-
ents, the dayshift workers had had five and the three-
shift workers six workhours before their arrival. Only
one subject was examined per day. Special attention
was given to standardization of the timing and to ad-
herence to a strict examination procedure. At the be-
ginning of the examinations every subject was inter-
viewed according to a fixed schedule covering medi-
cal and occupational history, present health status, and
life style. Furthermore, a questionnaire that the sub-
jects had filled out earlier on subjective symptoms was
checked and completed if necessary. The interview was
followed by a clinical examination and the adminis-
tration of computer-administered psychological tests.
All the interviews and clinical examinations were per-
formed by one of the authors (ILP). On the basis of
the interviews and observations made in the clinical
examinations, the health status of the subjects was
judged to be good. The subjects did not report any
current use of medicines affecting the central nervous
system, and they had not consumed more alcohol than

Table 1. Applied psychological test battery, taken from the
computer-administered neurobehavioural evaluation system of
Baker & Letz (14).

Test Functional domain Test parameters

Psychomotor tests
Finger Tapping Number of button
presses in 10 s

Mean of response
latencies (ms) in 5

Motor speed

Continuous
Performance Test

Visuomotor speed

min
Hand-eye-Co- Motor coordination Vertical distance from
ordination the set line on the
screen (screen pixels)
Symbol Digit Coding speed Mean of response

latencies (ms)

Number of correctly
matched items

Substitution

Pattern Com-
parison Test

Memory and learning tests
Associate Learning Verbal learning

Visual perception

Number of correct
responses (three

trials)

Associate Recall Intermediate memory  Number of correct
responses

Pattern Memory Visual memory Number of correct
responses

Serial Digit Learning Learning/memory Score
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two bottles of beer (about 0.7 1) during the previous
evening.

During the examination venous blood samples were
taken, and the following measurements associated with
increased consumption of alcohol were performed (12):
gamma glutamyl transferase in serum, aspartate
aminotransferase in serum, and the mean cellular vol-
ume of erythrocytes. The activty of the two enzymes
was analyzed according to the recommendations of the
Committee on Enzymes of the Scandinavian Society.
The erythrocyte value was determined with the use of
an automatic cell counter.

Examination of subjective symptoms. Subjective symp-
toms were-surveyed with the use of the following two
methods: (i) a modification of the questionnaire used
by Husman (13) and (ii) a computer-administered
mood questionnaire included in the psychological test
procedure of the Neurobehavioral Evaluation System
adapted by Baker & Letz (14).

On the first questionnaire the answers concerning
subjective symptoms (N =31) had the following three
choices: (i) symptom occurs hardly ever (rating 1), (ii)
symptom occurs now and then or to some degree (rat-
ing 2), and (iii) symptom occurs often or to a disturb-
ing degree (rating 3). The following symptom varia-
bles were formed and used in the calculations: distur-
bance of memory (score 2—6), difficulties to concen-
trate (score 2—6), fatigue (score 2—6), sleep disord-
ers (score 2—6), and tremor of the hands (score 2—6).

The inventory of affects included in the computer-
administered test battery is a modification of the pro-
file Mood States (15). One of us (HH) translated and
adapted the items into Finnish. In this inventory 25
items (rating 1—35) were used to get a five-dimensional
mood profile called Mood States. The states focused
on were tension, depression, anger, fatigue, and con-
fusion (ie, feelings of embarrassment and helplessness).
The means of the item scores were used as test
parameters in the study.

Psychological test battery. Psychological performances
were tested with the Neurobehavioral Evaluation Sys-
tem as adapted by Baker & Letz (14). The tests and
test parameters used in the study are shown in table
1. Every session took place in the same quiet and com-
fortable room, and the same personal computer equip-
ment was used. The subjects had been informed about
the testing method beforehand, and the point had been
firmly stressed that the aim of the examination was
not to measure general intelligence levels. The moti-
vation of the subjects was evaluated by means of a self-
administered scale, on which the degree of effort in
the tests was rated by every subject on a scale from
very poor (rating 1) to very hard (rating 5). The moti-
vation of the subjects was also judged on the basis of
observations of their concentration during the session.



Table 2. Indicators of actual exposure of the study groups.

Exposed group (N =60)

Reference group (N =60)

Indicator of exposure

Mean SD Range Mean SD Range

Blood

Inorganic mercury (nmol/i) 33.8 22.7 10—130 46 3.2 <5—10
Organic mercury (nmol/l} 18.1 9.9 5—65 14.3 8.2 5—45
Total mercury (nmol/l) 51.9 250 15—150 18.9 9.2 5—50
Urine

Mercury (umol/mol creatinine) 10.1 6.8 1.9—31.2 1.2 0.9 <06—38
Mercury (nmol/l) 84.1 56.6 15—260 10.0 75 <5—30

Exposure

The time-weighted average (TWA) concentration of
mercury in blood was computed as an indicator of
long-term exposure. Measurements of the blood mer-
cury level covered the period from 1969 until the be-
ginning of the study. The mercury analyses had been
performed with the method of Hatch & Ott (16). Since
1974 the blood mercury levels had been measured with
the cold vapor atomic absorption method of Magos
& Cernik (17) modified by Lajunen et al (18). Both
the inorganic and organic fractions of mercury were
determined with this method, which has been described
earlier along with the methods used for quality con-
trol (19).

The dose indicators of the actual exposure of the
study groups were the inorganic mercury level of the
blood, the organic mercury level of the blood, the to-
tal mercury level of the blood, and the urinary mer-
cury level. Morning urine samples collected at home
on the morning of the examination day were used for
the urinary mercury analyses. A venous blood sample
(25 ml) was taken during the examination. The poly-
ethylene blood tubes (containing 0.15 ml of heparin,
Medica® 5000 U/ml, Finland) and the urine flasks
had been analyzed and found to be free of mercury
contamination. The modification of Magos & Cernik
(17) was also applied in the analyses of the actual mer-
cury concentration of the blood and urine. The uri-
nary mercury level was corrected for the urinary creati-
nine concentration according to Jaffe’s standard
method (20).

Characteristics of the study group

The individual TWA of the blood mercury concentra-
tions was based on 22 (SD 5.8, range 8—32) measure-
ments. The mean TWA blood mercury concentration
of the chlorine-alkali group was 51.3 (SD 15.6, range
24.7—90.0) nmol/l. The mean TWA of the inorganic
mercury in the blood was 29.6 (SD 3.3, range
9.8—64.1) nmol/1, which was based on 19 (SD 4.0,
range 8—27) measurements. For 11 exposed subjects
the TWA concentration of the organic mercury in the
blood exceeded the TWA concentration of the inor-
ganic mercury in the blood.

The figures of the indicators of actual exposure are
shown in table 2. Three of the exposed subjects had
a blood concentration of organic mercury that was
higher than the inorganic fraction. No referent had
more inorganic than organic mercury in their blood.

The exposed day workers had significantly higher
concentrations of mercury in their blood and urine
than the exposed three-shift workers (figure 1). The
difference was also seen for the indicators of long-term
exposure. The TWA concentration of mercury in the
blood of the day workers was 63.3 (SD 13.5, range
37.5—82.4) nmol/l1, and that of the three-shift work-
ers was 43.3 (SD 16.5, range 24.7—90.0) nmol/1.

The exposed and reference workers reported simi-
lar average drinking habits (times per week or quanti-
ty of intake per time). The cutoff points for the divi-
sion into subgroups were both the medians of the dose
indicators and the form of workshift. The enzyme and
erthrocyte measurements did not show any differences
between the exposed and reference groups, except for

B Hg oo ) 000 000
nmol [ 1
80
U Hg
60 umol [ mol
creat
40 20
20 } ] I 10
S D S D S D S D
io B Hg o B Hg B Hg U Hg
o P<0.05 00 P<0.01 000 P<0.001

Figure 1. The means and standard deviations of the actual
dose indicators of the exposed subjects grouped into three-
shift workers (S) (N = 37) and day workers (D) (N = 23). The two-
sided t-test was used for the comparisons between the groups.
(io B Hg=inorganic mercury level in the blood, o B
Hg = organic mercury level in the blood, B Hg = total level of
mercury in the blood, U Hg = urinary mercury level)
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Table 3. Comparison of scores for the subjective symptoms
between the exposed and reference groups. The paired t-test
was used for comparison. (NS = not significant)

Exposed Reference
group group

Symptom (N =860) (N =60) P-value

Mean SD Mean SD
Questionnaire
Memory disturbance 347 124 258 083 <0.001
Difficulty to concentrate 263 0.92 240 062 NS
Sleep disorders 335 112 268 0.85 <0.001
Tremor of hands 238 0 215 0.48 NS
Mood scales
Tension 216 0.75 1.96 0.59 NS
Depression 211 067 1.98 0.41 NS
Anger 208 070 1.83 054 <0.01
Fatigue 250 0.73 221 058 <0.01
Contusion 2.02 071 169 0.58 <0.01

Table 4. Comparison of scores for subjective symptoms be-
tween the exposed workers and their referents grouped accord-
ing to the form of workshift of the exposed workers. The paired
t-test was used for comparison.

Difference in score means

Three-shift

Day workers

Symptom workers (N = 37) (N =23)

Mean SD P-value Mean SD P-value
Questionnaire
Memory
disturbance 05 14 <005 14 15 <0.001
Difficulty to
concentrate 02 13 NS 02 1.0 NS
Sleep disorders 08 15 <0.01 05 13 NS
Tremor of hands 0.1 08 NS 05 11 <005
Mood scales
Tension 02 10 NS 02 1.0 NS
Depression 0.1 08 NS 01 08 NS
Anger 02 07 NS 03 07 NS
Fatigue 03 08 <0.03 03 09 NS
Confusion 03 07 <0.01 03 08 NS

Table 5. Comparison of performances on the psychological
tests between the exposed workers and their referents. The
paired t-test was used for comparison. The units of measure
are shown in table 1. (NS = not significant)

Exposed
workers R?\er—r%gts
Test (N = 60) (N =60) Pvalue
Mean SD Mean SD

Psychomotor tests
Finger Tapping

Preferred hand 67.4 71 67.3 9.1 NS

Nonpreferred hand 59.5 8.0 58.3 9.7 NS

Alternating hands 4938 7.5 48.2 9.7 NS
Continuous Performance
Test 4906 35.2 4935 407 NS
Hand-eye Coordination 38 0.8 46 1.2 <0.001
Symbol Digit
Substitution 29 0.6 3.1 0.7 NS
Pattern Comparison
Test 147 06 147 05 NS
Memory and learning
Associate Learning 15.8 54 146 4.8 NS
Associate Recall 58 22 57 23 NS
Pattern Memory Test 12.2 1.6 1.7 1.9 NS
Serial Digit Learning 6.6 4.7 6.9 4.0 NS
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one subgroup. The more highly exposed subgroup,
whose urinary mercury level was 8.2 umol/mol of
creatinine or more had a higher serum gamma glutamyl
transferase level [mean 31.3 (SD 26.5) U/I] and a
higher mean cellular volume of erthrocytes [mean 92.8
(SD 3.6) f1] than their referents [gamma glutamyl trans-
ferase: mean 21.8 (SD 9.9) U/I; mean cellular volume
of erthrocytes: mean 90.9 (SD 4.0) f1], but no differ-
ence in the activity of the serum aspartate aminotrans-
ferase.

The mean number of teeth with amalgam fillings was
5.0(SD 5.3, range 0—17) for the exposed workers and
4.5 (SD 5.5, range 0—17) for the reference workers.

All the items of the psychological test battery were
performed by every subject. Seven of the exposed
workers and 14 of the referents evaluated their degree
of effort in the test performances as moderate (rating
3 on the scale 1—5). Two exposed workers but none
of the referents evaluated their effort as rather poor
(rating 2). All the other subjects had tried hard or very
hard (ratings 4 and 5). However, on the basis of the
observations made during the sessions, no perfor-
mances were excluded from the calculations.

Results

Subjective symptoms

The exposed workers had systematically more subjec-
tive symptoms than their referents (table 3). The mul-
tivariate analysis of variance of the symptom scores
was statistically significant (F=3.91, P<0.001). The
differences between the exposed and reference groups
were highly significant for memory disturbances and
sleep disorders. The chlorine-alkali workers also
reported significantly more anger, fatigue, and con-
fusion.

To control the confounding effect of three-shift
work, we divided the exposed workers into subgroups
of three-shift workers and day workers. First, the
symptoms of the exposed subgroups were compared
with the symptoms of their referents (table 4). Both
subgroups reported significantly more disturbances of
memory than their referents. Tremor of the hands had
been more common in the more highly exposed day
worker group. The three-shift workers had more com-
plaints of sleep disorders, fatigue, and confusion than
their referents. Second, comparisons between the ex-
posed subgroups showed that the more highly exposed
day workers had reported significantly more memory
symptoms than the lowly exposed three-shift workers
(t=—3.20, P<0.01). A multivariate analysis of vari-
ance confirmed the differences between the groups.
Third, a two-way analysis of variance was used to de-
tect the dependence of the symptoms of the chlorine-
alkali workers on exposure, indicated by the blood and
urinary mercury levels, and on the form of workshift.
According to this analysis the memory disorders were
significantly associated with the form of workshift



(F=10.38, P<0.01) but not with the level of exposure.
No other significant associations were found between
the symptoms, level of exposure, and the form of
workshift.

Performances on the psychological tests

The results of the performances on the psychological
tests are shown in table 5. A significant difference be-
tween the exposed and reference groups was shown by
the multivariate analysis of variance (F=2.72,
P <0.05). Unexpectedly, the performance of the ex-
posed workers on the hand-eye coordination test was
significantly better than that of the reference workers,
and the exposed workers performed as well as their
referents on the other tests. The exposed workers were
also grouped according to the medians of the dose in-
dicators (TWA blood mercury concentration 49.1
nmol/l1, inorganic mercury in blood 30 nmol/l, total
concentration of mercury in blood 45.0 nmol/l, and
urinary mercury concentration 8.2 pmol/mol creati-
nine) into high and low exposure subgroups, as well
as according to the form of workshift. Even so the per-
formances of the exposed subgroups were similar to
those of their referents. Furthermore, the test perfor-
mances of the exposed three-shift workers and the day
workers were compared. However, no significant
differences were found between the groups. The two-
way analysis of variance even showed no significant
interactions between the test performances, the level
of exposure, and the form of workshift.

Discussion

In this study the psychomotor, memory, and learning
abilities of the exposed workers were similar to those
of their matched referents on the psychological tests.
The mercury concentration in the blood and urine in-
dicated both a low long-term and a low actual exposure
level of the chlorine-alkali workers. Adverse effects on
hand steadiness (5, 10) and on short-term memory (6,
21) have earlier been shown at similar levels of mer-
cury exposure. The selection and motivation of the sub-
jects may have influenced the results of our study how-
ever. The workers with low personal hygiene at work,
who possibly were uninclined to follow work safety
instructions and possibly also had problems with cog-
nitive abilities as well, had been excluded from mer-
cury-exposed tasks. The motivation of the reference
group was lower than that of the exposed group, even
though all the referents cooperated adequately in the
examinations.

The exposed workers complained of more numer-
ous subjective symptoms than did their referents. Simi-
lar symptoms have earlier been described in connec-
tion with long-term low exposure to mercury vapor (3).
In the study of Roels et al (10) the exposure indicated
by the blood mercury concentrations was equal to that
in our study, and the workers had also had subjective

symptoms similar to those of our exposed group, ie,
memory disturbances, fatigue, and irritability. In our
study the results of the memory tests of the exposed
workers did not confirm their subjective memory
symptoms, but it should be remembered that tests of
learning and memory can never cover all the memory
functions needed in everyday life. In the interview the
exposed workers described their symptoms as absent-
mindedness and lapses of memory in small ordinary
pursuits. However, one explanation for these reports
might be that disturbances of memory had been rou-
tinely asked about in the periodic health examinations,
and therefore the chlorine-alkali workers might have
been guided to emphasize self-observation and perhaps
to exaggerate such symptoms. Indeed, the memory
symptoms showed a stronger association with the form
of workshift (namely, daywork) than with the level of
mercury exposure. Strain in the three-shift work was
a possible cofactor for the other subjective distur-
bances, namely, sleep disorders, fatigue, and confu-
sion.

The day workers, whose exposure levels had been
higher than those of the three-shift workers, suffered
more frequently from unsteadiness of their hands than
their referents did. Tremor was well known as an ear-
ly mercury effect among the chlorine-alkali workers
because it had been measured with the aid of draw-
ings made by an unsupported hand during the peri-
odic health examinations performed by the occupa-
tional health physicians. In that way the exposed work-
ers were more familiar with the motor tasks, which,
together with the lower motivation of the referents on
the performance tests, could perhaps explain the sig-
nificantly poorer performance of the reference subjects
in the hand-eye coordination test. The methods used
for measuring hand steadiness in our study did not re-
veal individual parameters of tremor pattern, eg, ve-
locity or the effect of loading on the tremor spectra
that were disturbed initially (5, 7, 10). On the other
hand, forearm tremor has been shown to be revers-
ible (12), and the exposed workers had had unsteadi-
ness in their hands only now and then.

The exposed subgroup with the higher urinary mer-
cury level had a higher activity of serum gamma
glutamyl transferase and a larger mean volume of
erythrocytes than their referents, and this higher val-
ue might have been caused by the consumption of al-
cohol. Earlier, a high excretion of urinary gamma
glutamyl transferase, which is richly found in the kid-
ney, has also been connected with a high level of ex-
posure to inorganic mercury (1, 23). However, in our
study, the subgroup with a higher exposure level to
mercury, as indicated by the urinary mercury level, had
results similar to those of their matched referents on
the performance tests.

In this study no objective disturbances in perceptual
motor, memory, or learning abilities were connected
with low long-term exposure to elemental mercury
vapor, which was estimated (24) to have been about
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on the health-based level for the average long-term
mercury vapor concentration in air, ie, 25 pg/m’,
recommended by the WHO Study Group (4).

Although the exposed workers had subjective symp-
toms which have earlier been described in connection
with micromercurialism, one can conclude that no sig-
nificant adverse effects were produced by the long-term
exposure to mercury vapor at an average mercury con-
centration of 25 pg/m?® of air.
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