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Subclinical impairment of colour vision among
workers exposed to styrene

C Fallas, J Fallas, P Maslard, S Dally

Abstract
The effects ofexposure to styrene were studied
among 60 men aged 20 to 56 (mean 29 5)
employed in shipbuilding. Exposure was due to
the handling of glass reinforced polyester
materials. The study was cross sectional and
the workers were compared with a control
group matched for age, social and
occupational state, and ethnic origin. During
the study, the mean atmospheric exposure to
styrene was 24-3 ppm. Mean urinary elimina-
tion was 230 mg/g creatinine for mandelic acid
and 57 4 mg/g creatinine for phenylglyoxylic
acid. The Farnsworth 100 hue test showed no

significant differences between the exposed
and control groups for error scores. A sig-
nificant difference was found, however, for the
number of subjects with errors axis in the red-
green, or blue-yellow ranges, or both, which
was larger among the exposed workers (32/60 v
20/60 for the controls (p < 0-05)). Psy-
chometric tests were also conducted, using the
World Health Organisation (WHO) neuro-

behavioural core test battery. Of the seven

tests it included, anomalies were only found for
the aiming test. These results suggest that
exposure to moderate styrene concentrations
of the order of 25 ppm can lead to impairment
of colour vision.

Many studies have shown that styrene is a neurotoxic
substance." Besides damaging vigilance memorising
capacity and other cognitive functions, styrene can
also perturb sensory functions, especially of the
cochleovestibular region.5
On the other hand, there are not many studies of

the effects of styrene on visual function,6 although
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exposure to certain solvents has been shown to lead to
dyschromatopsia.' To establish whether or not
styrene can cause the same disorder as solvents, we
studied colour vision among a group of workers
handling polyester resins. This study was combined
with a battery of psychometric tests (table 1)
developed by the World Health Organisation
(WHO) (neurobehavioural test core battery).89 The
workers were exposed to styrene concentrations
currently considered moderately high (about 25
ppm).

Subjects and methods
The study included 60 men aged from 20 to 56 (mean
29 5) who had been exposed to styrene for periods of
one to 29 years (median 3-75 years; mean 6-5 years).
All these workers were employed by a shipyard for
the construction ofships in glass reinforced polyester
materials by contact stratification.
Workers usually wore gloves but not masks. The

60 exposed subjects studied were divided into four
groups according to the duration of exposure: group
1, n = 14, exposure < one year; group 2, n = 18,
exposure > one year to < 5 years; group 3, n = 14,
exposure > 5 years to < 10 years; group 4: n = 14,
exposure > 10 years.
The degree of their exposure to styrene was

measured continuously by gas phase chromato-
graphy coupled with mass spectrometry, using 16
captors installed in the workshop. During the study
period, which lasted three months, the mean styrene
concentration measured was 24-3 ppm, but there
were occasional peaks, the highest of which reached
469 ppm. Also, certain tasks were performed in a

restricted area, a situation that was not necessarily
reflected in the ambient air measurements.
Exposure to styrene definitely predominated, as

Table I WHO neurobehavioural core test battery

Test Functional domain tested

Profile ofmood states (POMS) Affect
Simple reaction time Attention-response speed
Digit span Auditory memory
Santa Ana dexterity test Manual dexterity
Digit symbol Perceptual-motor speed
Benton visual retention Visual perception-memory
Aining Motor steadiness
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the only other substances to which the men were

exposed were polyvinyl alcohol and isophtalic resins,
both at very low concentrations.
During the study, urinary concentrations of man-

delic acid (MA) and phenylglyoxylic acid (PGA)
were measured, by high performance liquid
chromatography, at the end of the shift on the day of
the psychometric tests. The mean values were: MA
230 mg/g creatinine (2 to 1460) and PGA 57 4 mg/g
creatinine (0-4 to 421-2).
The 60 subjects were matched for age, intellectual

level, and ethnic origin with 60 male controls who
were employed as unskilled workers, boiler makers,
or warehousemen, and were not exposed to any
particular chemicals.
Both subjects and controls underwent a psy-

chometric examination at the end of their shift, with
the method elaborated by WHO-that is, the
neurobehavioural test core battery. The procedure
included: oral questions concerning social and
medical history, occupation, and consumption of
medical drugs; a written questionnaire on mood (the
profile of mood states (POMS)); a battery of tests
comprising simple visual reaction time, digit span,
Santa Ana, digit symbol, Benton, and aiming tests.
The psychometric examination was conducted in a

single session by a trained investigator.
Colour vision was tested during working hours in

daylight, with the Farnsworth 100 hue test combined
with a specially devised automated procedure for
analysis of the results.
No subjects had a history of alcoholism or abnor-

mal biological parameters such as aminotransferase
and y-glutamyltranspeptidase activity, drug
consumption, diabetes mellitus, or hypertension.
Two exposed subjects (one for hypertension and one
for alcoholism) and three controls (one for education
and two for psychiatric history) were not included.

Smoking was similar in the two groups (mean 10
cigarettes a day v 13 25 and 37 smokers v 33).
The results of the psychometric tests for subjects

and controls were analysed by comparing the mean
raw values obtained. Also, scores were established for
each test to compare the distribution of the results
among the two populations, in accordance with the
method recommended by WHO. The respective
numbers of subjects in the exposed and control
groups with test results differing by more than one
standard deviation from the mean were compared by
the x2 method.
The results of the Farnsworth 100 hue test were

analysed by comparing the errors scored in relation
to age, according to the parameters established for
this method. The red-green and blue-yellow ranges
for each subject were noted and the numbers of
workers and controls with such ranges compared by
the X' method.

Results
No overall significant differences were found for the
POMS questionnaire between the results for
exposed workers and controls, whether they were
analysed according to scores or mean values. There
were, however, significant within group differences:
in exposure group 2 for fatigue (scores 7 72 v 3 39,
p < 0-01) and vigour (scores: 15-61 v 18 83,
p < 0-05) and in group 3 for vigour (scores: 14 29 v
17-93, p < 0 05). No such differences were found for
groups 1 or 4.
For results for the psychometric tests (table 2), the

only significant difference between workers and
controls was for the aiming test (scores 190 v 206-0,
p < 004).
No significant differences were found between

workers and controls for simple visual reaction time.

Table 2 Results ofpsychometric tests (WHO neurobehavioural core test battery) for workers exposed to styrene and controls

Exposed workers (n = 60) Controls (n= 60)

Score (mean (SD)) Mean (SE) No* Mean (SE) No* p Value

Reaction time 23-7 (2 9) 22 7 (2-4) NS
17 16 NS

Reaction time (scatter) 4-5 (2 3) 3-9 (1-7) NS
22 7 <001

Digit span 9-6 (1 4) 9 9 (1-2) NS
18 14 NS

Santa Ana (predominant hand) 45-7 (5 6) 45-4 (5-6) NS
13 15 NS

Santa Ana (other hand) 42-5 (5-1) 42 7 (4-9) NS
21 19 NS

Digit symbol 48-9 (10-2) 50 3 (9 1) NS
23 18 NS

Benton 8-0 (1-3) 8-0 (1-5) NS
16 20 NS

Aiming 190 4 (40 7) 206-0 (41 2) 0-04
20 15 NS

*Number of subjects with results differing by more than one standard deviation from the mean
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Table 3 Results of Farnsworth 100 hue testfor workers exposed to styrene and controls, expressed by error scores and the
presence of blue-yellow or red-green ranges, or both

Exposed workers (n= 60) Controls (n=60) p Value

Error score (mean (SD)) 259-9 (136-9) 262-7 (114-0) NS
Blue-yellow and/or red-green ranges (No) 32 20 < 0 05

The scatter was larger, however, for worker values,
which exceeded one standard deviation in 22 cases
compared with only seven among the controls
(p < 0 01). This difference was entirely due to the
results for group 4 (eight v one, p < 0-02) in which
there was also a deterioration of digit span (score 9 29
(0 96) v 10 14 (1 06), p < 0 05).
The error scores for the Farnsworth 100 hue test

showed no significant differences between workers
and controls. There was a significant difference,
however, for the number of subjects with ranges,
which was larger among the workers (table 3). The
differences were found in the red-green and blue-
yellow ranges.

Discussion
The results of this study suggest that exposure to
styrene may lead to impairment of colour vision in
the form of the anomalies already reported for
workers exposed to mixtures of solvents.7
These anomalies may reflect toxic damage to the

retina, or optic pathways, or both, known to be
sensitive to the action of certain solvents such as n-
hexane'0 and carbon disulphide." Here, abnormally
frequent ranges were shown, both for discrimination
between blue and yellow and between green and red.
On the other hand, the tests for disturbances of

mood and cognitive disorders only showed border-
line differences between the exposed and control
groups; the only significant differences were for the
aiming test.

Controversy no longer exists about the neurotoxic
nature ofstyrene, but the acceptable level ofexposure
is still arguable, especially as regards the maximum
value of 50 ppm, the accepted limit in many coun-
tries. In this connection Mutti et al 2 found a decline
in verbal memory among workers exposed to mean
concentrations of the order of 25 ppm. Flodin et al'3
found that a group of workers exposed to styrene
concentrations of the order of 50 mg/m3 complained
of fatigue and memory disturbances. The differences
between the results ofthe two studies for the exposed
and control groups were confined, however, to one or
two subtests. Also, neither Edling and Ekberg'4 nor
Triebig et al'5 found any differences between
exposed and control groups for comparable or higher
levels of exposure.
Other studies have shown the existence of

anomalies in cochleovestibular function among
workers exposed to similar styrene concentrations,'6

especially a decline in auditory acuity for high
frequencies.'7

In our present study, we only found limited
anomalies in the results of the psychometric tests, in
agreement with previously published data; however,
the abnormally high frequency of dyschromatopsia
in the exposed subjects suggests that visual function
might be perturbed in exposed workers at an early
stage, and that a 50 ppm limit for exposure to styrene
might be too high, even though the anomalies found
in this study were all infraclinical and therefore not
perceived by those concerned.
The Farnsworth 100 hue test is sometimes con-

sidered difficult to implement, despite its reliability,
due to its great sensitivity. Here, however, the use of
a computerised procedure to analyse the results
helped to make them easier to interpret. This type of
analysis also means that in clinical practices, the
Farnsworth 100 hue test takes less time to complete
than a psychometric examination. Consequently, for
workers exposed to styrene, this colour vision test
constitutes a useful means of investigation in addi-
tion to the psychometric tests.

We are grateful to the workers and companies who
participated in this study, especially to TMT
Atlantique in Lorient (France).
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