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Abstract
Objectives-To survey the loss of colour
vision among Japanese workers who have
been exposed to styrene concentrations
currently considered low (about 20 ppm).
Also to assess the effects of styrene by
examination of the nature of the relation
between disorder of colour vision and
age, alcohol consumption, and other
variables.
Methods-Colour discrimination was
examined in 64 male workers exposed to
styrene (mean age; 38'0, mean exposed
years; 7'0) and in 69 controls (mean age;
38.0). A standardised questionnaire was
adopted to collect work history, occupa-
tional or non-occupational solvent expo-
sure, alcohol consumption, and drug use.
Colour vision was evaluated by the
Lanthony desaturated panel D-15 test.
The results of the test were expressed as
the colour confusion index (CCI).
Results-The mean atmospheric styrene
concentration was about 20 ppm. The
mean urinary concentration of mandelic
acid was 0-22 gil. There was a significant
difference in CCI between exposed work-
ers and age matched controls. Colour
vision of workers whose concentration of
urinary mandelic acid was > 0'42 gil was
significantly impaired when compared
with workers whose concentration was
<0'42 gil. Multiple linear regression
analysis that controlled confounding
variables such as age, alcohol con-
sumption, smoking, and educational
attainment showed that the CCI was sig-
nificantly related to the concentration of
urinary mandelic acid. In both exposed
workers and controls, the types of defects
were mostly blue-yellow loss, although a
few subjects showed complex loss. No one
showed only red-green loss.
Conclusions-These findings suggest that
exposure to moderate styrene concentra-
tions can lead to impairment of colour
vision, and that there is a significant cor-
relation with the urinary metabolite of
styrene.

(Occup Environ Med 1995;52:534-538)
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Acquired defects in colour vision are caused
by a variety of diseases that damage the retina,

the optic nerve, or the visual cortex. Toxic,
vascular, inflammatory, and neoplastic dis-
eases are all well-recognised causes of
acquired dyschromatopsia.' Compared with
congenital dyschromatopsia, acquired
dyschromatopsia is more complex.2 It is
always a pathological condition, which
involves senile changes. It is unstable, pro-
gressively deteriorating, or occasionally
improving if the underlying pathological con-
ditions are reversible. The axes are not always
definite and there are variations between eyes.

Acquired loss of colour vision has been
associated with exposure to organic solvents
present in the workplace,3 which raises inter-
est in the use of tests designed to assess neuro-
toxic effects of solvent exposure. As one of the
organic solvents, styrene has been used in the
manufacture of plastics and has a wide variety
of industrial applications. Chronic styrene
exposure affects the central and peripheral
nervous systems,8 and some cases of retrobul-
bar neuritis because of heavy occupational
exposure have been reported.9 Recently there
have been a few studies of impairment of
colour vision ofworkers exposed to styrene. IO"

In our study we surveyed the loss of colour
vision among Japanese workers who were
exposed to styrene concentrations currently
considered to be low (about 20 ppm). We also
assessed the effects of styrene by examining
the nature of the relation between the disorder
of colour vision and age, alcohol consump-
tion,'2 and other variables that might influ-
ence the occurrence of loss of colour vision.

Methods
SUBJECTS
Sixty nine workers exposed to styrene (64
men and five women) were studied from six
fibreglass and reinforced plastics factories.
The factories made bathtubs, parts of unit
baths, septic tanks, etc. Styrene was by far the
most used solvent. Acetone was used to clean
tools. The control group consisted of 84
workers (69 men and 15 women) from the
same and other factories. None of them were
exposed to styrene or other industrial sol-
vents. All subjects gave their informed written
consent to the protocol. A standardized ques-
tionnaire was adopted to collect work history,
occupational or non-occupational solvent
exposure, alcohol consumption, and drug use.
The following criteria for exclusion from the
study were adopted: (a) presence of congeni-
tal dyschromatopsia, (b) presence of hyper-
tension, (c) use of drugs that interfere with
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(no errors, single sequential error or paired
reversal), and (b) two or more errors (with
subcategorisation according to the relative
predominance of errors in red-green or blue-
yellow).'5 A person was considered dyschro-
matopic if colour loss was identified in either
eye. Quantitative evaluation was by calcula-
tion of the sum of the colour differences of the
caps placed next to one another (total colour
difference score; TCDS), with the formula

| rm i | proposed by Bowman.'6 The colour confusion
2.5 3 3.5 4 index (CCI) was obtained when the actual
c acid (g/l) TCDS for a subject's test cap arrangement

was divided by the TCDS for a perfect
arrangement of that test. 17 Therefore 1 indi-
cated a perfect score and values >1 indicated

colour vision, (d) visual acuity lower than 6/10
in either eye, and (e) alcohol consumption
over 250 g/week.'0

Because of the small sample size, female
workers were excluded. Therefore 64 exposed
workers and 69 controls were included in this
study. The mean (range) age of exposed
workers was 38&0 (18-66), the duration of
exposure was 7T0 (0 2-26&8) years. The age of
controls was 38-0 (20-61).

EXPOSURE
The mean (range) atmospheric styrene con-
centration (by area sampling, not personal
sampling) was 18-5 (6 6-36 4) ppm. Urine of
all exposed workers was collected at the end
of the shift on the day of the colour vision test.
Subjects urinated and drank a glass of water
two hours before collection of urine to ensure

consistency among urine samples collected.
The mandelic acid concentration was mea-

sured by high performance liquid chromatog-
raphy.'3 Mandelic acid concentrations were

low: 56-3% of workers had <0 3 g/l, 34-4%
had 0 3-1 0 g/l, and only 9 4% had >1 0 g/l
(fig 1). The mean (SD) urinary concentration
of mandelic acid was 0-22 g/l (0 48). Because
the technology used in the fibreglass factories
studied was similar for job tasks and work
load, we considered all workers as a single
group.

increasing loss of colour vision. Data are pre-

sented as the mean CCI of both eyes of each
worker.

STATISTICAL METHODS
Pearson's correlation coefficients were calcu-
lated to assess the association between CCI
and age. Spearman's correlation coefficients
were calculated to assess the association
between CCI and urinary mandelic acid.
Because the normal distribution of each vari-
able could not be identified, comparisons of
values between groups were assessed by the
Mann-Whitney U test and the Wilcoxon
signed rank test.'8 Multiple regression analysis
was used to investigate the relation between
exposure to styrene and CCI while controlling
for potential confounding factors.'9 The back-
ward 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 sus-

pected interaction between exposure duration
and exposure level was also investigated in the
regression models by including the product of
the subject's exposed years and the mandelic
acid concentration in urine.'9 All independent
variables were mutually uncorrelated (correla-
tions were below 0 9).19 We used the arith-
metic mean throughout.

COLOUR DISCRIMINATION ASSESSMENT
Colour vision was assessed with the colour
arrangement test-namely, the Lanthony
desaturated panel D-15 test.'4 Fifteen pastel
caps, numbered on the back, were placed in
front of the subject in random order. The sub-
ject was required to place the caps in an

oblong box, in order of chromatic similarity,
starting from a fixed reference cap. In most of
the workers exposed to styrene, colour vision
was tested on Monday, but some workers
were tested on Tuesday. The test was per-
formed at the beginning of the workday,
before exposure, under a daylight fluorescent
lamp that provided 1000 lux on the working
plane. The test was carried out monocularly
and no time limit was imposed. Most people
completed the test in one to three minutes an

eye. Subjects who wore glasses used them.
Colour vision test performance was assessed
categorically and quantitatively. Colour vision
categories included: (a) normal colour vision

Results
Significant linear correlations were present for
age and TCDS in both workers exposed to
styrene (TCDS = 54-14 + 0-46 x age; r =

0 39; P < 0-01) and controls (TCDS = 52x53
+0-34 x age; r= 048; P <0-01, fig 2). The

control line was similar to that of Bowman et
al (TCDS = 49.4 + 0*37 x age)'7 and Gobba
et al (TCDS = 55-89 + 0-37 x age).'0
To exclude the influence of age, we

matched the two groups according to age
(within three years). We thus obtained a total
of 57 age matched pairs. The mean (SD) CCI
of exposed workers was 1-220 (0-235), age
was 37-8 (11-5), whereas the CCI of controls
was 1-120 (0-128), and age was 37-8 (11 0).
There was a significant difference for CCI
between exposed workers and controls
(Wilcoxon signed rank test, P < 0-01). To
explore the possibility of a dose-effect relation
between styrene exposure and loss of colour
vision we divided the exposed workers into

Figure 1 Distribution of
urinary mandelic acid in
the workers exposed to
styrene.

()Al I,I.
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TCDS = 54-14 + 0-46 x age; r = 0.39 p<0.01 (Exposed) styrene concentration of about 93 ppm. Then
TCDS = 52.53 + 0 34 x age; r = 0.48 p<0.01 (Controls) each subgroup was compared with age

matched controls. There was a significant dif-
130 +

o Controls ference in subgroup B but not in subgroup A
+ (Wilcoxon signed rank test)-that is, the P

120 - + values were <0 01 and 0-12, respectively. A
significant difference in CCI was found

110 _ between exposed workers of subgroup A and
+ those of subgroup B (table 1).

100 _+ + In each subgroup, a scattergram was plot-ted between CCI and urinary mandelic acid

90
+
+ + (fig 3). Although significant correlations were

9 + + not found, Spearman's correlation coefficients
+ + + were -0*24 in subgroup A and 0-32 in sub-

80 - + + +° o------0 3 + group B-that is, the P values were 0-12 and
O+ o+ 0 0 0 0-18, respectively.

70 0
0 A-+ - O _ Results of the stepwise regression analysis

--i-++0 OO+$° + showed that CCI had a significant positive
60 + o+0O~os~o°°oo +o+ O O + o relation to urinary mandelic acid after control

for age. Duration of exposure did not have a
50 significant relation with CCI. Alcohol con-20 30 40 50 60 70 sumption did not have any relation to CCI,

Age but smoking was negatively related to CCI. A
,ure 2 Relations between the total colour difference score (TCDS) and age in the significant interaction between duration of
rkers exposed to styrene and in controls. exposure and the urinary concentration of

mandelic acid was not found (table 2).
In both exposed workers and controls, the

two subgroups according to whether the uri- types of defects were mostly blue-yellow loss,
nary concentration of mandelic acid was < or although a few subjects showed complex loss.
> 0-42 g/l, which was equivalent to an atmos- No one showed only red-green loss.
pheric styrene concentration of about 30
ppm20 (subgroup A: < 0-42 g/l, subgroup B:
> 0-42 g/l). The mean (range) urinary con-
centration of mandelic acid of subgroup A
was 0-20 (0.04-0.41) g/l and it was equivalent
to an atmospheric styrene concentration of
about 8 ppm. That of subgroup B was 1-06
(0-46-3-98) g/l, equivalent to an atmospheric

Discussion
Because the loss of colour discrimination is
associated with age,2'7 2122 we first excluded
the effect of age. The CCI values of exposed
workers were significantly higher than those of
the age matched controls.

Table 1 Age matched comparison of workers exposed to styrene and controls (57 pairs) stratified by urinary mandelic
acid concentration

Subgroup A (mandelic acid < 0-42 gil) Subgroup B (mandelic acid > 0-42 gil)
Workers exposed Age matched Workers exposed Age matched
to styrene controls to styrene controls
(n = 40) (n = 40) (n = 17) (n = 17)

Age 39-6 (11-5)t 39-5 (10-8)t 33-8 (11 0) 33-8 (10-7)t
Urinary mandelic
acid (g/l) 0-20 (0 11)** 1-06 (0-93)
Exposure
duration (y) 8-2 (8 0)t 5-5 (5 6)
CCI 1-173 (0 191)* 1 118 (130)t 1-332 (0 292) 1-125 (0-126)tt

*P < 0 05; **P < 0 001; tNS; differences between subgroup A and subgroup B in exposed workers; tNS; ttP < 0 01; differences
between exposed workers and controls. Values are arithmetic mean (SD).

Figure 3 Relations
between the colour
confusion index (CCI) of
exposed workers and
urinary mandelic acids in
subgroups A and B.
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Table 2 Results of stepwise backward regression analysis; (64 workers exposed to styrene
(n = 64))

Standardised
Coefficients (SEM) coefficients P value

1 Intercept 0-979 (0 091) 0-979 < 0 001
2 Age 0 007 (0-002) 0 353 < 0 01
3 Amount of alcohol consumption (ml/week) - - NS
4 Frequency of alcohol consumption - - NS
4 Smoking -0-006 (0 002) -0-265 < 0 05
5 Educational attainment - - NS
6 Exposure duration - - NS
7 Urinary mandelic acid level 0-160 (0-041) 0-416 < 0 01
8 Exposure duration x urinary mandelic acid - - NS

Adjusted R2 = 0-328.

Although workers exposed to styrene were

divided into two subgroups at the urinary
mandelic acid concentration of 0-42 g/l
(equivalent to a 30 ppm atmospheric styrene
concentration2) CCI values were significantly
higher in the high exposure group than in the
low exposure group. A significant difference
was also found between the high exposure

group and age matched controls. These find-
ings suggest that there is a dose effect relation
between styrene exposure and impairment of
colour vision. Because our sample size was

small, the exposed group was stratified into
only two subgroups according to the urinary
concentration of mandelic acid. Thus, it is

difficult to elucidate the threshold in the dose-
effect relation. Further studies with larger
samples will be needed to confirm this prob-
lem.

Based on multiple linear regression analy-
sis, deterioration of colour discrimination was

related to the concentration of urinary man-

delic acid, but duration of exposure was not a

significant factor. These results were similar
to those of Gobba et al who reported that air-
borne styrene concentrations (or end of shift
styrene in urine) were related to loss of colour
vision but that the duration of exposure did
not influence CCI values significantly.

Dyschromatopsia of exposed workers in
this study was not considered to reflect acute
effects because we examined most of them on

Monday morning to exclude such effects.
Baird et al reported that dyschromatopsia
among workers exposed to solvents might be
acute or subchronic, but reversible."' Gobba et
al reported that workers exposed to styrene
did not recover from dyschromatopsia after a

one month holiday.'0 Thus, the question of
how long it takes to recover from this condi-
tion deserves further study.

There are several limitations to our study.
The first is the assessment of exposure. It is
generally recommended that exposure-effect
analyses be done after as well as before indi-
vidual metabolite values are corrected for cre-

atinine concentrations and the specific gravity
of urine. For styrene, mandelic acid and
phenylglyoxylic acid, after correction for crea-

tinine concentration, could be the best expo-
sure indicators in urine.'0 It might have been
more desirable to use such indices, especially
when subclinical effects were found in this
study. The use of mandelic acid concentra-
tions without any correction is standard prac-

tice in Japanese laboratories, thus, we mea-
sured it as an indicator of the exposure. Also,
as urinary mandelic acid excretion is a marker
for actual body burden, it may not strongly
relate to chronic or subchronic effects such as
dyschromatopsia.

Secondly, multiple regressions gave an
adjusted R2 of about 0 3, which implies that
the factors identified were not very powerful
as a whole. One explanation for this is that
there are many other factors related to tests
of colour vision such as lens or macular
changes, work area lighting,'5 subject motiva-
tion, etc, besides the variables entered in this
model.

In most subjects, the blue-yellow range of
colour vision was affected as in previous stud-
ies.'01' According to K6llner's rule, blue-
yellow defects appear in retinal disease and
red-green defects in optic nerve disease. But
not all cases of acquired dyschromatopsia
conform neatly to K6llner's rule.2' It is diffi-
cult to guess the aetiology of defects of colour
vision only from this test and some hypotheses
have been considered based on other knowl-
edge. Raitta et al reported that n-hexane
caused macular changes and acquired defects
of colour discrimination, and that n-hexane
maculopathy might be a result of damage to
receptor lipids.6 Schaumburg and Spencer
found that 2-5-hexanedione, a metabolite of
n-hexane, caused widespread axonal degenera-
tion in the mammillary body, the lateral
geniculate nucleus, and the superior colliculus
of intoxicated cats.2' Mergler et al suspected
that acquired dyschromatopsia related to
mixed solvents reflects not ocular integrity but
neural alterations.3 For mechanisms described
above, loss of colour vision may be due to
interference of styrene with the dopaminergic
mechanism of retinal cells,'0 as suggested for
other neurotoxic effects.'4

There are several methods to test colour
vision, but not all of them are adequate to
detect acquired defects.25 The Farnsworth-
Munsell 100-hue test is the one most widely
used for detecting acquired defects." It pro-
vides a straightforward way of characterising
defects of hue discrimination in patients with
dyschromatopsia but is none the less a rather
inconvenient and time consuming test. The
Lanthony desaturated panel D-1 5 test'4 is not
suitable for precise classification of dyschro-
matopsia in comparison with the Farnsworth-
Munsell 100-hue test, but it is helpful to
detect dyschromatopsia.'6 It is non-invasive,
rapid, portable, and easy to carry out.
Therefore the Lanthony desaturated panel D-
15 test seems to be a relatively useful tool to
assess loss of colour vision in field studies. If
the colour vision of workers is checked before
and after styrene exposure, early toxic influ-
ences on vision can be detected, and com-
pared with the individual pre-exposure
baseline of colour vision.'7
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Yokoyama, Ms Keiko Tazawa, Ms Ayano Nagai, and mem-
bers of the Hokkaido Labour Health Management Society for
performing the analysis of urinary mandelic acid. This study
was supported by a grant in aid from the Japanese Ministry of
Education, Science, and Culture.
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