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Subclinical impairment of colour
vision among workers exposed to
styrene

Sir,-Does chronic exposure to
styrene impair colour vision? Fallas et
al (1992;49:679-82) found subclini-
cal impairment of colour vision
among workers exposed to styrene
applying the Farnsworth 100 hue test
during working hours in daylight. In
daylight, however, neither colour
temperature nor illumination are
constant and good results depend on
the use of standard lighting condi-
tions,2 for instance standard illumi-
nant C or D65.3
The authors do not state if those

wearing glasses used their own. In
our experience most glasses are
coloured at least slightly and it is
imperative that colour testing should
not be performed on subjects wearing
coloured glasses or coloured contact
lenses.4 In such cases we use clear
glasses with different refraction tak-
ing into account the fact that we can-
not correct astigmatism.
The Farnsworth 100 hue test was

designed to test hue discrimination
among subjects with normal colour
vision and to evaluate chromatic dis-
crimination loss in those with con-
genital defects of colour vision.3
Subsequently it was applied to test
acquired defects. The prevalence of
congenital dyschromatopsia is about
8% among men.5 Fallas et al appar-
ently did not distinguish between
those with congenital and acquired
colour vision defects when calculat-
ing the error scores and the ranges.
We guess that the results are influ-
enced by congenital defects in colour
vision. Furthermore the term "range"
was not defined by the authors.

Acquired dyschromatopsias can be
caused by many systemic and ocular
diseases. Therefore a complete oph-
thalmological examination is desir-
able, but probably not feasible in
many epidemiological studies. For
screening at least the visus should be
examined, however. The mean of the
error score of the controls given by
the authors is high compared with
data published by others5 6; we think
that this discrepancy could be caused
by extraprofessional and by congeni-
tal dyschromatopsias.
The subjects were examined dur-

ing the shift so that they were actually
exposed to styrene before testing.
Ethanol, another organic solvent, is

known to cause an acute and tran-
sient impairment of colour vision.78
To our knowledge, comparable stud-
ies on the effect of styrene have not
been published. It is an obvious sup-
position that styrene can cause an
acute and transient impairment of
colour vision, too, if there are effects
caused by a chronic exposure.9 If the
colour vision is examined during a
shift, it is impossible to differentiate
between acute and chronic effects.

In conclusion we think that the
paper does not give any evidence of
an impairment of colour vision
caused by styrene.

AXEL MUTTRAY
DETLEV JUNG

JOHANNES KONIETZKO
InstitutfiirArbeits- und Sozialmedizin der

_Johannes Gutenberg-Uniersitdt Mainz,
Obere Zahlbacher Stra,Be 67,

6500 Mainz, Germany

1 Fallas C, Fallas J, Maslard P, Dally S.
Subclinical impairment of colour
vision among workers exposed to
styrene. Br J Ind Med 1992;49:
679-82.

2 Birch J. A practical guide for colour-
vision examination: report of the
standardization committee of the
international research group on
colour vision deficiencies. Ophthal
Physiol Opt 1985;5:265-85.

3 Birch J, Chisholm IA, Kinnear P,
Pinckers AJLG, Pokorny J, Smith
VC, Verriest G. Clinical testing
methods. In: Pokorny J, Smith VC,
Verriest G, Pinckers AJLG, eds.
Congenital and acquired color vision
defects. New York: Grune and
Stratton, 1979:83-135.

4 Pinckers AJLG, Pokorny J, Smith VC,
Verriest G. Classification of abnor-
mal color vision. In: Pokorny J,
Smith VC, Verriest G, Pinckers
AJLG, eds. Congenital and acquired
color vision defects. New York: Grune
and Stratton, 1979:71-82.

5 Marre M, Marre E. Envorbene
Stirungen des Farbensehens. Leipzig:
Georg Thieme, 1986.

6 Lanthony P. Evaluation due Panel D-
15 desature. J Fr Ophtalmol 1987;
10:579-85.

7 Russell RM, Carney EA, Feiock K,
Garrett M, Karwoski P. Acute
ethanol administration causes tran-
sient impairment of blue-yellow
color vision. Alcoholism: Clinical and
Experimental Research 1980;4:396-9.

8 Zrenner E, Riedel KG, Adamczyk R,
Gilg T, Liebhardt E. Effects of ethyl
alcohol on the electrooculogram and
color vision. Documenta Ophthal-
mologica 1986;63:305-12.

9 Gobba F, Galassi C, Imbriani M,
Ghittori S, Candela S, Cavalleri A.
Acquired dyschromatopsia among
styrene-exposed workers. J Occup
Med 1991;7:761-5.

Authors' reply
We are not the first to find evidence
of impairment of colour vision in
workers exposed to styrene. A short
time previously, Gobba et al' inde-
pendently published similar findings.
Mergler et al 2 had observed evidence
of colour vision impairment in work-
ers exposed to mixtures of organic
solvents. Perhaps this vision defect
can occur with exposure to various
solvents.
Our study, like others, cannot dis-

tinguish between long lasting and
transient effects of exposure to
styrene. In our paper we present no
hypothesis in this respect. What is
suggested is a subclinical impairment
of colour vision in workers exposed
to styrene and that alone.

Acquired dyschromatopsia is diffi-
cult to distinguish from congenital
dyschromatopsia but it is hard to
understand why workers exposed to
styrene should be more often affected
by congenital defects than those of a
control population living in the same
area and matched for age, sex and
ethnic origin. In our trials each sub-
ject was examined every year by an
occupational physician who was
familiar with their medical history. In
both the exposed and the control
groups we have been able to discard
people affected by other causes of
impairment of colour vision such as
alcoholism or diabetes mellitus.

In our study, psychometric exami-
nations were carried out during the
shift. Examinations of colour vision
were performed independently, also
during working hours, because the
procedure in each case was too long
for a single session. We apologise for
using the word "daylight" which
could be confusing. The Farnsworth-
Munsell procedural guidelines indi-
cate that "sunlight" is irrelevant and
that "daylight" together with fluores-
cent lighting is more appropriate. We
have therefore applied the Farns-
worth-Munsell procedure. "Range"
refers to circumferential errors.
Finally, we had no subjects in our
sample populations who wore either
coloured glasses or coloured contact
lenses.

1 Gobba F, Galassi C, Imbriani M,
Ghittori S, Candela S, Cavalleri A.
Acquired Dyschromatopsia among
Styrene-exposed workers. J Occup
Med 1991;33:761-5.
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Incidence of lung cancer by histo-
logical type among asbestos
cement workers in Denmark

Sir,-In their study of asbestos
cement workers, Raffin et al (1993;
50:85-9) state that their results indi-
cate that the risk for adenocarcinoma
of the lung caused by exposure to
asbestos is different from the corre-

sponding risk for squamous cell car-

cinoma and anaplastic cell
carcinoma. The conclusion is based
on an analysis of the relative risks
(RRs). If the absolute risk (AR) is
analysed, however, the interpretation
may be different. In the table, which
is calculated from table 2 in the paper
by Raffin et al, the absolute risk
seems to be similar for adenocarcino-
ma and squamous cell carcinoma of
the lung. The authors do not report
the person-years so the absolute risk
is expressed in relative terms.
The fact that the interpretation is

different depending on the risk mea-

sure may seem confusing and there
are arguments for using both. In pre-

vention, the absolute risk is a better
measure as it gives a direct measure

of the number of cases that will be
prevented. The relative risk may be a
better measure in clinical practice as

it can easily be transformed to the
aetiological fraction (EF = (RR-I)/
RR) and thus gives a measure of the
chance that the cancer of a certain
patient is caused by asbestos.
From a more theoretical epidemio-

logical standpoint the best measure

depends on whether the risk due to
asbestos is multiplicative or additive
compared with the background risk.
For a multiplicative risk the incidence

rate (IR) is IR = IRo* f(exposure),
where f is a function not dependent
on the background incidence (IR0). If
the risk is additive an absolute risk is
more appropriate as IR = IRO +
IRasb, where IRsb is the incidence rate
caused by exposure. A relative risk
may at a first glance be preferred as
the risk for lung cancer caused by
asbestos is usually expressed as: SMR
= 1 + a* dose where a is a constant.
This relation does not seem to fit the
data of Raffin et al, however, and the
only measure of "dose" in their paper
is employment time. The relative risk
is certainly not related in linear fash-
ion to employment time if all lung
cancers are considered (1 9, 1-4, and
19 for <1, 1-4, and > 5 years
respectively). The group with 1-4
years employment time is small and
there are large confidence intervals
for the risks especially when stratified
according to histological type. Thus
there seems to be little justification to
restrict the analyses to a multiplica-
tive model. There is an increased risk
in the group with <1 year employ-
ment time. This raises the question
about comparability between the
exposed and reference groups. A
dose-response model may also con-
sider time since last exposure as some
data indicate that the risk of lung
cancer decreases some years after the
exposure of asbestos has ceased.'
A different risk according to time

from onset of exposure may depend
on the different growing rates of the
tumours. Anaplastic carcinoma grows
faster than squamous cell carcinoma,
which grows faster than adenocarci-
noma.2 The importance of the
finding of a higher RR for adeno-
carcinoma in persons with a long
time since onset of exposure com-
pared with persons with other histo-
logical types of tumour does not
necessarily mean that only adenocar-
cinoma are caused by exposure to
asbestos. My conclusion is that the

Relative (RR) and absolute (AR) risk of different histological types oflung cancer in
the study by Raffin et al 6(rom table 2)

Histologtcal type RR AR* (95% CIt)

Adenocarcinoma 3-31 16-7 (8-1-28-5)
Squamous cell carcinoma 1-67 14 9 (4-0-29-0)
Anaplastic carcinoma 1-58 8-5 (0-20-1)

* Expressed in relative terms (number of cases *person-years), as the number of person-
years is not stated in the paper. Number of cases = observed - expected.
t 95% confidence interval of AR calculated by the same method as that used by Raffin
et al (1993).

data in this paper indicate that
asbestos can cause different histologi-
cal types of lung tumour.
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Authors' reply
Jarvholm has used our lung cancer
data from the Danish asbestos
cement industry to illustrate once
more the difference between the rela-
tive risk and the absolute risk. These
two risk measurements are different,
and-depending on the purpose-we
may prefer sometimes to use the first
and sometimes the second.

Jarvholm mentions that anaplastic
carcinomas of the lung may grow
faster after exposure to asbestos than
adenocarcinomas. We are currently
updating the Danish study, and we
hope to be able to shed further light
on this point in the analysis.

Nasal melanoma

Sir,-The article by Holmstrom et al
(199 1;48:9-1 1) postulated an associ-
ation between nasal melanoma and
formaldehyde exposure based on
three case reports. As part of a popu-
lation based case-control study of
subjects with nasal and nasopharyn-
geal cancer,' 2 we interviewed nine of
fourteen cases of nasal and nasopha-
ryngeal melanoma diagnosed in west-
em Washington State between 1979
and the end of 1989. Controls for the
study were obtained through random
digit dialing and were frequency
matched on age at diagnosis and sex.
One subject had lived in a resi-

dence with foam insulation
(observed/expected = 3.57, 95% con-
fidence interval 0-09-19-8). None,
however, reported knowledge of
specific occupational exposure to
formaldehyde (expected = 0-27) and
none reported being employed in
industries likely to result in exposure
to formaldehyde (expected numbers
for wood working = 0-10, furniture
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