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Wallace, J., Sweetnam, P. M., Warner, C. G., Graham, P. A., and Cochrane, A. L. (1971).
Brit. J. industr. Med., 28, 265-271. An epidemiological study of lens opacities among steel
workers. To investigate the relationship between the prevalence of cataract and heat expos-
ure, two groups of steel workers, differing widely in their heat exposure, were examined.
Estimates of heat exposure were based on detailed industrial histories and (a) subjective
estimates of heat exposure associated with various occupations and (b) actual measure-
ments. Only two cases of cataract were found that would be generally accepted as 'occupa-
tional' in origin, but a higher prevalence of the common form of cataract was found in the
heat-exposed group than in the non-exposed group.

An association between cataract and heat was first
noted by Heister (1739). Wenzel (1786) was the first
to describe the condition in glass blowers, and
Robinson (1903) introduced the term 'glass-workers'
cataract'. The classical description of heat cataract
was given by Robinson (1915). He described the
cataract as 'first appearing at the posterior pole of
the lens, immediately under the posterior capsule
and often irregularly disc-shaped. By oblique
illumination, it is seen to be distinctly brass-coloured.
The outline of the disc-like part is well defined but
the opacity is less dense and shades off towards the
equator'. This description was confirmed and
extended by Duke-Elder (1926) who explained that
this subcapsular, posterior polar cataract could
'extend forwards into the substance of the lens for
some distance axially or be arranged in a typical
laminated form exhibiting a crystalline golden
sheen, and is always sharply demarcated from the
lens substance. Eventually, however, as the condition
progresses, opacification of the lens proceeds so
that the appearance ultimately becomes indis-
tinguishable from ordinary senile cataract'. Vogt
(1919) was the first to suggest that the lesions were
caused by heat-producing rays, and though there is

still considerable debate about the mechanism
through which the lesion is produced, this broad
view is still generally accepted.

In 1929 (British Workmen's Compensation Act)
heat cataract became a prescribed industrial disease
and since then statistics have been available about
the numbers granted compensation for this condition.
In the seven-year period 1939-45, 27 cases were
granted compensation within the glass industry
while in a similar period, 1956-62, only two cases
were compensated. Comparable figures for the iron
and steel industry were 131 and 50. It is somewhat
surprising that these figures have not been supple-
mented by any surveys.

Plan of the present survey

The objectives
The general objective was to measure the prevalence of
cataract in two well-defined groups of workers, one with
some exposure to heat and the other with minimal or no
exposure. In addition two different methods were used
to assess the heat exposure of each man, in order to see
if any correlation could be established between the
prevalence of cataract and the mean exposure of the
groups concerned.
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Methods
The population chosen for examination The study was
undertaken at the Ebbw Vale works of the British Steel
Corporation. This is a fully integrated steelworks where
approximately 9 000 persons are employed in the pro-
duction of sheet steel and tinplate. Iron is produced in
blast furnaces from iron ore, limestone, and coke, the
latter having been produced in coke ovens. Steel is made
from the iron by the open hearth furnace or converter
technique and cast into ingots. These are given a pre-
liminary rolling to produce slabs which, after being
reheated, pass through the hot mill where hot rolled
sheet is produced as a continuous strip, which is wound
into coils. Part of the sheet is marketed as hot rolled
products and part goes to the cold mill where further
cold rolling produces steel sheet in coil form. Finally,
the cold rolled sheet is treated electrolytically to produce
tinplate or is coated with zinc to produce galvanized
sheet. Temperatures of the order of 1000 to 16000C are
encountered in certain departments and this inevitably
leads to workmen being exposed to heat radiation of
varying intensities. All men aged 40 to 59 who were
working on the hot mill, coke ovens, blast furnaces, and
steel plant were chosen as the 'exposed' group (906) and
a sample of 101 men from the cold mill was chosen as the
'control' group with no exposure.

The examination As the lens of the eye had to be studied
in detail full mydriasis was necessary. It was therefore
considered unrealistic for the examination to be carried
out during the hours of employment. Consequently, we
arranged to examine the subjects during their 'rest days'.
Appointments were made by a team of professional
field workers. As the homes of those selected were widely
scattered 'clinics' were set up at centres convenient to the
men. On arrival at the clinic a mydriatic, cyclopentolate
hydrochloride (Mydrilate 1-0%), was instilled into both
eyes and, while waiting for this to take effect, a detailed
industrial history was obtained, dating from school-
leaving age. This helped to establish the duration, in years,
each man had been in employment involving exposure
to heat. Following this and when the pupil diameters
were seen to be at least 7mm, an ophthalmic examination
was carried out. This included an external examination, an
examination of the anterior segment and lens of each eye
using a Haag-Streit '900' slit-lamp and binocular micro-
scope, and an ophthalmoscopic examination of the
posterior segment of both eyes. All the pathological
changes found were documented. The examination was
concluded with the instillation of a suitable miotic
(pilocarpine 2%Y.), and, where appropriate, the subject
was given ophthalmic advice. During this examination
the ophthalmologist was not aware of the examinee's
industrial history.

Classification of the observations The following classi-
fication of cataracts was adopted:

(1) Anterior and posterior subcapsular opacities,
lying behind the iris: These are usually of little con-
sequence at this stage and rarely interfere with visual
acuity. This will be referred to hereafter as type I cataract.

(2) Posterior polar, subcapsular, saucer-shaped catar-
act: This lies close to the posterior nodal point of the
lens and can usually be expected to interfere markedly
with visual acuity. Spectacles are of little value and one

must usually resort to surgery to improve visual acuity.
This will be referred to as type II cataract.

(3) Dehiscence of the anterior zonular lamella: This
produces a gross disturbance of vision, and surgery is
called for if vision is to be improved. This will be referred
to as type III cataract.

Measurement of exposure Two methods were used, one
subjective and the other objective.

(1) The subjective method was based on the M.R.C.
team's assessment of the exposure associated with
particular jobs. Fourgrades of exposurewereestablished-
high, intermediate, low, and no risk-and these grades
were allotted the factors 3, 2, 1, and 0 respectively; for
example, a 'teemer' in the converter shop was considered
to work in a job with particularly high risk and was
accordingly allotted a heat factor of 3. A 'slagger' in the
hot mill was thought to be less exposed than a teemer and
was therefore given a factor of 2, but more exposed than
an operator in the hot mill who consequently was allotted
a factor of 1. Employees such as process workers in the
cold mill and fitters in the coke ovens were thought not
to be exposed to significant heat radiation and such
occupations were allotted a score of 0. The years spent
in any particular occupation were then multiplied by the
appropriate heat factor to give a quantitative 'years
exposed' score. Table 1 illustrates a typical industrial
history and the method of scoring.

(2) One of us (C.G.W.) had made measurements
using a globe thermometer at strategic points in relation
to the various jobs with which we were concerned. Heat
factors varying from 1 to 7 were this time employed
covering the radiant temperatures from 50 to 350°C in
500 increments. This factor was again multiplied by the
number of years spent in the particular job.

Results

The response rate
Table 2 gives the response rate of the total population
by age, and Table 3 gives the response in the various
occupational groups.

Prevalence of cataract

Type III No cases of type III cataract were found.

Type II Only two cases of type II cataract were found.
The details are as follows:

Case 1 Aged 55, miner for 20 years, labouring with
building contractors five years, 15 years' employment in
the blast furnaces as general labourer, front side drainer
man, trough man, part time slagger and then, for the
last four years, rigger. Exposure to molten metal occurred
for the first 12 years but since he became a rigger exposure
would have been negligible. Bilateral cataracts made him
visually handicapped. His score for 'years exposed' was
37.

Case 2 Aged 45, miner for three years, army 12 years,
and worked in the steel plant for 14 years. It is estimated
that he would be exposed to glare from molten steel for
approximately 50% of his shift and that for 75% of this
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TABLE 1
INDUSTRIAL HISTORY (CASE No. 640)-'IMPURE' WORKER

Employment From To Period Heat exposure 'Years exposed'
(years) Factor

Left school aged 14
Old steel works (some exposure) 1925 1927 2 1 2
Assorted factory employment (no exposure) 1927 1932 5 0 0
Various work and unemployment (no exposure) 1932 1937 5 0 0
Construction work (no exposure) 1937 1939 2 0 0

Joined Richard Thomas and Baldwins
Roll hand, hot sheet finishing 1939 1941 2 1 2
Crane driver, hot mill 1941 1953 12 1 12
Crane driver, mould plant 1953 1967 14 1 14

Present age 56
Age left school 14 Total 'years exposed' 30
Total working life 42 yr

TABLE 2
POPULATION AND RESPONSE RATES BY AGE

Age group Total population Dead and To be seen Not seen Seen Response
dismissed rate ( %)

40-44 251 0 251 11 240 95-6
45-49 255 1 254 9 245 96'5
50-54 258 0 258 26 232 89-9
55-59 245 1 244 23 221 90'6

Total 1009 2 1007 69 938 93-1

time he would be wearing protective glasses. Unilateral
cataract in the right eye and left eye amblyopic, visual
acuity being right 6/6 and left 6/60. It would appear that
his visual handicap is not due to the cataract. His score
for 'years exposed' was 42.

TABLE 3
POPULATION RESPONSE RATE BY SHOP

Shop To be Not Seen Response
seen seen rate (%)

Hot mill 202 21 181 89-6
Coke ovens 127 0 127 100 0
Blast furnaces 132 6 126 95-5
Steel plant 380 27 353 92-9
Staff 65 7 58 89-2

Subtotal 906 61 845 93-3
Cold mill 101 8 93 92-1

Total 1007 69 938 93-1

Type I The remainder of this paper is devoted to
an analysis of the prevalence of type I cataract in
relation to age, place of work, and exposure to heat.
For simplicity, only those subjects with bilateral,

normal lenses or bilateral type I cataracts have
been considered. These subjects number 785 (83-7%
of the population examined). Of those excluded,
76 (8-1 %) had unilateral type I cataract and 75
(8-0 %) had lens changes other than the types I, II or
III under discussion in either one or both eyes. None
of the excluded subgroups was large enough for any
useful analysis to be done.

Type I cataract and age Table 4 and Fig. 1 show
the relation between the percentage of men ('pure'
and 'impure' workers) who have bilateral type I
cataract and age. There is a significant linear trend
(P < 005) in this relationship, the percentage
increasing from 51-0 at age 40 to 63-2 at age 60.

Type I cataract and shop For the purpose of
comparing the prevalence of bilateral type I cataract
between factory shops, only 'pure' shop workers

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.28.3.265 on 1 July 1971. D
ow

nloaded from
 

http://oem.bmj.com/


268 J. Wallace, P. M. Sweetnam, C. G. Warner, P. A. Graham, and A. L. Cochrane

TABLE 4
BILATERAL TYPE I CATARACT AND AGE

Age group

40- 42- 44- 46- 48- 50- 52- 54- 56- 58- Total

Bilateral normal lenses 48 33 36 48 24 28 38 31 27 26 339
Bilateral type I cataracts 50 42 47 50 30 45 43 46 44 49 446

Total 98 75 83 98 54 73 81 77 71 75 785

Percentage with bilateral
type I cataract 51-0 56-0 56-6 51-0 55-6 61-6 53-1 59-7 62-0 65-3 56-8

Total: X2 (9 D.F.) = 7-19 0-50 < P < 0-70
For linear regression: X2 (1 D.F.) = 4-03 P < 0-05
Linear regression equation: Percentage = 51-0 + 0-61 (Age-40)
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en used. A 'pure' worker was defined as one working at the time of the examination. For example,
d never been industrially exposed to heat the worker whose industrial history is given in
re other than in the shop in which he was Table 1 is an 'impure' worker. Pure workers, thus

defined, number 775 (82-6%) of the population
examined and, of these, 649 (83-7%) had either
bilateral, normal lenses or bilateral type I cataracts,
the same percentage as in the total population.

oqe-404 The distribution of the 'pure' workers by shop is
es54O*bl given in Table 5, together with the number and

erce 9:0 percentage of those who have bilateral normal
lenses or bilateral type I cataracts. There is no

evidence that this percentage varies between shops,
i.e., the size of the excluded subgroups is similar for
all shops.

Before the analysis it had been suggested by
representatives of the steelworks that high exposures
to heat could be expected in the steel plant, and that
exposure in the coke ovens, blast furnaces, and hot
mill might be similar and less than that in the steel
plant. Table 6 compares the proportion with type I
cataract in the steel plant, coke ovens, blast furnaces

.5 .O . . and hot mill combined, and the cold mill (the control
lo (yer45s)

group) and shows that significant differences (P <
Age (years) 0-05) exist between the groups, the highest propor-

Variation of percentage with bilateral cortical tion (63%) occurring in the steel plant and the
with age. lowest (47-7 %) in the cold mill. This effect is unlikely

TABLE 5
DISTRIBUTION OF 'PURE' WORKERS BY SHOP

Cold Coke Blast Hot Steel
Shop mill ovens furnaces mill plant Total

No. of 'pure' workers 79 106 110 155 325 775
No. (Percentage) of 'pure' workers
with either bilateral normal lenses 65 85 92 131 276 649
or bilateral type I cataracts (82-3) (80-2) (83-6) (84-5) (84-9) (83-7)

For differences in percentages between shops x2 (4 D.F.) = 1-53 0-80 < P < 0-90
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TABLE 6
BILATERAL TYPE I CATARACTS BY SHOP e

Shop Bilateral Bilateral Total Mean age
normal lenses type I cataracts in shop

Steel plant 102 (37.0%) 174 (63-0 %) 276 48-7 (0.34)
Coke ovens, blast furnaces, 145 (47.1 %) 163 (52.9%) 308 50 4 (0-34)

hot mill
Cold mill 34 (52.3%) 31 (47.7%) 65 50-2 (0-60)

Total 281 (43.3) 368 (56-7 %) 649 49-6 (0-23)

Standard errors of mean ages are given in parentheses.

For differences in type I cataract between shops: X2 (2 D.F.) = 8-48 (P < 0 05)

to be due to any age difference between the shops
as the mean age of the men in the steel plant is sig-
nificantly lower than that in either of the other two
shop groups which have similar age distributions
(Table 6).

Type I cataract and heat exposure As previously
mentioned, an attempt was made to quantify
exposure to heat radiation in two ways. There is a
highly significant (P < 0 01) linear relation between
the percentage of workers ('pure' and 'impure')
with type I cataract and 'years exposed' for both
methods of exposure assessment. This is shown in
Table 7 and Figure 2. The two linear regression
equations are remarkably similar, both showing an
increase from 50% of subjects with type I cataract
at zero exposure to over 700% at 80 'years exposed'.
However, 'years exposed' is calculated by multi-
plying exposure (heat factor) by the number of years
spent in that exposure environment and thus may
be highly correlated with age; the relation between
'years exposed' and the proportion with cataract
might be due, at least partially, to this age effect.
The age effect can, however, be at least partially

eliminated by considering the relation of the pro-
portion with cataract to 'years exposed' within
five-year age groups.

Regression coefficients for the linear regression of
percentage with type I cataract on 'years exposed'
together with the corresponding chi-square (with
one degree of freedom) are given in Table 8 for both
methods of exposure assessment.
For the subjective exposure assessment, none of

the coefficients differs greatly from the overall
coefficient (0 28) given in Table 7 and Figure 2. The
individual coefficients for the black body radiation
assessment differ rather more from the overall
figure (0-27).

Only one of the eight individual chi-square values

is significant (P < 0-05), that in the 50-54 years age
group under the black body radiation exposure
method. The trends for the four age strata can,
however, be combined using a procedure given by
Mantel (1963) and Armitage (1966). The resulting
chi-squares, also shownin Table 8,are 7*97 (P < 0-01)
and 11 00 (P < 0 001) for the subjective and black
body radiation exposure methods respectively.

Discussion

Since 1948, only one employee of the Ebbw Vale
division has received compensation for cataract. In
this study no cases were found with type III cataract
and only two cases of type II. Although these cases
may have been caused by conditions which no longer
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cataract with 'years exposed'.

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.28.3.265 on 1 July 1971. D
ow

nloaded from
 

http://oem.bmj.com/


270 J. Wallace, P. M. Sweetnam, C. G. Warner, P. A. Graham, and A. L. Cochrane

TABLE 7
BILATERAL TYPE I CATARACTS AND 'YEARS EXPOSED'

(a) Subjective exposure assessment method

' Years exposed'

0- 10- 20- 30- 40- 50- 60- > 70 Total

Bilateral normal lenses 131 53 67 37 27 12 5 7 339
Bilateral type I cataracts 140 55 105 49 42 28 10 17 446

Total 271 108 172 86 69 40 15 24 785

Percentage with bilateral
type I cataracts 51-7 50-9 61P0 57-0 60-9 70 0 66-7 70-8 56 8

Total X2 (7 D.F.) = 11-65 0-10 < P < 0-20
For linear regression: X2 (1 D.F.) = 9-17 P < 0-01
Linear regression equation: Percentage = 50-2 + 0-28 x 'Years exposed'

(b) Black body radiation assessment method

'Years exposed'

0- 10- 20- 30- 40- 50- 60- > 70 Total

Bilateral normal lenses 115 85 54 26 15 20 10 14 339
Bilateral type I cataracts 113 91 91 40 27 27 23 34 446

Total 228 176 145 66 42 47 33 48 785

Percentage with bilateral
type I cataracts 49-6 51-7 62-8 60-6 64-3 57*4 69-7 70-8 56-8

Total X2 (7 D.F.) = 16-24 P < 0-05
For linear regression: X2 (1 D.F.) = 11-45 P < 0-001
Linear regression equation: Percentage = 49 9 + 0-27 x 'Years exposed'

TABLE 8
BILATERAL TYPE I CATARACTS AND 'YEARS EXPOSED' WITHIN AGE GROUPS

(Regression coefficients for percentage with bilateral type I cataracts on 'years exposed' and the corre-
sponding chi-square.)

Exposure assessment method

Subjective Black body radiation

Age group Regression coefficient Chi-square (1 D.F.) Regression coefficient Chi-square (1 D.F.)

40-44 0-36 2-74 0-29 2-31
45-49 0-37 2-70 0-47 3-65
50-54 0-20 1-15 0-48 5-63

(P < 0-05)
55-59 0-24 1-74 0-15 0-66

All age groups combined 7-79 11-00
(see text) (P < 0-01) (P < 0-001)
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An epidemiological study of lens opacities among steel workers 271

exist, in view of the present uncertainty regarding
aetiology, any precautions available should be
adopted. Basically, these hinge on the use of
suitably tinted glasses when viewing molten metal
or slag, etc.
The results of the prevalence studies of type I are

more difficult to interpret. This condition is com-
monly found in the older age groups of the general
population. It is equally true that this form of
cataract can be produced in the experimental
animal by exposing the eye to heat.
There are two findings:
(1) There is a difference in the prevalence of type I

cataract between the 'exposed' groups and the
control group.

(2) There is a correlation between the prevalence
of type I cataract and exposure to heat as measured
by the two exposure indices. This is clearly of
interest, but it must be remembered that there was
no visual disability associated with type I. On the
other hand, there is the possibility that type I can
progress to type II.

The only possible conclusion appears to be the
need for further research, including the development
of better indices of personal exposure to infrared
rays.
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