












Possible cataractogenic effect ofradionuclides deposited within the eyefrom the bloodstream

Fig. 9 Autoradiograph ofciliary
process ofdog injected
intravenously (S [tc/kg) plutonium
citrate and killed24 h later. Note
alpha tracks. (x2718).

of 239Pu distribution in the eye of the dog have shown
that this retention in the eye occurs specifically in the
iris and ciliary processes (Pirie A, Vaughan J,
personal communication) as does that of other radio-
nuclides already discussed. This' is shown in Figs. 8
and 9. Some at least of the alpha radiation would be
within reach of the radiation sensitive cells in the
germinative zone of the lens epithelium, since the
range of an alpha particle ofplutonium is about 35 jtm
in tissue,2' and the distance between the iris and the
sensitive cells lies within the same range.22 Such local
irradiation by alpha particles would be expected to be
more effective than external penetrating radiation,
since alpha particles have a greater biological effect
than either gamma rays or neutrons as recognised by
the quality factor used in calculating absorbed dose
for different types of radiation. The quality factor for
alpha particles is 20 compared with 1 for gamma rays
and 10 for neutrons.8 In an early series of observa-
tions on a small number of young rabbits Von
Sallman and his colleagues found alpha particles to
be more cataractogenic than x rays or gamma radia-
tion dose for dose.22
Although there are no reports of cataract due to

ingested or inhaled plutonium in man or in experi-

mental animals, there is some evidence that cataract
is a possible hazard from the therapeutic use of, or
industrial exposure to, radium isotopes.
A high incidence of cataract and conspicuous

multiple naevi of the iris was first reported in a group
of patients given therapeutic amounts of 224Ra in
childhood for the treatment of tuberculosis and
ankylosing spondylitis.23 224Ra decays rapidly to a
series of radioactive daughter products which may
irradiate soft tissues.24 It was first given as a mixture
known as 'Peteosthor,' which contains,platinum and
eosin.2324 Recent experiments with mice have shown
that the tissue distribution of 224Ra was not affected
by whether it was given pure or with platinum, but
since no cataracts were reported in either set of mice
it is not yet known whether platinum can cause
cataracts.25 In the most recent follow-up of 218
juveniles (aged 1-20) and 680 adults (aged 35-47)
who received repeated injections of 224Ra about 30
years ago, some in the form of Peteosthor (Spiess H,
Mays CW, personal communication), 11 cataracts in
juveniles and 25 in adults were found. The average
age at which cataract was reported in the juveniles
was 35 years, with a range of 14-46 years.24 The
incidence ofreported cataracts increased significantly
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with dosage. In juveniles receiving more than 14-3
FICi/kg 224Ra the cataract incidence was 11/154, while
no cataracts were seen among the 57 juveniles
receiving lower amounts. In the adult patients whose
dose exceeded 14-3 [tCi/kg the cataract incidence was
17/245 compared with 7/400 at lower dosage (Spiess
H, Mays CW, personal communication). The most
recent report on a further group of 274 adults treated
with much smaller doses of 224Ra (280 [tCi) for
ankylosing spondylitis notes seven cases of cataract.
The mean time from initiation of treatment was 26
years and the mean age at diagnosis was 66 years. The
authors consider that the cataract incidence was not
unusual for the age group.26The soft tissue dose is not
known, but the skeletal dose was several 100 rads in
the Spiess juvenile cases24 compared with 14-125
rads in the adult cases discussed by Wick and
Goessner.26 The character of the cataract is not
known in any of the patients treated with 224Ra. How-
ever, the high incidence of cataracts in juveniles,
some of them as young as 2 years when first treated
(Spiess H, Mays CW, personal communication),
suggests that the radionuclide 224Ra (or the eosin or
platinum) may be cataractogenic, particularly in an
age group when the lens is most radiosensitive
and high doses are given. The sensitivity of the lens
in young animals has been well demonstrated
experimentally.4
Many women have been exposed to 226Ra and 228Ra

through their work as painters of the luminous dials
of watches. Loscher27 reported bilateral posterior
subcapsular cataracts in a 56-year-old woman who
had worked for 25 years painting luminous radium
dials and concluded that these were due to her
occupational exposure to radium, which would have
included external exposure to gamma rays.28 More
recently Adams et al.28 have surveyed 813 women
who were exposed as dial painters before 1930 at a
mean age of about 19 years. There were 119 cataracts
of unspecified type. The time between first exposure
and diagnosis of cataract was less in those whose
calculated radium intake to the blood was greater
than 50 tiCi (140 women) than in those whose intake
was lower than this (673 women). The authors con-
clude that more work is needed before deciding
whether or not the cataracts were due to radiation.
Though they suggest that duration of employment
may be used as an index of the possible participation
of external radiation sources in the working en-
vironment, they do not discuss whether the radiation
involved in cataract induction was alpha particle
radiation from 226Ra deposited in the pigmented
tissues of the eye or gamma radiation from exposure
to environmental sources as is proposed in the case of
excess breast cancers in British luminisers.29
No excess of cataracts is reported in a large group

of patients (approximately 3900) given thorotrast,-' a
contrast medium containing 232Th. The decay chain of
232Th contains both 226Ra and 224Ra.

We are grateful to Dr W J Meredith for estimates of the external
radiation dose received by Mr A and to Dr Robin Mole and Mr A
Bron for helpful discussions. We thank Mrs Overall for making the
autoradiographs and Mr Ian Robertson, Newcastle upon Tyne, for
bringing this case to our attention.
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