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Non-linearity and Safety
Standards for Ionizing
Radiation
For a couple of decades now the recommendations of the
International Commission on Radiological Protection have
been based on the working hypothesis that harmful conse-
quences of radiation exposure, such as genetic damage and
cancer, increase in frequency in simple proportion to the
radiation dose in the exposed tissues. Thus one major I.C.R.P.
principle is to use average dose in a tissue as the basis of
reference, ignoring any non-homogeneity of irradiation at the
cellular level either in space or in time. If, as is often supposed,
a linear hypothesis like this may overestimate risk but will
not underestimate it then it is clearly a suitably conservative
working theory to be going on with until more exact dose-
response relationships are established. It is not, however,
self-evident that linearity is always conservative when irradia-
tion of tissue is highly non-homogeneous-for example, after
inhalation of radioactive dust into the lung. Would the con-
sequent spotty irradiation be more or less likely to cause cancer
than if the whole tissue were to be exposed to the same
average dose? All safety standards for radioactive contamina-
tion of the atmosphere depend on the answer for the lung, and,
furthermore, the relative importance ofhomogeneous and non-
homogeneous irradiation of tissue is a general problem for
radiological protection as a whole.

Factors concerned include the number of cells irradiated,
which decreases the more spotty the irradiation; the dose
each irradiated cell receives (not the average dose per cell,
which begs all the questions), which may increase the more
spotty the irradiation; the relationship between dose and the
probability per cell of producing the effect of concern (lung
cancer in the example mentioned); and the extent to which
other cellular effects of irradiation may interfere with the
development and expression of the effect (for example, cell
death or sterilization might prevent a very early cancer from
growing). A clear head, mathematical facility, and extensive
computations are essential ingredients in providing an answer,
and an attempt has recently been made by Mayneord and
Clarke.' In the absence of hard information, representative
but not necessarily realistic numbers had to be used for the
radiosensitivities of cells, and the results of the computations
cannot be better than the ideas and the facts on which they
are based. One noticeable point is that the expression e-D is
used throughout for sterilization of cells by the less densely
ionizing radiation such as x-rays and beta particles without
acknowledgement that a shoulder is commonly to be found
on the cell survival curve.2 Nevertheless, a useful and reassuring
conclusion is reached. Exposure ofskin and lung to particulates
containing beta-emitters may be an important practical prob-
lem in running nuclear power stations, and it turns out that
the I.C.R.P. conventions are satisfactory. The difference in
frequency of effect to be expected according to I.C.R.P.
concepts as compared with more realistic calculations for a
spotty distribution is too small to matter, even when the dose
response function for carcinogenesis is assumed to be quite
non-linear, for instance dependent on the square or even
higher powers of the dose.
The corresponding "hot particle" problem for alpha-

emitters, especially plutonium, has been a matter of great
interest in the last year or two.3 The inhomogeneity of irradia-
tion is considerably more pronounced than for beta-emitters,
and this introduces additional mathematical difficulties. The

problem has been briefly and tentatively considered else-
where4; perhaps a similarly rigorous mathematical analysis can
be made for these alpha-emitters too.
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Candida Endocarditis
Candida endocarditis is an uncommon but grave disease, the
gloomy prognosis of which became increasingly clear as
reports and surveys gathered volume after the first docu-
mented' clinical account in 1940. Spontaneous infection seldom
occurs, and in most patients the condition arises as a complica-
tion of open heart surgery, drug addiction, or antibiotic
therapy for bacterial endocarditis.
A recent review2 of the possible modes of infection and the

diagnostic features of the condition stressed that the onset is
often silent without fever or other systemic manifestations.
The clinical picture-as with bacterial endocarditis-depends
on the mechanical effects on the affected valve (natural or
artificial), which may be obstructed with vegetation, and on
the occurrence of embolism. The diagnosis rests primarily on
positive blood cultures in Sabouraud's medium, the growth
taking a minimum of ten days to appear and often three weeks
or longer. Negative cultures for bacteria do not imply that the
infection is fungal, nor does failure to obtain a growth of
fungus exclude this diagnosis. Serological tests3 with rising
titres of candida precipitins or agglutinins provide earlier
evidence of infection, but opinions differ as to their reli-
ability.2 4 5 Occasionally proof may be obtained by a biopsy of
marrow or from material removed at embolectomy, which
should be preserved for microscopy and culture.

Antibacterial agents are valueless in fungal endocarditis, for
which the most widely used drug is amphotericin B. This is
said to be fungistatic rather than fungicidal; it requires intra-
venous administration and is slowly excreted by the kidneys.
There are many side effects, of which the nephrotoxic action
is the most serious. A more recent antifungal agent, 5-fluoro-
cytosine, has the advantage of oral administration. Its half life
in the body is four to eight hours, and like amphotericin B it
is fungistatic and excreted mainly in the urine. Marrow
depression and hepatic damage have been reported.6

Earlier surveys,7-11 usually from cardiac surgical centres,
emphasized the high mortality of the condition, Kay and
colleagues in 1968 finding only six survivors out of 52 patients
in accounts in English language journals. A useful report12
from the same unit in Los Angeles has brought the story up to
date with a total of 116 patients with fungal endocarditis
(candida species in 91, aspergillus in 15, other or unidentified
organisms in 10). In order of frequency the aortic valve was
infected most often (58%), then the mitral (30%), aortic and
mitral together (10%), and tricuspid (9%/). To these 116
patients the authors added a further 15 of their own with
candida endocarditis. Their analysis of the outcome of the
disease in relation to the treatment employed showed a
mortality of 100% with no treatment and a mortality of 82%
when either chemotherapy or surgery was used alone. The
encouraging part of their report lies in the considerably better
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