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Abstract.

The criteria of the present system of individual dose limitation are considered as well
as the evolution of the limiting values. The assumption of he linearity of the
dose-effect relationship without any threshold is probably the best approach to adopt
for recommendations in radiation protection and for accounting the doses acquired
by exposure to ionizing radiation.
On the other hand the present evaluation of the natural background could imply a
different dose-effect relationship in the low doses region and perhaps the existence
of a threshold. Therefore he extrapolations which are usually made after exposures
of different groups of people to low doses cannot be considered as scientifically sound.

Riassunto.

Vengono con siderati i criterl sui quali si basa, attuale sistema di limitazione delle dosi
individuali nonchb 1levoltizione dei valori limite. Lassunzione della linearita della
relazione dose-effetto e dell'assenza di soglia probabilmente a migliore soluzione
per Ilapplicazione di principi della radioprotezione per a contabilita delle dosi
ricevute in seguito ad esposizione a radiazioni ion izzanti.
Daltra parte 1lattuale valutazione del fondo naturale potrebbe implicare una diversa
relazione dose-effetto nella regione delle basse dosi e forse, IVesistenza di una soglia.
Pertanto le estrapolazioni he si fanno comunemente a seguito dell'esposizione di vani
gruppi di popolazione a basse dosi non possono essere considerate scientificamente
provate.

Pubblicato in: Radiation Protection: Advances in Yugoslavia and Italy.
Proc. Symp. AIRP-YRPA, Udine June 1988.
ENEA. Roma. Serie Simposi: 2 39/247.
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SOME REMARKS ON THlE SIGNIFICANCE OF LOW DOSES

Radiation protection definitely cannot be considered a difficult` branch of
science as, e.g., theoretical physics or advanced mathematics. Therefore radiation
protection experts need not to be particularly gifted people, but, on the other hand,
the plain language and simple principles and criteria enable any people (therefore
not necessarily an expert) to play with them.

Such a do-it-yourself" radiation protection produces rather frequently some
wrong data while who is responsible of these errors is firmly convinced to have
achieved a perfect result.

Scope of this paper is to point out a contrast between experimental evidence and
the servile application of the linear dose-response relationship without threshold.

The linear dose-response relationship without threshold

The so-called Linear Hypothesis is a rather convenient procedure for balancing
accounts of doses delivered by a variety of radiation exposures. Such a relationship is
obtained by assuming that the coefficient relating health effects to dose remains
constant over many orders of magnitude of dose and is independent of dose rate. The
coefficient is obtained at high dose values and extrapolated to lower dose values.

If the practical advantages of a linear relationship without threshold between
dose and the probability of an effect are widely accepted, the ICRP states [1, paragraph
30]: The use of linear extrapolation from the frequency of effects observed at high
doses, may suffice to assess an upper limit of risk, with which the benefit of a
practice, or the hazard of an alternative practice - not involving radiation exposure -
may be compared. however, the more cautious such an assumption of linearity is, the
more important it becomes to recognize that it may lead to an overestimate of the
radiation isks, which in turn could result in the choice of alternatives that are more
hazardous than practices involving radiation exposure. Thus, in the choice of
alternative practices, radiation risk estimates should be used only with great caution
and with explicit recognition of the possibility that the actual risk at low doses may be
lower than that implied by a deliberately cautious assumption of proportionality."

In 1980 the BEIR-III Report [21 confirmed this approach and reported that below
a continuous, lifetime exposure of a representative (life-table) population to 0.01
Gy/year and a single exposure of such a population to 0.1 Gy: the uncertainties of
extrapolation of risk were believed by some members of the Committee to be, too great
to justify calculation". In the report summary it is stated that: The Committee does not
knows whether dose rates of y or x rays of about 100 mrads/year are detrimental to
man. Any somatic effects at these dose rates. would be masked by environmental or
other factors that produce the same types of health effects as does ionizing radiation."

Recently a new dosimetry system called DS 86" for the atomic bombs used in
Japan was developed [31. By plotting the ratios between the observed and the expected
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Fig. 2 Ratios between the observed and the expected mortality vz.- marrow dose
for leukemnia. Horizontal bars refer to the dose intervals and vertical' bars

to one standard deviation. From data by Preston & Pierce [31.

casualties vz. the doses in the DS 86 subcohort of 75,991 survivors, the diagrams
reported in fig. and 2 were obtained. The rather large errors in the diagram for
leukemia are due to the small number of cases (202) while other cancers amounted to
5734 cases.

These results substancially confirm the former "T65D" dosimetry [4] because
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according to ICRP 1 the new results raise' the risk estimate for the exposed population
by a total factor of the order of 2.

On the other hand, if a longer follow-up makes possible a more reliable estimate
of the number of leukemias and cancers detected, it must be pointed out that the
Hiroshima and Nagasaki dosimetry takes into account the external irradiation by the
burst and the fireball in the first seconds after the detonation [61 and neglecting any
contribution from fallout and food intake. Inhalation seems to be negligible [7 in
comparison to the external dose. Therefore any improvement in the dose assessment
by taking into account these contributions also would result in a reduction of the risk
estimate.

In conclusion there is no evidence at all,, neither on a theoretical basis nor
from experimental results that the linear dose-response relationship without
threshold is something more than a simple (and useful !) assumption. On the contrary
the ICRP pointed out very clearly the danger of a misuse of such an assumption
reporting, also, that [1, paragraph 28]: `There are radiobiological grounds for
assuming that the dose-response curve for low-LET radiation will generally increase
in slope with increasing dose and dose rate, over the absorbed dose range up to a few
gray." Therefore, in the above mentioned dose range, the linear hypothesis is likely
to overestimate the effects.

The radon induced lung cancer

The results of epidemiological studies of radon-exposed miners are the source of
data to study the relationship between the lung dose and the associated lung cancer
ri sk. Radon dosimetry is complicated by the presence of the radon daughters which
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are not in a constant euilibrium with radon itself. For that reason a unit independent
of the concentrations of each radionuclide, the WL (and the related WLM), was
introduced.

In Fig. 3 the correlation between the mean cumulated exposure and the
additional lung cancer in some miners groups (from 800 to 13,400 persons) is plotted.
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The spread of points is rather large probably on account of the inhomogeneity of the
methods adopted for the different sets of measurements. n fact when homogeneous
data are considered a very good correlation is obtaincd, as, e.g., reported in fig. 4.
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Fig. 4 Additional lung cancer per 1,000 miners vz. the mean cumulated
exposure in WL-M or Sv. Horizontal bars refer to the dose intervals

and vertical bars to 95% confidence limits. From data by Kunz et al. [10]

More recently it was found that in a domestic environment the effective dose
equivalent is more related to tile radon concentration than to the equilibrium
equivalent radon concentration [ 11, 12, 13] and a conversion factor per unit radon
concentration of 50 (tSv/y)/(Bq/m 3 ) can be put forward [131.

Applying such a conversion factor to the average indoor radon concentration
in Europe (40-50 Bq/M3 ) and assuming an occupancy factor of 80% gives an average
dose equivalent to the population of about 2 mSv/y. Therefore the global average dose
equivalent to the population in areas of normal background would amount to about 3
mSv/y and values much higher would be easily found in high background areas.

Such values imply a number of effects (lung cancer) detectable in the long run
over large groups of population. n fig. 5 and 6 the number of casualties for trachea,
bronchus and lung cancer for some Italian districts (respectively for males and
females) [14] are reported against the indoor radon concentration (Table 1) [15].

The lack of any correlation between the number of casualties and the indoor
radon concentration is quite evident notwithstanding its wide range of values. On the
other hand these results based on quantitative data are supported also by the absence
of any idea of a detriment related to some area with a high background.

It must be recalled here that in the past the population detected some
correlations between detriments and other factors also without any knowledge of the
real causes: to stick to the same matter, the radiogenic lung cancer (which happens to
be the oldest type of radiation-induced malignancy known) was recorded as early as
in the 15th-16th century.
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Fig. 5- Male mortality for trachea, bronchus and lung cancer for some Italian
districts [141 against the indoor radon concentration [15].
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Fig. 6 Female mortality for trachea, bronchus and lung cancer for some Italian
districts [141 against the indoor radon concentration [15].
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Table - Average indoor radon conce ntrations (1982-1988)

for somec Italian districts [15].

District B3q/11 3 District Bq/m3

VITERBO 96,8 PA VIA 93,5
FERRARA 72,6 CAGLIARI 65,4
ROMA 58,3 NAPOLI 42,8
MILANO 38,5 BERGAMO 33,3
PISA 27,9 PESCARA 23,4
MATERA 22,5 AOSTA 21,4
CATANZARO 19,3 LA SPEZIA 18,4
BARI 18,2 UDINE 17,9
VICENZA 17,6 VERCELLI 16,5
GENOVA 15,3 TORINO 13,5
BOLOGNA 12,4 LIVORNO 10,0

According to Agricola 161: Of the illnesses, some affect the joints, others attack
the lungs, some the eyes, and finally some are fatal to men". Among the miners in the
Schneeberger-Jachymov region in Erzgebirge the disease was known as the
"Sctteeberger Krapikheit" [91 and it was diagnosed as lung cancer in 1879 [171 , its
possible association with radon was suggested about 40 years later when the high
radon levels in mines of that region were discovered and the real cause of this disease
was recognized in the 1950s only when the first attempt of lung dosimetry were made
[18,19].

For the same reasons possible variations of the healthiness among some areas
with different background. would have been perceived. High background areas were
never discriminated on the ground of health: on the contrary spa areas (where radon
is in general much more abundant) have a good reputation from the point of view of
the health of their inhabitants.

The effects of low doses

In te preceding paragraphs the uncertainty of extrapolation from high doses
was pointed ut. But, on the other hand, there are some experimental results at low
doses.

Anl epidemiological study of chromosome aberrations in workers of the Austrian
spa Badgastein [20] found a dose dependence with a steep slope at low doses followed by
an evident trend to level off. The existence of some kind of stimulation of a repair
mechanism, which is not present at low doses levels and becomes active above a
certain level fo damage, is suggested.

Radiation hormesis is sometimes considered nearly a heresy because implies a
benefit from radiation instead of a. damage as currently assumed. If the problem is
considered without any prejudice, there is no contradiction to assume that the effects
of ionizing radiations can be opposite at different levels. On the other hand such a
behaviour is rather common in biological systems as, e.g., for oligomineral elements
which are beneficial (or quite essential) at low concentrations but become poisonous
at high concentrations.

If our knowledge of hormesis has yet to be enlarged, nevertheless some data
cannot be ignored [211. As Luckey reported recently [22] extensive literature indicate
that minute doses of ionizing radiation benefit animal growth and development,
fecundity, health and longevity. Specific improvements appear in neurologic
function, growth rate and survival of young, wound healing, immune competence and
resistance to infection, radiation morbidity and tumor induction and growth.
Decreased mortality from these debilitating factors result in increased average life
span following exposure to minute doses of ionizing radiation.

The above phenomena suggest the possibility that ionizing radiation may be
essential for life. Planel et al. [231 reported that gamma radiation can stimulate the
proliferation of a protozoan Paramecium tetraurelia and a cyanobacterium



Synecho coccus lividus when exposure is below 50 mGy/year. Shielding results in a
lower cell growth rate but this growth inhibition disappears when shielded cultures
are simultaneously irradiated.

Evidence must now be obtained to determine whether or not ionizing radiation
is essential for growth, development, nutrient utilization, fecundity, health and
longevity of higher animals. Whether or not ionizing radiation is found to be
essential for these physiological functions, many results indicate that the optimal
amount of this ubiquitous agent is imperceptibly above ambient levels [22].

The linear hypothesis gradually transformed from a useful assumption into a
scientific principle whose validity cannot be questioned. But at the same ime the
contribution of radon and its decay products to the natural background was found to
be dramatically higher than previously evaluated [241.

There are densely populated areas with high natural background. If the linear
hypothesis would really hold also at very low doses, local effects in such areas would
be evident. On the contrary no difference between low and high background areas
has ever been detected. An epidemiological survey carried on in Maine (USA) found
sonic correlation between cancer rates and radon concentrations in water but does not
provide proo f of causality [25, 261.

Because the experimental evidence is against the existence of harmful effects at
very low doses, any initiative to reduce doses already very low should be considered
with great attention. in order to avoid alternatives that are more hazardous than
pratice involving radiation exposure at such very low doses.

While the linear hypothesis without any threshold is a useful tool for
planning releases of radionuclides to the environment, a more realistic approach
must be adopted either after an uncontrolled release (e.g. after an accident) or in
natural background areas. Otherwise the countermeasures could imply a further net
burden.

Some centuries ago the Aristotelians refused to look into the Galileo's telescope
because upiter's satellites were not acceptable by their master's theory. Today the
same error should be avoided by attributing more importance to the experimental
evidence (absence of any difference of radiation effects between high and low
background areas) than to a pure working hypothesis (linear dose-response
relationship without threshold) applied outside its field of application.
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