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Ganil/ULP
Heavy ions. Irradiation chamber in the line located in experi-
ment hall D1 at the Large National Heavy lon Accelerator
(Ganil, CEA-CNRS). It features a small (2.5 cnv) but very
homogeneous usable beam section of ions with energies ran-
ging from 0.1 to 95 MeV per nucleon and a widely variable
flux that provides average doses of a few cGy to several thou-
sand Gy. Another area (G4) is dedicated to the irradiation of
large-size biological samples.
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Ionizing Radiation an

To studly the effects of ionizing radiation on living matter, resear-
chers have at their disposal a broad range of radiation sources.
These sources are chosen according to either the type of radia-
tion required, or the applications to be tested. The first of these
two variables determines how the radiation interacts with the
matter, and thereby its biological effects. The choice must also
take into account certain experimental constraints, e.g., those
coming from the path length of the radiation takes in the matter.

Reproducing conditions populations living in granite regions, and
of natural miners extracting uranium ore are parti-

. 4 cularly exposed, or solar ultraviolet radia-
accidental tion. Some are intended to reproduce th
or therapeutic exposure effects of accidental exposure: accident

with gamma ray sources, or criticity acci-

The objectives of experimentation in dents. While others are designed to eva
radiobiology are wide-ranging. Experi- luate the effects of therapeutic exposure
ments are designed to reproduce the difsuch as radiotherapy in the treatment o
ferent types of exposure to natural radiacancer or the use of lasers in medicine
tion, such as that from radon to whichfor example for the correction of certain

Energy deposition at a microscopic scale: from less than 1 to

several hundred keV/um

Radiation loses all or part of its energy to deposition for the sam#&ose thebiological
the matter it goes through, in a discontinuouseffectwill vary according to the type of radia-
and random manner. tion. For example, comparing the effects of

The level of energy transfer at a microsco-2/Pha and gamma rays is rather like compa-
pic scalgsee Physical tools for studying radio- fNY the effect on a target of a cannonball with
induced lesionss often expressed in terms of that of buckshot. The energy transferred may
lineal energy transfer (LET). The average bg the same, but the kind of damage inflicted
value ofLET ranges from less than 1 kiloe- Will be different.
lectronvolt per micrometer (keMm) (1 m = Thus for alpha particles, as the dose
0.001 mm) for electromagnetic radiation, to decreases the number of hit cells decreases,
several hundred keWm for heavy ions. The but not the degree of impact on those cells,
values for neutrons cover the whole of thewhereas for gamma rays the quantity of energy
range. deposited per cell goes down, but not the num-

Given the wide range of values for energyPer of cells hit.




d Living Matter

sight disorders. More fundamental oven» irradiators to large irradiation
research is conducted to improve undersrooms or complex machines. The first
tanding of how radiation acts on matter,can be used directly around the clock b
using in particulaheavy ionsor single  biologists and does not require the ope
energyneutrons. rators to be highly trained. For the secon
the physical characteristics of the radia
Appropriate tion are better, but they need qualified
personnel, given the risk of exposure.
Experiments in the largest facilities are
planned several months ahead after vali

The irradiation possibilities depend gation by a scientific committeesde
on both the source characteristics and thgyamples in phot)s

nature of the biological sample.
Theradiation path in the matter is an
important criterion. The path length —

depends on the nature and energy of the
radiation. X rays, gamma rays and neu- -
trons are able to traverse the whole body,

experimental conditions

although there is a big difference bet- A. Gonin/CEA

ween the dose deposited at entry and the Gamma radiation. IBL 637 irradiator installed at CEA/Fonte-
one delivered on exiBeta particles tra- nay-aux-Roses. Using this particularly simple apparatus biolo-
vel a few millimeters, but alpha particles gical material, here cells in their culture medium, can be irra-

diated with a cesium 137 source.

come to rest after only some tens of
micrometers. In this case to irradiate cells
in culture these have to be grown on very
thin supports, e.g., made Mylar,
because the ions would be stopped by th
plastic walls of conventional culture
flasks. Likewise the usable beam section
i.e., where the radiation is homogeneou
can be only of a few square centimeters
Hence experiments on animals, can b
performed with certain sources only.
The radiation sources used are o
various types, from the simplest «kitchen

CEA

Alpha radiation. At the beam output from the 7 MV tandem accelerator
used for the irradiation of cell cultures at the CEA Radiotoxicology Labo-
ratory at Bruyéres-le-Chatel, the energy range, from 2 to 15 MeV, affords
dose rates from 0.1 to more than 300 Gy/min. In addition, actinide
sources, plutonium 239 or americium 241, cover an energy range of 4 to
5 MeV with dose rates of 0.05 and 0.2 Gy/min respectively.
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