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Biological material irradiated in the pile
is affected by different kinds of radia-
tion1: (external) y-radiation, fast, slow
and thermal neutrons. The biological
action of the latter is chiefly due to nuclear
reactions with H, leading to (internal)
p-radiation through H(n)D, and with N,
B and, in certain cases, Li, leading to the
emission of heavy ionizing particles formed
through thereactions N14(np)C14, B1%(na)Li?,
and Li%nae)T respectively. Since these
radiations have very different biological
effectivities, mainly due to differences in
ionization densities 2, it is necessary to
determine their relative importance in the
total dose given. In the present communi-
cation the authors show the possibility of
measuring the doses of y-radiation (+ non-
thermal neutrons — probably a small frac-
tion) and thermal neutrons separately
through the determination of the yield of
the reaction Fe?t -» FedT, occurring in
solutions of FeSO, in 0.1 N H,S0,. It is
further demonstrated that the relative
chemical efficiencies of the different kinds
of radiation can easily be determined.

In a preliminary series of experiments pairs
of silica tubes containing 3 ml of air-saturated
FeSO,—H,S0, solution, one solution with,
and the other without, an added amount of
H,;BO; or Li,SO,+H,0 have been irradiated
simultaneously and at the same position in the
Kjeller heavy water pile. The reaction yield in
a solution without B or Li is due to y-radiation
(+ fast neutrons), whereas the yield increment
in the solutions containing B or Li is due to the
recoil nuclei produced in reactions with ther-
mal neutrons. The yields of Fe3+ were determi-
ned spectro-photometrically at 520 mpy after
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the addition to the irradiated samples of 0.7 ml
of 3 N KSCN. The Fe?+ concentrations corre-
sponding to the extinctions were obtained from
a colorimetric determination of FeSO,—Fe,
(SO,); mixtures in the different milieus. The
fact that Li,SO, (concentrations up to 0.22
moles/l were used) lowered the extinction was
allowed for. Admixtures of H;BO; (concs.
up to 0.08 moles/l) caused no change of the
colour intensity.

The G values (number of ions oxidized per
100 eV absorbed) for X-rays were controlled
for all solutions (roentgen apparatus run at
175 kV, filtration 0.5 mm Cu + 1 mm Al,
dose rate, measured with a Victoreen type
chamber, 50 r/min). The absorption of X-ray
energy per ml was determined regarding ab-
sorption coefficients and densities 3. Influence
of eventual pH changes on the reaction yield
was negligible. For X-rays a G value of 18.7
ions oxidized per 100 eV absorbed was found.
When the pH dependence ® of the reaction is
considered, this is in close agreement with
earlier values 45 of about 21 obtained in 0.8
N H,S80,. Simultaneously with the irradiation
of the solutions the neutron flux was determi-
ned by activating sodium carbonate, followed
by an absolute measurement of Na?t in a
Nal(T1) scintillating crystal ?. In more accurate
work a correction has to be made for the
neutron absorption through H, B or Li in
the solutions. Detailed experimental data will
be published in a further communication.

From the neutron densities thus determi-
ned and from the known values of neutron
cross sections of the nuclear reactions and
reaction energies (see Table 1), the oxidiz-
ing efficiencies of the particle radiations
relative to that of X-rays could be deter-
mined, 7.e. the G values for these radiations
(Table 1).

Conclusions: 1. The densely ionizing
radiations give a lower reaction yield than
do X- and y-radiations. This agrees with
the scant information from experiments
with g-rays from Po and Rn89. The rel-
atively high yield (Table 1) of the products
from Li®(ne)T is probably due to the less
densely ionizing triton, the relative effic-
iency of which is calculated to be not far
from 1, the efficiency of the a-particle being
regarded equal to that of the recoil nuclei-
produced through B1%(ng)Li’. This finding
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Table 1.
Reaction ! Ionizing particle
Nuclear Oxidizing
. ioni fficiency rel.
reaction . spec. ioniza- | © y
Moy | “ome | e | Qrewy | ton®ien | to Xeroys
pairs/p H,0
Bi%(na)Li’ 2.34 3990 1.49 5 500 0.24 [0-2¢
(40.44 ) Li? 0.85 5 500 ** : 0.24
Li*(na)T | 4.78 910 2.06 i 5 500 0.59 ! 0.24
; 2.73 1150 : 0.83
i ' e~ from * ~0.015 100 1.00 ;
i X-rays l

* Calcd. from range data given by Lea 1° and Siri }! and from the assumption of an energy

dissipation of 32.5 eV per ionization.

** (aled. from the range of the Li ion (d.e. Li®t — Li?+ — Lit) given by Rossi and Staub
(Ionization chambers and counters. New York, 1949, p. 187).

confirms the reliability of the fast neutron
dosimetry 3 based on the oxidation of Fe?*,
the mean jonization density produced here
being about 700.

2. The oxidation yield produced by the
recoil nuclei is independent of the Fe?*
concentration within the region 0.3—3.0
mmoles/l.

3. The oxidation yields are independent
of the thermal neutron intensity within
the region examined, 0.27—4.54.101 n
cm~2 sec!, and of the simultaneous y
intensities between 800 and 9 000 rep min—1.
After a standardization of the yield incre-
ment due to B or Li, the system described
can thus be used for a determination of
thermal neutron densities, irrespective of
the contaminating y-radiation.

4. A determination of the internal p-
radiation (and the form factor for absorp-
tion) from ny captures in the irradiated
object might be determined by a similar
method after shielding off the external
y-radiation.

The experiments are continued with ion-
izing particles giving other ionization den-

sities, e.g. protons from N(np)C! and fis-
sion fragments, and also with other chemi-
cal reactions, e.g. Ce?t — Ce3t.
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