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••• - Iron overload has been recognized as a
major factor limiting life in individuals with
certain hereditary or acquired disorders. The
excess iron may be deposited in a number of
tissues and produces a variety of effects.
Patients with thalassemia major and other trans-
fusion dependent iron overload often experience
progressive deterioration in pancreatic, hepatic
and cardiac functions.

Autopsy of liver and heart of patients with
iron overload diseases showed greatly elevated .
levels of iron. Values ranged from 0.2 - 14.3g
in the liver and 0.04 - 0.62g in the heart (1).
The normal values for standard man are 0.32g '
for liver and 0.015g for heart (2).

Iron chelating agents have been employed to
enhance the excretion of iron and retard its
accumulation. In order to assess the effec-
tiveness of chelating agents it is necessary to
have quantitive information about iron stores
and iron overload. We have developed a method
for direct estimation of liver iron using
•nuclear resonant scattering of gamma-rays (NRS).

In the NRS technique, the Fe is raised to
its first excited state (847keV) by gamma rays.
The excited state has a lifetime of 7ps and
decays back to the ground state by emission of
a 847keV gamma-ray. The cross section for this
reaction exhibits a narrow. (O.COlkeV) resonance
behavior. The problem, then is to find a
source of gamma-rays with sufficient intensity
in the energy region of the first excited level
of 56Fe. Since 5$Mn decays by g~ to the first
excited state of "Fe, it can be used as a
source of 847keV gamma-rays. However the energy
of these photons is not sufficient to develop
resonance excitation siifce the photon loses
part of its energy (14eV) via the recoil of the
nucleus. This energy deficit is greater than
the width of the excited level, consequently
there is a negligible overlap between the
emission and absorption lines.

Resonance conditions are restored by
Doppler broadening of the emission line. In the
decay of -*%n, the resulting excited nucleus
56j-e* is set into motion through recoil result-
ing from the B~ emission. If the 56pe* decays
to its ground state during this recoil motion,
.the energy if the emitted gamma-ray will be
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Doppler shifted. The Doppler broadening o
emission line will however occur only when the
nucleus has a collision time which is large
compared to the 7ps lifetime of the level.
This condition is not fulfilled for a source in
solid or liquid state (3) and only a source in
a gas phase will have sufficiently large inter-
molecular distances.

The present source consisted of lmg MnCl,
sealed in an evacuated quartz 12cc in volume.
The capsule was irradiated in a neutron flux of
1x10 n/cm^*sec for 4 hours. The capsule was
then transferred to a special furnace and the
source was brought to a gaseous phase by
heating. -
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Fig. 1 shows the patient irradiation-detec-
tion facility. The shielding consists of tung*
sten alloy blocks and lead bricks. The detec-
tors are Ge(Li) detectors having a total relafcLv
efficiency of 34%. The detectors count the
scattered radiation at an angle of 90° to the
incident photon beam. The resona'ntly
scattered radiation has an angular distribution
corresponding to an excited state with spin 2
and a ground state with spin 0 (4). Maximum
cross-section occurs at 180°, and minimum at
approximately 130°. Measurement at 90° to the
incident beam is a reasonable compromise.



In- order to determine the operating temper-
sture, resonance scattering yield was determined
as a function of source temperature. With
increasing temperature the amount of MnCl2 vapor
increases and produces an increased resonant
scattering count rate. It is very important
that all of'the MnCl2 should be in vapor form,
for two reasons. 1) Radiation dose: if only a
fraction of the source material is in the *apor
phase, there exists a portion in the nonvapor
phase which delivers a dose without producing
any resonant scattering effect. 2) Stability
and the reproducibility of the system: when all
of the material is in the vapor phase, insta- t
bility in the heating system cannot introduce
a significant variation in the NRS cross-
section.

The resonant count rate as a function of
temperature for two sources is shown in Fig. 2.
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As is evident from this figure, the 5mg source
did not evaporate completely at this tempera-
ture range. The lmg source shows a plateau
which indicates that all of the MnCl2 was in
the vapor phase. The operating temperature was
fixed at 1030°C for the lmg source.

The sensitivity of the method was deter-
i lined by measuring the resonant counting rates
I btained from solutions of ferric nitrate
i ositioned in the liver of an Alderson anthro-
I miorphic phantom. Background counting rates
k re determined from an iron-free phantom con-

Ining water in the organs.

. 3 shows a spectrum of the 847keV gamma-
's scattered from a liver containing 6g of Fc.
radiation dose to the liver was 150mrem.
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The sensitivity of the method was 350
counts/g*rem for the liver. With the. present
configuration the limit of detection is 0.6g Fe
in the liver, with a dose to the liver of 2rem.
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SUMMARY

A technique for the measurement of body
iron stores utilizing nuclear resonant scatter-
ing of gamma-rays has been developed. 847keV
photons emitted from a gaseous ^%nCl2 source
are resonantly scattered from 56pe present in
the liver and are detected by two large volume
Ge(Li) detectors. Due to the very narrow
resonance of the absorption cross section the
technique is very specific to the element under
investigation. The spatial uniformity of
activation, the sensitivity of the detection
system-and the limits of detection have been
investigated. Measurements were made of liver
of a nan-like phantom. The sensitivity and the
limit of detection obtained for the NRS tech-
nique developed in this study are adequate for
detection of iron in livers of normal
individuals and are certainly sufficient for
livers of persons with iron overload.
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