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Abstract

THE FOLLOW UP OF IN VIVO MEASUREMENTS ON THE PATIENTS OF THE
GOIANIA ACCIDENT.

A radiological accident occurred in September 1987 in the city of Goiania, Brazil, due to
violation of a 50.9 TBq 137Cs source used for medical therapy. This accident resulted internal and
external contamination as well as irradiation of members of the public. Some people had radiation
burns after rubbing the fragments of the source on their skin. Successive skin decontamination were
carried on until there was no external detection of $ radiation. In August 1990, with the objective of
verifying the long term retention of Cs in the scares, a detection system to perform in vivo
measurements in specific regions of the body, with enough sensitivity to discriminate surface and
deep contamination, based on the ratio Ka I Kp (l37mBa characteristic X-rays) was set up in Goiania.
This system was also used to obtain information of the distribution of residual activities of 137Cs in the
body, 3 years after the intake. The detector applied in this set of measurements system consisted of a
HPGe type N, collimated with a 20 cm x 0.5 mm layer of cooper. Ten people were selected for this
study based on their remaining I37Cs body burden, which was obtained using a 8"x4" Nal(Tl) detector,
and on the presence of radiation burn scares. The selected individuals laid down on a thin matrix
under the detection system. The HPGe was positioned over and close to the region of interest, which
was different for each patient. Two of the subjects showed evidence of significant caesium activity
still remaining in wound sites. These results were obtained through the detection of the 137mBa
characteristic X-rays from the decay of 137Cs. Four of the 10 individuals measured exhibited high
levels of X-ray activity in the surface area above the liver. The measurement of these low energy X-
rays (30 keV) from an organ as deep in the body as the liver indicates a significant amount of activity
in that organ and also that caesium is probably not homogeneously distributed.

1. INTRODUCTION

During the early phase of the Goiania accident, portable instruments (Geiger Mr] Her
and scintillation detectors) were used to measure external contamination on the skin(1). It was
observed that the measurements performed over areas of radiation burns showed higher
counting rates than in other regions of the body, indicating the presence of l37Cs in the
wounds. After those measurements, successive skin decontamination were carried on, until
there was no detectable beta radiation, which was the parameter adopted to indicate the
absence of external contamination. However, the fact that radiation was not detected did not
mean that the wounds were free of contamination. Some of the results could have indicated
absence of contamination due to the low sensitivity of the detectors used in that early
measurement phase, or as a consequence of caesium migration from the surface to deeper sites
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in the skin. Moreover, since the vascularization of the scar tissues is lower than of normal
tissues^, there was also the possibility of a different behaviour of the caesium in that tissue.

To verify the long-term retention of caesium in the scarred tissue, a detection system
was assembled to perform in vivo measurements in specific regions of the body, with
sufficient sensitivity to discriminate surface from deeper contamination, based on the ratio Ktt

and Kp of the 137mBa characteristic X-rays. This system was also used to obtain information on
the distribution of the residual activities of the 137Cs in the body 3 years after the intake.

2. MATERIALS AND METHODS

The measurements were performed in two steps:
1) The subjects were measured in the whole-body counting position (a modified meter-

arc) for the estimation of total 137Cs, using the 20 cm diameter x 10 cm-thick
NaI(Tl) detector(3). The counting time for this measurement was dependent on the
activity still present in the body 3 years after the accident.

2) The subjects laid on a thin plastic matrix under the detection system, with the HPGe
detector positioned over and close to the area of interest on the body, which was
different for each patient. The detection system consisted of a high purity
germanium detector (HPGe), type N, supplier Intertechnique, collimated with a 10
cm (wide) x 0.5 mm (thick) layer of copper.

The evaluation of the measurements performed with the HPGe detector were based on

the detection of the Kv and K3 X-rays of I37mBa (32.07 and 36.68 keV, respectively).
Depending on the scar caused by the radiation burns and on the activity still present, this
measurement could last from 4 to 8 hours. For those cases when the counting time had to be
very long, the measurements were completed with more than 1 day of counting. After each
measurement, the spectra were stored on a disk, for later analysis.

3. RESULTS AND DISCUSSION

The measurements were done in 10 individuals that still had measurable 137Cs body
burdens 3 years after intake. Two people have shown significant activities at the cicatrised
skin tissues. One of them had a cicatrix on the inside surface of his right leg, near the knee.
The activities measured were just slightly above the detection limits for the Ka and Kp X-rays
of 137mBa. The other individual had a severe burn in his right thigh. The results show that
significant amount of activity remain retained in such location.

Measurements to obtain information on the distribution of the caesium in the body
were also performed, using the HPGe detection system. A woman, who had a very high
internal contamination (calculated intake of 300 MBq) has shown a higher concentration in
the region of liver than in other regions of the body. Results are shown in Fig. 1. The X-ray
counting rates, as detected using the Nal(Tl) crystal, shows an apparent higher concentration
of 137Cs in the right kidney in relation to the left kidney. This result is probably due to the
influence of the high caesium activity in the liver, since the liver and the right kidney are
located in the same region of the body. This hypothesis is confirmed through the
measurements of 137mBa characteristic X-rays, Ka and Kp which have shown similar counting
rates on both kidneys. The high counting rates over the liver were observed in 4 individuals.
The detection of contamination in the liver is in agreement with the findings of Rosoff et al.^
on the presence of significant 137Cs activities in this organ, in a study involving the
distribution of caesium post mortem in several organs and tissues of the human body. Melo et
alP in an experiment involving the administration of 137Cs to beagle dogs, have observed that
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FIG. 1. Spectra of the measurement of one subject with the HPGe detector positioned over the liver
and spleen

among all tissues, the highest caesium concentration were located in the skeletal muscle
tissue, liver, spleen and kidney.

In order to avoid the interference of bone attenuation in the detection of the 137mBa
characteristic X-rays, the measurements made over the liver, kidneys and spleen were
performed with the detector positioned in the region bellow the last rib. The measurements
were made on both sides of the body (right and left) considering the umbilicus as the center
point. Kidneys measurements were performed with the person lying on supine position and
liver and spleen measurements were done on frontal position.

4. CONCLUSIONS

The scar measurements were not clear to determine the depth of the contamination in
the wound sites. This is probably due to a different rate of clearance from the scar tissue, than
from the rest of the body. The long biological half-time in scar tissue implies a larger radiation
dose delivered to the surrounding healthy tissues.

The observation of high counting rates over the liver of 4 subjects is very important.
The detection of these relatively low energy photons from an organ as deep as the liver
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indicates that a significant amount of activity resides within that organ of these subjects and
that the distribution of 137Cs in the body may not always be considered homogeneous.
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