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Abstract

RADIATION PROTECTION MEASURES APPLIED DURING THE AUTOPSIES ON THE
CASUALTIES OF THE GOIANIA ACCIDENT.

The most seriously affected casualties of the radiological accident caused by the opening of a
source capsule in Goiania were treated at the Marcilio Dias Naval Hospital (HNMD) in Rio de

Janeiro in the period from October to December 1987. Four of the injured died in October. The
autopsies were performed at this institution. Due to the external and internal contamination presented by
these victims, specific radiation protection procedures were adopted to enable the medical team to
perform their duties. The radiation protection staff, under the co-ordination of technicians of the
Brazilian Nuclear Energy Commission (CNEN), were responsible for the preparation of the autopsy
room and for advising the professionals on duty during these events. The radiation protection staff took
specific measures to prevent the spread of contamination throughout the hospital, the contamination of
persons attending the autopsies and to minimize any radiation dose to the medical and professional
team. The measures aimed at personal control and the preparation of the autopsy room are described as
well as the radiation protection steps applied in connection with the performance of the autopsies, the
emplacement of the bodies into the coffins and their transport back to Goiania.

1. INTRODUCTION

In September 1987, the removal and rupture of a 137Cs source capsule with an activity of
some 51.8 TBq (1400 Ci) from an abandoned radiotherapy centre in Goiania, Brazil, caused the
contamination of many people. Those who were most likely to have been contaminated were
identified and directed to the Olympic stadium for screening [1].

After triage, the persons believed to have suffered overexposure were admitted to the
Goiania General Hospital. Following a medical evaluation of these patients taking into account
their exposure histories, a clinical examination and the results of external monitoring and
laboratory analyses, the most seriously affected patients were transferred to the Marcilio Dias
Naval Hospital (HNMD) in Rio de Janeiro. The HNMD, a referral centre for radiation accident
casualties, admitted 14 victims in four distinct groups. Four patients did not respond to
treatment and died in October [2].

The four bodies were monitored and submitted to the usual post-mortem procedures. At
the instruction of the radiation protection staff the bodies were placed in double plastic sacks
specifically designed for the transport of corpses so as to avoid contaminating the morgue
freezer located in the Pathological Anatomy Service, where they were held awaiting autopsy.
Both the corpses and the freezer door were affixed with labels containing the radioactive
material symbol and pertinent information such as the date of monitoring and the highest
exposure rate detected [3].
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2. RADIATION PROTECTION MEASURES

The autopsies were performed on 24, 25 and 26 October 1987 in the autopsy room of
the Pathological Anatomy Service of the HNMD [3] with the support of the radiation protection
staff co-ordinated by the Brazilian Nuclear Energy Commission (CNEN). Based on the
radiological characteristics of the materials to be handled, the radiation protection staff set up a
specific plan in order to minimize the potential dose to the technicians and the risks of
individual and area contamination, while also reducing the possibility of the spread of surface
contamination.

The first step was to arrange a meeting with the radiation protection technicians and the
professionals who would perform the autopsies. There, the radiological risks of the operation
and the medical and radiation protection steps to be undertaken were explained and discussed in
detail, hi order to minimize the generation of liquid waste as well as the spread of contamination
by splashing, the 'dry autopsy' approach was agreed.

The second consisted in conditioning the autopsy room to prevent the radioactive
contamination of installations, equipment and instrumentation. A control point was installed at
this location for time control, dose control, radiological monitoring and the supply of radiation
protection material. A contamination detector was set up at this control point to monitor every
person, object or material before it left the controlled area. In the autopsy room the floor, tables,
chairs, benches, walls and other implements were covered by a plastic sheet.

During the autopsies proper, the medical team wore the usual surgery clothes, plastic
overalls, glasses, double plastic gloves and overshoes.

Contamination of the instruments which came into contact with the contaminated
tissues, organs and body fluids could not be avoided. Therefore, after they had been used, the
instruments were sent to the Instituto de Engenharia Nuclear (the Nuclear Engineering Institute—
IEN) for decontamination.

Individual dosimetry was conducted using pocket dosimeters and TLD personal
dosimeters. In addition, the professionals who came into direct contact with the corpses were
monitored by TLD dosimetric ring. To minimize the individual doses, the medical team and the
technicians took turns during the two hours each autopsy lasted [3,5]. Whenever possible, the
instruments and tubes were not directly manipulated. Body fluids were absorbed with foam.
They were then recovered by squeezing the foam and draining the resulting liquids in a metal or
plastic recipient which was later collected by CNEN. The maximum dose registered during the
autopsies was 0.15 mSv (15 mrem) [4,6],

The anatomic segments were weighed and radiologically monitored. The results of
monitoring are showed in Table I. The samples from each autopsy were put in the appropriate
solutions and were identified, isolated and labelled as radioactive material, pending their
transfer to the Instituto de Radioprotecao e Dosimetria (Radiation Protection and Dosimetry
Institute).

At the end of the procedure, the corpses were suitably packed and covered with a lead
sheet. The packed corpses were placed into coffins and the exposure rates were measured
twice, once at a distance of 40 cm and again at 1 m [3]. Finally, the coffins were transported
to the airport in Rio de Janeiro and flown to Goiania. The autopsy room of the Pathological
Anatomy Service of the HNMD, was radiologically monitored and considered free for normal
use.
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TABLE I. MAXIMAL EXPOSURE RATE FROM RADIOLOGICAL MONITORING OF
SELECTED ORGANS DURING THE AUTOPSIES

Organs

Brain

Large intestine

Small intestine

Liver

Right lung

Left kidney

Bone marrow

Heart

Ovary

Fallopian tube

Womb

Pancreas

Patient

Beta,
uGy/h

66

132

165

66

660

594

132

268

660

990

268

132

L.N.F.

Gamma,
nC/kg-h

3900

520

1820

7800

2080

1300

520

1300

1300

780

520

520

Patient
M.G.A.F

Gamma,
nC/kg-h

5.2

39.0

39.0

104.0

26.0

18.2

*

18.2

*

*

*

10.4

Patient
A.A.S.

Gamma,
nC/kg-h

78.0

26.0

78.0

78.0

52.0

78.0

13.0

39.0

NA

NA

NA

20.8

Patient
I.B.S.

Gamma,
nC/kg-h

78.0

182.0

104.0

130.0

78.0

52.0

*

78.0

NA

NA

NA

52.0
(*) Results below detection limit.
NA = Not applicable.

3. CONCLUSIONS

Autopsies are known and commonly practised procedures. However, the absence of
radiation protection procedures applicable to autopsies called for the development and testing
of a specific methodology. In this regard, the radiological accident in Goiania afforded the
medical team, forensic pathologists and radiation protection staff co-ordinated by the CNEN
technicians the opportunity to pioneer a new technique at the national level.

The presence of radiation protection technicians provided the safety framework
necessary for the health and forensic specialists to perform their tasks, as described in Ref.
[2].

The procedures agreed and implemented proved effective: no instance of personal nor
surface contamination was recorded and the individual doses were low, account taken of the
exposure rate levels of the corpses.

As a consequence of the actions of the radiation protection staff at the HNMD, a
technical capability was developed which can be used in similar situations at the national and
international levels.
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