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Abstract

EARLY MEASUREMENTS AFTER THE GOIANIA ACCIDENT.
During the early, intermediate late phase of the Goiania radiological accident different survey

methods were applied involving aerial and terrestrial (using a car and directly in the field) inspections.
The present work aims to show how and when they were and the obtained results. Furthermore, the
I37Cs concentration in soils were determined using a Nal(Tl) spectrometer during the accident, and
also in Rio de Janeiro in a high resolution gamma spectrometry system. The concordance among those
results and the validity of the 137Cs measurements in soil with Nal(TI) are demonstrated.

1. INTRODUCTION

Not more than one day after the accident alarm the four main foci, as well as several
secondary foci were identified (Fig.l). During this phase, simple hand monitors were used,
and one can say, more as a way to confirm verbal information about possible contaminated
places.
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FIG. 1. Plan of Goiania showing the principal sites of contamination.

After the first days of activities in Goiania, other survey methods were introduced in
order to produce a detailed figure about the main foci and to verify the presence or not of
additional contaminated areas.
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2. AERIAL SURVEY

During the course of the initial phase of the response, it was necessary to confirm that
all the major sources of contamination had indeed been traced. To do this, an aerial survey of
Goiania was carried out.

A portable battery powered gamma spectrometer SCINTREX having Nal(TI) detectors
with a total volume of 830 cm3 was used. Most of the survey was flown at an altitude of 40 m
and a ground speed between 50 and 70 km/h. A cycle of 80 m radius was effectively
monitored and the sensitivity (two times the background) was 0.5 mSv/h at 1 m.

Over two days, all the urban area of Goiania was monitored (about 67 km2). This
confirmed that no sites of major contamination had been missed, and one discrete spot was
found that gave rise to a dose rate of 21 mSv/h at 1 meter. Figure 2 shows a typical analogue
record obtained over contaminated areas.

I5

J4

2

1

0

I I u

fa .
MttaxltSOm

U- BKkgroi
- 1 — l*wl

ofndlM an

I
9 10

Tim* (min)

FIG. 2. A recorder trace from an aerial radiation survey. The background reading was taken at 50m
altitude over open land away from the contaminated area of Goiania. The peaks represent radiometric
anomalies over contaminated areas.

3. SURVEY BY CAR

It is still possible that sites of lesser contamination had been missed by the aerial
survey, especially in the vicinities of the heavily contaminated sites which gave rise to high
background readings. A complementary system of monitoring that likewise could survey large
areas, and was not as labour intensive as surveying with hand held instruments, was therefore
necessary.

Two Geiger-Muller detectors were placed outside of a station wagon, lm above the
ground, covering an exposure rate range from lO" to 102 mSv/h. To assure a rapid response to
naturally occurring exposure rates, an additional 102 x 102 mm Nal(TI) detector was placed
inside the vehicle lm above ground (Fig.3).

All streets of Goiania were travelled at a velocity of 20 km/h. At this condition, a 333
kBq source placed at the ground gave rise to a Nal(TI) count rate twice the normal
background. Information concerning the locations with exposure rates greater than 10"3 mSv/h
was entered into a data base.

The mobile survey was performed until March 1988 and covered a distance of 2000
km across Goiania's streets, representing 80% of the city' urban area. Based on the
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FIG. 3. Mobile radiation monitoring Nai and GM detectors motmted on a car.
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FIG. 4. Dose rates (in /nSv h~l) around the house qfRA. in Rua 57 (57* Street).
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effectiveness of the mobile survey, this station wagon was integrated into the IRD/CNEN's
emergency unit in early 1988.

4. HAND HELD SURVEY

In order to plan the intervention actions in the principal foci, an extensive
measurement program was started aiming to obtain a more detailed picture of the
contamination pattern in each place. Depending on the contamination level different monitors
and detectors were used, ranging from scintillometers to teledectors. An example of the
obtained pictures is shown in Fig.4.

5. ENVIRONMENTAL MONITORING

To quantify the environmental dispersion of caesium, more than 1300 measurements
were performed in soil, vegetation, water and air samples. Emphasis was put on investigating
areas near the main foci.

Initially, a multichannel analyser with a 5 cm x 5 cm NaI(TI) crystal was used at a
special laboratory set up in Goiania. However, it was found that a single channel analyser with
a 7.5 cm x 7.5 cm crystal was sensitive enough for short (10 min.) counting times, since only
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FIG. 5. Plan of the Aeroporto section of Goiania showing the locations of the principal sites of
contamination and the sampling points.
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137Cs was present. For soil samples with 137Cs concentrations higher than 100 Bq/kg, a good
correlation between the Goiania measurements with Nal(TI) and those performed in Rio using
germanium detectors was found. For lower values the 137Cs concentration was over-estimated
due to the interference of the 609 keV gamma ray of 214Bi.

Based on the Goiania measurements, among others, it was possible to show that:
- The surface soil contamination follows the wind pattern (Fig.5), showing the effect of

resuspension and further dispersion.
- Leaf radioactivity closely paralleled that of the soil in level and distribution, owing to

deposition of dust, a mechanism confirmed by the fact that washing reduced the
contamination by 50%.

6. CONCLUSION

The survey methods applied during the Goiania accident could be considered
complementary one to the other, and were able to give a clear picture about the contamination
in the city and to guide the further decontamination works.

However, until the construction of the final waste repository near the Goiania city the
137Cs question remains open for the local population.
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