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Abstract

DOSE ASSESSMENT FOR DECONTAMINATION IN GOIANIA.
Shortly after the accident at Goiania, the need arose to set derived intervention levels for the

various exposure pathways to guide and optimise clean up measures. For the members of the critical
group an intervention level of 5 mSv for the total effective dose in the first year after the accident was
chosen, which then was subdivided into values of 1 mSv due to the contribution of external irradiation
indoors, 3 mSv from external irradiation while being outdoors, and 1 mSv due to incorporation of
resuspended particles and ingestion of locally produced food. The clean up indoors could be directed
such that a pre-described ambient dose rate was no longer exceeded. These exposure levels and
effective doses to the critical groups predicted in 1988 are compared to actual measurements made in
1988 to 1993 in a local house near one primary contamination foci, and best estimate. It can be shown
that the actual doses received by members of the public living in the affected areas were significantly
lower. The various reasons for this overprediction will be discussed.

1. INTRODUCTION

The 137Cs radiological accident occurred in Goiania and by its characteristics caused
considerable concern to national authorities. Therefore the Brazilian Nuclear Energy
Commission, CNEN, decided to adopt an annual exposure value of 5 mSv (for the first year)
throughout the response of the accident to derive action levels in terms of measurable
quantities (IAEA, 1988). Besides evacuation from some houses several remedial actions were
taken at the first step of the response using heavy machinery. At the main contaminated
region, within an area of 1 km2 around the main foci, a recovery phase started later including
soil, streets and house decontamination. The strong social and public pressure at the time
decisions were made had forced the use of conservative approaches. Later on a best estimate
of the radiation exposure some local measurements were performed. Here it will be discussed
the dose criteria and models adopted for this phase of response, and their implication on the
overprediction.

2. METHODS OF ACTION LEVELS DERIVATION

DOSE CRITERIA
An annual exposure level of 5 mSv was split in:
- mSv as an upper bound for external irradiation outside house (via soil);
- 1 mSv as an upper bound for external irradiation inside house (mainly due to roofs

contamination); and
- 1 mSv for projection dose due to inhalation of resuspended material and ingestion of

local food products.

MODELS ADOPTED

NDOOR EXTERNAL IRRADIATION
An occupancy factor of 0.5 was assumed and an action level of 0.5 nSvh"1 was derived

giving allowance for background. The countermeasures were controlled with dose rate
measurements.
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OUTDOOR EXTERNAL IRRADIATION
Based on an occupancy factor of 0.5, an assumption of an infinite plane source and a

natural background of 0.2 uSvh"1, an action level of 1 uSvh"1 was derived, corresponding to
450 kBqm"2 or 22.5 kBqkg'1 of I37Cs activity averaged over the uppermost 2 cm soil layer.
The countermeasures were controlled with surface activity measurements since the dose rate
measurements were influenced by the material present in other media, in particular, trees.

INTERNAL EXPOSURE
Based on the action level set for the surface activity in soil the projected dose was

assessed using deterministic multiplicative models and considering the following pathways:
inhalation of resuspended soil, and ingestion of vegetables, fruits, chicken, eggs and pork. The
chicken contamination was considered to be only from soil ingestion, the vegetables
deposition of resuspended soil and by root uptake and pork was considered to be contaminated
through the ingestion of local non leafy vegetables (comprising 20% of the pigs daily diet). It
was adopted a mean soil root zone concentration based on soil profile measurements (Amaral
et al., 1991), a resuspension factor of 10"7 m'1 and it was considered that a house garden
production could support the annual consumption of a family.

3. RESULTS AND DISCUSSION

A probabilistic simulation of the effective dose (external and internal exposure) was
performed based on the derived limit set for soil removal as the 137Cs activity concentration in
the house garden soils (Rochedo et al., 1992). The parameter values used for the deterministic
solution (conservative approaches) were adopted for most cases as a maximum value in the
probabilistic simulation. Table I shows the results for both simulations.

TABLE I. RESULTS OBTAINED FROM PROBABILISTIC SIMULATION AND THE
DETERMINISTIC SIMULATION FOR EACH EXPOSURE MODE FOR SOIL REMOVAL
IN GOIANIA

Probabilistic simulation

Exposure mode

Internal
External
Total

X50 (mSv)

0.77
1.73
2.63

SG

1.69
1.48
1.36

X95 (mSv)

1.8
3.3
4.3

X99 (mSv)

2.6
4.3
5.4

Deterministic simulation

Dose (mSv)

1
3
4

X(%)

69
92
92

For both exposure modes the 50th percentile is lower than the deterministic solution.
However the external dose, which was of more concern at the time of the accident, has a
deterministic solution corresponding to the 92nd percentile. This is due to the extreme value
used for the outdoor occupancy factor of 0.5 instead of 0.33, and which also dominates the
over prediction of the total dose.

Based on the contribution of each pathway to the radiation exposure, some local
measurements were made after 1988. Average values were used in order to assess the
radiation exposure to a family adopting more realistic population habits (Amaral et al., 1992).
The total dose ranges from 0.82 to UmSva"1 for a man and a child (5 years old), being the
external exposure responsible for more than 95%. The lower values obtained are mainly due
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to the use of more realistic population habits not only the occupancy factor but also the
products ingestion rate from a small garden production; also a smaller value for resuspension
factor than predicted lead to a neglected inhalation pathway. As an example of measurable
quantities and population habits used, Table II shows the dose results for adults working at
home. A more realistic approach for the population habits could have lead to a small amount
of soil removal.

TABLE II. DOSE RESULTS FOR ADULT WORKING AT HOME

Exposure Sources
Effective DE/kerma (Sv/Gy)

Indoors at home

Outdoors in garden

Outdoors in Rua 57

Elsewhere

1. Total External Exposure
Inhalation DF (nSv/Bq)

Indoors at home

Outdoors in garden

Outdoors in Rua 57

Elsewhere

2. Total Inhalation Exposure
Ingestion DF (nSv/Bq)

Soil in playground/on food

Own egg

Own chicken

Own vegetables
3. Total ingestion Exposure

Sum 1—3 (nSv/d):

Eff. DE/a (mSv/a):

Exposure Quantity

Excess K (nGy/h)

50

200

1000

0

Air Cone. (mBq/m3)

0.2

0.3

1.5

0

Mass Cone. (mBq/g)

10000

25

50

40

Daily Living Habits and Exposures
0.75
Exp. time (h/d)

14

5

2

3

24
9
T(h)

8
6
5

2

3

BR

(m3/h)
0.35
1.15
1.15
1.15
0

24
14
Daily Cons, (g/d)

0.1

50

30

50

Dose

(nSv/d)

0.52

0.75

1.5

0

2.77

Dose

17.6

15.5

31.0

0

64.1

Dose
(nSv/d)
0.014

0.017

0.021

0.028

%
18.4

26.3

52.5

97.2

<0.1

%
0.5

0.6

0.7

1.0
0.08 2.8

2.85
1.04

100

4. CONCLUSIONS

The use of more realistic population habits is recommended to be considered by the
decision makers since the most countermeasures involve emotional, social and waste
management costs.
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