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Abstract-We are considering some aspects related to the decontamination activities of about 50 houses affected 
by I3'Cs in Goiinia. We describe the way these contaminations occurred, the instruments used, and the procedures. 
We also discuss the dose limits establislied for decontamination and the consequences resulting from this action. 
We call attention to the importance of not only the technical aspects in such activities but also the psychosocial 
implications resulting from them. 

INTRODUCTION 

IN T H E  radiological accident that occurred in Goiinia ,  
significant amounts  of the original source of IJ7Cs were 
transported to  various parts of the city. The source, con- 
sisting basically of an agglutinant and "7Cs chloride, was 
easily reduced to powder and was sol~ible in water. 

Dispersion of the material in the environment was 
caused by improper handling by uninformed individuals 
and the consequent direct deposition of the material on 
the ground. Atmospheric dispersion was the main factor 
in the contamination of housing. The '"Cs was trans- 
ported by the wind in the form ofan  aerosol and deposited 
on the roofs of houses and farms, and, to a lesser degree, 
inside them. This took place mainly within a radius of 
SO m from the premises where the source was recovered, 
which defines the area most affected (Street 57, No. 68, 
Airport Sector). In addition. houses situated at  40 km 
from the main area suffered contamination caused by the 
residents themselves, their relatives and friends, who 
transported the I3'Cs on their shoes, clothing or directly 
on  their bodies, and/or  by domestic animals that had 
passed through areas already contaminated. 

Approximately SO houses were treated. The majority 
were modest constructions, with an average of three to 
four rooms, generally with red cement floors ( a n  iron- 
oxide-based dye) and without any roof insulation. Some 
houses, particularly those situated outside the urban 
boundary of Coiiinia, are not served by the public sewer 
and water systems and water is obtained from wells con- 

structed on  the farms. No "'Cs contamination was ob- 
served in water from these wells (IAEA 1988). 

Most of the houses had suffered general structural 
contamination, with varying degrees of contamination of 
the furniture, clothes, and personal items. 

The  psychosocial conditions of the residents made 
it necessary to carry out the decontamination work as 
rapidly and efficiently as possible. The chemical and 
physical decontamination methods were therefore ad- 
justed in order to  meet the requirements of efficiency, 
minimum refuse generation, and the necessity to evacuate 
the houses for as short a time as possible. The work was 
carried out over a period of 60 d by a work force of about 
10 men per day. 

An inventory was made of objects removed or dam- 
aged by the dccontamination process, with a view to sub- 
sequent compensation. Restoration work was carried out 
on homes from which structural parts had been removed. 
The expenses incurred by this process were met by the 
state and federal governments. 

The decontamination work was administered in such 
a way as  to observe the following limits: 

Surface contarnination: 3.7 Bq cm-' (CNEN 

Exposure inside the houses: 1.29 X IO- '  C kg-' 

Exposure from outside the houses: 2.58 X IO-' C 

1973); 

h-l (SO p R  h-I) ;  

k g - '  h- ' (100 p R  h-I). 
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The radiometric survey was carried out using mea- 
suring instruments sensitive to  fi and y radiation. Mea- 
surements of exposure rates a t  l ni from the surface were 
considered as well as the contamination levels at specific 
points. The main instruments used for radiometric mon- 
itoring of the houses are shown in Table 1. 

The scintillation counters [ NaI (TI)] and the dose 
rate meters (Geiger-Muller) were calibrated by the Insti- 
tute of Radioprotection and Dosimetry/CNEN. The sur- 
face contamination meters were calibrated with a n  es- 
tended source of I3'Cs with a surface activity of 3.7 I3q 
cm --'. The calibration factors were verified periodically 
using test sources. 

In the course of the work in G o i h i a ,  there were 
periods of rainfall and high temperatures (35-40°C). 
During the rainy periods, the equipment was covered with 
plastic sheeting. This procedure hindered operation of the 
equipment and the reading of indicator dials. Damage to 
the plastic packaging while the equipment was in usc re- 
sulted in some insti-unients being damaged by moisture. 
Exposure to the sun and high tempcratures decreased the 
accuracy of some detectors, and their effect on the results 
could not be determincd. 

In addition to the climate factor, mechanical prob- 
lems resulted in frequent malfunctions of certain instru- 
ments. Particular nicntion should be made of the s u r f k c  
contamination meters that were equipped with probe 
shielding. Their weight rendered them difficult to operate, 
and on  some occasions the electric cables suffered inap- 
propriate strain and tension. As a result, there wci-c fhiilts 
in the electrical contacts. 

A small electronics workshop was set up in order to 
carry out prcventi\,c maintcnance and small repairs to thc 
equipment, in addition to verification of the calibration 
factors. 

hION1TOHING 

Following the arrival o f  two C N E N  technicians in 
GoiCnia, a radiometric survey was begun in the premises 
affected by the accident. When levels were found to hc 
higher than 2.58 X 10:' C kg ' 11.' ( 1  m R  h -  I ) ,  the 
houses were evacuated and the residents transferred to 
other accommodations. In buildings where levels were 

Table 1. Main instruments used for monitoring houses. 

country Iletector Model 
Manufacturer/ 

M icrolab/Brazil Nal (TI) 346 
Nortron/Brazil Geiger-Mullcr NDG 1000 h 

Eberline/U.S. Geiger-Muller E 570/HP 270 
Eberline/U.S. Geiger-Muller E IZO/HP 210 

Victoreen/U.S. Gcigei-Muller 491 
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foilnd to  be higher than the natural background radiation 
in GoiCnia, but lower than 2.58 X IO-' C kg-' h-l 
( 1  m R  h - ' ) ,  objects that had suffered greatest contami- 
nation were collected and recorded for subsequent analysis 
so that decontamination could be considered. 

The decontamination services began in the residences 
situated in areas adjacent to  the two main locations of 
contamination. Decontamination was initiated with a 
thorough radiometric survey of the area outside the houses 
in order to identify a site from which the objects inside 
could be easily monitored. The site chosen was covered 
with plastic: sheeting. 

Contamination levels of the areas outside the houses 
varied significantly according to  the means by which con- 
tamination occurred. The highest values, in tens of 
Bq crt-.', were observed in the areas closest to No. 68, 
Street 57. 

Surface contamination meters were used in the 
screening of objects. A scintillation counter was frequently 
used to monitor clothing. When the background radiation 
level in the premises required it, a fixed device was in- 
stalled to hold a scintillation counter shielded with lead 
sheets. 

Objccts considered to be frce of contamination were 
wrapped in plastic bags. The remaining objects were de- 
contaminated or packaged as refuse. 

At  a later stage, when thc house had bcen evacuated, 
Ihc dust was removed by  vacuuming and a detailed T'B- 
dionietric survcy was conducted. The boundaries were 
identified for areas with contamination higher than the 
established limit. The  walls, windows, floors, basins, and 
water tanks were monitored. The roofs of houses contam- 
inated by atmospheric dispersion showed various levels 
of' contamination. Figure 1 shows characteristic values 
for the roof of a house where the interior showed a n  in- 
crease in radiation levels of approximately 6.5 X I O - '  C 
kg - I  1i-I (25  p R  K') over the background radiation at  a 
height of 1 ni above the floor. The contamination was 
mainly responsible for this. The local background radia- 
tion value fluctuated In the rcgion o f 4  X IO-'C kg-'  h -  I 
( 1 5  p R  K ' ) .  

With regard to thc contamination levels found inside 
the buildings, the mean valucs also showed slight differ- 
ences according to the way in which the "'Cs had been 
dispersed. In the proximity of the main foci, values of  the 
order of 70 Rq cm-2 were often recorded, whereas in 
buildings located at some distance from the foci, the values 
recorded were significantly lower, with a mean value of 
7 Bq cm -', as shown in Fig. 2. 

DECONTAMINATION 

Psychological considerations affected the choice of 
decontamination procedures. Evacuated from their homes 
and housed i n  less comfortable accommodations without 
their personal eft'ects, the residents insisted that the work 
he completed kithin a short time. As there had been vic- 
tims of the accident, they rejected the concept of accept- 
able levels of contamination. They insisted that their 
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Fig. I .  Contamination level for the roof of a house. 

homes should be entirely free of I3'Cs as they had been 
before. They also refused to accept that objects such as 
clothes and cooking utensils had been decontaminated. 
Such items were discarded if they showed the lowest de- 
tectable level of radiation (-0.4 Bq c m - ' ) .  

The work was made more difficult by the lack of a 
specific facility for decontamination services in Goiinia. 
The large quantity of items, and the limited time and 
space available, made it essential to find rapid and efficient 
methods. When decontamination was not easily effected 
by use of paint solvents or acid substances, the surface 
was treated using abrasive processes (sandpaper) or the 

affected part was simply removed, which sometimes made 
the object unsuitable for use. Particular attention was al- 
ways given to electrical appliances and jewelry. 

With regard to the structural parts of the buildings, 
the walls could usually be decontaminated by the simple 
application of paint remover. The  red cement floors were 
treated with chemical products, acid. and resins containing 
Prussian Blue, or the contaminated parts were simply re- 
moved and later restored. I t  was noted that the floor con- 
tamination was generally restricted to a surface layer ap- 
proximately I-mni thick. The bathrooms, and particularly 
the areas around the baths, showed the greatest amounts 
of "'Cs, approaching in some cases the level of the soil 
and consequently requiring the removal oflarge amounts 
of material. 

In the buildings contaminated by atmospheric dis- 
persion and where the exposure rate inside approached 
or exceeded the established limit of 1.3 X C kg-I 
h-' (50 p R  h - I ) ,  the roofs were vacuum cleaned on  the 
inside and washed outside with pressurized water jets. This 
method was not very efficient, as the dose rates decreased 
by only 20%. In the case of  two houses, the roofs had to 
be removed. 

The procedures that followed for treating furniture, 
utensils, and walls resulted in a residual contamination 
level much lower than the limits established. Although 
these values were diflicult to determine, the maximum 
level could be estimated as 0.70 Rq cm-2 .  

Residual contamination in the floors varied accord- 
ing to the method ofdecontamination adopted. The high- 
est values occurred in the case of chemical treatment, as 
this was discontinued when the limiting value was reached 
(3.7 Hci cni '1. 

It was confirmed that subsequent to the treatment 
of houses contaminated by the residents or their acquain- 
tances, the radiation levels inside were practically indis- 

> 1000 CPM > 10000 CPM 
1000 CPM = 3,7 Bq c r i 2  

Fig. 2. Contamination lcvel in a revdcntial ai-ea 
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tinguishable from those of natural background radiation. 
This can be demonstrated by the observation that the 
exposure rate expected at  a distance of I m from a surface 
uniformly contaminated by 3.7 Bq cm-’ of I3’Cs is ap- 
proximately 1.8 X C kg-’ h-’ ( 7  pR h - I )  (Kocher 
1983). The houses contaminated by atmospheric disper- 
sion at present show the highest levels of radiation, mainly 
owing t o  the I3’Cs retained in the tiles. For example, the 
exposure rates inside houses located at a distance of SO 
m from No. 68, Street 57 were approximately 1.3 X 
C kg-’ (50 p R  h-’ ) ;  a t  100 m, this value was 7.7 X 
C kg-I ( 3 0  p R  h-I ) .  

DOSAGE AFFECTING THE INHABITANTS 
IN THE SHORT AND LONG TERM 

Our  dosage projections considered the contributions 
of external irradiation. The critical group was defined as 
persons spending 19 h d- ’  inside their place of residence 
(occupancy factor 0.8), and for the average individual 
this figure was 12 h d - ’  (occupancy factor 0.5). As men- 
tioned above, the critical group lived in the houses con- 
taminated by atmospheric dispersion, where the increase 
in exposure rate inside was 9 X IO-’ C kg-’ (35  pR 11- I ) .  

T h e  effective dose equivalent, IfL, is estimated to be 
2 mSv for the critical group at  the end of the first year. 
The  complete dose over 50 y, considering the radioactive 
decay of ”’Cs alone, is 60 mSv. The roof decontamination 
factor is unknown. Table 2 shows the dose values in the 
short and long term for the critical group. 

COMMENTS AND CONCLlJSIONS 

The adoption of 3.7 Bq cnl--’ as the derived liniit 
for surface contamination complies with the CNEN Basic 
Radiological Prolectioti Standard.? (CNEN 1913). How- 
ever, this value was inconsistent with the derived limits 
obtained as a function of the primary limits (total dosage 
of  the critical group over the first year: 5 mSv; mean dose 
over the lifetime of a n  individual in the critical group: I 
mSv) ,  as the limit of 3.7 Bq cm-’ would give dose values 
significantly lower than the primary limits. It had been 
hoped that the adoption of such a strict limit in Goisnia 
would reduce the consequences of the accident and allay 
public concern. 

Furthermore, the Standards define the limit of 3.7 
Bq cm-* as the mean value obtained in a maximum area 
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Table 2. Dose received by critical group and average individual. 

Future dose 
H,o (mSv y-’f 

Dose over first 
year H E  (mSv) Population group 

Critical group 2.0 1.2 
Average individual I .3 0.8 

of variable magnitude according to the type of surface 
( 1000 cm’ in the case of floors). In  Goilnia, this limit 
was applied to  an area appropriate to  the detecto: em- 
ployed. which in the majority of cases was 20 c m -  and 
the efective limit was therefore lower than 3.7 Bq cm-’. 
For this reason, the value of the surface contamination 
limit and the method of its application may have increased 
the number of treatments. It is possible that some of the 
houses contaminated by the residents or  their acquain- 
tances could be included in  this category. 

The behavior of the residents whose houses were 
being treated appeared rather paradoxically: While refus- 
ing to  reuse decontaminated items and insisting that their 
homes be returned to  the “cesium-free” state in which 
they had been prior to  the accident, their anxiety nev- 
ertheless increased in proportion to the amount  of work 
carried out. This was understandable as they automatically 
correlated the intensity of the work with the “danger” to  
which they had been exposed. 

It was therefore demonstrated that one of the reasons 
for adopting such a limit in Goilnia, the desire to  alleviate 
public concern, was incorrect. The  limit adopted also in- 
fluenced the volume of refuse generated, which was a sig- 
nificant amount in relation to  that generated during de- 
contamination of the main foci. 

I t  should be pointed out that after the roofs had been 
washed. collection of rainwater showed that rainfall can 
remove part of the retained I3’Cs. This would indicate 
that the long-term dosage for the critical group should be 
less than calculated. 

Finally, mention should be made of the scarcity of 
information, at least in the official bibliography of inter- 
national organizations such as the International Atomic 
Energy Agency and the International Commission on 
Radiological Protection, relating to conversion factors for 
the infant population (for example, measurable Hliquan- 
tities). These factors are of great importance in the de- 
cision-making process during a n  accident such as the one 
that occurred in Goidnia. 
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