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Abstract
In several Venezuelan public hospitals where cervix uteri tumours are treated by

intracavitary radiotherapy, that use manual after loading Fletcher method, with Caesium 137
sources, the use of improper source holders, locally manufactured from pieces of drainage
plastic tubing, which deteriorated and created a corrosive environment all around the sources,
omission of manufacturer's recommendations regarding corrosion information, source storage,
inspection and testing, violation of International Atomic Energy Agency Radiation Protection
Procedures, and lack of proper regulatory control, resulted in integrity damage to about sixty
special form sources (ISO2919 C 63322), leakage of Cs-137 from a supposed insoluble
refractory active content (caesium silicoaluminate), and contamination of applicators, floors and
bedding.

When the situation was detected by means removal contamination tests, after routine
inspections, the sources were removed from the hospitals, decontaminated by means of
immersion in 3% EDTA solution in ultrasonic bath, subjected to leaking assessment tests, and
the ones that passed were placed in low cost stainless steel source holders, designed and built by
the Instituto Venezolano de Investigaciones Cientificas (IVIC) returned to the hospitals. The
leaking sources were removed from use and considered radioactive waste. In order to avoid the
occurrence of similar situations, all the importers of such sources are now required to send them
to IVIC for testing and placement in proper source holders, before they are shipped to the
hospitals.

1. Introduction
During the 1980s in Venezuela the old Radium 226 braquitherapy needles and tubes were

replaced with Caesium 137 sources. The first supply of such sources was received between 1982
and 1984, and corresponded to Nuclear Associates Inc. models 67-802 and 67-804. These
models are considered the "old sources", and its source holders were purchased abroad. The
second supply was imported during the 1985-1988 period, it consisted of Amersham
International Pic models CDCS M4 and CDCS M2, these sources are considered the "new
sources".

This second supply did not include the source holders recommended by manufacturer [1]
[2] and were place in "Sondas de Nelaton", improper source holders locally manufactured from
pieces of drainage plastic tubing, before being sent to the hospitals.

In the case of the new sources, it appears that neither the hospitals nor the national
competent authority for medical applications of ionising radiation, Direccion de Ingenieria
Sanitaria and Direccion de Oncologia from the Ministerio de Sanidad y Asistencia Social
(MSAS), Ministry of Health, received copies of the source certificates, medical source safety
manual, and procedures for source cleaning, eventhought the Direccion General de Compras
from MSAS purchased all the sources old and new and distributed them to the hospitals [3].

2. Detection of the contamination
On February 26 1993, during an annual quality control and calibration inspection of the

Cobalt 60 Teletherapy unit, located at Hospital Oncologico Luis Razetti in Caracas, personnel
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from the IVIC's Secondary Standard Dosimetry Laboratory (LSCD), took samples for a
removable contamination tests from the source storage area, source shieldings and exterior part
of the source holders. Analysis of the samples clearly indicated the presence of contamination
fromCs-137 [4].

3. Cause of the contamination
The "Nelaton" source holders, in which most of the Cs-137 sources were placed, are

locally manufactured from pieces of drainage plastic tubing. The plastic material of such holders
is polivinilcloride (PVC) [5].

It is thought that the radiation from the sources accelerated the degradation of the PVC,
which produced hydrochloric acid HC1 and chlorine gas Cl2. These corrosive agents attacked
first the double encapsulation of AISI 316L grade stainless steel, and after the encapsulation was
lost the caesium silicoaluminate Cs2O.Al2O3.4SiO2 [2] creating a sort of gel that easily migrated
to the outside of the sources, contaminating the source holders, applicators, bedding and floors
[3].

Ten out of ten new sources placed in a different plastic source holder maintained their
integrity. The plastic material of these source holders was a low-density polymer, not PVC [5].

The omission of manufacturer's recommendations regarding corrosion information,
source storage, inspection and testing increased the damage to the sources, since for years the
sources remained in the corrosive environment.

If the International Atomic Energy Agency Radiation Protection Procedures, established
in Safety Series No. 38 [6] were followed, and sources tested every three months, the
contamination would have been detected much sooner and remedial actions could have been
more effective.

Lack of proper regulatory control was a very important factor in this situation. Before
1992 there was no control whatsoever of the imports of radioactive sources into the country. All
the sources involved were imported during the 1980 and thus were not registered or controlled.

4. Remedial actions taken
As soon as the incident was identified the following actions were taken by personal from

I VIC [5]:
• The contaminated sources were removed from the hospitals.
• The sources were cleaned by means of immersion in 3% EDTA solution in ultrasonic bath.
• After cleaning leaking assessment tests were carried out on every source.
• I VIC personal designed and built stainless steel source holders with the following

characteristics [7]:
• Low cost.
• Proper materials found in the national market.
• Easy to build using simple tools.
• Easy to place sources in the source holder and this in the applicator.
• Low possibility of sources accidentally coming out of the holder.
• Good distance from the source to the operator's hand.
• Easy to remove the sources from the holders, without damaging neither one of them.
• The sources that passed the test, 90% of "old" and 36 % of "new sources", were placed in

stainless steel source holders and where returned to the hospitals.
• The leaking sources were removed from use, declared radioactive waste and stored as such.

In order to avoid the occurrence of similar situations the Ministerio de Energia y Minas
(Ministry of Energy) issues, since 1992, import permits with the condition that the importers of
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manual after loading intracavitary radiotherapy sources must send them to IVIC, as soon as they
arrive in the country, for testing and placement in proper source holders, before they are shipped
to the hospitals.

5. Public health consequences
The direct health consequences to patients from the contamination have not been

determined, but the reduction of the number of intracavitary radiotherapy treatments created
massive overcrowding of the services that remained functional, which resulted in serious
difficulties within the country, and an undetermined number of patients were treated later than
planned or not treated at all.

6. Conclusions
The causes of the incident were the use of improper source holders which deteriorated

and created a corrosive environment all around the sources, omission of manufacturer's
recommendations regarding corrosion information, source storage, inspection and testing,
violation of International Atomic Energy Agency Radiation Protection Procedures, and lack of
proper regulatory control.

The direct health consequences to patients from the contamination have not been
determined, but the reduction of the number of intracavitary radiotherapy treatments created
massive overcrowding of the services that remained functional.

After the incident a better source control and maintenance program was implemented in
order to avoid the occurrence of similar situations, all the importers of Caesium braquitherapy
sources are required to send them to IVIC for testing and placement in proper source holders,
before they are sent to the hospitals. The effectiveness of these actions is now under evaluation.

It should be emphasised that this kind of situation can be repeated if sources are placed in
corrosive environments and radiation safety procedures do not exist or are not followed and
enforced.
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