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Abstract

RADIOLOGICAL EMERGENCIES DUE TO UNACCOUNTED SOURCES OR FAILURES OF
THE CONTROL SYSTEM IN DEVELOPING COUNTRIES.

The widespread use of radiological sources in developing countries represents a potentially
significant risk. Two examples of accident scenarios of different severities — one in El Salvador, the
other in Taiwan — are reviewed in the light of their causes, effects on man and the environment, and
economic consequences. Recent operational and regulatory advances on improved emergency
management are discussed. The international dimension of these issues is significant, as over 160
industrial irradiation facilities comparable to the installation in El Salvador are currently in operation
worldwide and close to 40 cases are known of radioactive sources accidentally smelted with recycled
metal, as is likely to have happened in Taiwan.

1. THE GROWING USE OF NUCLEAR TECHNIQUES

The number of developing countries interested in nuclear applications is far greater
than that of the developing countries operating or constructing nuclear power plants. Nuclear
techniques are used extensively by governmental organizations, research institutions and the
private sector, as they have repeatedly been found to be the most suitable and/or sensitive
tools available for a wide range of tasks [1].

The International Atomic Energy Agency (IAEA), with headquarters in Vienna,
Austria, is a major catalyst in assisting developing countries in the area of nuclear techniques
— it is authorized to make provisions for materials, services, equipment and facilities. In
1994, the IAEA's budget for technical co-operation totalled US$ 52.8 million [2]. More than
66% of the technical assistance provided by the IAEA has covered projects involving
isotopes [3]. Over the past 50 years, some 27 000 sources of ionizing radiation, of different
strengths and types, have been imported by developing countries. And in the future, the issue
of control of radiation sources is likely to gain in importance, as several UN organizations
including FAO, WHO, UNIDO, WMO and UNESCO are co-operating with the IAEA in the
transfer to developing countries of advanced nuclear methods and techniques [4]. In view of
the potentially extensive damage caused by sources of ionizing radiation to man and the
environment, detailed international recommendations have been issued on this subject [5,6].
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2. FAILURES OF THE CONTROL SYSTEM

Despite international and national efforts deployed to establish high standards of
safety for the protection of health and for the minimization of danger to life, radiological
emergency situations with varying degrees of severity have occurred worldwide. In the
following examples, two major emergency situations of this kind are described in detail.

2.1. Circumvented operational safety at irradiation facility in £1 Salvador

2.1.1. Description of the irradiator

The radiological accident occurred at an industrial facility near San Salvador [7]. The
irradiation facility was used for the sterilization of pre-packed products. The source rack
consisted of cobalt-60 gamma source elements ('source pencils'). When not in use, the source
rack was lowered into a pool of water for shielding purposes. Periodic replenishing of the
cobalt-60 source was carried out by the supplier of the irradiator. At the time of the accident,
the residual activity of the source was close to 0.66 PBq, as it had never been replenished.
The state of civil war since 1979 in El Salvador had prevented regular maintenance. Because
of the lack of security in the country, a representative of the supplier had not been able to
travel to the installation in 1981,1982 and 1984.

2.1.2. Description of the accident

On 5 February, 1989, due to an operational problem, the source rack was lowered
automatically from the irradiation position. At 2 a.m., the operator in charge tried
unsuccessfully to restore the operational condition. Subsequently he entered the irradiation
room. The fixed radiation monitor inside the room was not working and he was not using a
portable monitor. Unable to correct the situation and assuming that the machine had been
switched off and the source rack had been lowered into the pool, he re-entered the room with
two other workers he had summoned to his aid. However, upon seeing the blue glow
characteristic of the Cerenkov effect, the men suspected some kind of hazard. At the facility,
operations continued with another operator in charge, since he was unaware of the accident:
the three workers earlier involved were on sick leave, reported as 'food poisoning'. On 8
February the source rack became stuck again, but was eventually released. However, this time
the source rack was bent in such a way as to release source pencils: some of them fell into the
pool, another dropped onto the floor of the irradiation room. On 10 February the operation
was halted due to an equipment failure. Subsequently three more workers received excessive
doses (90 mGy to 2220 mGy) upon entry into the irradiation room to investigate the reason
for the disruption. On 15 February two specialists of the supplier, called upon for assistance,
were able to retrieve the active source pencil and lower it into the pool. The facility was
closed until national and international aid was secured to restore safe operating conditions to
the installation.

2.1.3. Impact on man, the environment and the economy

• Three workers were exposed to very high gamma dose rates for only a few minutes,
resulting in potentially lethal doses ranging from 3000 mGy at the head to
30 000 mGy at the feet. One man died six and a half months after the accident, one
man required amputation, a third man was seriously injured.
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• The consequences of the accident were limited to the environment of the plant only;
there were no health effects on members of the public.

• Information was not released publicly until very late after the event: the first reports of
the accident were aired on television on Day 27 after the initial event; the first press
accounts appeared on Day 30.

• The recommissioning of the facility was possible only after refitting works, retraining
of the company personnel, restoration of the safety systems were conducted and
compliance with the international protection standards was verified. Two hundred
workers temporarily lost their jobs. After the accident, products from this facility were
not well accepted by the market.

2.1.4. Conclusions and international dimension

• No regulatory control was in place in El Salvador for matters of radiological
protection.

• Expertise and training courses on radiation protection were unavailable in El Salvador
and no provisions had been made at medical institutions for the medical care of
persons exposed to acute radiation.

• The operators trained by the supplier had left the installation at an early stage: the
subsequent training was informal and did not cover safety aspects. No revision of the
safety procedures had been undertaken for many years. The political and economical
situation of the country adversely affected personnel and radiological safety; industrial
production concerns overrode safety concerns.
The present situation in El Salvador has improved and the IAEA has included this

country in the international model project to upgrade radiation and waste safety.
More than 160 comparable industrial irradiation facilities are in operation worldwide.

Some of the countries in which these facilities operate lack adequate infrastructures for
radiation protection. In China, several accidents with a similar development have been
reported [8], they are: that of Shanghai in 1980; Hanzhong (1982); Mudanjiang (1985);
Beijing (1986); Kaifeng (1986); Zhengzhou (1987); Shanghai (1990) and Xinzhou (1992).
Altogether three persons died and more than 33 persons were overexposed since 1980.

2.2. Contaminated construction steel in Taipei

2.2.1. Introduction

In Taiwan, inspectors at a nuclear power plant under construction found elevated
radiation levels in steel rods as early as 1983; they later traced tons of rods contaminated by
radioactive cobalt (Co-60) at other sites [9]. By 1996 it was estimated that more than 6000
residents and children in primary schools or kindergartens had received elevated levels of
gamma radiation in excess of the recommended dose of 1 mSv/year due to their residence in
contaminated apartments and classrooms.

2.2.2. Description of the radiation source

In the steel industry it is customary to use high activity Co-60 radiation sources
routinely in the production process. Although the exact cause of the contamination is still
unknown, it is possible that one or several of such sources were inadvertently introduced into
the molten steel. Another likely route could also have been the unintentional recycling of a
Co-60 source commingled with scrap metal, thereby contaminating the steel rods. The total
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amount of contaminated steel is close to 27 0001. Current investigation is focusing on two to
three steel plants as the possible origin of the contaminated rods. So far 7000 t of such rods
have been detected in 105 building complexes. Some 80% of these dwellings are located in
Taipei (Taiwan).

2.2.3. Radiation impact on man, the environment and the economy

The radiation exposure conditions are very heterogeneous. In an apartment building
constructed with contaminated steel for example, 34 apartments out of a total of 72 revealed
elevated gamma dose rate levels and the remainder were not affected at all. The concentration
in the contaminated steel found hitherto ranges from 37 MBq/kg to 61 MBq/kg or so
(= estimated specific activity at the time of production in the early 1980s). The affected
locations cover a wide area in the buildings, i.e. corridors, lifts, living rooms, bathrooms,
bedrooms, a dental clinic and industrial premises. Residents living in a seriously affected
dwelling received individual doses ranging from 67 mSv to 1200 mSv from 1984 to 1993.
Epidemiological studies have been initiated. The total impact on the economy cannot be
assessed at present, since only a fraction of the likely extent of contamination has been
determined until now. However, the impact on the housing stock identified as contaminated
(1025 apartments) is significant:

• some 5% of the apartments had to be outfitted with lead shielding; more than 70% of
the occupants have moved out of their apartments without receiving any financial
compensation from the authorities; 20% or so of the residents continue to reside in
their contaminated apartments; the authorities purchase all contaminated apartments
where residents receive a dose higher than 15 mSv/year;

• comprehensive medical examination is provided cost-free to all residents receiving
over 5 mSv/year, free medical examination is offered to all residents with doses
between 1 and 5 mSv/year;

• additional costs will arise upon identification of the steel plant(s) producing the
contaminated steel. Based on the experience in the United States with a similar
problem, the additional costs for decontamination, waste disposal and temporary closure
of a contaminated steel mill can range from US$ 10 000 000 to US$ 23 000 000 [10].
Additionally, it cannot be excluded that some of the contaminated steel has been
exported to other countries which are unaware of the hazard at the present time.

2.2.4. Conclusions and international dimension

The following shortcomings have added to the present hazardous situation:
• radioactive sources, mixed with metal scrap, represent a major problem for the metals

recycling industry on a global scale [11];
• the regulatory regime did not provide adequate oversight of the uses of radioactive

devices, i.e. the proper control, transfer or disposal of such devices;
• even on strong radioactive sources, warning labels can become obliterated to such an

extent that the device becomes lost or is inadvertently disposed of as ordinary scrap
metal.
Internationally, 39 cases have become known of radioactive sources accidentally

smelted with recycled metal. Recycled metal scrap is traded internationally and may be
contaminated with unwanted radioactive materials. An instance of this kind of contamination
occurred with metal exported from Mexico to the USA in 1984 [12].
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3. INTERNATIONAL EFFORTS

Significant efforts have been undertaken worldwide to strengthen the system of
radiation protection related to the handling of radioactive sources. Selected examples of the
measures adopted follow.

For radiological emergency situations, many countries have ratified two conventions
which define the procedures for mutual early notification in case of transboundary effects and
ensure a co-ordinated framework for the provision of mutual emergency assistance [13,14].

Recommendations have been drawn up which address the practical aspects of the
radiation safety of sources [15-17].

Improvements in the understanding of the behaviour of radionuclides deposited on
different surfaces has enabled the development of computer models dealing with large scale
contamination of urban areas [18,19].

Databases have been established at the national and international levels on incidents
involving ionizing radiation [20-22].

Medical management and treatment of overexposed individuals and of large groups of
victims have progressed significantly [23,24].

Despite the advances registered in the above fields, areas for further improvement
have been identified [25].

4. RECOMMENDATIONS

Originally, the use of radiation sources was rather restricted. Present trends indicate a
rapid acceleration in the numbers of sources used with increasing frequency in developing
countries.

Potential inadvertent radiation exposure scenarios range from gamma sources
presumably used for exploratory purposes and found by natives in the desert (e.g. Syria), to
the theft of a radiation source for the scrap metal value of its container (e.g. Brazil). In both
cases the persons involved — members of the public — were unaware of the radioactive
character of their findings. Therefore, it is recommended that the nuclear industry review the
adequacy of the packaging and labelling presently used for radiation sources. Furthermore,
regulatory agencies should undertake increased efforts to ensure that radioactive sources
carry long-lasting markings, which are clearly indicative of the radioactive characteristics of
the source containment and which can be recognized easily, even by members of the public
with no training whatsoever in radiation related matters.

REFERENCES

[1] EARTH SUMMIT, (Proc. United Nations Conference on Environment and
Development, Rio de Janeiro, Brazil, 1992).

[2] INTERNATIONAL ATOMIC ENERGY AGENCY, Highlights of Activities, IAEA,
Vienna (1995).

[3] INTERNATIONAL ATOMIC ENERGY AGENCY, Isotopes in Everyday Life,
Information Booklet, IAEA, Vienna (1990).

[4] INTERNATIONAL ATOMIC ENERGY AGENCY, The Agency's Programme and
Budget for 1993 and 1994, IAEA, Vienna (1992).

[5] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, 1990
Recommendations, ICRP Publ. No. 60, Pergamon Press, Oxford and New York (1990).

[6] INTERNATIONAL ATOMIC ENERGY AGENCY, International Basic Safety
Standards for Protection Against Ionizing Radiation and for the Safety of Radiation
Sources, Safety Series No. 115, IAEA, Vienna (1996).

277



[7] INTERNATIONAL ATOMIC ENERGY AGENCY, The Radiological Accident in San
Salvador, IAEA, Vienna (1990).

[8] WANG, Z., FAN, S., Laboratory of Industrial Hygiene, Ministry of Public Health,
Beijing, personal communication (1996).

[9] CHANG, W.P., KAU, J.W., Exposure to high doses of radiation, Lancet 341 (1993)
750.

[10] LUBENAU, J.O., YUSKO, J.G., COOL, D.A., "Radioactive Contamination of
Recycled Metals", (Proc. IRPA 9-Int. Congr. on Radiation Protection, Vienna 1996),
Vol. 3(1996)291.

[11] LUBENAU, J. O., YUSKO, J.G., Radioactive materials in recycled metals, Health
Phys. 68 (1995) 440.

[12] COMISION NACIONAL DE SEGURIDAD NUCLEAR Y SALVAGUARDIAS
(CNSNS), Accidente por Contamination con Cobalto 60, CNSNS-IT-001, Mexico
(1984).

[13] INTERNATIONAL ATOMIC ENERGY AGENCY, IAEA-INFCIRC/335 18 Nov.
1986, Vienna (1986).

[14] INTERNATIONAL ATOMIC ENERGY AGENCY, IAEA-INFCIRC/336 18 Nov.
1986, Vienna (1986).

[15] INTERNATIONAL ATOMIC ENERGY AGENCY, Manual on Shielded Enclosures,
Practical Radiation Safety Manual, IAEA-PRSM-2, Vienna (1996).

[16] INTERNATIONAL ATOMIC ENERGY AGENCY, Manual on Self-contained
Gamma Irradiators (Categories I and III), Practical Radiation Safety Manual,
IAEA-PRSM-7, Vienna (1996).

[17] INTERNATIONAL ATOMIC ENERGY AGENCY, Intervention Criteria in a Nuclear
or Radiation Emergency, Safety Series No. 109, IAEA, Vienna (1994).

[18] MARTIN, J.E., GALLEGO, E., "Urbapat: External Exposure and Countermeasures
after a Radiological Accident in the Urban Environment" (Proc. IV Nat. Congr. Spanish
Radiat. Prot. Soc, 1991), Vol. 2 (1991) 339.

[19] ANDERSSON, K.G., "Modelling External Radiation Doses in Contaminated Urban
Areas: Implications for Development of Decontamination Strategies" (Proc. IRPA 9-
Int. Congr. on Radiation Protection, Vienna 1996), Vol. 3 (1996) 3-265.

[20] THOMAS, G.O., CROFT, J.R., WILLIAMS, M.K, "UK Ionising Radiations Incident
Database (IRID)" (Proc. IRPA 9-Int. Congr. on Radiation Protection, Vienna 1996),
Vol. 4 (1996) 553.

[21] ORTIZ, P., JARRETT, R., "International Reporting System of Unusual Events
(RADEV)", (Proc. IRPA 9-Int. Congr. on Radiation Protection, Vienna 1996), Vol. 4
(1996)681.

[22] SEITZ, G., FEHRINGER, F., LAUDE, G., WOLF, U., "Documentation of
Occupational Accidents and Diseases by Ionising Radiation in Germany", (Proc. IRPA
9-Int. Congr. on Radiation Protection, Vienna 1996) Vol. 2 (1996) 308.

[23] JULLIEN, D., FLURY-HERARD, A., PARMENTIER, N., NENOT J.-C, "Medical
Treatment of Whole-Body Overexposed Individuals", Radiation Protection Practice,
(Proc. IRPA 7, Australian Radiat. Prot. Soc), Vol. II (1988) 814.

[24] INTERNATIONAL ATOMIC ENERGY AGENCY, Medical Handling of Accidentally
Exposed Individuals, Safety Series No. 88, IAEA, Vienna (1988).

[25] STEINHAUSLER, F., DREICER, M., "Current Management in the Event of
Radiological Emergencies", (Proc. IRPA 9-Int. Congr. on Radiation Protection, Vienna
1996), Vol. 3 (1996) 209.

278



MANAGEMENT, TRANSPORT AND
DISPOSAL OF RADIOACTIVE WASTE

8SEXT PACSE(S)
left BLANK


