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1 Introduction

During the past two decades, approximately 50 incidents occurred where large-scale radioactive

sources had been melted down by mistake, thus causing a dramatic financial loss for the

corresponding steel works (decontamination, loss of production, shut-down of the plants). In

some cases, even people have been exposed to considerable dose rates [1]. The major part of

those documented cases happened in the USA and in South America. However, several European

companies, such as Italy and Spain, were also concerned.

In order to protect themselves against the dramatic consequences of melting down an undetected

source, nearly all German steel works have equipped themselves with high-sensitivity, fully

automatic control systems for incoming commodities since 1994. In addition, the companies

supplying steel scrap material are required to contractually guarantee that the items are 'free from

radioactivity' and that the companies themselves are provided with and make use of appropriate

measuring instruments. For this reason, far more than 100 stationary measuring systems have

been installed at large-scale recycling companies in Germany during the last few years. In

addition, smaller companies constantly perform measurements by means of sensitive hand-held

appliances (mostly based upon 2"x2"-NaI(Tl)scintillation detectors). We may therefore proceed

on the assumption that we already have quite a good protection against inadvertent melting down

of radioactive large-scale sources in Germany due to the manifold controls which were both

initiated and financed by private industry. Apart from the desirable, necessary and already

implemented protection against catastrophic accidents, the fast spreading of the high-sensitivity

measuring units and the demands brought forward by the steel works yielding at the fact that the

supplied materials have to be completely free from any radioactivity have resulted in a dramatic

rise in the number of detected radioactive sources related to medium and lower activity. The

numerous alarms, triggered by natural radioactivity deposits, for example in pipelines which

originate from the mining and petroleum and natural gas industries have, in particular, resulted

in a considerable amount of work for the responsible authorities and their staff. Moreover, the

legal and radiological assessment of these detected sources is accompanied by several problems

which are to be discussed in this paper.
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2 Metrological problems to be resolved

Since the lead shielding of a gamma source is, depending on its activity, dimensioned in a way

that specific limit values of the dose rate are not exceeded at its surface, there is no obvious direct

correlation between dose rate and the given danger of a shielded source. The situation is

aggravated by the fact that an older Co-60 source may have lost so much activity that the original

shielding is now 'overdimensional'. If such a source of radiation is located at an unfavorable

position within a steel scrap cargo of 40 tons, it may additionally be shielded far enough that a

dose rate increase is not possible to be measured at the exterior alongside the vehicle. For the

detection of such a dangerous large-scale source of radiation, both manufacturer and operators

of appropriate measuring locks must reduce their alarm thresholds to nSv/h values. For example

they must detect within seconds during the time the vehicle is passing, increases in the dose rate

which account only for a fraction of the natural background radiation.

3 Examples for radioactive sources detected in Germany

The following information on measuring results are essentially based upon our own experience

and on those authors who received reports on detected sources which were traced by means of

measuring systems and hand-held measuring appliances from ESM Eberline, Strahlen- und

Umweltmesstechnik GmbH. Since the information relates to the major part of all measuring

systems installed in Germany in the steel and recycling industry, we feel that these assessments

are a good and typical approximation of the problems prevailing in Germany. A possible and

sensitive classification of the radioactive sources detected can be performed according to the

nuclide vector (with the criterion: artificial/natural). In this context, we should like to add that

there were only very few individual cases where a mixture of artificial and natural radiation

occurred. In addition, the next thing to think of is to distinguish between a 'source' and

'contamination'.

3.1 Artificial sources of radiation

Only a small fraction of the sources found and analyzed in a laboratory, are concerned with
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fission and activation products or with chemically separated uranium and transuranium. In the

spring of 1997, the worst incident occurred in Germany, where a 192 Gbq-source with Cs-137

was secured at the very last moment just in time at a recycling company in Sachsen-Anhalt. This

source consisted of a steel cylinder of a diameter of 1 cm and a length of 2 cm. The unshielded

source was comprised in a cargo of scrap coming from France on a truck and only by accident this

source was detected a few days after the cargo had been cleared during measurements with a

hand-held instrument at another vehicle. Fortunately enough, this source had obviously been

protected so well during transportation and storage by the scrap surrounding the material that the

blood count of the concerned truck driver did not show any traceable changes.

Apart from this dramatic source, a vast number of sources and contaminated objects have been

found in Germany during the last few years, which came from a great variety of industrial and

medical applications where radioactive sources are being used. Among others, several Ir-192

sources with a high activity were detected which have been used for material examinations. They

were discovered in a truck cargo containing so-called fireproof materials. The difficulty with this

source was the following: The operating staff is well aware of the fact that this material has an

increased natural activity of its own. For this reason, alarms are usually disregarded by the staff,

a fact, which brings us to the brink of implied intent. Further sources detected which were

contaminated by artificial radioactivity concerned a series of Cs-137 level gauges, a shielding of

depleted uranium (50 kg) and instruments from nuclear medicine with short-lived isotopes.

But apart from these individual cases where sources had been detected, there were also quite a

number of contaminations related to fission and activation products which were detected.

Vehicles and cargoes from Bella-Russia and Ukraine showing the typical Chernobyl fall-out were

mostly concerned by this, as well as, contaminated instruments and pipelines which presumably

came from nuclear plants in Eastern Europe. The reason for disturbing effects in measurements

which require a considerable amount of intuition to actually be detected are often due to the

external application of hard gamma sources (Ir-192, Cs-137, Co-60) for the purpose of material

examinations. In these cases, it turned out that alarms triggered for no reason could obviously not

be impeded even in the event of a distance of a few hundred meters between the detector and the

source or if buildings were situated in between!
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3.2 Natural sources ot radiation

In a recently published study [2] the opinion is prevailing that natural source of radioactivity are

nearly impossible to be detected when contained in scrap. This conclusion is based on the

exclusive consideration of the soft gamma radiation of Ra-226. As a matter of fact, however, the

hard gamma radiation of the decay products of the U-238 and Th-232/228 series are provided

with an extremely high ability of penetration. For this reason, the major part of all alarms

triggered are caused by relatively small quantities of activity pertaining to natural sources.

A small part of the sources detected is due to radium and thorium which are comprised in units

and materials used in medicine and industry. In this way, the following objects were detected: a

cup for radon drinking cures, optical lenses coated by Th and instruments provided with

fluorescent numbers (Ra-226). The overwhelming part of the measurements in the event of an

increased radioactivity is however due to contaminations which are described as NORM (Natural

Occurring Radioactive Materials) in English literature. Those are in the first line detected in

pipelines coming from the mining, petroleum and natural gas industry. It is true that often local

dose rates are measured at the surface ranging between 10 to 100 jj,Sv/h; the activity itself

accounts for a few Mbq only in most cases whereby a typical activity related to the mass of the

sources detected is revealed of clearly below 100 Bq/g. Since the legal situation for the disposal

has been rather unclear, approx. 100 tons of these NORM-contaminated materials are at present

stored at different recycling companies in Germany.

4 Procedures put into practice in the event of radioactive findings

In most countries, statutory regulations have not yet been introduced to clearly define how to

proceed if an alarm is triggered by a radioactivity measuring system. In Germany, many recycling

companies have contracted individual agreements with the responsible supervisory authorities in

which the criteria related to the duty to inform the authorities and the way how to proceed

(refusal, separation of the cargo, seizure of the vehicle, protection of the staff) are specified. For

the operator of a measuring system, it is, however, of utmost importance to verify alarms by

means of repetitive measurements and by additional controls with hand-held units since
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unfounded refusals may also result in sustaining a considerable financial loss. There was a case

where a railway wagon which was assumed to contain radioactive contaminated scrap was refused

and returned to the sender by a foreign steel work. In despite of searching smaller masses in detail

and reducing the quantity to be examined to the contents which go in a grab and in application

of combined measuring procedures (such as in-situ-y spectrometry, (3-pulse rate measurements

and y-local dose rate measurements), no radioactive findings could be traced. In this case, an

intentionally caused, temporary measured value at the foreign control system could be assumed

for which the local exporter lacked a comparable outgoing measured value. In this case, the

problem was due to the large quantity of several dozen tons of extremely inhomogeneous metal

scrap comprising parts with a width of up to 20 cm for which a correspondingly high shielding

effect had to be assumed.

5 How to assess detected radioactive findings

Whereas there is no doubt of the existence of rarely detected sources, they must be recovered and

disposed of by an expert. The situation prevailing in the event of contaminated findings or when

nuclear fuels were determined to have been mixed into the scrap is frequently unclear and

requires a very differentiated consideration of the applicable laws and regulations besides a

considerable amount of analysis. Some explanations are to be given on the basis of some findings

detected in Baden-Wurttemberg. Whereas in nearly all cases the limited dose rate of 5 jiSv/h had

not been exceeded - this dose rate is valid for the measurements taken for incoming scrap

alongside the exterior of the cargo - the dose rate at the surface of the pieces found and exposed

ranged between 0.3 and 150 jxSv/h. The assessment of the pieces found in terms of radiation

protection is not an easy one in the absence of information on the chemical bonds of the

radionuclide/s and the possibilities of a further spreading of the substances in the event of re-use

and further processing of the metal scrap in most cases. It also depends on the expression of will

of the (temporary) holder/possessor if any scrap is being added to radioactive waste. To assess

any possible dangers, measurements related to contamination must be performed and consulted

in order to detect radioactive substances with no adhesion faculties. Consequently, the rules and

regulations added in Annexes I, n, HI, IV and IX as well as §§ 2(2), 4(4)2e and 80 of the

Strahlenschutzverordnung (Ordinance on Radiation Protection) as well as § 2 of the Atomgesetzt

(Law on the Peaceful Use of Nuclear Energy and the Protection against its Dangers) and Annex
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2 of this law have priority in your assessment.

The corresponding total masses of the contaminated pieces found vary within the batches

identified as radioactively contaminated between a few kg and approx. 300 kg, whereas there was

one case where one batch consisted of a hundred small cylinders with individual masses between

10 and 100 g. Since detailed individual examinations can only be performed for a limited number

of individual specimen in such cases, the activity assessment of the total batch is very uncertain.

The fact that samples taken from a few parts are to be considered as representative for the whole

batch must therefore be based on additional measurements in view of the assessment of the

finding (e.g. by means of ^-measurements, in-situ-y-spectrometry, ODL-measurements) or by

means of other measures (e.g. estimations).

In some cases, y-radiation fission products refer to the possibility that nuclear fuels might be

present. As for an evidence of a-pulses, we always recommend to run an oc-nuclide analysis even

if such analyses require a lot of time. On the other hand, it is possible that uranium or transuranes

are masked by natural radionuclides such as radium and thorium daughter products. Apart from

these factors, the considerable risk when inhaled must not be forgotten when talking about those

long-life alpha sources. If uranium isotopes are being identified, the degree of enrichment and

depletion must always be evaluated because this value may on the one hand supply the

investigating authorities with valuable information on the origin of the substances and on the

other hand, they are of importance as to the respective consequences under criminal law.

As for the findings where uranium and/or plutonium were detected, the cases were as follows:

- uranium in the form of U 234 and U235: => highly enriched, nuclear fuel quality

- uranium in the depleted form with Pu: => nuclear fuel

The individual nuclide activities range from kBq up to several hundred Mbq per finding,

contaminations with no adhesive faculties accounted for 100 Bq/cm2in individual cases. To be

true, in most cases the maximum values were measured in places where only small areas were

concerned, but these were, however, all well accessible. A nuclide and activity finding are

possible to be made and classified relatively unambiguously. The further procedure, however,

(subject to approval by the authorities) might depend on additional parameters, which may in turn
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be replaced by regulations of by the responsible authorities (§§80(2) and 81(3) of the

Strahlenschutzverordnung. Assessments may also result in the conclusion that a radioactive

substance is not present in the sense of the Strahlenschutzverordnung although the substance was

reliably detected by measurements and the finding may go back into the general circulation of

materials: In this case, the whole procedure would be doomed to start from the very beginning.

In order to exclude such unnecessary events resulting in incurring a lot of expenses, uniform limit

values to be specified for metal scrap suppliers and melting plants buying such scrap are called

for. These limit values can certainly not be based on the present blanket values stipulated by §

4(4)2e or of Annex HI, part A, no. 1,2 of the Strahlenschutzverordnung due to the quantities,

neither can they be based on the valid limit values of § 4(4) stipulated for food and commodities.
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