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PROBLEMS CONCERNED WITH SCRAP METAL MONITORING AT BORDERS
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IAEA

Abstract

Since the early 1980's numerous incidents have been reported in which radioactive material or empty labelled
containers for radioactive sources have been found in scrap metal. Apart from the potential health hazard to
employees and the general public resulting costs for decontamination, shutdown of production and waste of
products already amounted to multi-million dollar figures. Since the opening of the "iron border" in Europe,
incidents of illicit trafficking of radioactive sources across borders and contamination of scrap metal imported
from the former "Eastern Countries" have considerably increased, as a result of the lack of a suitable radiation
protection infrastructure in some of these countries. This initiated monitoring of scrap metal transports at the
borders of several European countries, such as Austria, Finland, Germany and Italy. Up to now neither
universally accepted clearance levels for scrap contamination, nor an agreed standardised procedure for its
control exist, although the IAEA as well as the European Commission have proposed some recommendations.

As a pragmatic solution for border monitoring it is suggested to apply, as practical clearance level, a doserate on
the outside of the vehicle in the order of 0,1 u.Sv/h, which is approximately equivalent to double natural
environmental background. This doserate would correspond to an activity concentration for ^Co in the order of
1 kBq/kg and therefore be in a tolerable range, even in view of products coming in close contact with the
public.

1. Introduction

Since the early 1980's numerous incidents have been reported in which radioactive material
or empty labeled containers for radioactive sources have been found in scrap metal [1]. When
a sealed source ruptures or melts, contamination spreads into shredders, mills or foundries,
melt, into the baghouse, slag and other byproducts. Apart from the potential health hazard to
employees and the general public resulting costs for decontamination, shutdown of produc-
tion and waste of products already amounted to multi-million dollar figures. Most frequently
sources of 60Co and 137Cs, used for industrial gauging, control of refractory wear in blast fur-
naces or for medical radiation therapy ended up in the scrap cycle, due to careless or fraudu-
lent disposal [2]. While ^Co sources will readily melt and alloy with steel, 137Cs will mostly
evaporate and escape with the furnace exhaust or be contained in the slag. Other radionu-
clides less frequently observed include ^Sr, 226Ra, 192 Ir and 241 Am. In addition naturally oc-
curring radioactive materials, mainly Ra and Th accumulated in scale inside pipes and well
drilling tools have been frequently found in scrap metal.
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2. Detection of Sources in Scrap Metal

After the Auburn Steel, NY incident in 1983 [3] the steel industry recognized that is was im-
practical to detect most radioactive sources contained in lead shields deeply buried in scrap.
Although large medical therapy or industrial radiography sources would be found, one could
not hope to detect the average gauging source. Some years later it was realized, that the
shielding containers are usually designed for a doserate of some 10 - 100 uSv/h in 1 m dist-
ance from the surface. This means that radiation intensity in some distance from the source
will be practically in the same range independent on the actual activity of the source, but
heavily dependent on the additional shielding by the scrap metal. The shielding of a layer of
10 cm steel will reduce the detectability of a U7Cs source approximately by a factor of 50, for
^Co it will still be a factor of 15. The density of steel scrap most likely to contain a radioac-
tive source is in the range of 0,4 - 1,6 g.cm'3 or a factor of 5 - 2 0 less than iron. In most
cases scrap is delivered by trucks or railroad cars into the mill. If detectors are placed close to
the side of the cars a realistic assumption would be an effective shielding thickness of 1 m
scrap, equivalent to 13 cm iron at the average scrap density of 1 g.cm"3. This results in a
transmission factor of 0,01 for I37Cs or 0,03 for ^Co. Due to the inhomogeneous geometry
of the scrap, however, considerably higher transmission may occur in certain beam directions.

In order to detect a 137Cs source in a shielded container with a doserate of 10 (iSv/h at 1 m,
buried behind the 1 m of scrap, in a distance of 2 m from the source, the monitor system
must be able to detect an increase in doserate of some 20 nSv/h equivalent to approximately
20% of normal background, assuming uniform shielding. For ^Co it would be 60 nSv/h. The
problem is aggravated by the phenomenon of vehicle background suppression. If a loaded
vehicle enters the monitoring portal the natural background will be reduced by 10% to 30%
as the vehicle and scrap load block some of the environmental radiation. When the scrap load
contains a source which increases the normal background by 30% the countrate may be the
same as before without the vehicle.

In early attempts 2" x 2" NaJ detectors were placed over stationary cars and operated as sim-
ple count rate meters. These systems were only effective for unshielded sources and required
operator attention to determine the background to avoid false alarms. In the late 1980s large
partially shielded plastic scintillators with a sensitive area up to 0,5 m2 and a volume of 20 1
each became available, used with digital microprocessor-based electronics for dynamic meas-
urement and automatic background compensation. Such typical "Portal Monitors" consist of
two detector assemblies mounted on each side of the roadway near the truck or railcar scale
about 5 m apart. The main advantage of the large plastic scintillators, as compared to NaJ
crystals, is the greatly increased coverage of the vehicle utilizing the effect of inhomogeneous
shielding.



185

State of the art is now dynamic scanning of slow moving vehicles with continuous back-
ground trend analysis to compensate for the vehicle background suppression and ambient
background updating for change of environmental conditions. A method widely used is to
derive the background suppression from the difference of two detectors viewing both sides of
the vehicle. Under the realistic assumption that the source is not in the exact center of the ve-
hicle and shielding therefore not symmetrical each detector is compensated with the back-
ground measured with the other.

Concerning the sensitivity of detection a recommendation of the US Institute of Scrap Recyc-
ling Industries [4] states, that scrap monitoring systems should be capable of detecting a 137Cs
source in a shielded container of 30x30x30 cm3, or greater with a doserate of 10 |aSv/h on
the outside of the container, buried in a load of randomly distributed shredded scrap at a dis-
tance between the source centerline and the inside of vehicle of 1,2 m or greater. For a mov-
ing vehicle the probability of detection also depends on the speed. The requirement is to
achieve 99% probability for a speed up to 6 km/h. According to manufacture's specifications
such a sensitivity can be achieved today with several products on the market. This means that
an unshielded l37Cs source of 3,7 MBq can be detected with 99% probability in a moving ve-
hicle loaded with shredded scrap iron.

In US many steel mills have used such scrap monitoring systems routinely for more than 10
years. In Europe a clear trend can be seen since 1994 and 1995 that major steel producing
and scrap recycling industries are installing stationary monitoring systems. This reflects cus-
tomer requirements for "radioactivity free products" as well as product liability legislation.

3. Border Monitoring

Since the decay of the former Soviet Union and the opening of the "iron border" in Europe,
incidents of illicit trafficking of radioactive sources across borders and contamination of scrap
metal imported from the former "Eastern Countries" have considerably increased, as a result
of the lack of a suitable radiation protection infrastructure in some of these countries. This
initiated monitoring of scrap metal transports at the borders of several European countries,
such as Austria, Finland, Germany and Italy. In many cases suitable portal monitoring sys-
tems are not installed at the borders up to now and manual spot-checks with portable instru-
ments are performed. Such measurements do not provide dynamic digital scanning and back-
ground analysis and may lead to considerable uncertainties for detection of very low dose-
rates in relation to the normal environmental background and cause false alarms and unneces-
sary rejects of the transport.
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The main problem, however, lies in the fact, that neither universally accepted clearance
levels for scrap contamination, nor an agreed standardized procedure for its control exist,
although the IAEA [5] as well as the EUROPEAN COMMISSION [6] have proposed or
drafted recommendations.

As an example the present situation at the Austrian / Italian border is described. The relevant
legislation in Italy requires border control procedures for scrap rail transport to reject any
measurable increase in momentary environmental background. This caused a significant
number of rejects during the last years and considerable financial loss for the railroad compa-
nies and scrap vendors.

In a particular case a doserate on the surface of some railroad cars of 85 nSv/h has been de-
termined with a normal environmental background doserate of 60 nSv/h. The freight was re-
jected and the train returned to the scrap vendor in the Czech Republic. After emptying the
cars the slight increase in background doserate still remained and the cars were returned to
Austria. The Austrian Railways asked the Radiation Protection Department of the Austrian
Research Center Seibersdorf to investigate. The cars were measured by in-situ gamma- spec-
trometry and a contamination of the train walls with ^Co determined. In order to verify the
activity concentration samples were cut out from a train door and analyzed in the lab. The re-
sults showed an activity concentration around 250 Bq/kg corresponding to an increase in
gamma doserate in the range of 15 nSv/h in 10 cm and 6 nSv/h in 1 m from the surface of a
steel door ( 2 m x 1 m x 5mm thickness). Such a contamination of sheet metal with ^Co can
easily be caused by the routine method to control refractory wear in blast furnaces with ^Co
sources mounted at different depth in the linings. Typically sources of 370 MBq are used
with a total of 3,7 GBq to 22 GBq in a single furnace. If one source would be melted in a
single iron heat of 250 - 800 t the worst case activity concentration would be around
1,5 kBq/kg which is well below the Exemption Level according to Table I-I of the Inter-
national Basic Safety Standards (BSS) [7] of 10 kBq/kg.

This means that an inherent "Co activity concentration of some 100 Bq/kg may be expected
in sheet metal if no special requirements for low activity steel are set. It is even quite likely,
that many of the railroad cars contain such a contamination. If the present border control

procedure for scrap metal is maintained it would be necessary to scan thousands of cars for
contamination to avoid costly rejects at the border.
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4. Considerations on an approach to monitoring scrap metal at borders

As mentioned before no generally agreed clearance levels for scrap metal exist. Indirect guid-
ance can be derived from the BSS in two ways. Exemption criteria for sources according to
Schedule I state an exemption level for a activity concentration of 10 kBq/kg for *°Co. In
Schedule 1-3 a dose limitation of 10 nSv in a year for any member of the public is also
foreseen. This is in full agreement with the Council Directive 96/29/EURATOM of the
European Communities [8] Annex I, Table A. In addition IAEA-TECDOC-855 [5] proposes
unconditional clearance levels for '"Co in the range of 0,1 - 1 kBq/kg and a calculated value,
fitted for external irradiation, inhalation and ingestion of 0,3 kBq/kg.

It can be estimated that an activity concentration of 1 kBq/kg ^Co in a steelplate of 10 cm
thickness produces a gamma doserate in the order of 1 jiSv/h at 10 cm and 0,1 uSv/h at I m
distance from the surface, if the source area is large compared to the detector (or exposed per-
son). If this material is formed to steel sheets of 1 mm thickness the doserate would be in the
range of 20 nSv/h at 10 cm and 5 nSv/h at lm distance. This would lead to an annual dose in
the order of 10 jiSv/a per 1 kBq/kg assuming a duration of exposure of 1800 hours per year at
1 m distance from the steel sheets. Even if the steel is made into products that have a high
degree of contact with the public, such as cars, bedsteads or table legs, the resulting exposure
would be negligible compared to the environmental background. Since the radionuclide is
alloyed with the steel there is very little risk of contamination or ingestion.

It can be foreseen, that steel producers and larger scrap recyclers will be forced perform their
own monitoring procedures in future. The "European Steel Scrap Specification" states, for
instance, that "all grades of steel scrap shall exclude material presenting radioactivity in ex-
cess of the ambient level of radioactivity". Therefore quality assurance measurements will be
of vital importance for the industry, also in view of potential product liability problems. This
will provide an additional check with considerable higher sensitivity as compared to practical
border monitoring procedures.

With this additional precaution in mind, it seems a pragmatic solution for border monitor-
ing to apply as practical clearance level a doserate on the outside of the vehicle in the or-
der of 0,1 uSv/h, which is approximately double natural environmental background.
This doserate would correspond to an activity concentration for ^Co in the order of
1 kBq/kg. Such doserate levels can easily and safely be detected by portable and/or installed
instrumentation and would avoid the problems with low activity contamination of vehicles as
mentioned above.

It has to be realized, however, that this approach - as well as practical border monitoring in
general - can not guarantee that higher activity pieces of scrap or shielded radioactive sources
of higher activity, buried in large volumes of inactive scrap, would be detected. Thus border
monitoring can only be used as an indication, that the contents are acceptably low, i.e. below
clearance levels. Full assurance can only be obtained in practice by good quality assurance
measurements before consignment leaves and/or on arrival at the receiving organization. In
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case of any doubt at the border, the consignee of the transport should be informed and
requested to double-check the freight during unloading.

With such a clearance level unnecessary hold up and rejects of transports by false alarms,
normal fluctuation of natural background following rain, or insignificant contamination of
vehicle wall material could be avoided. This would lead to enormous savings in time and
costs wasted for needless return of full trainloads of scrap. From the radiological protection
standpoint such a clearance level would still be acceptable considering the second check by
the consignee.

In order to establish such a border monitoring procedure countries involved in transborder
transfers must reach agreements based upon a combination of border monitoring and quality
assurance procedures by the industry. The present problems can on only be solved, if such
agreements are reached. It is hoped that this paper and the discussions during this meeting
will help towards that goal.
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