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The United States Customs Service has, as a part of its mission, the protection of the borders
of the United States from the import or export of illicit radioactive materials. Of paramount
importance is the ability to interdict the smuggling of special nuclear material, nuclear
weapons and other radioactive materials that could be used as a weapon of mass destruction
against the population and infrastructure of the U.S. or another country.

Radiation detection technology exists in the form of pocket size, hand-held and portal
radiation detectors that have the ability to detect radiation with great sensitivity and low false
alarm rates. U.S. Customs has chosen to implement pocket size detectors or radiation pagers
as the personal tool of each inspector for the detection of radioactive material.

In the search for illicit shipment of radioactive materials, innocent radiation detections may
occur with some frequency due to common radioactive sources that may be encountered in
day to day living. Examples include lantern mantles, some camera lenses, welding rods,
certain dishware containing uranium glaze, and natural marble objects such as statues or
architectural pieces. Perhaps the most common innocent detection encountered at the border
and in public areas in general is due to the in vivo placement of radioactive sources for use in
nuclear medicine therapy and diagnostics. Outpatients from such therapy can remain
detectable for three weeks or more. Also, legal shipments of radioisotopes are common
occurrences in cargo and express mail shipments.

The customs inspector who detects radioactive material in the course of his duties must decide
whether detection is innocent; is indicative of a nuclear device or special nuclear material; or
whether the source could be injurious to him/her or the general public. It is at this point that a
portable instrument capable of identifying gamma or neutron emitting isotopes is essential to
the customs examination procedure.

First generation portable isotope identifiers were identified and evaluated by U.S. Customs
[1]. Instruments from five vendors were put through a battery of tests according to delineated
test procedures. The tests fell into five categories:

• Basic operation verification

• Medical isotope identification

• Individual isotope identification

• Isotope pair identification

• Dose rate calculation

The tests can be summarized as an initial verification of correct instrument operation
(including whatever calibration procedure was specified by the vendor), followed by tiliree
different isotope identification tests designed to verify the instrument's ability to correctly
identify 19 isotopes specified by U.S. Customs. The final test determined each instrument's
ability to correctly display the dose rate from a wide energy range of gamma emitters.
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The individual isotope identification test and the isotope pair identification test were
performed with three types of intervening shielding. The first of these three types used the
minimum packaging needed for safe source handling and was, in general, thin plastic. This
type of shielding is virtually identical to a bare radiation source. The second type of shielding
used 2.7 mm of steel to simulate the wall of a typical transportainer (or sea-tainer). The third
type of shielding used 6.94 mm of lead to simulate typical industrial packaging or, perhaps, an
attempt by the shipper to conceal the source without unduly increasing the weight of the
shipment.

The isotopes tested were broadly categorized as:

• Special nuclear material (SNM)

• Medical, and

• Industrial

These included 17 gamma emitters, 1 beta emitter, and 1 neutron emitter.

Each instrument was subjected to the following testing regimen:

First, each instrument was calibrated according to vendor's procedures. Instrument size and
weight were recorded.

Next, the instrument's response to medical isotopes in their usual shipping containers was
measured. This represents the most commonly occurring radioactive shipment. Response
summaries in the form of a pass/fail listing for isotope identification for each of the three
classes of gamma emitters (SNM, medical, and industrial) were recorded. Each instrument
was then tested for response to the neutron source, Cf-252, a spontaneous fission isotope.

Each instrument's ability to identify several pairs of isotopes was determined. This test was
intended to verify if the instrument could detect SNM when accompanied by a masking
isotope.

Finally, each instrument's dose rate response to different energy gamma emitters was
measured. One section of this test was conducted at a very low exposure rate, 10 microR/hr
above background, and the second section conducted at 2 mR/hr above background. The
latter dose rate represented the expected maximum exposure rate for a properly packaged
medical isotope shipment. A third dose rate, 200mR/hr, was also used.

Tests also were conducted to determine the instrument's display visibility, audio alarms, and
operational characteristics in electromagnetic fields and high humidity conditions.
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