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ABSTRACT 

During operation, decontamination, and dismantlement, nuclear facilities in the United 
States and foreign countries are generating significant quantities of radioactive scrap 
metal (RSM). Future decommissioning will generate even more RSM. The petroleum 
industry also generates RSM in the form of equipment contaminated with naturally 
occurring radioactivity. Finally, the accidental melting of radioactive sources in steel 
mills has generated smaller amounts of contaminated metals. Steel mills, smelters, and 
foundries could recycle these materials, which might then appear in finished products or 
as feedstocks used by other industries. 

If introduced in this manner, residual radioactivity can adversely affect the performance 
of certain products. Such products include computers and other devices that rely on 
integrated circuits. The most important effect of residual radioactivity on integrated 
circuits is a phenomenon known as "single event upsets or soft errors." Soft errors are 
characterized by the disruption of the logic state caused by the passage of radiation in 
nodes or memory arrays. Soft error rates increase with increasing circuit density. Since 
the trend is to increase circuit density, the soft error phenomenon may become more 
significant. 

Radioactivity can also adversely affect the performance of products such as 
photographic film and components designed to measure the presence of radioactivity. 
Highly sensitive photographic films, such as those used by the art and medical fields or 
industrial radiography, are prone to damage by the presence of radioactivity. One effect 
is creation of a fog or shadows. The longer the film is exposed, the more pronounced 
this effect becomes. Radioactivity that raises background count-rates to higher levels 
could affect the performance of radiation monitoring systems and analytical equipment. 
Higher background count-rates would lead to reduced sensitivity and lower resolution 
in spectroscopic systems. 

The computer, photographic, and radiation measurement industries have taken steps to 
minimize the impact of residual radioactivity on their products. These steps include 
monitoring manufacturing processes, specifying material acceptance standards, and 
screening suppliers. As RSM is recycled, these steps may become more important and 
more costly. This paper characterizes potentially impacted industries and vulnerability 
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and effects due to the presence of residual radioactivity. Finally, the paper describes 
practices used to limit the impact of residual radioactivity. 

COMPUTER AND ELECTRONICS INDUSTRY 

Overview of the Computer and Electronics Industry 

In 1988. over 45 million computers and 27 million computer-related components, 
including printers, plotters, monitors, and modems, were in use in the United States. 
Over 33 million homes have at least one computer. Sales of computers used in business 
and industrial applications exceeded 10.8 million units in 1991. Businesses use about 
70 percent of all computers sold. The balance consists of science and technology users 
(15 percent), educational users (10 percent), and other users (5 percent). 

Electronic equipment includes individual components and subassemblies made both in 
the United States and in foreign countries. Circuit boards hold electronic chips, e.g., 
central processing unit, memory, video display, disk controllers, and data input/output 
devices. Internal subassemblies contain a variety of discrete parts, including solid state 
products and passive components, such as resistors, capacitors, and connectors. 

Matenals Usage in the Computer and Electronics Industry 

Computers and components contain a broad range of materials. Large components such 
as casings and frameworks usually consist of steel and aluminum or plastic. 
Connectors, wires, and chip sockets are made of various metals and alloys consisting of 
tin, nickel, gold, silver, lead, copper, chromium, cadmium, bronze, and brass. The 
circuits are a very thin film, typically a fraction of a mil thick. Certain metals are used 
to make electrical leads (e.g., nickel, gold), while other metals are functional elements 
(e.g., tantalum in capacitors). Peripheral equipment such as printers or video monitors 
have the same types of components used in computers. 

Computer chips consist primarily of silicon, silicon oxide, and aluminum, applied in 
layers or regions. The n-regions are made with phosphorous diffused in acid etched 
areas and the silicon substrate forms the p-regions. In a process called metallization, 
aluminum from a sputtering target is vacuum-deposited as a film over the various n- and 
p-regions to form the chip's internal circuitry. Leads out of the chips are made of tin 
and nickel alloys or gold. The metallization layer may also be coated with a protective 
film made of nitrides and oxides. A plastic or ceramic package encases the entire chip. 
Ceramic packaging is used for about two percent of the total chip production. Metallic 
cladding is no longer used as an outer package. 

The amount of materials used in a typical chip are minuscule. A typical chip contains a 
square piece of silicon (called a die) with dimensions of 0.25 x 0.25 inches and 0.015 
inches thick. The metallization film forming the electronic circuit is about 1 urn thick. 
Assuming total die area coverage, such a die contains 0.04 grams of silicon and 10 
ugrams of aluminum film. 
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The lead frames making the connections from the metallization film to the external 
connectors consist of very thin, hairlike wires or metal strips. Table 1 presents typical 
compositions of lead frames and other components (POW 93). 

Table 1. Compositions of Lead Frames and Other Components 

Kovar 

Fe 54% 
Co 17% 
Ni 29% 

Alloy-42 

Fe 68% 
Ni 42% 

Alloy-194 

Cu 97.5% 
Fe2.35% 
ZnO.12% 
P 0.03% 

O.F.H.C. 

Cu 99.96% 

KCW-10 

Cu 10% 
W 90% 

Ceramics 

Beryllia 

BeO 99.5% 
Cu 0.5% 

Package 

MA 
100% 

Kovar, Alloy-42, Alloy-194, and the other metallic alloys are primarily used in making 
lead frames and heat dissipating devices. The beryllia ceramic is a heat sink, while 
A1203 ceramics serve as packaging. External leads comprise most of the bulk weight of 
metals contained in finished integrated chips. 

Table 2 presents assumed quantities of materials used by the electrical and electronic 
industries, as a whole. The majority of the materials listed in Table 2 are used to make 
components and parts, such as housings, instrument racks, and frames. Computer chips 
require only a small percentage of these materials. 

The aluminum used in metallization comes from special suppliers and is purified and 
prepared to customer specifications (POW 93; COM 93). Sputtering targets contain 
small amounts of aluminum (about two to six kg) and provide enough aluminum to last 
for several months' worth of production. Sputtering targets are usually replaced when 
they no longer meet production criteria (uneven deposition of aluminum on silicon die), 
not because of aluminum depletion. 

Table 2. Estimates of Primary Resources Used in Electronics and 
Electrical Industries1 - 1990 and 1991 Data 

Metal 

Al 
Sn 
Ni 
Pb 

Cu 
Cd 
Be 
Ta 

Primary Useb 

Electrical 
Solder 
Nonferrous 
Solder 

Electrical 
Batteries 
Electronics 
Electronics 

Percent of Total 
U.S. Consumption 

8 
6.7 

17 
1.3 

24 
50 
65 
60 

Estimated Use 
Quantity & Units 

952 MTxlO3 

2.9 MTxiO3 

21.7 MTxlO3 

14.8 MTxlO3 

670 MT x 103 

1.6 MTxlO3 

3.2 MTxlO5 

223 MT 

Cost ($) & Units' 

0.50- 0.6I/lb 
2.49 - 3.43/Ib 
2.39-3.72/lb 
0.32-0.40/lb 

0.94 -1.15/lb 
1.90-2.05/lb 

160/lb 
27.5 - 29.0/lb 
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Pt 
Au 
Ac 

Electronics 
Industrial 
Electronics 

13 
19 
21 

3.9 MT 
701 ounce x 10' 
29 ounce x 10s 

342 - 379/ounce 
332- 361 /ounce 
3.63 - 4.32/ounce 

Data extracted from AMM 93. 
Category assumed to best characterize industry practices. Unless otherwise noted, electrical, as a 
category, includes electronics. 
Prices represent the cost of the feedstocks, finished product, or resources. The cost for recycled 
products or recovered metals could be very different from those tabulated here. 

Impacts of RSM on the Computer and Electronics Industries 

Over the past several decades, the Department of Defense, NASA, and the electronics 
industry have assessed equipment reliability in the presence of radiation. Other studies 
involve the qualification of equipment for use at nuclear power plants and particle 
accelerators. Essentially all of the studies focus on the effects of external radiation 
(gamma and x-rays, neutrons, and charged particles). Collectively, damage to 
semiconductors, electronic systems, and passive components is characterized by 
overlapping doses, ranging from one kilorad to one gigarad. Other studies evaluated the 
indirect effects of radiation exposures, such as ihe generation or liberation of hydrogen 
within the chip and materials displacement or responses (e.g., scission, polymerization, 
and embrittlement). 

The industry has not evaluated to the same extent the impacts associated with materials 
containing residual amounts of radioactivity. The computer and electronics industries 
have already experienced problems with elevated levels of naturally occurring alpha 
particle emitters in chip packages and processing materials (MAY 79). Elevated levels 
of uranium (2.5 - 17 ppm or 1.7 - 11.5 pCi/g) and thorium (3 -6 ppm or 0.33 - 0.66 
pCi/g) were found in A1203 ceramics with zirconia and clay fillers (MAY 79). The 
corresponding average surface alpha emission rates ranged from 5.2 to 45 particles per 
cm2-hour, due to both uranium and thorium. Normally, alpha particles are easily 
attenuated because of iheir mass and high charge. However, when uranium and thorium 
are directly in contact with the metallization and oxide layers, alpha particles irradiate 
the internal circuitry of the chip, with little or no attenuation. Furthermore, all the alpha 
particle energy is deposited in a very short distance, maximizing the deleterious effect 
on the chip circuitry. 

For damage to occur, the radioactivity must deliver energy to sensitive areas or 
components. The alpha particle creates a trail of charged ion-pairs as it passes through 
the chip's cell. In turn, the ion-pairs neutralize the cell charge. The range of alpha 
particles in silicon is about 25 micrometers (urn), disregarding the presence of the 
aluminum metallization layer. Assuming a track length and diameter of 25 and 1 urn, 
respectively, a 5 MeV alpha particle will generate 1.3 x 106 ion pairs and 6.6 x 104 ion 
pairs per um3. Energy deposition of about 102 to 103 electron volts (eV) per urn3 is a 
threshold above which performance is affected. 

A 5 MeV alpha particle can deposit as much as 225 femtocoulomb (fC) in silicon, 
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assuming minimal attenuation (BUE 90). This-charge is about 10 times more than that 
needed (about 20 to 80 fC) to cause an upset (SAI 82). The presence of a charge 
determines the logic state of a transistor, a logic state of" 1" for a differential voltage 
and "0" for none. A logic state change from a "1" to a "0" or "0" to " 1" state affects the 
performance of the transistor. 

These effects, called "soft-errors," "single event upsets," "latch-ups," and "single event 
transients," are collectively known as "single event phenomena." Since the single event 
phenomena process is totally random, its occurrence does not depend on the location of 
a cell within an integrated circuit and one cell is not more susceptible than another. 
Soft-errors do not induce any permanent physical damage to the silicon structure and 
are corrected during the next write-cycle. Latch-ups, on the other hand, require the 
system to be reset to clear the problem and can induce permanent damages. 

The sensitivity of a semiconductor to alpha particles is dependent upon several factors, 
including the following: 

• Semiconductor operating parameters, e.g., voltages, clock speed, 
temperature, read/write frequency cycles, etc. 

• Surface area of the die, i.e., area of chip with transistors, amplifier nodes, 
memory cells, etc. 

• Alpha particle energy 
• Relationship between source of alpha particles and sensitive portion of the 

die, i.e., incident angle 
• Alpha particle flux at the surface of the die 
• Presence of mitigating measures, such as protective films and thicknesses 
• Charge dissipation, e.g., drift, diffusion 

Newer semiconductor designs might be even more sensitive as they incorporate much 
higher transistor densities, e.g., the recently released Pentium holds 3.1 million 
transistors on a 16.2 x 16.2 mm chip and DRAMs typically have 16 million transistors. 
Such designs are much more susceptible to soft-errors given that the travel path of a 
particle is more likely to interact (and adversely affect) a greater number of transistors. 
As computer designs are also changing to lower operating voltages (from 5.0 to 3.3 V), 
systems operating at a reduced voltage are more susceptible to ionizing radiation 
because charge differentials between a logical state of" 1" and "0" are lower still. 

Together, these factors make computers relying on newer technology increasingly 
susceptible to the presence of radiation. The current strategy incorporates soft-error 
correction circuitry or software to verify DRAM read-write cycles. The use of such 
correction methods, however, is limited to simpler DRAM applications, such as data 
storage and retrieval, rather than in complex applications in DRAM logic circuitry, such 
as monitoring aircraft systems status. In complex applications, the use of self-
correcting software is not feasible as the logic state is unique in the context of the data 
being processed. 
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Computer and Electronics Industry Practices and Safeguards 

The increased potential for the introduction of radioactivity into integrated circuits is a 
concern to the electronics industry. Individual companies are conducting studies to 
assess the impact of radioactivity on specific components by focusing on methods to 
make chips less sensitive to radioactivity and reducing the associated soft-error rates. 
The problem of alpha contamination in ceramics has been "engineered out" by 
manufacturing changes and selecting new ceramics suppliers. Work has been done in 
response to other types of radioactive contaminants, i.e., beta and gamma emitters, by 
introducing packaging materials with low- and high-Z (atomic number) materials. 
Low-Z materials are used to stop beta particles and high-Z materials are used to 
attenuate gamma or x-rays. The industry is also assessing methods to further reduce the 
presence of uranium and thorium in sputtering targets by developing new aluminum 
refining techniques (COM 93). 

There are currently no specific standards for radioactivity in integrated circuits. 
However, the industry is beginning to address the issue by establishing a standard. A 
few standards, namely ASTM and MTL-STD, address only testing procedures to 
determine total dose, dose rate induced upsets, response, aging, memory degradation, 
induced displacement damage in silicon, semiconductor recovery and annealing, and 
estimating alpha particle induced soft-error rates (MEL 91; ASTM 88a, 88b). Vendors 
supplying the industry have applied "limits" based on the results of studies conducted 
by individual member companies. These "limits" have not been officially promulgated 
as standards (e.g., with ASTM, JEDEC, ANSI, ISO). The "limits" often cited in 
technical papers include: 

Designation 

Surface alpha activity emission rate 

Concentration (U-238) 

Purity grade 

Criteria 

i. 0.001 alpha particles per cm3/h 

<. 10 ppb (-0.003 pCi/g) 

i. 99.999% purity 

(Sources: RIL81;RIL82;MAY 79) 

The "limits" listed above are applicable to materials used in making chip packages, 
primarily for ceramics and fillers used with ceramics. Specific "limits" may be 
similarly developed for other types of media. Such "limits" have yet to be identified or 
published. 

THE PHOTOGRAPHIC FILM INDUSTRY 

Overview of the Photographic Film Industry 

Besides photographic uses, films meet a broad range of applications, including those of 
the medical, industrial, graphics, cinematography, and radiation dosimetry 
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communities. Furthermore, for each application, various grades of films exist to meet 
specific needs. The number of still photographs used has steadily increased over the 
past decade, from 12.8 billion exposures in 1982 to 20.4 billion in 1991. In 1991, the 
United States alone accounted for nearly 38 percent of all worldwide still photographic 
exposures. Qf this total, instant photography comprises a small fraction of conventional 
films, 4.4 percent in the United States and 3.5 percent worldwide for 1991. In the 
United States, recreational or amateur uses account for about 80 percent of film sales. 
Professional applications in scientific and industrial sectors and the arts account for the 
remaining sales. The sale of conventional films totaled nearly 850 million rolls in 1990, 
with the 24-exposure roll accounting for about 70 percent of sales. The 35-mm format 
controls the film market, accounting for 85 percent of the sales in 1992. The balance of 
sales is associated with disc, sheet, and other formats, including films in instant 
cameras. 

Materials Usage in the Photographic Industry 

The photographic industry typically uses about 50 percent of the United States 
industrial silver product'on. From 1985 to 1990, the annual consumption was stable, 
averaging 58.9 million troy ounces (a troy ounce equals 32.1 grams) (AMM 93). In 
1991, the United States used 66 million troy ounces of silver (WOL 92). Silver is also 
recovered from used photographic films and spent processing solutions. Between 1986 
and 1992, the annual recycling rate of 999-grade silver ranged from 42.2 to 49.1 million 
troy ounces, averaging 44.6 million troy ounces (AMM 93). 

Currently, the only packaging that includes metal is the 35-mm film cassette. A typical 
35-mm cassette consists of three parts, the main body that is a single piece of soft steel 
(7.5 cm x 2.8 cm and 0.3 mm thick), and two stamped sides, about 2.5 cm in diameter, 
with 1.2 cm holes to hold the spool on which the film is rolled. The main body forms a 
right cylinder with the two sides crimped in place. The total weight of the metal 
cassette alone is about seven grams. As was noted earlier, 850 million rolls were used 
in 1990, with the 35-mm format making up 85 percent of all of the film sold. Based on 
this information, the photographic industry is assumed to use annually about 5,400 
metric tons of steel. 

Currently available data does not provide the means to estimate the amounts of steel 
and alloy products used to make film processing and manufacturing equipment. 
Manufacturers will not release such information because they consider it proprietary. 

Impacts of RSM on the Photographic Industry 

Silver halide crystals are the sensitive elements of the photographic emulsion. When 
exposed to light or ionizing radiation, halide grains inject electrons into conduction 
bands where they become trapped, forming neutral silver atoms. When enough neutral 
silver atoms form, a stable latent image results. A photon of visible light will only 
liberate one electron. To fully develop one silver grain requires successive photons. 
On the other hand, a single ionization event can achieve the same effect, as radiation 
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imparts thousands of times more energy than light. Depending on how the radioactivity 
is distributed, exposure to ionizing radiation may cause uneven latent image centers, 
resulting in a nonlinear film response. This response, called a high or low intensity 
reciprocity failure, depends upon the rate of exposure. Reciprocity refers to the 
relationship between optical density and exposure rate. Major differences between 
ionizing radiation and visible light exposures are that: 

• radiation delivers far more energy to the silver crystals than light does 
and, 

• latent images are caused not by the radiation, but by the electrons 
liberated in its path. 

Film response also depends on the energy of the incident radiation whether electronic 
equilibrium occurs during film exposure. This dependence is due to the energy 
absorption characteristics of silver halide crystals and electronic equilibrium. This 
process is dependent upon the electronic structure (shell electron densities) of the 
material with which the radiation interacts. High energy particles or rays are more 
effective in releasing electrons. The response is most pronounced below 0.1 million 
electron volts (MeV), typically 5 to 30 times that at 0.6 MeV. At lower energies, the 
attenuation properties of the emulsion govern the response and at higher energies, the 
response is relatively flat from 0.3 to 10 MeV. 

The presence of residual amounts of radioactivity in manufacturing and processing 
equipment can have detrimental impacts on film quality, as residual radioactivity could 
also be present in the metal making up the components of film assembly lines. These 
extraneous exposures may appear as diffuse shadows, general fogging, or result in the 
projection of images of parts or components. These effects can vary depending upon 
where the radioactivity enters the film making equipment (e.g., evenly distributed as 
surface or volume contamination or present as randomly located hot-spots). 

Metals contained in camera bodies potentially present a source of radiation. Most 
cameras are made of aluminum and steel. The exposure would occur while the film is 
loaded in the camera. Another concern is whether film packaging material (metal 
cassettes) could contain radioactivity from recycled scrap metal. The radioactivity 
contained in the steel could expose the film, which from packaging to processing could 
be as much as two years. 

Practices and Safeguards in the Photographic Industry 

The photographic industry has well-established procedures to routinely monitor the 
presence of radioactivity during all manufacturing stages. These procedures reflect 
several decades of operating experience and practices developed when environmental 
radioactivity was at its highest during atmospheric testing of nuclear weapons (over 400 
tests were conducted from 1945 to 1980). More recently, the industry has focused on 
evaluating potential impacts associated with environmental radiation from reactor 
accidents (e.g., Chernobyl in 1986) and the inadvertent introduction of man-made 
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sources. 

Routine surveillance includes monitoring airborne and waterborne radioactivity in 
plants and process streams. Currently air and water are filtered before being introduced 
or used in manufacturing processes or plants. The presence of radioactivity is also 
routinely monitored in wood pub used to make printing paper and emulsion materials. 
Any radioactivity detected above statistically defined limits, based on background 
levels, is evaluated to determine if the amounts or concentrations could have an adverse 
impact on film or paper products. A review of earlier industry practices (early 1960s), 
however, does provide some insight about radioactivity thresholds (NUS 62). The 
threshold values noted below represent activity (gross beta) levels, believed to cause 
some impact on film products. 

Raw Water (Insoluble Materials) 1.5 pCi/L 
Air (Particulates) 0.1 pCi/m3 

These limits reflect film performance characteristics of the early 1960s. Since that time, 
film sensitivity has increased several fold, especially with newer high speed films. 

The photographic industry has not formally published standards addressing residual 
radioactivity, specifications, or requirements that.specifically prevent the introduction 
of radioactivity into photographic components and materials (FAA 92; ASTM 91; MCI 
93; ANSI 83, 80a). However, it is clear that individual companies have developed their 
own internal standards. 

The photographic industry has evaluated sources of radiation that could affect a film 
product after its sale. As an example, the industry actively evaluates the performance of 
airport x-ray units used to inspect carry-on luggage. The industry is concerned that the 
new high speed films could be damaged by these x-ray units. The industry, in concert 
with the Federal Aviation Administration (FAA), has successfully recommended 
radiation exposure limits for airport x-ray inspection units (FAA 92). FAA regulations, 
under 14 CFR 108.17, now limit radiation exposures from x-ray systems to one 
milliroentgen during inspections. 

THE MEASUREMENT AND ANALYTICAL INDUSTRY 

Overview of the Measurement and Analytical Industry 

The measurement and analytical equipment industry includes a broad range of 
instrumentation divided into two major categories, general instrumentation, and 
radiation monitoring or analytical equipment. General instrumentation comprises 
electronic components (such as chips, circuit boards, etc.), and electro-mechanical 
devices (such as relays, solenoids, motors, etc.). In many industrial applications, 
radiation monitoring or radio-analytical equipment function with other types of 
instrumentation. Both rely on the extensive use of computers. Some computer designs 
are for specific applications, while others use off-the-shelf systems. In both cases, the 
range of electronic components is essentially identical to that found in computers and 
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related peripheral equipment. 

Radiation measurement and analytical equipment also include a broad range of 
instruments, from portable survey meters to complex laboratory and industrial systems. 
Portable survey meters vary in complexity from simple analog to more complex digital 
circuitry. The major components of portable survey meters include a detector, a high 
voltage power supply, pre- and full-amplifiers, count-rate circuitry, and readout 
displays. 

Other systems exist in a broad array of applications, including the production of radio
pharmaceuticals, food processing, industrial process control, scientific research and 
development, and educational fields. Many laboratory radioanalytical systems rely on 
lead shielding to minimize the influence of background radiation from terrestrial or 
industrial sources. Typically, the detector is placed in a shielded container made of an 
inner core of lead, clad in a steel jacket. Consequently, the use of even very slightly 
contaminated lead and steel might affect analytical results, capability to resolve low 
levels of radioactivity, and identify radionuclides. 

The health care industry also makes extensive use of electronic equipment, for patient 
monitoring, diagnostics, x-ray and nuclear imaging, irradiation equipment, and life and 
surgical support systems. 

Materials Usage in the Measurement and Analytical Industry 

As was noted earlier, the same types of components and materials are used by the 
measurement and analytical industry, and the electronics industry. However, while 
both industries use aluminum, the radiation measurement and analytical equipment 
industry uses lead, steel, and other alloys. 

Manufacturers use light gauge steel and aluminum to make equipment cabinets and 
enclosures. Stainless steel and aluminum are used to make discrete components such as 
detector holders and fixtures. Some steel predates World War II ensuring that it is free 
of long-lived radionuclides from weapons testing fallout. Pre-WW II steel is used to 
make shielding components for radiation detection systems with very high sensitivity. 
Lead is used in the form of bricks, sheets, and machined components. Lead shielding 
consists of 4 to 6 percent antimony. Other lead alloying elements include copper, 
silver, cadmium, and indium. Counting shields contain an inner core of lead and are 
clad in steel. The lead is poured into shields or machined to meet specific design needs 
(LIA 85). In 1990, nuclear applications, including shielding, required the use of about 
13,000 metric tons of lead. Most of the lead is used in sheets and cast products use the 
majority of lead. 

Table 3 presents typical metal usage by four radiation instrumentation manufacturers. 
Individual manufacturers of radiation monitoring equipment do not publish, for 
proprietary reasons, the amount of lead they use. The same is true for other metals, 
such as steel, aluminum, and stainless steel. 
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Table 3. Metals Usage by Radiation Monitoring Equipment and Shielding 
Manufacturers and Suppliers' 

Materials 

Lead and Alloys 
Steel and Alloys 
Al and Alloys 
Al/Fe/Stainless 
Pre-WW II Steel 

Firm A 

55 
15-25 

30-50 

Materials Usage ~ 1,000 lb/yr 

FirmB 

15 

FirniC 

30 

FirraD 

90 
5 
3 

* Information obtained via an informal telephone survey (May/June 1993). Data supplied 
by Ludlum, Sweetwater, TX; Canberra, Meriden, CT; Majestic Metals, Denver, CO; and 
J.L. Shepherd, San Fernando, CA. 

The data indicate that the radiation equipment manufacturing industry uses relatively 
small amounts of steel, aluminum, and other alloys. For comparison, U.S. steel mills 
and smelters produced, in 1992, four million metric tons of aluminum (primary) and 83 
million metric tons of raw steel (AMM 93). 

Impacts of RSM on the Measurement and Analytical Industry 

Modern instrumentation and analytical systems rely heavily on computers and related 
peripheral components. Some types of instrumentation also use electro-mechanical 
devices to control process equipment, gather data from external sensors, trip alarms, 
actuate servos, etc. As was noted earlier, integrated circuits, and passive and active 
components, have different response characteristics to the presence of radioactivity. 
Typically, electro-mechanical systems and passive components (e.g., resistors, 
switches, motors, relays, etc.) are relatively immune to external radiation, unless 
exposed to very high levels, on the order of several megarads. 

The relative immunity of electro-mechanical systems to external radiation means that 
the discussion addressing the sensitivity of computer equipment should be equally valid 
for general instrumentation and analytical equipment. One exception is analytical 
equipment and instrumentation used to measure the presence of radioactivity in samples 
or characterize radiation fields. 

The introduction of radioactivity in materials incorporated in radiation monitoring and 
radio-analytical systems could have major impacts on their performance. Radioactivity 
could be present in materials making up nonessential peripheral systems (e.g., racks or 
frames), or in critical components such as detector housings and shielding. 
Radioactivity in detector housings and shielding materials would have the most severe 
impact. Other components (e.g., pre-amplifiers, cold fingers, and Dewars) that directly 
connect to, or that are collocated near the detector, would also present problems if 
contaminated with radioactivity. 
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Practices and Safeguards in the Measurement and Analytical Equipment Industry 

Several standards and specifications address testing procedures and performance 
characteristics of radiation monitoring and analytical equipment, including the presence 
of radioactivity in detectors and shielding materials (ANSI 91). However, the standards 
do not provide any numerical criteria for allowable levels of radioactivity. For 
example, ANSI N42-14 (ANSI 91) notes that shield materials should be made of 
radiation free, or low activity, lead or steel and does not define the terms "radiation 
free," and "low activity." The intent of the standard is that radioactivity in materials 
should be low enough that the component fabricated from these materials can perform 
as intended. The ANSI N42-14 standard also states that steel and aluminum should be 
free of natural thorium and uranium, and potassium-40, cobalt-60, and cesium-13 7. 
Similarly, ANSI N42-14 states that structural materials used to manufacture pre
amplifier casings and "cold-fingers" should also be radiation free. Furthermore, the 
standard also recommends that in some instances components known to have elevated 
radioactivity levels be installed outside of the counting shield, or be shielded 
themselves to protect the detector from extraneous radiation. 

If a completely new system were purchased, the initial setup and calibration procedures 
might provide the opportunity to identify the presence of residual radioactivity. 
However, the detection of radioactivity in peripheral equipment would be more 
difficult, unless specific survey procedures were initiated. 

In addition, manufacturers perform operational checks before shipping systems to 
customers. As part of this investigation, the manufacturer can trace the source of 
radioactivity to its suppliers and manufacturers. Accordingly, it is expected that the 
presence of radioactivity would ultimately be detected. 

CONCLUSIONS AND OBSERVATIONS 

The introduction of residual radioactivity in commercial materials, metals in particular, 
could have negative effects, depending upon the industry. Ultimately, the potential 
impacts are dependent upon how the radioactivity is incorporated in products, the 
amount of radioactivity, and the radio-sensitivity of the products. 

External penetrating radiation does not begin to affect products until exposure rates or 
doses are in the thousands of rads. This is the case for most electronic products and 
systems, such as computers, integrated circuits, and passive components, including 
those that are not radiation-hardened. However, electronics industry representatives 
have pointed out the need to evaluate all aspects of a system. In other words, limits 
designed to protect IC chips might not be adequate to protect other peripheral 
components. For example, the dose from external radiation might be controlling when 
compared to self-irradiation for a component that is also internally contaminated. 

Another potential impact involves internal contamination and the interference of 
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radioactivity when materials contaminated with residual radioactivity become integral 
parts of a product. The presence of radioactivity in materials used to make or package 
films, electronic components, and radiation detectors and shields could have severe 
impacts. For example, photographic films might fog, radiation monitoring and 
analytical systems' detection limits and resolution might degrade, and integrated circuit 
chips might experience various types of single event upseti. Besides the amounts of 
radioactivity, the severity of these effects would be dependent upon the types of 
emissions (e.g., alpha, beta, gamma and x-rays), distance from the source of 
radioactivity to radio-sensitive components, inherent internal attenuation, and duration 
of exposures. 

The few examples gleaned from the literature on residual radioactivity provide only 
limited technical insights about isolated or indirectly related cases. From this 
information, it is not possible to scale up a general characterization of each industry and 
potential cost implications. The literature implies some companies have instituted new 
requirements (not published), but it is not possible to determine if such standards reflect 
isolated cases or new industry-wide practices in recognition of a problem. 

In some instances, apparent "limits" have been proposed by the industry, but it is not 
possible to determine if they incorporate the benefit of peer reviews. AJso, it is not 
possible to determine if these apparent "limits" reflect a point, from production to the 
ena-user, at which products appear to be the most vulnerable to damage from residual 
radioactivity. Other than assessing the effects of external penetrating radiation, existing 
standards and specifications are silent on the presence of radioactivity in materials used 
by the electronics industry. Further constraints in making this inform?.i:on available 
involve proprietary matters, market competitions and, possibly, prouuct liability issues. 

The available information provides no means to thoroughly assess other impacts, such 
as cost of lost products, domestic and international market disruptions, and the 
implementation of corrective actions required to account for residual radioactivity. 
Such actions might include products or materials monitoring, implementing new 
manufacturing processes, revising procurement and specification procedures for 
materials and equipment, and developing new standards. 

There is enough circumstantial information, however, to determine that the introduction 
of radioactivity might have detrimental impacts. Radioactivity at naturally occurring 
concentrations is known to cause detrimental effects on the performance of 
semiconductors. Similarly, the photographic industry is already monitoring air, water, 
and feedstock materials used in manufacturing film and paper products. The 
manufacturers of radiation monitoring and analytical equipment are also selecting 
materials and products with the lowest levels of radioactivity. 

These actions are taken to protect state-of-the-art technology, however, current trends 
indicate future products or equipments might become even more sensitive to the 
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presence of residual radioactivity. Accordingly, a RSM recycling standard 
implemented to protect existing products or systems might prove inadequate for future 
technologies. The past few decades have revealed a tremendous growth in technologies 
with intense international competition. Indications are this trend will continue. In 
effect, the rapid succession of technological breakthroughs makes it very difficult to set 
standards that would remain valid over the long-term. In part, for this reason trade 
organization representatives are objecting to the practice of recycling radioactive scrap 
metals. In addition, U.S.-based companies may be required to obtain materials and 
products from foreign countries that do recycle radioactive scrap metals or impose 
much more restrictive specifications to avoid it. In either case, such impacts could 
affect the competitive edge of U.S. companies. 

Standards being developed by other countries and international agencies are proposing 
residual radioactivity levels that are significantly above those levels causing problems 
for the electronic and photographic industries. For example, the Commission of 
European Communities published a limit of 27 pCi/g (1 Bq/g) for alpha, beta, and 
gamma contamination (CEC 88). The International Atomic Energy Agency is 
proposing a limit of 8 pCi/g (0.3 Bq/g) (IAEA 93, 88). The limits might prove 
detrimental to the industries of concern, especially if recycling were practiced on a large 
scale. Since the United States has very large potential quantities of recyclable RSM, the 
possibility of future problems is so much the greater. These limits also present a 
challenge to these industries as many companies have manufacturing plants in foreign 
countries. 

Predictions of thresholds, below which radiation exposures or presence of radioactivity 
cease to have impacts on product quality or performance, are impossible to define given 
limited information. The trade organizations that were contacted were not able or 
willing to provide specific details describing or characterizing potential impacts on the 
electronics, photographic, and instrumentation industries. 

We must assume that residual radioactivity in all materials will be increasingly 
problematic to these industries. As technological developments lead to further 
miniaturization, greater speed, greater sensitivity, and greater economic potential for the 
United States, our best interest would be better served by proceeding with extreme 
caution when considering the deliberate introduction of residual radioactivity. 
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