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RADIOACTIVE SEALED SOURCES: REASONABLE ACCOUNTABILITY, 

EXEMPTION, AND LICENSING ACTIVITY THRESHOLDS-A TECHNICAL BASIS 

David W. Lee* and Kathy L. Shingleton+ 

Abstract--Perhaps owing to their small size and portability, some radiation accidents/incidents 

have involved radioactive sealed sources (RSSs). As a result, programs for the control and 

accountability of RSSs have come to be recommended and emplaced that essentially require RSSs 

to be controlled in a manner different from bulk, unsealed radioactive material. Crucially 

determining the total number of RSSs for which manpower-intensive radiation protection 

surveillance is provided is the individual RSS activity above which such surveillance is required 

and below which such effort is not considered cost effective. Individual RSS activity thresholds 

are typically determined through scenarios which impart a chosen internal or external limiting 

dose to Reference Man under specified exposure conditions. The resultant RSS threshold activity 

levels have meaning commensurate with the assumed scenario exposure parameters, i.e., if they 

are realistic and technically based. A review of how the Department of Energy (DOE), the 

International Atomic Energy Agency (IAEA), and the Nuclear Regulatory Commission (NRC) 

have determined their respective accountability, exemption, and licensing threshold activity values 

is provided. Finally, a fully explained method using references readily available to practicing 

health physicists is developed using realistic, technically-based calculation parameters by which 

RSS threshold activities may be locally generated. 
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INTRODUCTION 

One general methodology is discernible in the various historical efforts undertaken by regulatory 

or advisory entities regarding radioactive sealed source (RSS) accountability, exemption, and 

licensing activity thresholds. This methodology typically involves the calculation of two activities 

which are then compared to each other and the lesser of the two chosen as the actual 

accountabfe, exempt, or licensing threshold. Specifically, the amount of activity required to 

impart a specified external dose equivalent (DE) or exposure rate is calculated over a chosen 

exposure time and exposure distance (external dose scenario). Similarly, the amount of activity 

required to impart a specified internal committed effective DE is calculated using a dose 

conversion factor (DCF) and net intake factor (NIF) or a specified activity concentration and 

breathing rate (internal dose scenario). 

Such accountability/exemption/lkensing thresholds are isotopic activity values, typically stated 

in microcuries, that are nominally related to some fraction of the DE limits for either 

occupationally exposed workers or members of the public. These threshold activity values are 

useful, particularly to regulatory entities, as values above which a license is required or where 

additional operational radiation protection efforts are recommended or mandated and below 

which such efforts are either considered not to be cost-effective or the DE imparted under the 

externflinternal dose scenarios is presumed to carry negligible incremental risk. 

What is also true is that the source documents that set forth the rationale and the details as to 

how various accountability/exemption/licensing isotopic activity threshold values were calculated 

are not generally available to the vast majority of practicing health physicists. For example, in 

work that has been sponsored by the DOE, the source document for RSS accountability threshold 
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values is based on values from a professional journal article originally published in Health Physics 

(Ken and Eckerman 1990). However, these values were intentionally modified by the DOE in a 

manner never intended or proposed by the original article authors. In the case of the DOE 

nuclear materials accountability isotopic threshold values, these values were established so many 

years ago that no institutional memory, let alone documentation, any longer exists which clearly 

sets forth the technical basis for how these values were originally derivdcalculated. 

In the case of the NRC, the technical bases of the licensing activity concentrations and 

activities threshold values specified in 10 CFR 30.70 and 30.71 are contained in old Atomic 

Energy Commission (AEC) memoranda difficult to obtain and which are based on outdated ICRP 

methodology (U.S. AEC 1960; 1968). 

In this paper, an effort will be made to explain and to provide a well-characterized definition 

of an RSS. Second, general equations for the calculation of the external and internal dose 

scenario threshold activities will be presented to include a discussion of the six calculation 

parameters essential to the derivation of the external and internal dose scenario activities. Values 

of these calculation parameters will be related to professional literature. Third, based on the 

discussion of the six parameter values, those parameters chosen by the DOE, the International 

Atomic Energy Agency (IAEA), and the NRC, in their respective calculations of accountable, 

exempt, and licensing threshold values, will be analyzed. Fourth, the orders of magnitude of 

conservatism layered on top of one another by those agencies to notionally protect the public--a 

public represented by a “lethargic” Reference Man (ICW 1975) will be discussed. Fifth, a 

summary of RSSs freely available to and unaccountable for members of the public and the 

relevance of activity threshold values for isotopes of low specific activity are given. 

4 



c 

Sixth, using the external and internal dose scenario equations, scientifically-based values of 

relevant calculation parameters, keyed to references readily available to practicing health 

physicists, will be chosen and the accountability/exemption values will be developed as tangible 

evidence that such values can be locally generated. Seventh, a presentation will be made of the 

nuclear materials safeguards accountability thresholds used within the DOE, but whose 

accountable threshold activities are not widely known to many health physicists and are orders of 

magnitude higher than the NRC licensing thresholds specified in 10 CFR 30.71, Schedule B. 

Eighth, a scientifically-based recommendation will be made by which the NRC could develop 

rational, technically/scientificallydefensible licensing criteria for sealed and unsealed radioactive 

material. Finally, the collective expertise of the readership of the Health Physics journal will be 

exhorted to suggest further scientifically defensible, technically-based improvements to proposed 

RSS accountability/exemptioflcensing threshold activities. 

DEFINITION OF AN RSS 

Borders (Borders 1991) has chronicled numerous RSS definitions that have been used by 

various advisory organizations. The wording of RSS definitions tends to differ based largely upon 

whether the definition was primarily written for manufacturers and users of RSSs or whether the 

definition was written by a regulator. 

The American National Standards Institute (ANSI) defines an RSS primarily in terms of how 

RSSs are actually made. This ANSI definition (ANSI 1977), oriented in large measure toward 

manufacturers of RSSs, construes both encapsulated and bonded sources as sealed sources as 

follows: 
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“Sealed source--radioactive source sealed in a capsule or having a bonded cover, the 

capsule or cover being strong enough to prevent contact with and dispersion of the 

radioactive material under the conditions of use and wear for which it was designed.” 

The DOE adopted the above ANSI definition of a sealed source in its original document 

regulating the control and accountability of sealed sources (U.S. DOE 1991). The IAEA 

definition of a sealed source (IAEA 1994) is also essentially the same as the above ANSI 

definition. 

The NRC, on the other hand, has promulgated two separate definitions of an RSS which are 

contained in two different parts of federal law (U.S. NRC 1995b; 1995e) the wording of which, if 

combined, would read as follows: 

“Sealed source means any byproduct or special nuclear material (SNM) that is encased in a 

capsule designed to prevent leakage or escape of the byproduct or special nuclear material.” 

It is noteworthy that in contrast to the ANSI, the NRC does not legally recognize any sources 

containing non-SNM, for example, unenriched uranium or thorium, or radioactive material 

strongly bonded to a nonradioactive substrate as being sealed sources. Hence, the above 

regulatory sealed source definition does not describe those RSSs that the NRC has chosen not to 

regulate. The NRC has approved many items containing radioactive material in sealed form to be 

owned and used by the general public (US. NRC 1995b; 1995c; 1995d). These “consumer 

products” contain amounts of radioactive material which if not otherwise approved by the NRC, 

would require an individual to have a license. 

Puzzlement if not confusion arises as a result of these various RSS definitions. As an example, 

in the case of a new nuclear reactor fuel rod, it is clearly a “sealed source” under the ANSI 
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definition. However, is it also regulated as a “sealed source” by the NRC since it contains SNM? 

Another example is a radioisotope thermoelectric generator (RTG). It is not clear whether ANSI 

intended RTGs to be “sealed sources” vis-A-vis the fact that sizable quantities of raw SNM are not 

generally available to commercial manufacturers, and such high-temperature sources are not very 

amenable to conventional leak testing methods. Furthermore, DOE’S adoption of the above 

ANSI sealed source definition also seems to encompass nuclear weapon triggers. Under any 

definition, closed bottles containing liquid radioactive material in a radiochemistry laboratory are 

not normally construed as “sealed sources” nor are technetium generators used in nuclear 

medicine clinics. 

The NRC has approved, for example, gaseous radioactive material for incorporation into some 

consumer products, such as tritium in “exit” signs. Such signs constitute a “sealed source” from a 

manufacturing, ANSI point of view, but from a regulatory standpoint, such signs are of negligible 

hazard to the public because, if breached, the gaseous radioactive material is rapidly diluted in air 

to levels below Table 2 of 10 CFR 20 (U.S. NRC 1995a). The DOE also places gaseous tritium 

in sealed bottles, yet these items have not traditionally been regulated as “sealed sources” even 

though they meet the ANSI definition of an RSS. Neutron activation foils, unless processed 

further into bonded sources, are not normally construed or regulated as sealed sources. Although 

strong, steel capsule-like containers designed to withstand the high-temperature conditions of a 

nuclear reactor core, fission chambers containing SNM and sometimes other fertile isotopes, are 

also not normally regarded as RSSs. Similarly, yellow cake (&OS) in closed steel shipping drums 

or enriched UFg in steel containers undergoing shipment in the uranium fuel cycle process are not 

normally regulated as RSSs. How then, should a regulatory definition of a “sealed source’’ be 
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crafted to encompass all of the above possibilities? Accommodating these realities results in the 

following, admittedly wordy, proposed definition: 

-Radioactive Sealed Source--Radioactive material encapsulated by, or bonded to, 

non-radioactive material which, itself, is intentionally and specifically designed to prevent loss 

and dispersal of the radioactive material under the most severe conditions likely to be 

encountered in normal use and handling. In such use and handling, the emissions from the 

,radioactive material, itself, are directly used continuously or repetitively as a source of ionizing 

radiation. Specifically excluded from this definition are radioactive materials-in-process or in 

consumer products; nuclear device/weapons components; radioisotope thermoelectric 

generators (RTG); special nuclear materials-in-transit; uranium and thorium structures used 

for shielding, ballast; fission foils and fission chambers; fuel rods in nuclear reactors; and 

unencapsulated radioactive material not otherwise chemically attached or bonded to a 

nonradioactive substrate. 

CALCULATION METHODOLOGY -- GENERAL EQUATIONS 

In response to a task contract from DOE, Kerr and Eckerman (Kerr and Eckerman 1990) 

proposed a methodology of determining the “accountability” or exemption activity levels for 

RSSs. Such secondary limit “accountability” or exemption values are used as individual RSS 

activity thresholds above which additional radiation protection surveillance is provided, such as 

periodic physical inventory, leak testing, and detailed source labeling, and below which such 

surveillance is considered to provide a poor return on costly manpower efforts. Although never 

explicitly stated by Kerr and Eckerman, their activity l i t  values for exemption of sealed sources 
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from periodic inventories were derived based upon the selection of the most limiting of the RSS 

activity required to impart a specified dose under specified external and internal dose scenarios. 

The calculation of the external and internal dose scenario activities can be recreated as follows. 

a. External Dose Scenario 

(1) The above integral can be solved strictly for A, the external dose scenario activity 

in microcuries. The solution of this equation results in the following formula: 

K - D * d 2  3L-t 
A =  

TOT (1 - e-'t) 
where: 

A = Sealed source activity in microcuries required to impart a dose specified in millirem 

K = Constant of proportionality to yield A in pCi (K = 1 X lo6 Bq MBq" divided by the 

product of 37,000 Bq and 100 .mem mSv-' ) = 0.27027 pCi mSv MBq-' m m - '  

D = External dose equivalent chosen €or the scenario in millirem 

d = Exposure distance chosen for the scenario in meters 

r = Specific gamma ray constant in units of (mSv m2 h-' MBq-') 

T = Exposure time chosen for the scenario over which Reference Man is externally exposed 

to penetrating radiation from the RSS in units of hours 

t = Scenario-dependent radionuclide decay time in units of hours 

h = The RSS decay constant in units of inverse hours (h-') 
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(2) For very long-lived nuclides, the decay factor (the fractional term on the far 

right of the above equation) will be equal to 1, and the activity will essentially remain constant. 

For nuclides with half-lives on the order of days to a few years, however, this decay factor will be 

greater than 1, thus accounting for radioactive decay over the chosen external dose scenario time 

period. 

b. Internal Dose Scenario 
D 

where: 

D 

NIF = Net intake factor (no units) 

DCF 

= Internal committed effective dose equivalent chosen for the scenario in mrem 

= Effective inhalation dose conversion factor from Eckerman et al. (1988) 

in units of Sv Bq-' 

k = Constant of proportionality to yield A in yCi, i.e., 

(100 rem Sv-')(lOOO mrem rem-')(37,000 Bq pC3-l) = 3.7 X lo9 Bq mrem Sv-' yC3-l 

Kerr and Eckerman's general methodology permits RSS "accountability" threshold activity 

values to be locally calculated using references readily available to practicing health physicists. 

Before the activity (A) can be calculated, however, values for the calculation parameters of the 

scenario dose (D), scenario exposure distance (d), scenario exposure time (T), radionuclide decay 

time (t), scenario net intake factor (NIF), and scenario dose conversion factor (DCF) must be 

chosen. Although the selection of actual values for these parameters is frequently controversial, 

this should not be the case. Simply stated, the parameter value ultimately selected should be 

plausible, realistic, scientifically-based, and technically defensible. 
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It is important to note that the choice of a value for the scenario dose (D), to calculate the 

activity A, significantly depends upon whether the external and internal dose scenarios are 

constructed to be normal, workday, “steady-state” type scenarios or “accidenthncident” type 

scenarios. If an RSS is presumed to have been misplaced within the workplace, then logically the 

value of D should be some fraction of or up to the DE permitted for the workers within the 

workplace. This is because D is monitored for individuals in the workplace and not allowed to go 

above some fraction of the current annual 50 mSv y“ (5 rem y-’) whole-body occupational dose 

limit. On the other hand, if control of an RSS is presumed to be lost such that the RSS, 

somehow, gets into the public sector, then the value of D chosen should logically be some fraction 

of the dose limit permitted for members of the public‘under “accident/incident” conditions. It is 

illogical to select a value of D that is some fraction of a “non-accidenthncident” dose limit, such 

as 1 mSv y-’ (100 mrem y-’). 

The only place known in Title 10 where a dose value under “accidenthncident” conditions is 

specified for a member of the public is in 10 CFR 100.1 1 (U.S. NRC 19950 where, for purposes 

of reactor siting, a reactor exclusion area boundary is determined by calculating the distance at 

which a hypothetical member of the public might sustain a dose of 25 rem (250 mSv) within 2 

hours following a design-basis accident. 

The point is that constructing an exposure scenario where control of an RSS is lost by a 

trained worker within the workplace should be treated quite differently compared to a scenario 

where a member of the public is exposed under conditions which, apriori, constitute 

“accident/incident” conditions. Postulating that an RSS is, somehow, transported out of the 

controlled workplace environment into the public sector is tantamount to assuming 
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“accident/incident” type conditions where logically a dose limit appropriate for an 

aecidendincident would apply and not some dose limit applicable to the “steady-state” work 

environment. Consequently, accident/incident scenario conditions logically argue for some 

fraction of accidenthncident dose limits; controlled workplace scenario conditions argue for some 

fraction of “steady-state” occupational dose limits. 

The external dose scenario exposure distance (d) value is most often chosen as 1 meter 

because specific gamma ray constants are quoted at this distance, and an assumed “point source” 

at this distance will irradiate a majority of Reference Man’s body surface, i.e., whole-body 

irradiation. Technical justification should be provided if a value other than 1 meter is chosen. 

The external dose scenario exposure time (T) value should be selected based on the expected 

or known frequency at which physical inventories or leak tests of RSSs are accomplished and/or 

an analysis of the approximate lengths of time radiation accidenficident victims were exposed. 

For example, if a “workplace” scenario is constructed and the inventory frequency of RSSs is 

semiannual, then even if an RSS became misplaced within the workplace the instant after its most 

recent physical inventory and was never used by any worker again until its next physical inventory 

came due, then a maximum of six months could elapse before the RSS was discovered to be 

missing and subsequently searched for and presumably found. Such consideration would logically 

argue for an exposure time (T) value of no greater than 6 months. 

Similarly, if an “accident/incident” scenario is constructed and an RSS is presumed to irradiate 

a member of the public, an exposure time should to be chosen based on exposure times associated 

with historical radiation accidents/incidents. Analysis of such accidents reveals that radiation 

accidents usually involve large dose rates rather than long exposure times. Accidenvincident 
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exposure times have typically ranged from a few seconds to minutes, several hours, and 

occasionally up to as long as a couple of weeks (Hubner and Fry 1980). It would appear that an , 

exposure time value for an “accidenthident” type scenario could logically be on the order of 

hours to days to a few weeks, but certainly not on the order of months to years. 

The external dose scenario decay time (t) is simply the length of time over which the RSS, 

itself, undergoes radioactive decay. External dose scenarios can be constructed, however, which 

do not assume continuous exposure even though the RSS, itself, continuously decays. For 

example, Reference Man could be exposed to a misplaced RSS in the workplace for 8 h d-’ for an 

entire year in which case T = 2000 hours, but t = 8760 hours. When developing threshold activity 

values, it would not be technically justifiable to fail to account for decay of the RSS, especially for 

short-lived isotopes, over the time course of the scenario. 

In the internal dose scenario, the net intake factor (NIF) is the product of the fraction of 

activity assumed to escape from the capsule (Release Fraction) and the fraction of the mount 

released that is assumed to be inhaled by Reference Man (Uptake Factor). According to MEA 

No. 7 (IAEA 1987), release fractions typically range from 10” to 10” and uptake factors range 

from 10“ to 10” which results in NIFs in the range of to lo”. 

(Release Fraction) (Uptake Factor) = (Net Intake Factor) 

(10” to io-2) x (io4 to 10”) = to io5) 
In guidance for the safe transport of radioactive material, the IAEA uses an NIF value of loa in 

their transportation scenario (“Q system”) calculations (IAEA 1987). In 1966, Franke presented 

documentation of what they called “inhaled fractions of total activity handled,” i.e., NIFs, in the 

range of lo4 to lo-’’ (Franke et al. 1968). Finally, Brodsky’s exhaustive analysis of resuspension 
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factors and probabilities of intake provided further evidence that NIFs are typically much less than 

loa (Brodsky 1980). Hence, based on this extensive documentation, the selection of an NIF 

larger than the range of IO-’ to lod would not appear to be technically defensible or scientifically- 

based. 

. 

Dose conversion factors (DCF) have been compiled by Eckerman (Eckerman et al. 1988) 

based on to ICFS 26 recommendations (ICRP 1977) using ICRP 30 models (ICRP 1979). 

Although the ICW 30 methodology has now been superseded by ICEW 60 recommendations 

(ICW 1990), the 10 CFR 20 Appendix B Annual Limits on Intake (ALI) and Derived Air 

Concentration (DAC) values remain based upon ICRP 26 recommendations and ICW 30 models. 

For some radionuclides, Eckerrnan et al. computed separate effective inhalation DCFs for the 

appropriate lung clearance class (D, W, or Y). Since the DCF appears in the denominator of the 

above internal dose scenario equation, the selection of the largest effective inhalation DCF listed 

for a given radionuclide results in the smallest, most conservative, and probably unrealistic, 

internal dose scenario activity value. 

DOE RSS ACCOUNTABLE ACTIVITY THRESHOLD METHODOLOGY 

The DOE first published accountability guidance specifically oriented to RSSs in December, 

1991 in the form of DOE Notice N 5400.9 (U.S. DOE 1991). The isotopic “accountability” or 

exemption threshold activity values were based on the work of Kerr and Eckerman described 

above. Kerr and Eckerman originally proposed a steady-state “workplace” scenario where an 

RSS was presumed to be misplaced somewhere within the workplace such that Reference Man 

was inadvertently exposed to the RSS for 8 hours each workday at a 1 meter exposure distance 
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over the course of an entire calendar year. Two activity values were calculated: (1) the 

radionuclide activity required to impart a 100 pSv (10 mrem) whole-body external DE and (2) the 

radionuclide activity required to impart an internal 100 pSv (10 mrem) inhalation committed 

effective dose equivalent (CEDE). The lesser of these two activity figures, provided it was less 

than 37 MBq (1000 pCi), was pronounced the accountable/exempt threshold activity figure. 

In the event that the lesser of the external or internal dose scenario figures was greater than 37 

MBq (1000 pCi), a cap of this magnitude was arbitrarily imposed. For the internal dose 

scenario, ICRP 30-based effective inhalation DCFs, previously compiled by Eckerman (Eckerman 

et al. 1988), were used. Although Ken and Eckerman were careful to correctly state that 

“Release Fractions,” as discussed above, typically are less than 1%, Le., lo-’ to lo”, it appears as 

if Ken and Eckerman actually ended up using these typical “release fraction” values as if they 

were the overall N E  (Kerr and Eckerman 1990). As discussed above, use of an N E  value as 

large as lo-’ is three to four orders of magnitude removed from any documented reality. 

It is our contention that, if internal and external dose scenarios are constructed in a manner 

that is “reasonable,” calculated activity levels for those dose scenarios should be allowed to “fall 

where they may,” e.g., there is no technically defensible reason to impose arbitrq maximum RSS 

threshold activity limits. Whatever the activity values calculated from the external and internal 

dose scenarios turn out to be, such figures should not be arbitrarily capped. The values of the 

calculation parameters used by Kerr and Eckerman may be summarized as follows: 
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SCENARIO PARAMETER KERR and ECKERMAN 

Dose Equivalent (Internal & External Scenarios) 100 ySv (10 mrem) 

Exposure Distance 1 meter 

Exposure Time 1 Occupational year (2000 hours) 

Decay Time 

Net Intake Factor (NIF) 

Unclear, probably 1 Calendar Year (8760 h) 

1 o-2 

Kerr and Eckerman wisely recognized that some radionuclides are of such low specijk activity 

as to be of virtually no practical use as RSSs. As a result, Kerr and Eckerman did not place any 

upper limit on the accountable activity threshold for RSSs containing the radionuclides s7Rb, 

113Cd, ’%, ‘”Te, ls2Gd, “%’a, and ‘“Re. When Kerr and Eckerman provided their original 

accountable activity threshold table to the DOE Headquarters, however, DOE seems to have 

decided that the “accountable” threshold values were not low enough. DOE then changed the 

dose calculation scenario from Kerr and Eckerman’s original workplace-based scenario to an 

“accidenthident” type scenario. In this change, an RSS was presumed to have, somehow. 

found its way out of the workplace and into the home of member of the public where it resided, 

unnoticed, perhaps under the bed. Furthermore, this member of the public, as represented by 

Reference Man, was presumed to be to spend 100% of hisher time with an RSS fiied 1 meter 

away from hisher gonads (U.S. DOE 1994). This dose scenario is actually stated by the DOE to 

be “a credible incident to a member of the general public” (U.S. DOE 1991)! Arbitrarily changing 

the dose scenario in this manner, that is, assuming continuous exposure of Reference Man for an 

entire year, permitted DOE to multiply Ken and Eckerman’s original exemption activity threshold 
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values by the ratio of 2000 to 8760 hours, which is approximately 0.3. This ultimately reduced 

the values by another 70%. Similarly, Ken and Eckerman’s original capstone limit of 37 MBq 

(1000 pCi) was reduced to 10 MBq (300 pCi) and was made to apply to radionuclides of even 

low specific activity. 

Kerr and Ekkerman implied that they calculated RSS accountability/exemption threshold 

activity values for all non-gaseous, non-liquid radionuclides with half-lives greater than 30 days 

(Kerr and Eckerman 1990). If one refers to a recent listing of radioactive isotopes (Browne et al. 

1986), however, one finds that the following radionuclides are missing from Kerr and Eckerman’s 

original table: 

91Nb Tm = 680years 208Bi TIR = 3.68 X lo5 years 

208 91mNb Tln = 62days 

92Nb Tln = 3.6X 107years 2wPo TIR = 102years 

ll’”Cd Tln = 44.6days 252Es Tm = 1.291 years 

laTm TIE = 93.1 days 255E~ Tin = 39.8days 

Ig3Re Tln = 70.0days 

Po TlR = 2.898years 

MEA EXEMPTION THRESHOLD CALCULATION METHODOLOGY 

The IAEA has published its exemption values in Table 1-1, IAEA 115-1 (IAEA 1994). These 

values are not strictly focused toward sealed sources, but rather are intended to be applicable to 

both sealed and unsealed radioactive material. These exemption activity values are intended as 

individual isotopic activity values below which the radiological risk or detriment associated with 

utilizing those radioisotopes/RSSs is so small as not to warrant the imposition of a system of 
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reporting. The IAEA recognizes that 44reporting,” (e.g., accounting for) radionuclides involves 

time, money, and manpower associated with a set level of radiation protection 

control/surveillance, including periodic physical inventory, detailed source labeling, and leak 

testing activities. The expenditure of resources, below a certain level of risk, is inefficient; the 

IAEA activity values are intended to express the lower limit of risk that merits traditional 

radiation protection surveillance. 

Table 1-1 of IAEA 115-1, however, merely lists the rounded IAEA exemption activity and 

activity concentration values; this publication does not describe in any detail how these exemption 

values were calculated and the assumptions/technical basis associated with the calculations. 

These details are contained in the 1993 Commission of the European Communities (CEC 1993) 

document that has no international standard book number; hence, it is quite difficult to obtain. 

Moreover, copies of this technical report have been reproduced so many times that the numbers in 

the isotope radiological data section are almost impossible to clearly discern. Focusing on how 

the activity, as opposed to the activity concentration, values were calculated, the general method 

of calculating the exemption activity values, for sealed sources, using isotope-specific radiological 

data based on ICRP 60 (ICRP 1990), involved specifying three general exposure scenarios: 

a. Normal Use (Workplace) Scenario which consists of two sub-scenarios 

(1) External exposure from a point source 

(2) External exposure from handling a source 
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b. Accident (Workplace) Scenario which considers six “spillage” sub-scenarios and three 

“fire” sub-scenarios: 

(1) Spillage 

(a) External exposure from contaminated hands 

(b) External exposure from contaminated face 

(c) External exposure from contaminated (non-body) surface 

(d) Ingestion from hands 

(e) Inhalation of resuspended activity 

(f) External dose from an aerosol or dust cloud 

(2) Fire 

(a) Contamination of skin 

(b) Inhalation of dust or volatiles 

(c) External dose from combustion products 

c. Disposal (Public) Scenario which consists of four sub-scenarios 

(1) External exposure from a landfill site 

(2) Inhalation of dust from a landfill site 

(3) External exposure to skin from handling object from a landfill site 

(4) Ingestion of an object from a landfill site 

In all fifteen of these scenarios, the effective dose, E (Sv y-l Bq-’) is calculated for an 

activity of 1 Bq. If the scenario directly involves the skin, an intermediate quantity is 

calculated, HSb, for an activity of 1 Bq by which the effective dose E is then calculated as the 

product of H s h ,  the tissue weighting factor (ws%) of the skin of and the ratio of the area 
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of skin in contact with the sealed source to the assumed total body skin area of lo4 cm2. Each 

scenario assumes a scenario-unique exposure time, and, as appropriate, the: 

a. Specific gamma ray and specific beta particle constants 

b. Isotope-specific radiological data regarding the skin equivalent dose rate to the basal 

layer of skin epidermis for gamma photons at a depth of 7 mg cm-’ and beta particles at a 

depth of 4 and 40 mg crn-’. 

c. Weight of the RSS 

d. Per cent of initial source activity transferred to a person’s hands/arms and from a 

person’s hands to the face 

e. Skin area contaminated by a spilled source 

f. Area over which a radioactive source is spilt 

g. Probability of occurrence of the scenario (for some scenarios, not all) 

h. External exposure distance 

i. Geometric reduction factor relating to a contaminated area of 1.5 meter radius 

compared to infinite slab geometry 

j. ~ i r  concentration of a spilt source in mg m-‘ 

k. Room volume within which an aerosol or dust cloud is dispersed 

1. Effective and skin equivalent dose rate in a semi-infinite cloud 

m. Mass of waste assumed to be in the landfill 

n. Area of skin in contact with a source 

Values of E and Hsh,, as appropriate, are calculated for each of the scenarios specified above. 

Then for the Normal Use (Workplace) scenario, the E values computed for the two sub-scenarios 
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are added together. Similarly, all of the E values in the four Disposal (Public) scenarios are added 

together. For the Accidental (Workplace) Scenario, the sum of the E values is done for all the six 

spillage scenarios and similarly, but separately, over all three fire scenarios. In other words, the 

summed E values of the spillage scenarios and the fire scenarios are not added together. Then, 

the most limiting (largest) of the summed Normal Use scenario, Disposal scenario, Accidental 

Workplace spillage and f i e  scenario E values is determined. Finally, the exempt quantity is 

determined by taking the limiting effective DE value of 1 X lo5 Sv y-' or the skin DE value of 50 

X 10" Sv y-', as appropriate, and dividing this figure by the most limiting E value. For example, 

the scenario that results in the largest E value that determines the exempt quantity for tritium is 

the public disposal scenario involving the ingestion of an object from a landfill. This E value is 

calculated by: 

E = (1 Bq) (1.8 X lo-" Sv Bq-') (Ingested Fraction f = lo") (24 hours of decay = 1) 

E = 1.8 X 

Exempt Quantity = (1 X lo5 Sv y-') + (1.80 X 

Similarly, the scenario that results in the largest E value that determines the exempt quantity 

Sv y-' Bq-' 

Sv y-' Bq-') = 5.5 X 10' Bq. 

for mCo is the normal use workplace scenario involving the handling of a source where H h  is 

limiting. H h  is calculated by: 

H~kin (Sv y-' Bq-') = [(l Bq) + (Source-Skin Contact Surface Area = 2 em2)] 

times (10 h exposure time) 

times C(1.30 XlO-' (gamma) + 2.85 X 10" (beta) Sv h-' Bq-' cm2)] 

H h  = 7.92 X lo" Sv y" Bq-' 

Exempt Quantity = (50 X lo3 Sv y-') + (7.92 X low7 Sv y-' Bq-') = 6.31 X lo4 Bq. 
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Again, the scenario that results in the largest E value that determines the exempt quantity for 

137Cs is the same normal use workplace scenario as directly above where J&b is limiting. Using 

the specific gamma ray constant value for 137Cs of 3.30 X 

beta particle constant value of 3.90 X 

Sv h-' Bq-' cm2 and the specific 

Sv h-' Bq-' cm2, Hsb = 2.1 1 X loa Sv y-' Bq-', and the 

exempt quantity = 2.36 X lo4 Bq. 

For 147Pm, the E values from the two public disposal scenarios involving the ingestion of an 

object from a landfill and the inhalation of dust from the landfill are added together. Using the 

committed effective dose per unit intake for ingestion value of 4.40 X lo-'* Sv Bq-', the E value 

for '47Pm of 4.40 X Sv y-' Bq-I can be calculated in the manner already described above in 

the case of tritium. For the dust inhalation disposal scenario, the E value is calculated by: 

E = (1 Bq/lg source weight)(l h exposure time)(l m3 h-')(l X lo9 g m-3 dust concentration) 

times ( occurrence probability)( 1 X 10" Sv Bq-') yielding 

E = 1 X Sv y-l Bq". 

Adding these two E values together results in E t d  = 5.4 X 

Exempt Quantity = (1 X lo5  Sv y-') + (5.4 X 

Sv y-' Bq-' and an 

Sv y-' Bq-') = 1.85 X lo7 Bq. 

In the case of 239Pu, 241Am, and 252Cf, the same scenarios as for '47Pm are limiting. Using the 

committed effective dose per unit intake for ingestion value of 5.60 X 

value for 239Pu of 5.6 X 

value of 6.8 X 

X 10" Sv Bq-' for a sum of 1.24 X lom9 Sv y-' Bq-'. Hence, the 

Sv Bq-', the E&& 

Sv y-' Bq-' can be calculated which is then added to the Edustinhdatiaa 

using the committed effective dose per unit intake for inhalation value of 6.8 

Exempt Quantity = (1 X lo5 Sv y") + (1.24 X lo-' Sv y-' Bq-') = 8.0 X lo3 Bq. 
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Using 5.70 X Sv Bq-’ (ingestion) and 7.00 X lo-’ Sv Bq-’ (inhalation), yields an exempt 

Sv Bq-’ (ingestion) and 3.90 X loe5 Sv quantity for %lAm of 7.87 X lo3 Bq. Using 1.70 X 

Bq-I (inhalation), yields an exempt quantity for =’Cf of 1.79 X104 Bq. 

The exempt quantities calculated from the above scenarios are then rounded sometimes up and 

sometimes down to one significant figure such that the exempt quantity values listed in Table 1-1 

of IAEA 115-1 are all powers of the number “1”. The actual rounded exempt quantity values for 

the isotopes described above are: 3H (1 X lo9 Bq); 6oCo ‘(1 X lo5 Bq); 137Cs (1 X lo4 Bq); 

147Pm (1 X lo7 Bq); 239Pu (1 X lo4 Bq); “‘Am (1 X lo4 Bq); and ”’Cf (1 X lo4 Bq). 

The above calculations use data different than that specified for Reference Man (ICW 1975). 

For example, the assumed breathing rate of 1 m3 h-’ differs from Reference Man’s of 1.2 m3 h-’ 

and the assumed skin area of lo4 cm2 differs from Reference Man’s 1.8 x lo4 cm2. Many of the 

dose conversion factors for inhalation and ingestion (Sv Bq-’) do not match those of ICRP 68 

(ICRP 1994), even though ICRP 60 models were allegedly used. The resulting exemption values, 

thus, cannot be locally generated by practicing health physicists using up-todate references. 

In addition, radioactive decay of the source is basically not taken into account, radioactive 

material is assumed to be handled by workers using bare hands, and members of the public are 

presumed to play in landfills and to pick up, handle, and eat RSSs. Furthermore, improbable 

events are added to each other in that the calculated dose detriment from one scenario is added to 

the dose detriment from other scenarios in the rather complicated process of determining the 

“limiting” scenario. Based on the above summary description of the 15 scenarios used in the 

calculation of the MEA exempt quantity values, it is left to the reader to evaluate the realism 

associated with these scenarios. The large array of scenarios contains varying exposure times and 
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exposure distances, but in the end, the bounding dose criteria are 10 pSv y-l (effective) (1 mrem) 

and 50,000 pSv y-* (skin) (5000 mrem). These values are the lowest values recommended by 

IAEA No. 89 (MEA 1988b) which recommends an effective dose equivalent range of 10-100 

pSv. Furthermore, this recommended exemption dose criteria range does not, itself, contain any 

consideration of the probability of loss of control of an RSS. 

In summary, the IAEA calculated legion exempt quantities for radionuclides based on very 

conservative calculation assumptions and questionable risk scenarios to protect the world from 

the imputed risks associated with an annual effective dose equivalent of 10 pSv (1 mrem). 

Seemingly the IAEA authors intentionally developed an exempt quantity calculation methodology 

so labyrinthine as to intimidate anyone else from ever questioning how the exempt quantity values 

were originally calculated. The myriad scenarios are like a set of enclosed Russian dolls, fifteen 

layers thick. With apologies to Ben Jonson, such a complicated methodology does not give a 

look or a face that makes simplicity grace. 

NRC LICENSING CRITERIA THRESHOLD CALCULATION METHODOLOGY 

The NRC’s licensing threshold activity concentration and activity criteria specified in Schedule 

A, 10 CFR 30.70 and Schedule B, 10 CFR Par 30.71 (U.S. NRC 1995b) were developed in the 

1960s using ICRP 2 methodology (ICRP 1960). The details of how the activity concentration 

and activity values were determined are contained in two Atomic Energy Commission (AEC) 

reports, AEC-R 30/15, July 15, 1960, and AEC-R 30/86, July 23, 1968 (U.S. AEC 1960; 1968). 

A summary of these reports, to our knowledge, was never published in any radiation protection 
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publication; hence, the contents of these reports are not readily available to practicing health 

physicists. 

Focusing upon how the licensing threshold activity values of Schedule B were calculated, it 

should be noted that these values are intended to apply to both unsealed as well as sealed 

byproduct material and constitute licensing thresholds above which an NRC license is required. 

The thresholds calculated for each isotope listed in Schedule B correspond to the quantity that 

could be inhaled by Reference Man exposed for an entire year at the highest isotopic 

concentration, listed in ICRP 2 (ICRP 1960), be it for a body organ or the total body permitted in 

air for members of the general public in unrestricted areas. If the radionuclide was a gamma 

emitter, the quantity that, under conservative point source geometry, would also produce a dose 

rate of 1 milliroentgen per hour (mR h-') at a distance of 10 cm (4 inches) was computed. The 

must limiting of these two quantities was then rounded down to the nearest decade. 

The Health Physics and Radiological Health Handbook contains a listing of specific 

gamma-ray constants (r) for various radionuclides (Shleien 1992). Tritium has no r; hence, no 

point source activity can be calculated that would produce 1 mR h-' @ 10 cm external exposure 

rate. The largest non-occupational maximum permissible concentration (MPC) in-air value listed 

in ICRP 2 for tritium is 4 X 10'' VCi cm-3 (skin). ICRP 2 recommends that members of the public 

living in the neighborhood of controlled areas should not be exposed to more than 1/10 of the 

largest, continuous MPC value for a particular isotope, irrespective of whether this largest value 

(MPCla h& pertains to an individual organ or the "total body." Thus, the total number of 

microcuries of tritium that Reference Man could inhale in one year would be: 

(4 X lo4 pCi ~ m - ~ )  (1/10) (2 X lo' cm3 air inhaled day-') (365 d y-') = 292,000 WCi y-'. 
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The licensing threshold value listed in 10 CFR 30.71 €or tritium is 1000 pCi. Therefore, it is 

apparent that the NRC imposed an arbitrary maximum activity cap of 1000 pci. 

2 -1 In the case of 6oCo, using the listed value of r = 3.703 X 10" mSv m h MBq-', the activity 

required to produce 1 mrem h-' @ 10 cm is approximately 7 microcuries. The largest 

(MPC)lah-air value listed in ICRP 2 for @Co is 2 X loa WCi cm-3 (spleenkidney) which means 

that Reference Man would inhale a total of 1,460 microcuries in one year. Because 7 pCi is 

greater than 1 pCi, but less than 10 pCi, the NRC specified the Schedule B licensing threshold 

value for ""Co as 1 pCi. Similarly, for 137Cs, using the listed value of r = 1.032 X lo4 mSv m2 h-' 

MBq", it takes 26 pCi to produce 1 mrem h-' @ 10 cm. The largest (MPC)la h& value listed in 

ICRP 2 for 137Cs is 2 X loa pCi 

inhale a total of 1,460 pCi in one year (the same as for 6oCo). However, because 26 pCi is 

greater than 10 pCi, the Schedule B licensing threshold value is specified as 10 pCi. 

(small intestine) which means that Reference Man would 

Values for 239Pu, %'Am, and 252Cf are not listed in Schedule B; however, if one were to follow 

the NRC's methodology, then using the listed gamma (r) values of 8.145 X lo6, 8.479 X 

and 1.131 X 

h-' @ 10 cm. Noting that the largest (MPC)la hair value listed in ICW 2 for 239Pu and ulAm is 

6 X 10" pCi 

2 -1 mSv m h MBq-', respectively, yields 332,32, and 239 pCi to produce 1 mrem 

(lower large intestine) and that for 252Cf is 2 X 10" pCi cm-3 (lower large 

intestine), then Reference Man would inhale 44 pCi each of 239Pu and %'Am in one year and 

15 pCi of 252Cf in one year. Thus, the NRC might have listed the licensing threshold for 239Pu, 

Am, and "2Cf in Schedule B as 10 FCi each should they have been consistent in their approach. 

The NRC activity licensing threshold determination system described above seems to make the 

241 

rather patronizing assumption that a member of the public, as represented by Reference Man, has 
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some curious desire to place a radioactive source 10 cm from his body and expose himself to the 

radiation therefrom, seemingly continuously. Similarly, Reference Man is assumed to eagerly 

place himself near a nuclear facility just to breathe in the odorless radioactive material 

continuously. Also implicit in the NRC’s licensing threshold activity methodology is the apparent 

belief that an exposure rate of 1 mR/hr from some radionuclides is so hazardous that the NRC 

should force members of the public to get a license for same. No consideration is given in the 

methodology regarding “release fractions” from RSS capsules. Hence, the underlying assumption 

seems to be that all RSSs leak 100% of their contents readily to the air which Reference Man then 

eagerly and continuously breathes. As discussed above in the case of the DOE, the imposition of 

an arbitrary activity cap is neither technically defensible nor scientifically justifiable. In addition, 

and the rounding down of the scenario activity values to the lowest possible decade value is 

grossly conservative. 

Despite that fact that the AEC intentionally developed a rationale for permitting the public to 

be exempted from licensing requirements for small quantities of radioactive material, the AECs 

technical basis set forth in AEC-R 30/86 simplistically fails to take isotopic decay into account. 

The AEC rationale refers to isotopic amounts of radioactive material sufficient to produce 1 

mR/hr @ 10 cm away from the point source, and then from this calculated activity states that 

members of the public would only receive 20 mrem in one year if they placed themselves one 

meter away from such a source every working hour in a work year (2000 hours). Such a 

statement is correct only if radioactive decay of the source is completely neglected over the one 

year dose scenario. Legal licensing threshold activity values for radioactive species should not to 

be based upon ignoring the real phenomenon of radioactive decay. 
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Finally, it should be noted that the ICRP 2 methodology used by the NRC in the 1960s may, at 

that time, have made sense. But the ICRP 2 methodology on which the NRC’s licensing 

threshold activity values are based has long since been superseded by ICRP 26 methodology and 

ICRP 30 models on which 10 CFR 20 is now based. To the extent that ICW 26 methodology 

has superseded ICRP 2 methodology, the technical basis underpinning the NRCs original licensing 

threshold activity values has become correspondingly outdated and compromised. 

ASSUMPTIONS IN DETERMINING RSS ACCOUNTABILITY, EXEMPTION, AND 

LICENSING THRESHOLD ACTIVITY VALUES VIS-A-VIS REASONABLENESS 

In the many scenarios used by the DOE, IAEA, and NRC, described above, a specter in the 

form of the mathematical and physiological construct called Reference Man, frequently appears. 

Regulatory and advisory assumptions imply that a member of the public, represented by Reference 

Man, is eager and cunning enough to purloin an RSS from a controlled environment to start with, 

but thereafter, is presumed to manifest a monumental lack of common sense and “normal” 

behavior such that no matter what Reference Man does aposteriori, Reference Man somehow 

finds a way to expose himself continuously to the RSS radiation either externally or by eating the 

RSS. Also, in the DOE scenario, Reference Man is presumed to be at home, in bed, continuously 

dosing himself with radiation from a purloined RSS that is fixed one meter from his gonads for an 

entire calendar year. This scenario is used even though the radiation control personnel in the 

laboratory from which the RSS disappeared will end up discovering the RSS to be missing at least 

six months earlier because of the required semiannual physical RSS inventory frequency. In other 
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scenarios, assumptions are made that an RSS is not only fostlmisplaced, but also damaged 

sufficiently such that 100% of the radioactive material becomes airborne. 

Losing control over an RSS such that it finds its way into the public sector is a statistically 

highly unlikely event for which a “probability of occurrence” could be estimated by experts on risk 

within the Health Physics society. Similarly, the probability that an RSS could become sufficiently 

damaged to release a realistic portion of the radioactive contents could be estimated. Most 

importantly, however, is the need to recognize that losing control of an RSS and having that same 

RSS also be damaged are statistically independent events. Mathematically, the probability of both 

of these events occurring together is the product of their separate, estimated probabilities. 

If one were to simplistically express “risk” as the product of the “detriment” and the 

“probability of occurrence,” then, in the case of RSSs, the detriment would be the unwanted dose 

from the assumed scenario. The probability of trained radiation workers losing control of an RSS 

to the public sector is quite small, likely less than 

damaged and such damage going undetected by the RSS user is similarly small, estimated as less 

than 10- y . Then, the overall probability of a damaged RSS ending up in the public sector 

should be estimated as at most ( 10-3)2 = 10 y . The point is that too many of the dose scenarios, 

as described above, neglect any substantive consideration of the probabilities of occurrence of the 

very scenarios developed. In effect, additional layers of conservatism are added in the name of 

notionally protecting Reference Man from hypothetical millirem doses of ionizing radiation that 

have no documented biological significance (Mossman and Mills 1992). 

y-’. The probability of an RSS being 

3 -1 

-6 -1 
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Accountable/exemption/licensing activity values are calculated from unrealistic scenarios, the 

results of which are further reduced in the name of “conservatism” either by the imposition of an 

arbitrary maximum activity cap or by mathematically crude, decade down rounding. 

The mathematical and physiological construct of Reference Man ( I C E  1975) is an important 

body of quantitative data that has proven useful to practicing health physicists, particularly in the 

field of the internal dose assessment. Perhaps it is time, however, to augment Reference Man’s 

anatomical and physiological characteristics with realistic behavioral characteris tics. The concept 

of the “reasonable man” permeates the field of jurisprudence (Epstein et al. 1984). This concept 

holds that a person cannot obtain legal relief if hisher behavior is anything less than that which is 

normally expected of an “average person of ordinary intelligence, prudence, and judgment.” 

Reference Man should be imbued with the characteristics of a “reasonable man” such that in 

scenarios developed to protect him from unnecessary ionizing radiation doses, Reference Man 

would no longer be presumed to exhibit unrealistic behaviors deserving of orders of magnitude of 

additional protection by overly zealous regulatorsbealth physicists. 

UNACCOUNTABLE RSSs, LOW SPECIFIC ACTIVITY RADIONUCLIDES, 

VIS-2i-VIS ACCOUNTABILlTYIEXEM~XONILICENSING THRESHOLD 

ACTIVITIES 

Title 10 CFR 30.15, 30.19,30.20,31.3,31.7,31.8,31.10, and 40.13 (U.S. NRC 1995b; 

1995c; 1995d) permit any member of the public to buy, possess, and use various RSSs without 

having to obtain a license from the NRC. A partial listing of these types of RSSs and their 

maximum allowable per-item activities, in the conventional units used in Title 10, is provided 
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below. The vast majority of these consumer products contain solid-form radioactive material 

surrounded by a non-radioactive container/casing. These items are RSSs under the ANSI 

definition of an RSS, but all have been accorded special exemption by the NRC from licensing and 

radiation safety controls otherwise required for RSSs containing similar isotopic activities. These 

RSSs, once purchased by any member of the public, do not require any further radiological 

controls, such as periodic inventory, leak testing, or additional detailed labeling, etc. Virtually all 

RSSs described below, on a per-item basis, exceed the current accountability/exemption/licensing 

activity thresholds of the DOE, IAEA, and NRC. 

a. 3H 37 MBq (1 mCi) per each precision balance 

555 MBq (15 mCi) per each watch dial and lock illuminator 

925 MBq (25 mCi) per each auto shift quadrant, thermostat, and timepiece 

1,850 MBq (50 mCi) per each static eliminator brush or ion generating tube 

5,550 MBq (150 mCi) per each microwave receiver protector tube 

27,750 MBq (750 mCi) (gas) per each marine compass 

925,000 MBq (25,000 m a )  (25 Ci) (gas) per each exit sign 

b. 90Sr 

1,850 KBq (50 $3) per each ice detection device 

18,50 KBq (500 vCi) per each static eliminator brush 

137 c. Cs -- 185 KBq (5 VCi) per each electron tube 



d. I 4 ’ h  

7,400 KBq (200 pCi) per each time piece 

74 MBq (2 mCi) per each automobile lock illuminator 

1 1,100 MBq (300 mCi) per each aircraft luminous safety device 

e. ‘loPo -- 18,500 KBq (500 VCi) per static eliminator brush or ion generating tube 

f. 232Th 

50 mg (0.185 KBq) (0.005 VCi) per each gas mantle, vacuum tube, welding rod, 

or electric lamp 

Finished optical lenses up to 30% by weight of 23?h (- 1.85 KBq /each 

glass contact lens) (-0.05 VCi) 

2 grams (8 K3q) (0.22 pCi) per each germicidal lamp, sun lamp, or 

outdoor/industrial light 

g. “lAm -- Typically 185 KBq (5 pCi) per each smoke detector (NCRP 1987b) 

Title 49 CFR 173.423 (U.S. DOT 1994b) permits any member of the public to ship up to 20 

curies (Ci) of solid-form tritium in any sort of shipping container with no particular radiological 

controls required (“excepted” material). Only a hand-written label containing the following 

wording need be written on the package: “Radioactive Material, Instruments and Articles, UN 

291 1. This package conforms to the conditions and limitations specified in 49 CFR 173.422 for 

excepted radioactive material, instruments and articles, UN 2911.” 

Thus, 20 curies of solid-form tritium is basically “unaccountable” for shipping purposes under 

DOT shipping regulations. Hence, why should the same item, once received in a government 

establishment, suddenly become “accountable” from a radiation safety standpoint? It is illogical 



to “account” for RSSs in the government workplace that contain per-item isotopic activities less 

than the activities of RSSs of the same isotope that are freely available in the public sector as 

“unaccountable” items. Based on the above information, it is both logical and prudent to consider 

the isotopic activities of unaccountable RSSs readily available to the public sector in the final 

specification of accountable/exemption/licensing activity thresholds for the radiological 

workplace. 

Admittedly, the radionuclides indicated below have beneficial uses in unsealed form; however, 

they are of such low specific activity as to be virtually useless as RSSs due to their mass and bulk. 

The weight of 0.37 GBq (10 m a )  of each is as follows: 

Sm -- 436kg(961 lbs) 147 87Rb -- 116.5 kg (257 lbs) 

‘13Cd -- 29,402,529 kg (64,832,577 lbs) 15’Gd -- 459,300 kg (1,012,756 Ibs) 

“’In -- 1,418963 kg (3,128,814 Ibs) 

lZ3Te -- 44,737 kg (98,646 lbs) “‘Ta -- 141,011 kg (310,931 lbs) 

I3’La -- 409 kg (902 lbs) 187Re -- 240 kg (530 Ibs) 

Similarly, ten millicuries of 23% weighs 91 kg (201 lbs); however, 232rh, the progenitor of the 

natural thorium decay series, gives rise to radionuclides useful as RSSs. It can only be concluded 

that the above ten radionuclides should not, then, be limited or regulated in any manner as RSSs, 

i.e., their accountable/exempt/licensing activity threshold values, in sealed form, should be 

“unlimited.” 

LU -- 176kg(390lbs) 176 

The U.S. Environmental Protection Agency (EPA) appears also to have ignored the weights 

of the above radionuclides (U.S. EPA 1989). Nevertheless, the EPA specified “Reportable 

Quantity” (RQ) values in 40 CEX 302 for 757 radionuclides. The activity required to impart a 
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committed effective dose equivalent (CEDE) of 5 mSv (500 mrem) at 30 meters away from a 

release point in five different exposure scenarios was calculated assuming 24 hours of exposure 

(release) time. The most limiting (lowest) activity value of the five scenarios was logarithmically 

rounded to become the RQ value with an arbitrary activity cap of 37 TBq (1000 Ci) imposed on 

205 radionuclides. The RQ values for lS2Gd and 232Th are 37 MBq (0.001 Ci); that for 147Sm is 

370 MBq (0.01 Ci); those for ' I 3 C d  and "'In are 3.7 GBq (0.1 Ci); those for 138La and 176Lu are 

37 GBq (1 Ci); those for 87Rb and lz3Te are 370 GBq (10 Ci); that for 18?a is 3.7 TBq (100 Ci); 

and that for lS7Re is 37 TBq (1000 Ci). The EPA-mandated RQ values can also be found in 

Appendix A, Table 2,49 CFR 172.101 (U.S.  DOT 1994a). 

Despite the above realities noted before, the DOE has chosen to make all of these 

radionuclides "accountable" when the individual RSS activity exceeds the threshold activities 

indicated below (U.S. DOE 1991). 

1 X lo7 Bq (300 VCi) 

1 X lo7 Bq (300 pCi) 

1 X lo4 Bq (0.3 pCi) 

1 X lo' Bq (300 $3) 

1 X lo7 Bq (300 VCi) 

1 X lo7 Bq (300 pCi) 

1 X lo5 Bq (3 VCi) 

1 X lo4 Bq (0.3 VCi) 

(1 X lo6 Bq (30 VCi) 

Sm -- 

lS2Gd -- 

176Lu -- 

I8?'a -- 

lg7Re -- 

210Po -- 

"2Th -- 

241Am -- 

1 X lo3 Bq (0.03 VCi) 

1 X lo7 Bq (300 pCi) 

1 X lo5 Bq (3 pCi) 

1 X lo7 Bq (300 VCi) 

1 X lo7 Bq (300 pci) 

1 X lo4 Bq (0.3 pCi) 

1 X 10' Bq (0.0003 pCi) 

1 X lo2 Bq (0,003 pa) 

147 
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It is interesting to note, for example, that since the DOE has specified such a low 

accountability activity threshold for 210Po, that as soon as a DOE contractor buys a publicly 

available static eliminator brush from a local photography shop for use in the contractor’s 

photographic operations, the brush then becomes “accountable” as an RSS within the DOE 

world. 

TECHNICALLY-BASED RSS ACCOUNTABILITY/EXEMPION THRESHOLDS 

RSS accountability/exemption threshold activities need not be based upon source documents 

that are difficult or impossible to obtain and which do not rely on radiological data readily 

available to practicing health physicists. Such threshold activity values can be locally generated 

using available reference material. Accordingly, based on the information presented above, a 

“reasonable” Reference Man may be presumed to be a trained radiation worker in a controlled 

RSS-use environment. To provide cost-effective radiation safety support in a manner 

commensurate with the potential hazard involved, RSSs should be “accountable” and controlled 

based upon the calculation of the individual RSS activity, by isotope, and by the documentation of 

realistic scenarios that would be required to impart the most limiting of either 1 mSv (100 mrem) 

DE from an external dose scenario or 1 mSv (100 mrem) CEDE from an internal dose scenario 

over a reasonable time frame, such as some fraction of a calendar year. The technical basis 

underlying the selection of a D = 1 mSv (100 mrem) is that 10 CFR 20 (U.S. NRC 1995a) and 

10 CFR 835 (U.S. DOE 1993a) permit a member of the public to sustain a dose of 100 mrem in 

one year from radiation-producing operations conducted in a controlled environment. Also, the 

DOE has chosen 100 mrem as the basis for its calculations regarding radiation protection of the 
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public and the environment from routine DOE operations (U.S. DOE 1993b). Similarly, the 

IAEA uses 100 mrem in its dose scenario calculations involving exposure of members of the 

public incident to the safe transport of radioactive material (IAEA 1988a). 

Within the DOE, occupational radiation exposure limits are conferred upon workers based 

merely upon their employment status and nut whether they routinely work with sources of 

ionizing radiation. The occupational exposure limit of 50 mSv y” (5 rem y-’) is conferred upon a 

“general employee” the instant such an employee graduates from General Employee Training 

(GET) (U.S. DOE 1993a). Thus, within the DOE, the occupational exposure limit of a 

GET-trained librarian is identical to that of a actual radiological worker. A scenario dose of 1 

mSv (100 mrem) is then only 2% of every DOE general employee’s occupational exposure limit. 

Finally, 1 mSv (100 mrem) is less than one-third of the average dose that a member of the public 

will unavoidably sustain from natural background radiation exposure in one year (NCRP 1987a). 

Thus, whether sustained by a member of the public in an “accidenthcident” scenario or sustained 

by a trained radiation worker in a controlled work environment scenario, 1 mSv (100 mrem) 

constitutes a dose that is only a fraction of what both types of individuals already sustain from the 

natural radiation background and to which the human species has biologically developed a cellular 

radiation damage repair mechanism fully capable of rendering any imputed cellular harm benign 

(Chadwick and Leenhouts 1981; Polycove 1994). 

Continuing, a “workplace” scenario can be constructed where an RSS is presumed to be 

misplaced within the workplace the instant at which it underwent its most recent semiannual 

physical inventoryfleak test. Allowing for lunch, meetings, and typical workday interruptions that 

prevent a person from remaining constantly at his normal workstation, Reference Man is 
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presumed to be able to work at his desk a total of six hours per each workday. Assuming 2000 

hours in a work year and 8 hours per work day, then there are 250 work days per work year and 

125 work days in one-half of a work year. Six hours exposure time per work day then means that 

Reference Man is exposed for a total of 750 hours in a six-month period. This exposure time is 

inherently conservative because it is presumed that the RSS is misplaced the instant after its most 

recent physical inventory and this RSS is used so rarely such that it is not missed by the RSS 

owners/users for an entire six-month period. 

For the external dose scenario, the misplaced RSS is presumed to be located under Reference 

Man's desk one meter away from his gonads. For the internal dose scenario, an NIF of l o5  is 

chosen based upon Brodsky's work wherein an NIF of this magnitude is "as high as reasonably 

achievable (AHARA)" (Brodsky 1980). 

In addition, specific gamma-ray constants can be extracted from The Health Physics and 

Radiological Health Handbook (Shleien 1992), and isotopic half-lives, using all significant (non- 

italicized) digits as listed in the Table of Radioactive Isotopes (Browne et al. 1986), can be used 

along with the conversion factor of 3.1557 X lo7 seconds/tropical year (Anderson 1989). The 

largest effective inhalation DCFs, compiled by Eckerman et al. using ICRP 30 methodology 

based on the ICRP 26 recommendations on which 10 CFR 20 is now based, as listed in the 

Federal Guidance Report No. 11 (Eckerman et al. 1988), can be chosen. It should be noted that 

the Federal Guidance Report No. 11 does not list any DCFs for 91Nb, 91mNb, 92Nb, lmTm, Re, 

'"Bi, 208Po, '09Po, 252E~, and "'Es. As a result, sister isotope DCFs have been chosen and are 

indicated in the Tables in the Appendix. Once the most limiting of the external and internal dose 

scenario activity figure is chosen, where applicable, this activity should be compared the maximum 

183 
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isotopic activity permitted in RSSs otherwise unaccountable to members of the public (as outlined 

above). Also, because of their irrelevance as RSSs, scenario activities for isotopes of low specific 

activity should not have to be calculated. Under the constructed scenario, specifying D = 100 

mrem, T = 750 hours, t = 4,383 hours, d = 1 meter, and NIF = 

threshold activities for all non-gaseous, non-liquid radionuclides of half-lives greater than 30 days, 

mathematically truncated to two significant figures, are as listed in the Appendix. Only in the case 

of ‘47Pm was the most limiting of the external or internal scenario activity overruled by the activity 

of 147Pm available in the public sector in RSS form. This simple, technically-based approach is 

also “conservative” because the probabilities of occurrence for an RSS to become misplaced and 

damaged are not considered. 

the accountable/exemption 

DOE NUCLEAR MATERIALS ACCOUNTABILITY THRESHOLD ACTIVITIES 

Both sealed and unsealed forms of the radionuclides listed below are required to be controlled 

and accounted for within the DOE from a nuclear materials safeguards/nonproliferation 

standpoint under DOE Order 5633.3B (U.S. DOE 1994b). As noted in the DOE section, above, 

the DOE also controls RSSs above various activity threshold values specified in DOE N 5400.9, 

Sealed Radioactive Source Accountability (U.S. DOE 1991). The accountability threshold 

activities are so vastly different between these two documents that RSSs containing activities 

above the DOE Order 5633.3B threshold end up being counted once under DOE N 5400.9 by 

Environmental, Safety, and Health (ES&H) personnel and a second time under DOE Order 

5633.3B by Materials Control and Accountability (MC&A) personnel. Such “double counting” 

by different people wastes expensive manpower. And such duplication of effort is aided and 
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abetted, in large measure, by the accountability threshold activities between these two sealed 

1 source accounting directives being so vastly discrepant. Also, DOE Order 5633.3B does not 

require RSSs accountable under that order to be periodically leak tested. 

The accountability thresholds in DOE Order 5633.3B are specified in terms of mass. The 

threshold mass value for 3H is 0.01 grams; that for 232Th and depleted and natural 238U is 1000 

pu, grams; that for 247Bk, ='Bk, and 252Cf is 1 X grams, and that for 233U, 235U, 237Np, 239-242 

Cm is 1 gram. Converting mass to activity and comparing the % 1 h ,  2 4 3 h ,  and ?d1--%0 

accountability threshold activity values, rounded to two significant figures, between these two 

directives yields the following: 

DOE 5633.3B ACCOUNTABILITY DOE N 5400.9 ACCOUNTABILITY 

ISOTOPE THRESHOLD (microcuries) THRESHOLD (microcuries) 

3H 96,000,000 300 

=Zrh 110 0.0003 

9,600 0.003 233u 

2.1 0.003 235u 

330 0.003 2 3 8 ~  

237Np 700 0.003 

238Pu 1,700,000 0.003 

u9Pu 62,000 0.003 

Pu 230,000 0.003 240 

=lPU 100,000,000 0.3 

242Pu 3,900 0.003 
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241Am 3,400,000 0.003 

243Am 200,000 0.003 

241cm 16,000,000,000 3 

Cm 3,300,000,000 0.03 242 

243cm 52,000,000 0.003 

8 1,000,000 0.003 

245cm 170,000 0.003 

=cm 3 10,000 0.003 

Cm 92 0.003 247 

Cm 4,200 0.0003 248 

120,000 0.0003 2 5 0 h  

247Bk 1.0 0.003 

249Bk 1,600 0.3 

252cf 530 0.003 

The DOE nuclear materials safeguards system (NMSS) contains a “materials accountability 

safeguards system” (MASS) database which is used in conjunction with databases maintained by 

the NRC to provide nuclear materials accounting reports to the IAEA. The accountability 

threshold figures of DOE Order 5633.3B were specified many years ago; institutional memory has 

all but been lost as to how these values were originally derived. The whereabouts of the original 
\ 

 source^' documents wherein the derivation of these vdues are discussed is unknown. Hence, the 

technical basis underlying these values is also not readily traceable. It should be noted, however, 
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that the nuclear materials accountability threshold activities, published by the DOE Office of 

Safeguards and Security, are orders of magnitude higher compared to the accountable threshold 

activities for sealed sources published by the DOE Assistant Secretary for Environment, Safety 

and Health. These two DOE sections seemingly did not coordinate with each other when each 

decided to publish its own conflicting RSS controVaccountability directives. 

NRC LICENSING THRESHOLD ACTIVITIES 

The licensing threshold activities specified in Schedule €3, 10 CFR 30.71 (U.S. NRC 1995b) 

are threshold values applicable to radionuclides in sealed and unsealed form. Based upon the 

discussion of NIFs, it is evident that when radioactive material is in unsealed form, there is no 

confining capsule from which the radioactive material can be released from; hence, no “Release 

Fraction.” Thus, a rational way in which to specify licensing activity thresholds would be to use 

the values in the Appendix for sealed form radioactive material as licensing threshold activity 

values and then state that for radioactive material in unsealed form, the licensing activity threshold 

is a factor of 100 less, Le., Uptake Factor = Net Intake Factor = lo”. The NRC can best decide 

which nuclides of half-lives less that 30 days with which it wishes to concern itself. 

EXHORTATION 

Setting accountability/exemption threshold activities strongly determines the amount of 

radiation protection effort that must be dedicated to RSSs. Few would argue that RSSs above a 

certain activity need to be controlled, leak tested, labeled, licensed, and reported, etc. The 

question is what should the activity level be. As shown above, to calculate this level, values for 
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the parameters of D, d, T, t, NIF, and DCF must fist be chosen. The magnitude of each of these 

parameters is subject to legitimate debate. The more important point, however, is that these 

values should be understood in the context well documented external and internal dose scenarios 

for which they were specified. The calculation of accountability, exemption, and licensing activity 

thresholds should be reasonable, technically defensible, and scientifically justifiable. Dose 

scenarios and the associated parameter values should be realistic and based on references readily 

available to practicing health physicists. They should also be set forth in documents readily 

obtainable by practicing health physicists. This paper has attempted to begin this process. It is 

emphasized that locally developed accountability/exemption values have meaning only in the 

context of reasonable scenarios and calculation parameter values from which realistic results may 

be derived. The readership of Health Physics is exhorted to further debate and to suggest 

improvements to the methodologies discussed above. 
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APPENDIX A 

RADIOACTIVE SEALED SOURCE ACCOUNTABLE ACTIVlTY THRESHOLD VALUES 

NON-LIQUID 
NON-GASEOUS ACTIVITY DECAY CORRECTED WORKPLACE 

HALF-LIFE TO IMPART ACTIVITY TO IMPART ACCOUNTABLE 
GREATER 100 mrem CEDE 100 mrem whole-body ACTIVITY 

THAN 30 DAYS (Internal) (External) THRESHOLD 

ISOTOPE (microcuries) (microcuries) (microcuries) 
3H N/A 150,000,000 

"Be N/A 28,000 
l4c N/A 4,700,000 

26Al 125,700 sea 89 

35s N/A 4,000,000 
36cl 455.800 N/A 450,000 
'OK 809,200 1,600 
4 1 ~ a  N/A 7,400,000 
4 5 ~ a  6,409,000,000 1,500,000 

sc 337,400 221 220 
9 1  9,828 225 920 
49v N/A 28,000,000 

53Mn N/A 20,000,000 
54Mn 1,493,000 u 3 10 
"Fe N/A 3,700,000 
59Fe 675,700 rn 600 
aFe 13.380 N/A 13,000 

7Be 3 1,170,000 10,000 

22Na 1,306,000 u16 100 

3 2 ~ i  N/A 9,800 

46 

252,600 140.3 140 

58c~ 919,300 465 460 
c o  45,730 100.5 100 

5 7 c ~  1,103,000 1,103 1,100 - 
60 

59Ni 7.549m N/A 7,500,000 
63Ni N/A 3,200,000 

68Ge 193,100 2.7fic) 2,700 
490,500 a2 5 10 

73As 2,894,000 1.890 1,800 
Se 1,180,000 2s. 250 

*'Rb 2,032,000 329: 320 
84Rb 1,536,000 611p 600 

75 

7 9 ~ e  1.o16.ooc) N/A 1,000,000 

1,987,000 32.l 3900 
8 9 ~ r  241.300 4,456,000 240,000 
9 0 ~ r  7,7QO N/A 7,700 

91Y 204,800 153.(wIo 160,000 
88Y 356,100 122. 120 
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APPENDIX A 

RADIOACTIVE SEALED SOURCE ACCOUNTABLE ACTIVITY THRESHOLD VALUES 

NON-LIQUID 
WORKPLACE NON-GASEOUS ACTIVITY DECAY CORRECTED 

HALF-LIFE TO IMPART ACTIVITY TO IMPART ACCOUNTABLE 
GREATER 100 mrcm CEDE 100 mrem wholebody ACTIVITY 

THAN 30 DAYS (Internal) (External) THRESHOLD 

ISOTOPE (microcuries) (microcuries) (microcuries) 
882r 410,700 4ap 400 
9 3 ~ r  NIA 3 1,000 
g5zr 423,000 6fiI. 650 
91Nb 342,100 408 400 

(Nb-93m) 
91mNb 342,100 1.180 1,100 

92Nb 1,72 1,000 m 100 
(Nb-93m) 

(Nb-95) 
342,100 2,568 2,500 9 3 m m  

94Nb 24,130 mi 130 

9 3 ~ 0  35 1,900 &2 450 

_- 97Tc 10,080,000 470 

95Nb 1,721,000 1,000 

95mTc 2,574,000 441 440 

'"''Tc 11,500,000 1,200 
98Tc 437,300 140 
%Tc 9,757m-Q 290,000,000 9,700,000 
Io3Ru 1,117,000 1,300 
106RU N/A 20,000 
1 ° I R h  N/A 250,000 

8_7.420 NIA 83,000 10zRh 

NIA 200,000 
lo7Pd NIA 780,000 

NIA 2,100,000 

102mm 

losA 

35,280 105 100 
124,500 102 100 
87,470 826 820 

I 0 8 m ~  

1 lbA 

'lSrnCd 6.544 NIA 6,500 
138.600 3 1,640 3 1,000 11SmCd 

112,600 2,400 
I i 3 ~ n  938,400 1,200 

1,599,000 1,200 

l2%n 100,500 UEZ 1,000 

I 1 4 m h  

119msn 

'21mSm N/A 860,000 
' 2 3 ~ n  307,500 53,000 

lMS b 397,500 - 292 290 
12'Sb 8 19,000 m 370 
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APPENDIX A 

RADIOACTIVE SEALED SOURCE ACCOUNTABLE ACTIVITY THRESHOLD VALUES 

NON-LIQUID 
NON-G ASEOUS ACTIVITY DECAY CORRECTED WORKPLACE 

HALF-LIFE TO IMPART ACTIVITY TO IMPART ACCOUNTABLE 
GREATER 100 mrem CEDE 100 mrem whole-body ACT IVITY 

THAN 30 DAYS (Internal) (External) THRESHOLD 

ISOTOPE (microcuries) (microcuries) (microcuries) "lmTe 627,100 w 53 123mTe 945,000 1,100 
1,372,000 1,400 

'27mTe 465,200 3,000 
417,700 6,900 
4 13,900 1,100 
57,630 1,000 

'"s 2 16,200 144 140 

137cs 3 13,200 35i 350 
133Ba 1,28 1,000 2pz 290 

' 3 9 ~ e  1,103,000 e92 990 
1,117,000 7,200 

"Ye 26,760 7,000 
919,300 m 620 

I4Pm 186,400 144 140 
328,400 1,500 
68,250 254 250 
255,000 53,190,000 300,000 
443,100 - 324 320 

Sm Nu 900,000 

Sm 1,479,000 330,000 
'&Eu N/A 690,000 
14'Eu NIA 5,200,000 
lsoEu NIA 37,000 
lS2Eu 45,270 m 180 

125mTe 

1 2 9 " ~ ~  

12SI 

I3%s NIA 2,100,000 

1 3 7 ~ a  NIA 110,000 

1291 

1 4 1 ~  

1 4 3 p m  

145pm 

t46pm 

147pm 

1 4 8 m p m  

145 

'&Sm 121 NIA 120 
151 

lS4Eu 34,960 m 180 
ls5Eu 24,130 2,000 

'"Gd 1.126.00 NIA 1,100,000 

'&Gd NIA 260,000 
'&Gd - m N/A 30 

lS3Gd 420,300 223 990 
1,085,000 14.870 14,000 

N/A 39,000 
157m 

158% 

160Tb 400,400 421 420 
159D L?.uum N/A 4,100,000 
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APPENDIX A 

RADIOACTIVE SEALED SOURCE ACCOUNTABLE ACTIVITY THRESHOLD VALUES 

NON-LIQUID 
NON-GASEOUS ACTIVITY DECAY CORRECTED WORKPLACE 

HALF-LIFE TO IMPART ACTIVITY TO IMPART ACCOUNTABLE 
GREATER 100 mrem CEDE 100 mrem wholebody ACTIVITY 

THAN 30 DAYS (Internal) (External) THRESHOLD 

ISOTOPE (microcuries) (microcuries) (microcuries) 
'&Ho 12,930 la 120 

Tm 38o.100 N/A 380,000 

Tm 380,100 33,000 
Tm 1,094,000 150,000 

16'Yb 1,240,000 1,600 

168 

imE€m 
170 

171 

173Lu 443.800 N/A 440,000 
Lu N/A 250,000 

174mLu N/A 390,000 
177mLU 136,500 246 240 

N/A 3 1,000 
N/A 1,700,000 

174 

172m 

1 7 5 ~  

UW N/A 4000 
648,100 1,000 

N/A 3,000 

1 7 8 m m  

181m 

1 8 2 ~  

I7'Ta N/A 1,500,000 
182Ta 223,400 284 280 

lS5w 13,640,000 13,000,000 
66,080,000 4,100 1 8 1 ~  

lS8W 2,435,000 2 10,000 
183Re 1,944,000 LEU 1,800 

(Re- 184) 
lWRe 1,944,000 rn 790 

lWmRe 679,100 612 670 
27(i.900 N/A 270,000 

i s 5 ~ s  965,300 fi(u 500 
1g4oS 14.930 N/A 14,000 
Ig21r 355,200 411 470 

25.990 N/A 25,000 
146,100 m 110 

lg3Pt 44.c120.(1oO N/A 44,000,000 
"'Au 772,200 2,100 

55.160 NIA 55,000 
1,365,000 1,500 

204n 4,158,000 120,000 
202Pb ln2.c)I)o N/A 100,000 

1 8 6 " ~ ~  

192m1~ 

194m1~ 

1 9 4 ~  

2 0 3 ~  

'O'Pb 2,550,000 53.M 530 
210Pb 736 534 530 
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APPENDIX A 

RADIOACTIVE SEALED SOURCE ACCOUNTABLE ACTIVITY THRESHOLD VALUES 

NON-LIQUID 
NON-GASEOUS ACTIVITY DECAY CORRECTED WORKPLACE 

HALF-LIFE TO IMPART ACTIVITY TO IMPART ACCOUNTABLE 
GREATER 100 mrem CEDE 100 mrem whole-body ACTIVITY 

THAN 30 DAYS (Internal) (External) THRESHOLD 

ISOTOPE (microcuries) (microcuries) (microcuries) 
499,600 1(10.6 100 
499,600 m 87 
(Bi-207) 

2 0 7 ~ i  

2 0 8 ~ i  

-- 

NIA 1,300 2 1 h B i  

208Po 1.064 NIA 1,000 

209Po 1.o(i4 36,790 1,000 
lE&u?u 

L'oPo 38,620,000 1,000 
226Ra 11,010 1,100 
"'Ra NIA 2,000 
227Ac 199 15,370 ~ 1.4 
2% 223 1,839 29 

181 4.6 
_ _ _  3LZ 1,936 30 

229m 

2 3 0 n  

232Th 6c10 1,930 6.1 
2 3 1 ~ a  rn 356 7.7 

1,503 15 232u lfil 

Ifi4 

m 

u3u m 4,58 1 73 
1,718 75 . 2-3u 

393 81 
1,809 79 
2,044 84 

2,413,000 rn 600 
96.1 127 96 

235u 

2 3 6 ~  

238u 

2 3 5 ~  

2 3 6 ~  

237Np 18.5 288 18 
236Pu 6eLt 1,59 1 69 
237Pu 507 1,000 1.035 1,000 
238Pu 25.5 1,691 25 
239Pu 23,_3 4,424 23 
""OPU m 1,755 23 

=2Pu 2423 2,140 24 
244Pu 26G.3 2,465 24 

23.5 728 23 

=lPU 1.212 NIA 1,200 

24'Am z u  425 22 
242mAm 

243Am - 222 426 22 
W r n  NIA 68,000 
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APPENDIX A 

RADIOACTIVE SEALED SOURCE ACCOUNTABLE ACTIVITY THRESHOLD VALUES 

NON-LIQUID 
NON-GASEOUS ACTIVITY DECAY CORRECTED WORKPLACE 

HALF-LIFE TO IMPART ACI'IVITY TO IMPART ACCOUNTAD 
GREATER 100 mrem CEDE 100 mrem whole-body LE 

THAN 30 DAYS (internal) (External) ACTIVITY 
THRESHOLD 

(microcuries) 
ISOTOPE (microcuries) (microcuries) 

242cm 55% 2,659 570 
Crn 225 28 1 32 
Crn !@L! 2,090 40 

245Cm 2L4 295 21 
Cm ZZJ. 2,323 22 

247cm 24LL 499 24 
=*Cm 6Lo4 2,937 6.0 

Crn mi N/A 1.0 
247Bk 124 NIA 17 
='Bk NIA 7,200 

1pz 3,523 190 
249cf 322 17 
250cf 3 u  3,013 38 
251cf lur 310 17 
252cf m 3,399 63 

656,000,000 34 
252E~ 243 N/A 240 

254E~ 24 30 1 24 
"'Es - 24.3 140,200 240 

257Fm 421 N/A 420 
258Md NIA 600 

243 

244 

246 

250 

2540 &La 

0 

4Ek2SQ 
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