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PREFACE

The Federal Radiation Council (FRC) was formed in 1959 to provide recommendations to the
President for Federal policy on radiation matters affecting health. The first Federal radiation
protection guidance was promulgated shortly thereafter, on May 13, 1960, and set forth basic
principles for protection of both workers and members of the general population. Over the ensuing
decade the FRC issued additional guidance on a number of radiation protection matters, but the
general guidance issued in 1960 remained essentially unchanged.

The Council was abolished in 1970 and its functions transfered to the Administrator of the
newly formed Environmental Protection Agency (EPA). In 1974 EPA initiated a review of the part
of Federal guidance that then applied to occupational exposure. Two carly components of this
review were a re-evaluation by the National Academy of Sciences of risks from low levels of
radiation (NAS 1980) and an analysis by EPA of the occupational exposures of U.S. workers (EPA
1980). These were completed and published in July and November of 1980, respectively.

In January of 1981 EPA published proposed recommendations for new Federal guidance for
occupational exposure. Federal Guidance Report No. 10, issued in 1984, continued the process by
presenting new numerical values for derived quantities (i.c., concentrations of radioactivity in air
and water) that were obtained employing contemporary metabolic and dosimetric models, but which
corresponded to the limiting annual doses recommended for workers in 1960. The values given in
Report No. 10 were not implemented by Federal agencies, however, because of the anticipated
adoption of new Federal guidance.

On January 20, 1987, the President approved recommendations by the Administrator of EPA
for the new “Radiation Protection Guidance to Federal Agencies for Occupational Exposure.” This
guidance, which is consistent with (but in several ways is an extension of) current recommendations
of the International Commission on Radiological Protection (ICRP), constituted a major revision of
those parts of the 1960 guidance that pertained to the protection of workers.

This Federal Guidance Report No. 11, which supercedes Report No. 10, preseats values for
derived guides that make use of contemporary metabolic modeling and dosimetric methods and that
are based upon the limits on committed dose equivalent stipulated in Recommendation 4 of the
1987 guidance. The Annual Limits on Intake (ALIs) and Derived Air Concentrations (DACs)
tabulated herein are numerically identical, in most cases, to those recommended by the ICRP in
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their Publicailon 30. Excepiions inciude vaiues for piuionium and relaied ciemenis, which are
based upon information presented in ICRP Publication 48, and a few radionuclides not considered
in Publication 30, for which nuclear decay data were presented in ICRP Publication 38. We plan
to publish future editions of this Report on a rcgular basis to reflect improved information, as it
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regulatory responsibilities for workers in the public sector, such as the Nuclear Regulatory
Commission and the Occupational Safety and Health Administration, and by Federal agencies with
responsibilities for their own workers, such as the Department of Energy and the Department of
Defense. Federal agencies are encouraged to reference the tables in this and future editions of this
Federa! Guidance Report in their regulations so as to assure a uniform and continuing application
of the 1987 Federal guidance.

Recommendation 4 of the 1987 guidance is concerned not only with prospective control of the
workplace through limitation of committed dose, but also with circumstances in which the
conditions for control of intake have not been met for an individual worker. The present document
addresses only the first of these issues; the difficult and controversial problem of future
management of the over-exposed worker is not considered here. That remains pnmanly the

mpenu?uhtu of the on-site health nhusiciest who must account for the
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the over-exposed individual and the unique conditions at the site.

Also tabulated in this Report are coefficients for conversion of exposure to committed effective
dose equivalent, and to committed dose equivalent for individual organs. These are intended for
general use in assessing average individual committed doses in any population that can be
characterized adequately by Reference Man (ICRP 1975).

We gratefully acknowledge the thoughtful comments of Marvin Goldman, Roscoe M. Hall, Jr.,

Ronald L. Kathren, DeVaughn R. Nelson, John W. Poston, Sr., Jerome S. Puskin, Kenneth W.
Skrable, J. Newell Stannard, Roy C. Thompson, Carl G. Welty, Jr., and Edward J. Vallario. Parts
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t

he Office of Radiation Programs. We wouid appreciate
being informed of any remaining errors, so that they can be corrected in future editions.
Comments should be addressed to Allan C.B. Richardson, Chief, Guides and Criteria Branch,
ANR-460, U S. Environmental Protection Agency, Washington, DC 20460.

Richard J. Guimond, Director
Office of Radiation Programs (ANR-458)



1. INTRODUCTION

Radiation protection programs for workers are based, in the United States, on a hierarchy of
limitations stemming from Federal guidance approved by the President. This guidance, which
consists of principles, policies, and numerical primary guides, is used by Federal agencies as the
basis for developing and implementing their own regulatory standards.

The primary guides are usually expressed in terms of limiting doses to workers. The protection
of workers against taking radioactive materials into the body, however, is accomplished largely
through the use of regulations based on derived guides cxpressed in terms of quantities or
concentrations of radionuclides. The values of these derived guides are chosen so as to assure that
workers in work environments that conform to them are unlikely to receive radiation doses that
exceed the primary guides.

The purpose of the present Report is to set forth derived guides that are consistent with current
Federal radiation protection guidance. They are intended to serve as the basis for regulations
setting upper bounds on the inhalation and ingestion of, and submersion in, radioactive materials in
the workplace. The Report also includes tables of exposure-to-dose conversion factors, for general
use in assessing average individual committed doses in any population that is adequately
characterized by Reference Man (ICRP 1975).

Previous Guidance and Derived Guides

In 1960 President Eisenhower, acting on recommendations of the former Federal Radiation
Council (FRC), cstablished the flirst Federal radiation protection guidance for the United States
(FRC 1960). That guidance was strongly influenced by and generally conmsistent with
contemporary recommendations of the International Commission on Radiological Protection
(ICRP) and the U.S. National Council on Radiation Protection and Measurements (NCRP). The
primary guides included limits of 3 rem per quarter (and S(N-18) rem cumulative, where N is the
age of the worker) to the whole body, active blood-forming organs, and gonads; annual limits of
30 rem to thyroid and 15 rem to other organs; and a limiting body burden of 0.1 microgram of
radium-226 or its equivalent for bone secking radionuclides.

Although the FRC recognized the importance of protection against taking radioactive
materials into the body, it did not publish numerical values for derived guides as part of its
guidance. Rather, it endorsed the values in use by government agencies at that time. Those values
were contained in National Bureau of Standards Handbook No.69 (NBS 1959) (later re-issued as
NCRP Report No. 22 (NCRP 1959)), which was an abridgment of Publication 2* of the ICRP

*Revised and additional values appeared in ICRP Publication 6 (ICRP 1964).



(ICRP 1959). These reports also formed the basis for the well-known tables issued by the Atomic
Energy Commission (Appendix B of 10 CFR 20), which still constitute a basic element of the
regulations of its successor, the Nuclear Regulatory Commission.

Over the intervening years, substantial advances have been made in the dosimetric and
metabolic models employed to calculate derived guides. Federal Guidance Report No. 10 (EPA
1984a) presented revised values for derived guides that were based on the 1960 primary guides for
workers {FRC 1960) but that were obtained employing up-to-date dosimetric and metabolic models.
These new models yielded a number of values significantly different from those in ICRP
Publications 2 and 6. The values in Federal Guidance Report No. 10 were not implemented by
Federal agencies, however, due to the expectation of imminent approval of new Federal guidance.

Current Guidance and Derived Guides

The FRC was abolished in 1970, through Reorganization Plan No. 3, and its functions
transferred to the Administrator of the newly formed Environmental Protection Agency (EPA).

The Federal guidance for occupational radiation protection now in effect in the United States
consists of recommendations by the Administrator of EPA approved by the President on January
20, 1987 (EPA 1987). This new guidance sets forth general principles for the radiation protection
of workers and specifies the numerical primary guides for limiting occupational exposure. It is
consistent with, but an extension of, recent recommendations of the ICRP (ICRP 1977).* It applies
to all workers who arc exposed to radiation in the course of their work, either as employees of
institutions and companies subject to Federal regulation or as Federal employees. It is estimated
that, in 1985, there were 1.6 million such workers (EPA 1984b).

The complete texts of the guidance issued in 1987 and in 1960 are reproduced in Appendices
A and B of this Report. Major changes introduced in 1987 were:

* The ALARA principle, which requires that doses be maintained ‘as low as reasonably
achievable,” was clevated (o the level of a fundamental requirement, and it now forms
an integral part of the basic protection framework.

* Protection against stochastic effects on health is based upon limitation of the weighted
sum of dose equivalents to all irradiated tissues (the effective dose equivalent'), rather
than upon the “critical organ™ approach of the 1960 guidance, which limited dose to
each organ or tissue separately. Additional organ-specific limits are provided to protect
against non-stochastic cffects.

¢ The maximum occupational radiation dose normally allowed a worker was reduced from
the previously permitted 3 rem per quarter (dose equivalent to the whole body) to 5 rem
in a year (effective dose equivalent). The S(N-18) limitation on cumulative dose
equivalent has been deleted.

*Recommendations of the NCRP in their Report No. 91 (NCRP 1987b), in turn, are
consistent with the Federal guidance.

YEffective dose equivalent, stochastic heaith effects, and other such entities are defined and
discussed in Chapter I, Appendix C, and the Glossary.



* Maximum work-related dose equivalen) to the unborn is limited to 0.5 rem during the
gestation period. [t is also recommended that exposure rates be maintained below the
uniform monthly rate that would satisfy this limiting value.

* The establishment of administrative control levels below the limiting values is
encouraged. Since such administrative control levels often involve ALARA
considerations, they may be developed for specific categories of workers or work
situations. Agencies should also encourage establishment of measures for assessing the
effectiveness of, and for supervising, ALARA efforts.

® Recordkeeping, including cumulative (lifetime) doses, and education of workers on
radiation risks and protection principles are specifically recommended for the first time.

¢ Control of internal exposure to radionuclides is based upon limitation of the sum of
current and future doses from annual intake (i.c., the committed effective dose
amirieralant) snthae tham A Aoamera 1 draa I€ s in fmimd shnt lismitsa ~nm anmeceeittad dao.
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have been exceeded for an individual worker, then corrective action is required to re-
establish control of the workplace and to manage future exposure of the worker. With
respect to the latter requirement, provision should be made to monitor the annual dose

received from radionuclides in the body as long as it remains significant.

This Report is concerned, in particular, with two types of derived guides that may be employed
in the control of internal exposure to radionuclides in the workplace: the Annual Limit on Intake
(ALI) and the Derived Air Concentration (DAC). An ALl is that annual intake of a radionuclide
which would result in a radiation dose to Reference Man (ICRP 1975) equal to the relevant
primary guide (i.c., to the limiting value of committed dose). A DAC is that concentration of a
radionuclide in air which, if breathed for a work-year, would result in an intake corresponding to its
ALI (or, in the case of submersion, to an external exposure corresponding to the primary guide for
limiting annual dose). DACs are thus used for limiting radionuclide intake through breathing of,
or submersion in, contaminated air. ALIls are used primarily for assessing doses due to accidental
ingestion of radionuclides. Values of ALIs for ingestion and inhalation and of DACs are presented
in Table 1 for radionuclides of interest in radiation protection.

These ALIs and DACs are based upon calculations originally carried out for the ICRP. In its
Publication 30 (ICRP 1979a, 1979b, 1980, 1981a, 1981c, 1982a, 1982b), the ICRP issued revised
derived limits which conform to its recommendations in Publication 26 (ICRP 1977). The derived
limits in Publication 30 (which superseded those presented in ICRP Publications 2 and 6)
incorporate the considerable advances in the state of knowledge of radionuclide dosimetry and
biological transport in humans achicved in the past few decades. They also reflect the transition
from limitation of dose to the critical organ to limitation of the weighted sum of doses to all organs.
The relationship of the new to earlier derived guides is summarized in Fig. 1.

The ALI and DAC values tabulated in this first edition of Federal Guidance Report No. 11
are identical to those of ICRP 30, except for the isotopes of Np, Pu, Am, Cm, Bk, Cf, Es, Fm, and
Md. For these, new values have been computed using the more recent metabolic information in



Federal Galdance
FRC (1960) EPA (1987)
ICRP 2 .
(1959) NBS 69/NCRP 22 not applicable
Z ICRP 30 Federal Guidance Federal Guidance
(1979-81) Report No. 10 Report No. 11

Fig. 1. The relationship of various tabulations of derived guides to the applicable Federal
guidance and to the dosimetric and metsbolic models used in their derivation. For example, the
tables in Report No. 10 make use of contemporary metabolic modeling, as described in ICRP
Publication 30, but conform to the limits specified in the 1960 Federal guidance.

ICRP Pubiication 48 (ICRP 1986). We have, in addition, provided guides for a few radionuclides
(Sr-82, Tc-95, Tc-95m, Sb-116, Pu-246, and Cm-250) not considered in ICRP Publication 30, but
for which nuclear decay data were presented in ICRP Publication 38 (ICRP 1983).



II. THE RADIATION PROTECTION GUIDES

Federal radiation protection guidance sets forth a dose limitation system which is based on

Justification - There should not be any occupational exposure of workers to ionizing
radiation without the expectation of an overall benefit from the activity causing the

Avensisea.

CAPRDULY,

Optimization - A sustained effort should be made to ensure that collective doses, as well
as annual, committed, and cumulative lifetime individual doses, are maintained as low as
reasonably achievable (ALARA), economic and social factors being taken into account;
and

Limitation - Radiation doses received as a result of occupational exposure should not
exceed specified limiting values.

Although they have been expressed in a variety of ways, these principles have guided the
radiation protection activities of Federal agencies since 1960. This Report does not address the first
two of them—it is concerned with the third, the limiting values for occupational exposure, which
are specified by the primary guides. We shall discuss first the primary guides for limiting doses to
workers and then the denved gmd&c (in terms of quantities and concentrations) for control of
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separated into two categories—stochastic and non-stochastic.

Cancer and genetic disorders are classified as stochastic health effects. It is assumed that they
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without threshold, to the dose in the relevant tissue. It is also assumed that the severity of any
stochastic healith effect is independent of the dose.

ha a

For a non-stochastic effect, by comparison, there appears to be an cffectiv 10
which clinically observable effects do not occur, and the degree of damage observed usually depends
on the magnitude of the dose in excess of this effective threshoid. Examples of non-stochastic
effects include acute radiation syndrome, opacification of the lens of the eye, erythema of the skin,
and temporary impairment of fertility. (All of these effects are observed at doses much higher than

those incurred normally in the workplace).
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Primary Guides for Assessed Dose to Individual Workers

The objective of the dose limitation system is both to minimize the risk of stochastic effects
and to prevent the occurrence of non-stochastic effects. The primary guides are boundary
conditions for this system. The principles of justification and optimization serve to ensure that
unnecessary doses are avoided and that doses to most workers remain significantly below the
limiting values specified by the primary guides.

With respect to stochastic effects, the dose limitation system has been designed with the intent
that the level of risk associated with the limit be independent of whether irradiation of the body is
uniform or non-uniform. The critical-organ approach of previous guidance (FRC 1960) is renhmd

with the method introduced by the ICRP (ICRP 1977), which utilizes a weighted sum of doses to
all irradiaied organs and tissues. This sum, cailed the “effeciive dose cquivaient™ and designaiod

Hg, is defined as
Hg = 3 wyHy, (1)
T

where wy is a weighting factor and Hy is the mean dose equivalent to organ or tissue T. The factor
wr, normalized so that 3 wy = 1, corresponds to the fractionai coniribution of organ or tissue T
T

tc the total risk of stochastic effects when th

both the distribution of dose among the various organs and tissues of the body and their assumed
relative sensitivities to stochastic effects. The primary guide for assessed dose to individuai aduii
workers, for the purpose of protection against stochastic effects, is 5 rem (50 mSv) effective dose
equivalent in a year (Recommendation 3, Appendix A).

:\hu hodv e nnlfnrmlv u»r-thn'u‘ * H_ thue nﬂﬂ’i!

-
' MIly UVRe 33 easawnwra. ARE e

Weighting Factors
Organ/tissue wy
Gonads 0.25
Breast 0.15
Red Marrow 0.12
Lungs 0.12
Thyroid 0.03
Bone Surface 0.03
Remainder' 0.30

Additional primary guides for assessed dose to individual adult workers have been established
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assumed threshold levels for such effects, are 15 rem (150 mSv) dose equivalent in a year to the
lens of the eye and 50 rem (500 mSv) to any other organ, tissuc (including skin), or extremity of
the body.

*For the hypotheticai case of uniform irradiation, Hg is commoniy referred to as the ‘whoic
body dose’.

A value of wp = 0.06 is applicable to each of the five remaining organs or tissues (such as
liver, kidneys, spleen, brain, small intestine, upper large intestine, lower large intestine, etc., but
excluding skin, lens of the eye, and the extremities) receiving the highest doses.



The primary guides for annual assessed dose may be summarized as:

Hg € Srem (50 mSv) (2a)
for stochastic effects;

Hy € 50 rem (500 mSv) (2b)
for all organs and tissues, except the lens of the eye; and

Hy < 15rem (150 mSv) (2c)

for the lens of the eye.

Primary Guides for Control of Intake of Radionuciudes in the Workplace

Radionuclides enter the body through inhatation and, normally to a lesser extent, through
ingestion. The principal method of controlling internal exposure to radionuclides is to contain
radioactive materials so as to avoid any such intake. For situations where this is not achicvable, the
guidance (Recommendation 4, Appendix A) specifies primary guides for control of the workpiace.

The intake of certain long-lived radionuclides may result in the continuous deposition of dose
in tissues far into the future. The primary guides for control of the workplace are therefore
expressed in terms of the sum of all doses projected to be received in the future from an intake in
the current year. This sum, by convention taken over the 50-year period following intake,® is
known as the “committed” dose. The committed effective dose equivalent, Hg 5, is defined by
analogy to equation (1) as

Hgso = ? wrHr g 3)

The committed dose equivalent to tissuc or organ T, denoted Hy gy, is the total dose equivalent
deposited in T over the 50-year period following intake of the radionuclide. For radionuclides thst
are present in the body for weeks or less, because of cither short physical half-life or rapid
biological elimination, the committed dose equivaient may be regarded as a single contribution to
the annual dose equivalent. For very long-lived radionuclides that remain within the body
indefinitely, the dose equivalent may accumulate at a nearly constant rate over the entire balance of
a worker’s lifetime.

To limit the risk of stochastic effects, the primary guides for control of the workplace specify
that the committed effective dose equivalents from the intake of all radionuclides in a given year,
Hg s, plus the effective dose equivalent from any external exposure in that year, Hg,,,, should not
exceed 5 rem (50 mSv), i.e.

H&w + Hm < S5rem (48)

*50 years reflects the arbitrarily-assumed remaining lifetime of a worker, rather than the
maximum span of employment.



And to prevent the occurance of non-stochastic effects, the committed dose equivalent, Hy 5o, to an
organ or tiezue T fro
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from external exposure in that year should not exceed 50 rem, i.c
H.'.r.% + H'; e € 50rem (4b)

The non-stochastic limit permits a much higher committed dose in most individual organs than
does the stochastic limit, under normal conditions of irradiation, but it is nonetheless the factor that
determines the annual limit on intake for a number of radionuclides. This is the case typically for
radionuclides that seek organs or tissues of relatively low sensitivity to stochastic effects. The
actinides go to bone and irradiate bone marrow and surface endosteal cells, for example, and iodine

concentrates in the thyroid. For such radionuclides the limitation system reduces to the formerly
used critical organ approach, but with a 50 rem committed organ dose limit

The primary guides for committed effective dose equivalent (and committed dose equivalents to
individual organs and tissues) provide the basis for limitation of internal exposure to radioactive
materials in the workplace.* They will normally be implemented through the design, operation, and
monitoring of the workplace. When the primary guides for control of intake of radioactive
materials have been satisfied, moreover, it is not necessary to assess contributions from such intakes

to annual doses in future years. That is, for the purpose of determining compliance with the

primary guide for assessed dose to individuals (Recommendation 3), the guidance provides that
such doses may be assigned to the year of intake

Recommendation

n 4 of the guidance also addresses

actual intake for an individual worker shows that the primary gu |dcs for comrol of mtake have not
been met. [In that case, appropriate corrective action should be taken to assure that control is
reestablished, and that future

exnosure of the worker is nnm-nnnmplv manaoed In narticu
exposure appropriately managed. Ir

1 particular,
provision should be made to assess annual effective dose equivalent (and dose equivalents to organs)
due to radionuclides retained in the body from this intake (NCRP 1987a; NRC 1987), and to
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for assessed dose. The present Report is concerned with the prevention of such circumstances

through the use of derived guides, however, and the difficult and controversial problem of the over-
exposed worker will not be considered further here. But it is important to note the distinction made
between the roles played by the effective dose equivalent committed in a year and by the annual
effective dose equivalent.

*The use of committed (effective) dose equivalent in determining the derived guides for
workers represents a significant philosophical (but not numerical) change

al) change. Previous guidance for
protecuon from inhalation or ingcstion of radionuclides was expressed in terms of the ‘llmmng
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the 50th year equal to the primary guide.

Committed dose, by contrast, makes no assumption
about future intake, but does account for the dose in the future arising from intake in the current
year.

Conversion from limitation of ‘limiting annual intake to limitation of committed dose
equivalent has no effect on the numerical values of the derived guides.

_____ It can be shown that the
committed dose to an organ over the 50-year period foliowmg a smglc intake

of a radionuclide is
numerically equal to the annual dosc rate attained afier 50 years of intake of that sam
cach year.

nat same activity



Rados and its Decay Products

The primary guides are usually specificd in terms of dose. In the case of exposure to the decay
products of radon and thoron, however, dose is particularly difficult to calculate. For this reason, in
1967 the FRC recommended a separate guide for radon, expressed in terms of exposure to its decay
products rather than dose (FRC 1967). This guide, which was developed for usc in regulating the
exposure of underground uranium miners, has gradually gained application to other workers as well.
It has been reviewed periodicaily by the FRC and EPA (FRC 1969, 1970; EPA 1971a, 1971b). In
1969, the previous 12 Working Level Month (WLM) guide for the annual exposure to the short-
lived decay products of 22?Rn was reduced, for a trial period, to 4 WLM. In 1971, EPA found that
there was no adequate basis for less stringent protection, and recommended that the 4 WLM guide
be retained.

The ICRP recently reviewed the cpidemiological and dosimetric data for the two radon
isotopes of concern in uranium mining. It recommended exposure guidance for 2Rn that is
comparable to the 4 WLM primary guide used in the United States. It also concluded that the risk
from inhalation of the short-lived decay products of 2Rn is about one-third that associated with
2Rn decay products (ICRP 1981b). Although specific Federal guidance does not exist for the
decay products of 22Rn, the ICRP recommendation provides a basis for establishing, through
comparison with the primary guide for 2?Rn, a guide of 12 WLM for 2°Rn.

The primary guides for radon isotopes and their short-lived decay products used in this report
are given in the table below. There are no derived guides for radon.

Primary Guides for Radon and its Decay Products

Radon Isotope Exposure (WLM)
Rn-222 4
Rn-220 12

DERIVED GUIDES

An Annual Limit on Intake (ALI) is defined as that activity of a radionuclide which, if
inhaled or ingested by Reference Man (ICRP 197S5), will result in a dose equal to the most limiting
primary guide for committed dose.®* The ALI for s particular radionuclide is, therefore, the largest
value of annual intake, I, that satisfies the following constraints:

lhg,o<5nm , (Sl)

Thrso€50rem, forallT, (5b)

*For some nuclides of very low specific activity, the mass associated with an ALI is large. For
example, the ALI for inhalation of '"In in class D chemical form is 5 x 10* Bq (1 uCi),
corresponding to a mass of 650 kg. In such cases, an intake in excess of the ALI clearly is not

possible.
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where the tissue dose equivalent conversion factor, ht s is the committed dose equivalent to organ
or tissue T per unit of activity of the radionuclide taken in by the specified route, and the effective
dose equivalent conversion factor, hg sy, is the committed effective dose equivalent per unit of
activity.

A Derived Air Concentration (DAC) is defined as that concentration of radionuclide in air
which, if breathed by Reference Man (ICRP 1975) for a work-year, would result in the intake of
one ALL. That is, the concentration of a radionuclide in air is limited by

fC(t) Bdit < ALI, (6)

where C(t) is the concentration of the radionuclide in air at time t, B is the volume of air breathed
by a worker per unit time, and the integration is carried out over a 2000 hour work-year. For the
special case of constant air concentration, the DAC is related to the ALI through

DAC (Bq/m®) = ALI(Bq) /2.4 x 10*(m?) , ¥))

based on a normal breathing rate B of 0.020 m*/min. There are no derived guides for
instantaneous or short-term values of C(t).

Some airborne radionuclides, in particular the noble gases, are not metabolized to an
appreciable extent by the body. The methodology for calculating derived guides for these materials
is based on consideration of the external dose, including dose to the lung, due to submersion in air
containing the radionuclide. Submersion dose can aiso be the only significant exposure pathway for
other airborne radionuclides of short half-life (i.c., a day or less) (ICRP 1984). For such situations,
the DAC may be derived directly from the primary guides. Let hggey denote the hourly dose
equivalent rate from external exposure per unit concentration of airborne radionuclide. The annual
average airborne concentration C must satisfy the constraints:

2000 hg ., C < Srem, (8a)
2000 hg ¢ C < 50rem, exceptlens, and (8b)
2000 by C < 1Srem, lens, (8¢)

where gy = 3 Wrhpg. There are 2000 hours in a work-year, and the subscripts E and T are
T

used as before. When air concentration is limited by submersion dose, the DAC is the maximum
value of C that satisfies the above inequalities.

If a worker is exposed to external sources and to more than one radionuclide, or to intake of a
radionuclide by more than one route, the allowed exposure to cach must be scaled appropriately to
ensure that the primary guides are not exceeded:

Heen + 2,: ? Iy h’é‘” <Srem, and (9a)
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Hyem+ X Zk: Li ht < SOrem . (9b)
j

Ij; refers to the annual intake of the j-th radionuclide by the k-th route (ingestion or inhalation).

Numerical ralues of the derived guides

Numerical values of the derived guides for ingestion (ALIs) and for inhalation (ALIs and
DACs) are given in Table 1, both in SI units (MBq and MBq/m?, respectively) and in conventional
units (uCi and uCi/cm®). ALIs and DACs for the same radionuclide and chemical form are
presented in the two sets of units in separate sub-tabies on facing pages. Table l.a, on the even
numbered pages to the reader’s left, contains the derived guides in SI units; Table 1.b, to the right,
contains the ALIs and DAC:s for the same nuclides, expressed in conventional units.

Brief descriptions of the general features of the metabolic and dosimetric models employed are
given in Chapter 11l and Appendix C. The values of the derived guides depend, in part, upon the
chemical form of the radionuclide. Information on the classification of chemical compounds for
lung clearance and on fractional absorption from the gastrointestinal tract is presented in Table 3.

Many factors affect the actual doses to individual workers, as opposed to those calculated here
for Reference Man. Age, sex, physiology, and behavior all may influence the uptake and retention
of radionuclides. The application of the numbers in Tables 1 and 2 to situations other than normal
occupational exposure (e.g., accidental over-exposure, or exposure of the general public) requires
careful consideration of the possible effects of these factors.

The derived guides in this Report relate solely to radiation doses and do not reflect chemical
toxicity. The chemical effects of some materials, such as certain compounds of uranium or
beryllium, may present risks significantly greater than those from irradiation. The chemical
toxicity of radioactive contaminants in the workplace should therefore be examined also as part of a
broad industrial radiation protection program. The recommendations of the American Conference
of Governmental Industrial Hygicnists (ACGIH) should be consulted for additional guidance in
limiting the airborne concentration of chemical substances in the workptace (ACGIH, 1986).

Minors and the Unbora

The occupational exposure of individuals under the age of eighteen is limited by
Recommendation 5 of the 1987 Federal guidance to one tenth of the values specified in
Recommendations 3 and 4 for adult workers. The ALls and DACs for these individuals are
therefore one tenth the corresponding values for adults. While this course of action will not
necessarily reduce the dose to workers under the age of eighteen by exactly a factor of ten, because
of age dependent factors, it should suffice for regulatory purposes until more precise metabolic and
dosimetric modeling is available.

The situation for pregnant workers is ¢ven less straightforward. Under Recommendation 6, the
dose equivalent to an unborn as a result of occupational exposure of a woman who has declared
that she is pregnant should not exceed 0.5 rem during the entire gestation period. While it is
possible to estimate external dose to the fetus, including gamma irradiation due to submersion, the
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state of knowledge of the transfer of radionuclides from the mother to the unborn is incomplete. It
is therefore advised that the prudent course of action laid out in the preamble of the guidance (page
2828) be followed—i.c., institute measures to avoid such intakes by pregnant women—until such
information becomes available.

Tissue and Effective Dose Equivaient Conversion Factors

As indicated in equations 5, 8, and 9, the ALIs and DACs for any radionuclide and route of
intake are determined by the limitation of non-stochastic and stochastic effects imposed by the
primary guides. In many situations it is useful to know the committed dose equivalent to an organ
or tissuc per unit intake (independent of the occupational dose limitations), or the committed
effective dose equivalent per unit intake. For cach radionuclide, values for the organ dose
equivalent conversion factors, hy so, and the effective dose equivalent conversion factor, hg s (based
on the weighting factors set forth by the ICRP (1977) and in the 1987 Federal guidance), are listed
in Table 2.1 for inhalation, and in Table 2.2 for ingestion. The values for hge, and hy gy, for
submersion are presented in Table 2.3. The conversion factor upon which the ALl or DAC
depends is indicated by bold-faced type. Note that when the ALI is based on the nonstochistic
limit for an organ or tissue, the conversion factor for that organ will be at least ten times greater
than hg o (or hg so). These dose conversion factors may be used to calculate committed doses in any
population that is characterized adequately by Reference Man (ICRP 1975).



III. CHANGES IN THE MODELS FOR DERIVED GUIDES
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the issuance of ICRP Publications 2 and 6. The most important of these have been in the model
for transiocation of inhaled materiais from the lung and in the dosimetric model for tissues of the
skeleton. The nature of these changes and their effects on the derived guides are briefly reviewed
below and in Appendix C. Full details of the computational models, procedures, and data used to
calculate the relationship between quantity or concentration of radionuclides and dose are presented
in ICRP Publication 30, parts of which are reprinted in NCRP Report No. 84 (NCRP 1985).
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TRANSFER OF INHALED MATERIAL FROM THE LUNG

The Respiratory Tract Model of ICRP 2

A simple model of the lung was used in ICRP Publication 2 to describe the translocation and
retention of material by the body after inhalation. It was assumed that 25% of inhaled activity was
exhaled and that 25% was deposited in the lower respiratory tract. The remaining 50% was
deposited in the upper respiratory tract, subsequently cleared by means of the mucociliary
mechanism, and swallowed. What happened then depended on whether the inhaled material was

classified as soluble or insoluble.

Any soluble material deposited in the lower respiratory tract was assumed to be transferred
directly to blood. Of the activity cleared from the upper respiratory tract and swallowed, a fraction
f, entered the blood-stream via the gastro-intestinal (GI) tract. Thus (0.25 + 0.50 f,) of the
tmbhalad csndicaunalida wne teanmafassad 44 hiand A fontine £7 nf tha nnticity j0n tha hlaad macead 0o
uuuuw ICUIUIIUUHUF Was Tansicirea 0 uisoa. mn uu»uuu lz vl I-IIU ﬂ\rll'lt] 111 e VIV ym w

the critical organ, yiclding a final fraction
f, = (0.25+0.5f, )fy (10)

of the inhaled material that was transferred to the critical organ. Dose to the lung was ignored for
soluble radionuclides.

It was assumed that radionuclides entering blood were delivered instantaneously to organs and
that retention in an organ could be characterized by a single biological half-life. Although this
approximation was known to represent the behavior of many radionuclides poorly, it was adopted
for calculational convenience. To provide an element of conservatism, the longest half-life of any
observed multi-exponential retention was used in the calculations.

13



14

The transfer of insoluble materials to blood was considered to be negligible, and the guides for
these substances were based on direct irradiation of the lungs or of some segment of the GI tract.
Half the activity deposited in the lower respiratory tract was assumed to be quickly cleared and
swallowed, and the other half eliminated from it exponentially over time; an elimination biological
half-life of 120 days was assigned to all insoluble compounds except those of plutonium and
thorium, for which the values 1 and 4 years, respectively, were used.

The GI tract was represented as a series of four segments: the stomach, the small intestine, the
upper large intestine, and the lower large intestine. The material reaching the stomach (after
ingestion or after inhalation and clearance from the respiratory system) was assumed to reside there
for 1 hour, after which it moved on to the small and large intestine. The dose to the wall of each
intestine scgment was calculated at the entrance to the segment.

The Respiratery Tract Model of ICRP 30

The dosimetric analysis of Publication 30 employs a more refined model of the deposition in
and clearance from the respiratory tract of inhaled aerosols (ICRP 1966). Deposition of an
airborne particulate form of radionuclide in the naso-pharyngeal, tracheo-bronchial, and pulmonary
regions of the respiratory system is treated as a function of the AMAD?®* of the acrosol. Tabulated
values of the derived guides are based on the assumption that the diameters of acrosol particles are
distributed log-normally, with an AMAD of 1 um. (Derived guides for other AMAD values can be
computed from information in ICRP Publication 30.) Transfer of the deposited activity to the GI
tract, lymphatic system, and blood is described by a set of coupled linear differential equations.
Material deposited in any organ, including the lung, is assumed to be eliminated without
redeposition in others. Clearance from the lung directly to blood or to the GI tract depends on the
chemical form of the radionuclide (see Table 3), and is classified as D, W, and Y, respectively, for
clearance times on the order of days, weeks, and years. The absorption of material from the GI
tract into the body fluids, generally taken to occur within the small intestine, is parameterized by
fy.

The clearance kinetics of the Publication 30 model account for loss of material through
radioactive decay. For radionuclides that form radioactive decay products, it is assumed that only
the parent nuclide was inhaled. The calculated committed dose equivalent, however, does include
the contribution from ingrowth of decay products over the period following intake. For simplicity,
these decay products are assumed all to exhibit the same chemical characteristics as their parent
nuclides.

Transit times through the segments of the GI tract and the masses of their walls and contents
arc as described in ICRP Publication 23 (ICRP 1975). The transport of material through the Gl
tract assumes cxponential clearance from the scgments. The dose to each segment of the tract is
computed as an average over the mass of the wall of that segment.

The reader is referred to the report of the Task Group on Lung Dynamics (ICRP 1966) and
subsequent ICRP publications {ICRP 1972, 1979a) for further details.

*The Activity Median Acrodynamic Diameter (AMAD) is the diameter of a unit density
sphere with the same terminal settling velocity in air as that of an acrosol particle whose activity is
the median for the entire acrosol.
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Comparison of Respiratory Tract Models

For the purpose of comparison, the fractional transfer of inhaled long-lived radionuclides to
blood in the model of Publication 30 can be expressed in a manner analogous to that of
Publication 2:

Deantiomal tranafor af lnbhalad antivitw éa hload
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for long-lived radiomuclides

Publication 2 Publication 30
Class Fraction Class Fraction
Soluble 0.25 + 0.50 f, D 0.48 + 0.15f,
Inscluble not considered W 0.12 + 0.51 f,

Y 005 + 0.58 f;

For soluble compounds with small f; values, the new model results in a higher transfer of activity to
blood for class D compounds (0.48 vs 0.25), and a lower transfer for class W compounds. If f; lies
near 1, the two approaches predict comparable transfers for class D and class W matenials.

For insoluble materials, a useful measure of the committed dose equivalent to the lung itseif is

the time integral of the retained inhaled activity, normalized relative to the initial intake:

S 3% 11 4 8.1 144 8- et Bvhe Rwas p L1 A A S
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A,»’o A(t) dt .
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A(t) is the acilvuy in the nmgs at time t, and the aulvuy' A, is inhaled at t = §. In Publicaiion 2
it was assumed that half of any insoluble radionuclide initially retained in the lower respiratory
tract, i.c., 1/8 of the inhaled activity, was eliminated from it exponentially with a half-life of 120
days for ali nuclides except piutonium (i year) and thorium (4 years). The treatment of jung
clearance in the new model is more complex, but the value of the integral in equation (11) depends
only on the clearance class (ignoring physical decay). For a long-lived radionuclide, the time
integrals of the normalized retention for the two modeis can be compared as:

Time integral of retention in lumg for long-lived

AL R2A__ R 2 _ R AN L _

TROIOBUCHOES IR IRSOTWIC COMPOUNTS

Publication 2 Pubiication 30
Material Integral Class  Integral
{days*) {days*)
Thorium 263 D 0.22
Dlictmemig £L 1krs 14
I 9 IUIUIHUIII v v il
Other 22 Y 230

*Units: uCi-days per xCi inhaled—i.c., days.
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For long-lived isotopes of dose equivalent to
the lungs [proportional to the integral i Eq (11)}) is about 4 t:mu greater under the current model
than under the old model (230 vs 66). For long-hved class Y radionuclides other than thorium or

fast tha AfY. H
plutonium, the difference is even larger, a factor of 10. For compounds now in clearance class W,

assignment to the insoluble form in the old modet resulted in overestimations by factors of about
20, 5, and 2 for lhonum. plutonium, and other radionuclides, respectively. Again, the loss of
artivity h

o influenced the
e lung influenced the
dcrwed guxdcs primarily through changes in the transfer o
activity in the lungs. For inhalation of soluble class D compounds with f; less than 1072 the
current modeling indic

.................. cates a transfer to blood twice that of Publications 2

ood ublications 2 and 6. For insoluble
forms, the dose equlvalent to the lung may have been over-estimated in Publication 2 by a factor of

from 2 to 20 for class W compounds, and under-estimated by factors of from 4 to 10 for class Y

compounds.

DOSIMETRY OF BONE-SEEKING RADIONUCLIDES

The dosimetric model for bone-seeking radionuclides has aiso been modified substantially

ially. in
the following comparison of the old and current models, the total activity present in the skeleton is
assumed to be the same.

The Bowe Dosimetry of Publication 2

The bone dosimetry mode! of Publication 2 compared the effective energy absorbed in the
skeleton from a bone-seeking radionuclide with that for a body burden of 0.1 xCi of ?**Ra

i It
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resident within the bone, but included o

free skeletal bone deliver material
that accumulate on bone surface.

ivered uy the radioactive
y indirectly the effects on endosteal tissue of radionuclides

The specific effective energy SEE(T «— S) is defined as the energy (in MeV), suitably modified
- .
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transformation occuring in the source tissue (S).
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Uy LEWwIEL Hr e Vs LA E 4= L ¥ iy pwi IRl
Although the term ‘SEE’ was not used in
Pubtication 2, an expression appropriate for that model would be of the form

SEE=nQE/m, (12)

where the energy E emitted per disintegration was deposited entirely within the bone, of total mass
m (7 kg). The quality factor Q was taken to be 1 for gamma-rays, X-rays, and beta particles; and
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and for pure gamma emitters, and 5 for other radionuclides that emit alpha or beta radiation; n
was, in asenoc. a factor to account for

ddmonal damage that could be caused by radionuclides
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The Bone Dosimetry of Publication 30

In contrast to the old model, in which dose is averaged over the bone, the curreat model
contains scparate calculations of the dose equivalent to the active haematopoictic tissue within the
cavities of trabecular bone, and to osteogenic cells, in particular those on the endosteal surfaces of
bone.

Developing blood cells are found in various stages of maturation within the red marrow, which
is therefore of concern with respect to the radiation induction of leukemia. The need to limit the
dose to this tissue was recognised in Publication 2, but was not explicitly addressed in developing
the recommendations for bone-seeking radionuclides.

The osteogenic cells are the precursors of cells involved in the formation of new bone
(osteoblasts) and in the resorption of bone {osteoclasts), and are of concern with respect to
carcinogenisis in bone. The location of the osteogenic cells in the skeleton is not well defined; for
the purpose of calculating the derived guides, the average dose equivalent is determined over a
10 um thick layer of soft tissue adjacent to the surface of the bone. The following discussion is
limited to the example of particulate (alpha and beta) irradiation of endosteal tissues.

Energy deposition in endosteal tissues is averaged over a layer of cells near the bone surfaces,
the mass m of which is taken to be 120 g. We distinguish between radionuclides that reside on
bone surfaces and those that are distributed throughout the bone volume. The specific effective
energy for endosteal tissue from a radionuclide distributed uniformly on bone surface may be
expressed as

SEES(BS+Bone) = [FS(CB) AFS(BS+—CB)+ F5(TB) AF¥BS—TB) ]QE/m, (13)

where
E is the energy emitted per disintegration;

FS(CB) and F5(TB) denote the fractions of activity in the skeleton residing on the surfaces
(5) of cortical bone (CB) and trabecular bone (TB), and F(CB) + FXTB) = 1.
Cortical and trabecular bone are defined as bone with a surface/volume ratio less than
and greater than 60 cm? cm ™3, respectively.

AFS(BS «— CB) and AFS(BS « TB) are the fractions of the energy emitted from the
surfaces of cortical and trabecular bone that are absorbed by the endosteal tissue at the
bone surface (BS). AFS(BS < CB) is normally smaller than AFS(BS «— TB) because of
the greater absorption of radiation by the bone itself.

A corresponding equation can be written for SEEY(BS < Bone) for radionuclides that deposit
within bone volume (¥); FY(CB) would then be the fraction of activity that is dispersed evenly
throughout cortical bone, and so on.

Values of parameters for the above formulation are contained in ICRP 30 (see Chapter § of
ICRP 1979a). The quality factor Q for alpha radiation is taken to be 20, rather than 10 as in
ICRP 2, and the ‘relative damage factor’ n is no longer used.



18

The two dosimetric models are compared in the table below. Since SEE is proportional to E in
both, it is convenient to make the comparison in terms of the specific effective energy normalized
with respect to energy, SEE/E. This is the fraction of emitted energy that is deposited in the
target tissue, modified to account for radiation quality and for the spatial distribution of the
radionuclide in the source tissue; as such, it is a measure of the relative degree of harm inflicted by
a radionuclide upon the target tissues.

Effective energy deposited by bome-secking radionuclides

Publication 2 Publication 30
Radiation/Nuclide SEE/E(gm™') Radiation/Nuclide SEE/E(gm~"')
Alpha Alpha
Radium 1.4 x 107} Volume emitters 22 x 107!
Other radionuclides 7.1 x 1073 Surface emitters 8.3 x 1072
Beta Beta
Radium 1.4 x 1074 Volume emitters 1.4 x 1074
Other radionuclides 7.1 x 1074 Surface emitters
E < 0.2 MeV 42 x 1073
E 2 0.2 MeV 3.3 x 1074

For radium-226, which is a volume seeker, the normalized specific effective energy (and thus
the dose equivalent) to endosteal tissue under the new model is 1.6 (2.2 x 1073/1.4 x 1073) times
greater than was the SEE/E to bone under the old; that is, the 0.1 ug 2%Ra skeletal burden
considered in Publication 2 to result in a dose rate to bone of 30 rem/yr (0.3 Sv/yr) would, under
the current model, deliver 50 rem/yr (0.5 Sv/yr) to endosteal tissue. For volume-distributed alpha
emitters other than radium-226,* the dose equivalent to endosteal tissue under the new model is
three times lower than that to bone as determined before. For surface-seeking alpha emitters, the
corresponding ratio of calculated dose equivalents is 12.

The use of the new bone dosimetry model thus has a potentially major impact on the derived
guides for alpha and low-energy beta emitters, particularly those that are surface-seekers.

SUBMERSION IN AIR

The old model considered the dose from an airborne concentration of inert radioactive
materials (such as noble gas radioisotopes). Body shielding and attenuation in air were taken into
account by assuming that only photon radiation and beta particles of energy greater than 0.1 MeV
contribute to the whole body dose. For low energy beta emitters, only dose to skin was considered.

The new model considers the shiclding of organs by overlying tissues and the degradation of
the photon spectrum through scatter and attenuation by air. The dose (rom beta particles is

*Because of its short half-life (3.66 d), 2*Ra has little time to diffuse into bone volume, and
such a comparison would be misleading.
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evaluated at a depth of 0.07 mm for skin, and at a depth of 3 mm for the lens of the eye. The
worker is assumed to be immersed in pure parent radionuclide, and no radiation from airborne

progeny is considered. In most cases, the concentration limit for submersion in a radioactive gemi-

infinite cloud is based on external irradiation of the body; it does not take into account either
absorbed gas within the body or the inhaiation of radioactive decay products. Exceptions are
elemental tritium and *’Ar, for which direct exposure of the lungs by inhaled activity limits
(stochastically) concentration in air.



IV. MAGNITUDES AND SOURCES OF CHANGES
IN THE DERIVED GUIDES

Comparison of the derived guides in this Report (Table 1) with those in ICRP Publications 2
and 6 reveals some substantial changes. Systematic comparisons are not made easily, however,
because the chemical forms of inhaled materials are now characterized in a manner (by clearance
class) different from that used previously (soluble vs. insoluble). The identification of specific
causes of changes is further complicated by the large number of factors used in the calculations.
Nonetheless, an attempt has been made to characterize the overall magnitudes and sources of
changes, to identify those radionuclides for which the numerical derived guides are altered most
significantly, and to determine the factors most responsible.

The following conventions were adopted for making these comparisons:

The derived guides of Publications 2 and 6 were tabulated as Maximum Permissible
Concentrations (MPC) in air and water. The current derived guides are presented in terms of
ALIs for inhalation or ingestion, and DACs for inhalation (or submersion). For a radionuclide
whose derived guide does not change, the DAC is numerically equal to the old MPC in air.

For inhalation exposure: (a) The MPCs in air for soluble forms were compared with the DACs
for compounds of lung clearance class D. In the cases where no DAC is calculated for class D
compounds of a radionuclide, then the comparison was made with the DAC for class W
compounds. It was considered inappropriate to compare soluble and class Y compounds. (b) The
MPCs for the insoluble forms were compared with the DACs for class Y compounds. If no DAC is
calculated for class Y compounds, then the comparison was made with the DAC for class W
compounds, unless a class W compound had already been compared to the soluble compound.

For ingestion exposure: It is assumed that a worker ingests 1.1 liters of contaminated water
cach day, resulting in an intake of (50 wk/yr x 5§ d/wk x 1100 cm?®/d x MPC uCi/cm®) uCi/yr.
(a) If a radionuclide is assigned a single f; value, then the ALI was compared to the MPC in water
for soluble compounds; (b) If compounds of the radionuclide are assigned two f, values, then the
ALI for the higher value of f; was compared with the MPC for soluble compounds, and the low-f,
ALI was compared with the MPC for the insoluble form.

Cases in which specific chemical forms (rather than lung class) are listed in Table 1, such as
certain compounds of hydrogen, carbon, and nitrogen, were omitted from the comparison.

INHALATION

A comparison was made of the DACs and MPCs in air for all the radionuclides considered in
this study, and the results appear in Fig. 2. The solid histogram shows the relative numbers of
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Fig. 2. Comparison of the old and new derived guides for inhalation. The solid histogram
indicates the fraction of radionuclides for which the DAC listed in this report differs from the
former MPC by a factor of between | and 2, 2 and 4, 4 and 8, etc. The hatched histogram shows
the fraction of radionuclides for which the DAC changed by various factors solely as a consequence
of new metabolic modeling and physiologic data, but with the old (1960) Federal guidance.

cases in which the value of the DAC is different from that of the MPC by a factor of between 1
and 2, 2 and 4, 4 and 8, and so on. (Note the logarithmic scale on the abscissa.) In about 65% of
the cases, the values differ by less than a factor of four, and in one third, by less than a factor of
two.

The hatched histogram of Fig. 2 (reproduced from Federal Guidance Report No. 10) shows
the relative number of cases in which DACs changed solely because of revision of the metabolic
modeling and physiologic data. The closeness of the two curves in Fig. 2 suggests that the
differences between the current and the previous derived guides are attributable primarily to
improved metabolic modeling and physiologic data, and only secondarily to the adoption of new
values for the primary guides.

Each radionuclide for which the DAC is at least a factor of 16 different from its corresponding
MPC is listed below. The MPCs that are based on the limits of FRC 1 {and the models of ICRP
2), and the relevant critical organs, comprise the first column. The middle column presents the
derived guides, taken from Federal Guidance Report No. 10, that would be obtained with
contemporary metabolic modeling and physiological data, but using the 1960 primary guides. The
current DAC appears in the third column of numbers, and if the value of this DAC is determined
by the non-stochastic 50 rem limit for any organ, then that organ is aiso noted. The changes for
these radionuclides support the above observation that the revisions in the derived guides are due
principally to improved modeling and data, rather than to the adoption of new primary guides.
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Substantially changed decived guides for inbalation

MPC’ DAC* DAC'
Nuclide ICRP 2 Report 10 Report 11
(xCifcm®) {uCifom*) {uCi/cm®}

Revised guide more restrictive by factor >16:

2193 I x 1077(S) Bone 3 x 107" B surface 3% 10 "7(D) B. surface
3x1077() Lung 2 x 107% B surface 2x 107 (Y) B. surface
In-115 2 x 10774S) Kidney 2% 107" R. marrow 6 x 1071%(D)
3% 107%¢1) Lung 6 x 107 R marrow 2 x 1077 (W)
Ac-227 3Ix 1071 (1) Lung 1 x 1071 Lung 2 x 10712 (Y)
Ac-228 8 x 107 (S) Liver 4 x 107° B surface 4x 107 (D) B. surface
Pa-231 I x 107'°(1) Lung 2 x 107" B. surface 2x 1077 (Y) B.surface
Pu-241 4% 107%(1) Lung 3 x 107'° B. surface 3% 107'%(Y) B. surface
Am-244 4 x 107*(S) Bone 7x 1077 B surface 8 x 1079 (W) B. surface
Cf-249 1 x 107'°(1) Lung $x 107" Lung 4 x 1072(Y) B surface
Revised guide less restrictive by factor >16:
C-14 4x 107° Fat 9 x 107!  Gonad 9 %1073
S35 3 x 1077(S) Testis 8 x107% Lung 7 x 1074(D)
Mn-56 Sx1077(H LLI 3% 107* Lung 9 x 1074 (W)
Ni-65 sx107'(h ULl 4% 107 Lung I x 1075(W)
I-134 5 x 1077 (S) Thyroid 1 x 107  Thyrod 2 x 107¥(D)
Re-187 $x 10771} Lung 2x107° Lung 4 x 107 (W)
B8i-210 6 x 107" (S) Kidney 3x 107" Kidney 1 x 1077(D) Kidney

*The chemical form is denoted S or 1 for soluble and insoluble, respectively: the organ listed is the
critical organ.

'The lung clearance class is denoted D, W, or Y. If no organ is listed, the DAC is limited by the
primary guide for stochastic effects; if an organ is listed, the DAC is based on limiting non-stochastic
effects in the listed organ.

¥In the form of CO,.

With the exceptions of ''’In and 3’Ac, all cases in which the current DACs are more
restrictive than the MPCs (i.e., where the DACs are numerically smaller than the MPCs) involve
the primary guide for non-stochastic effects at bone surfaces. All of these radionuclides, except
131, deposit on the surface of mineral bone (indium is taken up by the active marrow), but this is
only part of the reason the revised values are more restrictive.

The DAC for *>Zr is more restrictive primarily because of a change in the metabolic model:
retention in bone is found to be ecight times greater than was assumed earlier, and there is an
increase in the transfer to the skeleton (due to increased clearance of class D compounds to blood,
and consequent increased deposition in the skeleton). Other radiosotopes of zirconium are
sufficiently short-lived that the greater skeletal retention does not substantially change their DACs.

The old metabolic model assumed that 4% of ''*In entering blood was translocated to the
kidney (the critical organ), where it was retained with a biological hall-time of 60 days. The
current model assumes that 30% of indium entering the body fluids goes to the red marrow, where
it is bound permanently. The DAC for !**In (half-life of 5.1 x 10'* years) is of academic interest
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only, since its specific activity is so low that a concentration corresponding to the DAC could not be
airborne. The other radioisotopes of indium are sufficiently short-lived that the new assumption of
permanent retention in red marrow has no bearing on their DACs.

The more restrictive DAC for class Y compounds of *’Ac resuits both from increased
retention under the current lung model and from the increased quality factor Q (20 vs. 10) for
alpha radiation. Members of the 2?’Ac decay chain are sufficiently short-lived, relative to their
parent, that the committed dose equivalent is proportional to the residence time in lung of the
parent nuclide.

This, however, is not the case for the 2®Ac chain, where the first daughter, 22Th, is long-lived
relative to the parent. The source of the 20-fold more restrictive value is complex. In the old
model, the ratio of activity of the first daughter to that of the parent in the critical organ (liver)
was about 1, while the current model yields a ratio of 3 in the limiting organ (bone surface). The
SEE for endosteal tissue at bone surface is about 14 times that for the liver, and the current lung
model results in an increased transfer to blood (0.45 vs. 0.25). Finally, the current primary guide
for bone surface (50 rem or 0.5 Sv) is about three times higher than the previous primary guide for
liver (15 rem).

For 'Pa, #!Py, and 2°Cf, clearance of insoluble material from the lung to the various organs
was not copsidered previously. The current model, however, includes the transfer and uptake of
activity for class Y compounds; this results in DACs limited by the dose equivalent to bone
surfaces.

The DAC for **Am is more restrictive partly because of an error in the original MPC (ICRP
1964). The lowest lying nuclear state, with a half-life of 10.1 hours, was inadvertently assigned the
26 minute half-life of the metastable state. (***®Am itself was not included in the tabulation of
MPCs). The error was significant, since it is the physical half-life of *Am, and not its rate of
biological clearance, that governs its retention in the body.

The DAC for '*CO, is 23 times less restrictive than the corresponding MPC mainly because
retention decreased by a factor of 10. Also, in the current model the committed effective dose
equivalent is determined over the total body mass, and subject 10 2 5 rem primary guide, rather
than over the 10 kg of body fat, which had been the critical tissue with a 15 rem primary guide.

Current models project a much more rapid loss of S from the body than was previously
assumed. In the older model, 0.13% of the sulfur entering blood was transferred to the testes, the
critical organ, where it was retained with a half-time of 623 days. The current model indicates that
80% of the sulfur introduced into body fluids is excreted promptly, 15% is retained with a biological
half-time of 20 days, and the remaining 5% has a half-time of 2000 days.

The DACs for class W compounds of *Mn and ®*Ni are based primarily on dose to the lung,
rather than to the GI tract as in the previous analysis. This, together with the change in the
primary guides, results in the new values being less restrictive.

The old mode!l assumed that a fraction of the inhaled activity of soluble radionuclides is
transferred instantaneously to systemic organs, and considered neither radioactive decay nor the
kinetics of clearance from the lung and uptake by the organs. The current model accounts for
radiological decay during the finite time needed for lung clearance and transfer. This is of
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relevance for iodine which, after entering the transfer compartment (the body Muid), is translocated
from it with a half-time of 6 hours. The physical half-life of I (52.6 minutes), by comparison, is
short; the 8-fold lower uptake by the thyroid, together with radiological decay during clearance
from the lung, result in a DAC 40 times less restrictive than before.

The radionuclide '*"Re, like '"*In, is a low-specific activity radionuclide, with a half-life of 5 x
10" years. The lung retains about the same amounts (to within a factor of 2) of inhaled class W
and insoluble compounds, but the effective beta energy per disintegration is now evaluated as 6.6 x
1074 MeV, rather than 0.012 MeV. This new decay energy evaluation for '*’Re is the main source
of the factor of 40 increase in its DAC.

The DAC for *'Bi is less restrictive because revised metabolic modeling of daughter
radionuclides results in a factor of 10 lower residence time for the daughter #'°Po, the alpha
emissions of which dominate the calculation of dose equivalent. In addition, the DAC is now based
on application of the non-stochastic guide of 50 rem to the kidney, as opposed to the previous 15
rem guide for the same (critical) organ. The change in quality factor (20 vs. 10) for the ?'°Po
alpha emissions acts in the opposite direction.

Changes in Derived Guides for Some Important Radionuclides

In the table on the following page, we compare derived air concentrations for some of the most
commonly encountered radionuclides. The first three columns of numbers list the MPCs derived
for conformance to the 1960 primary guides, the derived guides from Federal Guidance Repert No.
10, and the current DACs, respectively. The fourth column shows, for each radionuclide and lung
clearance class, the factor g, by which the 1960 derived guide must be multiplied to obtain that of
Report No. 10. Because both of these correspond to the 1960 primary guide, qg is a measure of
the change brought about solely by improvements in the metabolic modeling and physiological data.
Similarly, the fifth column presents the factors, g,, needed to convert the derived guides of Report
No. 10 into those consistent with the 1987 guidance; these factors reflect solely the effect of
changes in the primary guides. Finally, to provide a measure of the relative significance of the two
cvents (new modeling vs. new primary guides), the sixth column lists for each case the ratio of the
magnitudes® of the shifts brought about by the two changes.

There is no simple way of comparing the overall impact of improved modeling with that of new
primary guides. Some sense of the general trends can be obtained, however, from various averages
of the g5 and q, factors. The geometric and arithmetic means of the magnitudes of the factors qn,
due to improved modeling are 2.8 and 4.1, respectively; and 1.9 and 2.1 for the factors q, arises
from the adoption of the new primary guides. This is suggestive that the changes brought about by
improved modeling average a factor of about 2 times greater than those attributable to adoption of
new primary guides, and is consistent with the histograms of Fig. 2.

*The ‘magnitude in the shift’ due 1o new modeling is defined to be a number greater than or
equal to one (i.c., the ‘magnitude of qy is qp if qn > 1, and 1/qy if qn < 1). So also for q,.
‘ratio’ = (magnitude of q,)/(magnitude of q;).
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MPC

(uCi/em?)

Nuclide/class ICRP 2
P-32 D 7x 107t
w  8xi0*

Mn-54 D 4x 1077
W 4x1078

Mn-56 D 8 x 1077
W $x 1077

Co-58 W 8x 107
Y sx 107"t

Co-60 W 3x107?
Y 9x10°

Sr-89 D 3x 107!
Y 4 x |0==

Sr-90 D 3 x 10710
Y $x107%

2r-95 D I x 1077
Y Ix 10"

Nb-95 W $Sx1077
Y 1x 107!

Mo-99 D 7x 1077
Y 2x1077

I-129 D 2x107*
131 D 9x10?
1-133 D 3x10°F
Cs-1M4 D 4x107"
Cs-137 D 6 x 107"
Ce-144 w 1 x 10"t
Y 6 =107

Ra-226 W 3x 107"
Th-228 W 9x 10 ?
Y 6xi0¥

Th-232 W 2x107 "
Y I x 107"

U-234 D 6 x 10710
Y I x 10710

U-235 D 5x 1071
Y 1 x 10719

U-238 D 7x 107"
Y I 10710

Pu-238 W 2x 1071
Y Ix 107"

Pu-239 W 2% 1071
Y 4x 107"

W 6 x 10712

Am-24|

DAC {uCi/cm’)
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x 1073
x 1078

x 1077

x 107%
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x 1077

< IO_”
x 107"
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9m

1.29
0.88

0.75
1.50

5.00
6.00

0.25
2.00

0.17
0.56

333
0.50
6.67
0.12
0.40
1.33
0.60
2.00

1.29
1.50

1.00

2.33
1.00
1.00

0.70
0133

133
0.44
0.33
0.25
010

0.67
0.06

0.80
0.06

5.71
0.06

1.50
0.17

1.00
013

0133

q  ratio’
4.44 0.29
2.86 0.40
1.33 1.0
1.00 7.5
1.50 33
3.00 20
2.50 1.6
300 0.67
1.40 43
2.00 0.90
4.00 0.83
3.00 0.67
4.00 1.7
133 2.5
1.25 20
2.50 0.53
1.67 1.0
2.50 0.80
1.1 1.2
2.00 0.75
2.00 0.50
2.00 0.56
1.43 1.6
1.00 1.0
1.00 1.0
1.43 1.0
3.00 1.0
3.00 1.1
1.00 2.3
3350 0.86
1.00 40
1.00 10
1.25 1.2
333 5.0
1.50 0.83
3.3 5.0
1.50 38
3.33 5.0
1.00 1.5
1.60 37
1.50 0.7
1.40 5.5
1.50

20
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INGESTION

For exposure by ingestion, a comparison of the MPCs for water with the ALIs for ingestion is
shown as the eolid histoaram of Fie, 3, The valueg differ by legs than a factor of four in about 80%

SUVTIL GJ LIV SVISW MISVURI WG Vi LR 0 4 diV Tarwmwe wadivi W) sasdass seRw VUL UL IVNeD E &VN =L OV R

of the cases, and by less than a factor of two for 30%. Comparison with the hatched histogram
indicates that, as with inhaiation, changes in the derived guides arise mainiy because of updated
metabolic modeling and physiologic data, and only secondarily because of the new primary guides.

The nuclides whose guides are substantially changed are tabulated on the next page. As with
inhaiation, the radionuciides whose revised vaiues for ingestion have become more resiriciive are
primarily those for which bone surface (endosteal tissue) is the (non-stochastically) limiting organ.
Here, too, all except ''*In deposit on bone.

Revision of the metabolic modei has generaiiy yicided greater uptake of these radionuclides
from the gastrointestinal tract to blood (i.c., a larger f; parameter), and this has tended to be the
dominant factor governing the changes in the ALIs. Other changes in the metabolic models,
involving an increased fraction deposited in bone but lower skeletal retention, have had less effect.
Adoption of the new dosimetric model, separating bone-seckers into surface- and volume-seekers,

has contributed significantly to the changes

For '"*In, in particular, the change in the retention within the body, discussed previously, is
partly responsible for its revised value being more restrictive.
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Fig. 3. Comparison of the old and new derived guides for ingestion. The solid and hatched
histograms describe the same quantities as in Fig. 2. ‘I’ refers to intake for a work-year (1.1 1/d x
250 d/yr).
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Substantially changed derived guides for imgestion

from MPC’ ALI

Nuclide ICRP 2 Report No. 11
(uCi) (uCi)

Revised guide more restictive by factor >16
In-115 800 LLI 40
Sm-147 500 Bone 20 B. surface
Ac-227 20 Bone 0.2 B. surface
Pa-231 8 Bone 0.2 B. surface
Np-237 20 Bone 0.5 B. surface
Cf-250 100 Bone 1 B. surface

Revised guide less restictive by factor >16

S-35 500 Testis 1 x 10*

Ca-45 80 Bone 2 x 10°

Ni-63 200 Bone 9 x 10°

Ge-71 1 x 10* LLI 5 x 10°

I-134 1 x 10° Thyroid 2 x 10* Thyroid
Re-187 2 x 10° LLI 6 x 10°

Ra-226 0.1 Bone 2 B. surface

‘Quantity ingested in a year at the MPC. For all the
MPCs, the soluble form is involved. The listed organ is
the critical organ.

The derived standards for **Ca, %’Ni, and 2**Ra are less restrictive. With the old metabolic
model, half the ®*Ni that reached blood was transferred to bone, where it was retained with an 800
day half-time. With the current model, 68% of the nickel entering the transfer compartment is
excreted, and 30% is distributed throughout the total body and retained with a 1,200 day biological
half-life; the remaining 2% is transferred to the kidney, where it resides with a half-time of 0.2
days. With the lower uptake from the gastrointestinal tract (see the f; values listed in Table 3), the
AL! is now limited by the 5 rem stochastic constraint on committed effective dose equivalent.

The old model took the biological half-life for *Ca in the skeleton to be 162 days, and
1.6 x 10* days for 3*Ra. Assuming that 90% of the calcium activity entering the blood is
transferred to the skeleton, and 10% of the radium, then the time integrals of the skeletal retention
of these radionuclides (as in equation 11) would be 210 and 1.3 x 10° days, respectively. Under
the alkaline carth model of ICRP Publication 20 (ICRP 1973a), however, both integrals are
approximately 100 days. This decreased retention of “*Ca and 2%Ra in the skeleton is largely
responsible for their higher (less restrictive) ALIs. Changes in the bone dosimetry (***Ra is an
alpha emitter, and “*Ca is a low energy beta emitter; both are volume seekers), and the slightly
reduced absorption from the gastrointestinal tract, also contribute to the changes.
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SUBMERSION

Only a limited number of comparisons are possible for submersion, as this mode of exposure is
of concern principally for noble gas radionuclides. Those that can be made are shown below:

Substantially changed derived guides for submersion

MPC DAC

Nuclide ICRP 2 Report No. 11
(uCi/cm?) (uCi/cm?)

H-3* 2 x 1073 Skin 5x 107!
Ar-37 6 x 1073 Skin 1
Ar-41 2 x 107 W. body 3Ix107¢
Kr-85m 6 x 107° W. body 2x1073
Kr-85 1 x 1073 W. body 1 x 107* Skin
Kr-87 1 x 107% W. body 5x 1078
Xe-131m 2 x 107° W. body 4 x 107* Skin
Xe-133 1 x 107% W. body 1 x 1074
Xe-135 4 x 107 W, body 1 x1073

*clemental

For the most part, these DACs are less restrictive than the previous MPCs because the
dosimetric model now takes into account the shielding of body organs by overlying tissues. Both *H
and YAr emit radiations that are too weak to penetrate the outer skin layer, and (stochastic)
limitation is based on radionuclide content in the lungs. The DAC for %*Kr also has been relaxed
considerably since its beta emission only irradiates the skin. The DAC is based on limitation of
non-stochastic effects in the skin; the MPC was derived assuming that beta particles of energy
greater than 0.1 MeV contributed to the whole body dose.

SUMMARY

This Report presents new tables of derived guides for protection against the intake of
radionuclides in the workplace. This revision has been necessitated both by improvements over the
past several decades in the metabolic modeling of radionuclides and by the issuance of new Federal
radiation protection guidance in 1987,

Comparison of the new derived guides with those that have been in use for nearly three
decades indicates that, for about 70% of all radionuclides, the differences are not substantial, i.c.,
are less than a factor of four.
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The use of revised metabolic and dosimetric models does, however, cause major alteration in
the derived guides of some radionuclides. Of particular importance have been improvements in the
lung and bone dosimetry models. New estimates of nuclear decay characteristics, uptake of body
fluids, retention in lung and body tissues, and energy deposition have also been of significance.

Changes in these parameters and models have been discussed in this Report for specific

radionuclides only when they led to sizable revisions in the guides themselves; it should therefore
not be conciuded that the components of a radionuclide’s dosimetric analysis have remained the
same simply because the value of the guide has.

The tables of derived guides presented in Federal Guidance Report No. 10 and the present
Report were obtained using, in most cases, the same metabolic models and physiological data, but
different limiting values for dose. Comparisons between these, and with the tables of ICRP
Publications 2 and 6, indicate that conversion to the 1987 Federal guidance has had an overall
effect on the numerical values of the guides about half as great as that due to improvements in the
metabolic modeling and physiological data.



Explanation of Eatries

Units for ALIs and DACs:

ALIs and DACs for the various radionuclides and their chemical forms are expressed in
Table 1 both in SI units (MBq and MBq/m>, respectively) and in conventional units (xCi
and pCi/cm“"). Table 1.a, on the even numbered pages to the reader’s left, contains ALIs
and DACs in SI units; Table 1.b, on the facing pages, contains the derived guides for the
same nuclides, but expressed in conventional units.

Radionuciide /Half-life:
For ecach clement, radionuclides of significance for radiation protection and their half-lives
are listed in the first column. The symbols m, h, d, and y refer to minutes, hours, days,
and years, respectively. The radionuclide designation follows conventional practice, with
the symbol m denoting a metastable state. In some instances, such as with '*2Re, it is
necessary to refer to the half-life to identify the radionuclide unambiguously.

Lung class, f;, and Compounds:
These data characterize the chemical form assumed in the calculations. In the case of
tmbhala tha cme Alansnman Alaca ITY fdawe) W (waala) V {fvanesll nnd tha feantinnal

ll nal allvll’ ‘u‘ luus vivalainve viass | v \ua,a;, W LWWAY ), Ul i \:Cﬂl)[‘ ana wuiv 1Iracuonia:

uptake from the small intestine to blood (f;) are shown as well as the identification of

...... ad snmeaninde Ta tha ~nsa af incastina 16 chawn Tahla 1 necuvidae
uau;uw LVMIPULNHIUS. 111 uiv Lasxw Ol Lageoulial, Vlll, || I3 J0WH. 140iIC 5 PIOVIGGS

information on the assignment of chemical compounds to clearance classes and f; values.

*‘Sub’ denotes situations in which exposure is submersion-limited. Elements in ‘Vapor’ form
deposited in lung are assumed to be totally taken up by blood.

K}
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Table 1.a. Annual Limits on Intake (ALI) and Derived Air
Concentrations (DAC) for Occupational Exposure

Inhalation Ingestion
ALl DAC ALI
Nuclide Class/f, MBq MBq/m? f, MBq
Hydrogen'
H-3 Water, 3000 08 1 3000
Vapor
1235 y Elemental, 210
Sub
Berylliam
Be-7 W 0.005 800 0.3 0.005 2000
53.3d Y 0.005 700 0.3
Be-10 W 0.005 6 0.002 0.005 40
1.610%y Y 0.005 0.5 210*
Carboa
C-11 cmpds® 2104 6 1 210
20.38 m co 410* 20
Co, 2104 10
.14 reande® an N N4 1
Ty \rlllw ré 4 WL,NTY ) T
5730 y co 610 30
CO,; £000 3
Finorise
F-i8 Di 3000 i i 2000
109.77 m Wi 3000 1
Yi 3000 i
Sodiem
Na-22 D1 20 0.01 1 20
2602y
Na-24 D1 200 0.08 1 100
15.00 h
Magnesiom
Mg-28 D 0.5 §0 0.03 0.5 20
2091 h W 0.5 50 0
Al-26 D 0.01 2 0.001 0.01 10
7.16 107 y W 0.0i 3 0.001
Sllicon
Si-31 D 0.01 900 0.4 0.01 300
1573 m W 0.01 1000 0.5
Y 0.01 1000 04
Si-32 D 0.01 9 0.004 0.01 80
450 y W 0.01 4 0.002
Y 0.01 0.2 8 10°
Phosphorus
p.22 D08 0 0.01 0.8 20
14.29d W08 10 0.006
*Labelled organic compounds.

*ALIs and DACs are not available for other tritiated compounds. Under
normal environmental conditions, hydrogen gas may rapidly convert to the
water vapor form.
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Table 1.b. Annual Limits on Intake (ALI) and Derived Air
Concentrations (DAC) for Occupational Exposure

Inhalation Ingestion
ALI DAC ALI
Nuclide Class/f, uCi xCi/cm’® f, «Ci
Hydrogea'
H-3 Water, 810* 210° 1 8 10*
Vapor
1235 y Elemental, 0.5
Sub
Beryilium
Be-7 W 0.005 2104 9 10¢ 0005 410
53.3d Y 0.005 2104 8 10
Be-10 W 0.005 200 6 10% 0.005 1000
1.6 10%y Y 0.005 10 6 10°
Carbon
C-11 cmpds® 410° 210* 1 410°
20.38 m co 110° 510
Cco, 610° 310
C-14 cmpds® 2000 110 1 2000
5730 y co 210° 710*
CO, 210° 9 10°*
Fluorine
F-18 D1 7104 3103 1 5104
109.77 m W1 9 10* 41073
Y1 8 104 310%
Sodiem
Na-22 D1 600 3107 1 400
2602y
Na-24 DI 5000 210°% I 4000
15.00 h
Magnesiom
Mg-28 DoS 2000 7107 0.5 700
2091 h W 0.5 1000 5107
Aluminum
Al-26 D 0.01 60 3ot 0.01 400
7.16 10° y W 0.01 % 410%
Silicon
Si-31 D 0.01 310 1109 0.01 9000
15723 m w 0.01 310 1103
Y 0.01 310 110
Si-32 D 0.0l 200 1107 0.01 2000
450 y W 0.01 100 510
Y 0.0l 5 210°
Phosphorus
P-32 D 0.8 900 4107 0.8 600
14.29d W 0.8 400 2107

*Labelled organic compounds.

*ALIs and DACs are not available for other tritiated compounds.
Under normal environmental conditions, hydrogen gas may rapidly con-
vert to the water vapor form.
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Table 1.a, Cont'd.

Inhalation Ingestion
ALI DAC ALI

Nuclide Class/f, MBq MBq/m’? fy MBq
P-33 D 0.8 300 0.1 0.8 200
254d W08 100 0.04
Salphur
S-35 D08 600 0.3 0.8 400
87.44d W08 80 0.03 0.1 200

Vapor 500 0.2
Chlorine
Cl-36 DI 90 0.04 1 60
3.0110%y LA 9 0.004
Cl-38 D1 2000 0.6 1 600
3721 m W1 2000 0.7
Cl-39 D1 2000 0.8 1 800
556m w1 2000 0.9
Argoa
Ar-37 Sub 510
35.02d
Ar-39 Sub 7
269 y
Ar-41 Sub 0.1
1.827h
Potassiem
K-40 D1 10 0.006 l 10
1.28 10° y
K-42 DI 200 0.07 1 200
1236 h
K-43 DI 300 0.1 1 200
226 h
K-44 DI 2000 l 1 800
2213 m
K-45 DI 4000 2 | 1000
20m
Caiciam
Ca-41 w03 100 0.06 0.3 100
1.410°y
Ca-45 w03 30 0.01 0.3 60
163 d
Ca-47 w03 30 0.01 0.3 30
4.53d
Scandium
Sc-43 Y110 800 0.4 110* 300

3.891 h
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Table 1.b, Cont’d.

Inhalation Ingestion
ALI DAC ALI

Nuclide Class/f, uCi uCifcm? f, uCi
P-33 D08 8000 4 10° 0.8 6000
2544 W 0.8 3000 1 10¢
S-35 D038 210 7 108 08 110%
8744 d W08 2000 9 107 0.1 6000

Vapor 1104 6 10¢
Chiorise
Cl-38 D1 2000 110¢ 1 2000
30110°y Wi 200 1107
Ci-38 Di 4 10* 2 10° 1 2 104
37.21 m w1 5 10 2107
Ci-39 D1 5 104 210° 1 210%
556 m w1 § 104 210°
Argon
Ar-37 Sub i
35.02d
Ar-39 Sub 210
L0
&UT7 Yy
Ar-41 Sub 310t
1.827 h
Potassium
K-40 D1 400 2 167 t 300
1.28 10%y
K-42 DI 5000 2 10°% 1 5000
12.36 h
K-43 D1 2000 4108 ! 6000
226 b
K-44 D1 7 10* 31073 | 2104
2213 m
K-45 DI 110° 510 ] 310!
2Wm
Calcium )
Ca-41 W 0.3 4000 2 10 0.3 3000
1410°y
Ca-45 W 0.3 800 4 107 0.3 2000
163d
Ca-47 W 0.3 900 4107 0.3 800
453d
Srandinm
Sc-43 Y1104 2104 9 10¢ 1104 7000
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Table 1.3, Cont'd.

Inhalation

Ingestion
ALI DAC A
Nuclide Class/f, MBq MBg/m? f M
Sc-44 Y110t 400 0.2 1104 100
3927h
Sc-44m Y ii0* 30 0.01 i 10
58.6 h
Sc-46 Y 110 9 0.004 1 104
8383 d
Sc-47 Y 110* 100 0.05 1 10 80
3.351 d
Sc-48 Y 1104 50 0.02 i 10 30
43.7h
Sc-49 Yiio* 2000 0.8 i 104 80
§7.4m
Titanivm
Ti-44 D 0.0! 0.4 2 10 0.01 10
473y W 0.01 1 4 10*
Y 0.01 0.2 9 10
Ti-45 D 0.0t 900 04 0.01 300
308 h W 0.01 1000 0.5
Y 0.0t 1000 0.4
Vanadium
V.47 D 0.0! 3000 ! 0.01 1000
326m W 0.01 4000 2
V-48 D 0.0! 40 0.02 0.01 20
16.238 d W 0.01 20 0.009
V-49 D 0.0t 1000 0.5 0.01 3000
130 d W 0.0! 700 0.3
Chromium
Cr-48 D 0.1 400 0.2 0.1 200
2296 h W 0.1 300 0.1 0.01 200
Y 0.1 300 0.1
Cr-49 DOo.i 3000 i 0.1 1000
42.09 m W O.1 4000 2 0.0t 1000
Y 0.1 3000 i
Cr-51 DoO.1 2000 0.7 0.1 1000
27.704 d W 0.1 900 0.4 0.01 1000
Y Q1 700 03
Manganese
Mn-51 D 0.1 2000 0.8 0.1 700
46.2 m W 0.1 2000 09
Mn-52 D 0.1 40 0.02 0.1 30
5591 d Wt 30 0.01

e
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Table 1.b, Cont'd.

Inhalation Ingestion
ALl DAC ALl
Nuclide Class/f, uCi uCi/cm? f, uCi
Sc-44 Y1l10* 1104 510 110* 4000
3927 h
Sc-44m Y1104 700 3107 1 10* 500
58.6 h
Sc-46 Y1104 200 1107 1104 900
83.83d
Sc-47 Ytio* 3000 110 1 10* 2000
3.351 d
Sc-48 Y110* 1000 6107 t 10 800
437 h
Sc-49 Y1104 5 104 210° 1104 210
574 m
Titaniom
Ti-44 D 0.01 10 5107 0.01 300
413y W 0.01 30 110%
Y 0.01 6 2 10?
Ti-45 D 0.01 3104 110° 0.01 9000
3.08 h W 0.01 410 110
Y 0.01 310! 110
Vanadfum
V-47 D 0.01 8 10 310° 0.01 310
326 m W 0.01 110° 410°
V-48 D 0.01 1000 5107 0.01 600
16.238 d W 0.01 600 3107
V.49 D 0.01 310! 110° 0.01 710
3304 W 0.01 2104 8 10
Chromium
Cr-48 D o.1 1104 510% 0.1 6000
2296 h W 0.1 7000 310 0.01 6000
Y 0.1 7000 310¢
Cr-49 D 0.1 8104 410° 0.1 310!
42.09 m W 0.1 1108 4103 0.0! 3o
Y 0.} 9104 410°
Cr-51 DOt 510 210 01 410
27.704 d W 0.1 2 104 110 0.01 410*
Y 0.1 2 104 8 10¢
Manganese
Mn-51 DOl s 104 2 10 0.1 2104
46.2 m w 0.1 6 10* 310°%
Mn-52 Dot 1000 5107 0.1 700
5.591d W 0.1 900 4107




38

Table 1.a, Cont'd.

Inhalation Ingestion
ALl DAC ALI

Nuclide Class/fy, MBq MBq/m? f MBq
Mn-52m D 0.1 3000 | 0.1 1000
21.l'm W 0.1 4000 2
Mn-53 D 0.1 500 0.2 0.1 2000
3.710%y W 0.1 400 0.2
Mn-54 Do.1 30 0.01 0.1 70
312,54 W 0.1 30 0.04
Mn-56 Do.1 600 0.2 0.1 200
25785 h W 0.1 800 0.3
Irom
Fe-52 D 0.1 100 0.05 0.1 30
8.275 h W 0.1 90 0.04
Fe-55 Dol 70 0.03 0.1 300
27y w 0.1 200 0.06
Fe-59 D 0.} 10 0.005 0.1 30
44.529d W 0.1 20 0.008
Fe-60 Dot 0.2 110* 0.1 1
110y w01 0.7 310
Cobalt
Co-55 W 0.05 100 0.04 0.05 40
17.54 b Y 0.05 100 0.04 0.3 60
Co-56 W 0.05 10 0.005 0.05 20
78.76 d Y 0.05 7 0.003 0.3 20
Co-57 W 0.05 100 0.04 0.05 300
270.9 d Y 0.05 20 0.01 0.3 200
Co-58 W 0.05 40 0.02 0.05 60
70.80 d Y 0.05 30 0.01 0.3 50
Co-58m W 0.05 3000 | 0.05 2000
9.15h Y 0.05 2000 | 0.3 2000
Co-60 W 0.05 6 0.003 0.05 20
5271y Y 0.05 1 510 0.3 7
Co-60m W 0.05 110° 60 0.05 4104
10.47 m Y 0.05 110° 40 0.3 410
Co-61 W 0.05 2000 | 0.05 700
1.65 h Y 0.05 2000 09 0.3 800
Co-62m W 0.05 6000 3 0.05 1000
1391 m Y 0.05 6000 2 0.3 1000
Nickel
Ni-56 D 0.05 70 0.03 0.05 50
6.10d W 0.05 50 0.02

Vapor 40 0.02
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Table 1.b, Cont'd.

Inhalation Ingestion
ALI DAC ALI

Nuclide Class/f, uCi uCi/cm? fy uCi
Mn-52m DoO.1 910* 410 0.1 3104
21l m w 0.1 110° 410
Mn-53 D 0.1 1 104 510 0.1 5104
3.710%y W 0.1 i10t 510
Mn-54 D 0.1 900 4107 0.1 2000
31254 W 0.1 800 3107
Mn-56 D 0.1 210 6 10 0.1 5000
2.5785 h W o.1 210 9 10¢
Iron
Fe-52 D 0.1 3000 110%¢ 0.1 900
8.275 h W 0.1 2000 110%
Fe-55 D 0.1 2000 8107 0.1 9000
2.7y W 0.1 4000 210°%
Fe-59 DO 300 1107 0.1 800
44.529d wO0.1 500 2107
Fe-60 D 0.1 6 310° 0.1 30
110%y W 0.1 20 8 107°
Cobalt
Co-55 W 0.05 3000 110¢ 0.05 1000
17.54 h Y 0.05 3000 1 10 0.3 2000
Co-56 W 0.05 300 1107 0.05 500
78.76 ¢ Y 0.05 200 8 10°® 0.3 400
Co-57 W 0.05 3000 110% 0.05 8000
2709 d Y 0.05 700 3107 0.3 4000
Co-58 W 0.05 1000 5107 0.05 2000
70.80 d Y 0.05 700 3107 0.3 1000
Co-58m W 0.05 9 10 4107 0.05 6 10*
9.15h Y 0.05 6104 110° 0.3 7 104
Co-60 W 0.05 200 710" 0.05 500
5271y Y 0.05 30 110% 0.3 200
Co-60m W 0.05 410° 0.002 0.05 110¢
10.47 m Y 0.05 3108 0.001 0.3 1108
Co-6! W 0.05 6104 110° 0.0s 210
1.65h Y 0.05 6104 210 0.3 210*
Co-62m W 0.05 210° 7107 0.05 410°
1391 m Y 0.05 210° 6 10°° 0.3 410
Nickel
Ni-56 D 0.05 2000 8 107 0.05 1000
6.10d W 0.05 1000 5107

Vapor 1000 5107
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Table t.a, Cont'd.

Inhalation Ingestion
ALl DAC ALI
Nuclide Class/f, MBq MBq/m? fi MBq
Ni-57 D 0.05 200 0.07 0.05 60
36.08 h W 0.05 100 0.05
Vapor 200 0.1
Ni-59 D 0.05 100 0.06 0.05 900
7510y W 0.05 300 0.1
Vapor 70 0.03
Ni-63 D 0.05 60 0.02 0.05 300
9% y W 0.05 100 0.04
Vapor 30 0.01
Ni-65 D 0.05 900 0.4 0.05 300
2520 h W 0.05 1000 0.5
Vapor 600 0.3
Ni-66 D 0.05 60 0.02 0.05 10
546 h W 0.05 20 0.01
Vapor 100 0.05
Copper
Cu-60 D 0.5 3000 1 0.5 1000
232 m W 0.5 4000 2
Y05 4000 2
Cu-61 D 0.5 1000 0.5 0.5 500
3408 h W 0.5 2000 0.6
Y 0.5 1000 0.5
Cu-64 D 0.5 1000 0.5 0.5 400
12.701 h W 0.5 900 04
Y 0.5 800 0.3
Cu-67 D 0.5 300 0.1 0.5 200
61.86 h W 0.5 200 0.08
Y 0.5 200 0.07
Zinc
Zn-62 Y 0.5 100 0.04 0.5 50
9.26 h
Zn-63 Y 0.5 3000 1 0.5 900
38.1 m
Zn-65 Y 0.5 10 0.004 0.5 10
2439d
Zn-69 Y 05 5000 2 0.5 2000
5Tm
Zn-69m Y 0.5 300 0.1 0.5 200
13.76 h
Zn-71m Y 0.5 600 0.3 0.5 200

392 h




Table 1.5, Cont'd.
Inhalation Ingestion
ALI DAC ALI
Nuclide Class/f, uCi uCifem? f, uCi
Ni-57 D 0.05 5000 210" 0.05 2000
36.08 h W 0.05 3000 110*
Vapor 6000 310%
Ni-59 D 0.05 4000 210 005 210
7.510%y W 0.05 7000 310¢
Vapor 2000 8107
Ni-63 D 0.05 2000 7 107 0.05 9000
96 y W 0.05 3000 1 10¢
Vapor 800 3107
Ni-65 D 0.05 210 1107 0.05 8000
2520 h W 0.05 310t 110°
Vapor 210 710¢
Ni-66 D 0.05 2000 7107 0.05 400
546 h W 0.05 600 3 107
Vapor 3000 110
Copper
Cu-60 Dos 9 10* 410 0.5 3104
232 m W 0.5 110° 5103
Y05 110’ 410
Cu-61 DO.S 3104 1107 0.5 1104
3.408 h W 0.5 4 10* 210°
Y 0.5 4 10 1107
Cu-64 DOsS 310° 110° 0.5 110
12.701 h W 0.5 2 10 110°
Y 0.5 2 104 9 10
Cu-67 DOS 8000 310°¢ 0.5 5000
61.86 h W 0.5 5000 210°
YOS5 5000 210
Zinc
Zn-62 Y05 3000 110 0.5 1000
9.26 h
Zn-63 Y05 7 104 310° 0.5 2104
381 m
Zn-65 Y05 300 1107 0.5 400
24394
Zn-69 YOS 110 6107 0.5 6 10*
5Tm
Zn-69m Y 0.5 7000 310° 0.5 4000
13.76 h
Zn-7lm YO0.5 210 7 108 0.5 6000
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Table 1.a, Cont’d.

Inhalation Ingestion

ALl DAC ALl
Nuclide Class/f, MBq MBq/m? f, MBq
Zn-72 Y 0.5 40 0.02 0.5 40
46.5 h
Galtium
Ga-65 D 0.00! 6000 3 0.001 2000
152 m W 0.001 7000 3
Ga-66 D 0.00! 100 0.05 0.001 40
940 h W 0.001 100 0.04
Ga-67 D 0.001 500 0.2 0.001 300
78.26 h W 0.001 400 0.2
Ga-68 D 0.001 2000 0.6 0.001 600
68.0 m W 0.001 2000 0.8
Ga-70 D 0.001 6000 3 0.001 2000
21.15 m W 0.001 7000 3
Ga-72 D 0.001 100 0.05 0.001 40
141 h W 0.00! 100 0.05
Ga-73 D 0.001 600 0.2 0.001 200
491 h W 0.001 600 0.2
Germanium
Ge-66 D1 1000 0.4 1 900
227 h W1 700 0.3
Ge-67 Di 3000 i I 1000
18.7m Wi 4000 2
Ge-68 D1 100 0.06 1 200
288 d w1 4 0.002
Ge-69 D! 600 0.2 1 500
39.05 h w1 300 0.1
Ge-71 D1 2 10 7 1 210
11.84d Wi 2000 0.7
Ge-75 DI 3000 ] 1 2000
82.78 m W1 3000 1
Ge-77 Dt 400 0.2 i 300
11.30 h W 200 0.09
Ge-78 Dt 800 0.3 1 800
87T m Wi 800 0.3
Arseaic
As-69 W 0.5 4000 2 0.5 1000
15.2 m
As-70 W 0.5 2000 0.8 0.5 500
526 m
As-71 W 0.5 200 0.07 0.5 100

64.8 h
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Table 1.b, Cont'd.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f, uCi uCi/cm? fy uCi
Za-72 Y 0.5 1000 5107 0.5 1000
46.5h
Gallium
Ga-65 D 0.001 2 10° 710° 0001 510*
152 m W 0.001 2 10? 810
Ga-66 D 0.001 4000 110® 0.001 1000
940 h W 0.001 3000 110¢
Ga-67 D 0.00] 1104 6 10° 0.001 7000
78.26 h W 0.001 110 410"
Ga-68 D 0.001 4104 210° 0.001 210*
68.0 m W 0.001} 510 210°
Ga-70 D 0.001 210° 710° 0.001 510*
21.15m W 0.001 2 10° 8 10%
Ga-72 D 0.001 4000 110 0.001 1000
14.1 h W 0.001 3000 110%
Ga-73 D 0.001 2 10* 6 10 0.001 5000
491 h W 0.001 2104 6 10°¢
Germanium
Ge-66 DI 310 11073 ] 2104
227 h Wi 2104 8 10
Ge-67 D1 9 10* 41073 1 3104
18.7m w1 110° 4103
Ge-68 D1 4000 210% 1 5000
288 d Wi 100 410
Ge-69 DI 2 10* 6 10 1 110
39.05 h w1 8000 310®
Ge-71 D1 410° 210* | 510°
11.8d w1 410 2103
Ge-75 DI 8104 310 1 410*
82.78 m w1 8 104 4107
Ge-77 DI 1104 410°% 1 9000
11.30 h w1 6000 210°%
Ge-78 D1 2 104 9 10 1 2 104
87 m w1 2 104 9 10%
Arsenic
As-69 W 0.5 110° 510° 0.5 3104
15.2m
As-70 W 0.5 510 2103 0.5 1104
52.6m
As-71 W 0.5 5000 210% 0.5 4000

64.8 h




Table. 1.a, Cont’d.
Inhalation Ingestion

ALI DAC ALl
Nuclide Class/f, MBq MBq/m’ f, MBq
As-72 w05 50 0.02 0.5 30
260h
As-73 W 0.5 60 0.03 0.5 300
80.30 d
As-74 W 0.5 30 0.01 0.5 60
17.76 d
As-76 W 0.5 50 0.02 0.5 40
26.32 h
As-77 W 0.5 200 0.08 0.5 200
388h
As-78 W05 R0Q 01 as 300
90.7 m
e 8 I-
Se-70 D038 1000 0.6 08 600
41.0m w08 2000 0.7 0.05 400
Se-73 D 0.8 500 0.2 038 300
7.15h W 0.8 600 0.2 0.05 100
Se-7Im D 0.8 6000 2 0.8 2000
Ym W 0.8 5000 2 0.05 1000
Se-75 D 0.8 3% 0.01 0.8 20
119.8d W08 20 0.009 0.05 100
Se-79 D 0.8 30 0.01 0.8 20
65000 y w08 20 0.009 0.05 200
Se-81 D 0.8 8000 k| 0.8 2000
18.5 m W08 9000 4 0.05 2000
Se-81m D 0.8 3000 1 08 1000
§7.25 m W08 3000 1 0.05 900
Se-83 D 0.8 4000 2 08 2000
22.5m w08 5000 2 0.05 1000
Bromine
Br-74 D1 3000 1 800
253 m Wi 3000
Br-74m D1 1000 0.6 1 500
415 m L 2000 0.6
Br-75 D1 2000 0.7 1 1000
98 m w1 2000 0.8
Br-76 D1 200 0.07 1 100
16.2 h Wi 200 0.07
Br-77 D1 900 04 ! 600
56 h w1 700 0.3
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Table 1.b, Cont'd.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f, uCi uCi/cm’ f, uCi
As-72 W 0.5 1000 6107 0.5 900
260h
As-73 W 0.5 2000 7107 0.5 8000
80.30 d
As-74 W 0.5 800 3107 0.5 1000
17.76 d
As-76 W 0.5 1000 6107 0.5 1000
26.32 h
As-77 W 0.5 5000 2 10 0.5 4000
388 h
As-78 W 0.5 2 104 9 10¢ 0.5 8000
90.7 m
Selenium
Se-70 D038 4 10* 2 107 0.8 2104
410 m W 0.8 410! 210 0.05 110
Se-73 D08 1104 510% 0.8 7000
7.15 h W 0.8 210 710°% 0.05 3000
Se-73m D038 2 10% 6 103 0.8 6 10*
9m W 0.8 110° 6 103 0.05 3104
Se-75 D08 700 3107 08 500
119.8 d W 0.8 600 3107 0.05 3000
Se-79 D08 800 3107 0.8 600
65000 y w038 600 2107 0.05 5000
Se-81 D 0.8 210° 9 10° 0.8 6 10*
18.5 m W 0.8 2 10° 110* 0.05 610!
Se-81m D08 7 104 3107 0.8 4104
57.25m W 0.8 7 10¢ 310 0.05 2104
Se-83 D08 1108 510 0.8 4 10
225m W 0.8 1 10° 510° 0.05 310t
Bromine
Br-74 DI 7 104 3103 i 2 10
253 m w1 8 10* 4107
Br-74m D1 4 104 210% 1 1104
41.5m Wi 410 2 107
Br-75 D1 510! 21079 1 310
98 m Wi s 10! 2107
Br-76 DI 5000 210% i 4000
16.2 h Wi 4000 210°%
Br-77 DI 2 104 11073 ! 210
56 h w1 210! 8 10°¢
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Table 1.a, Cont’d.

lahalation i Ingestion
ALl DAC ALL
Nuclide Class/f, MBq MBq/m’ f, MBq
Br-80 D1 7000 3 i 2000
174 m W1 3000 3
Br-80m Di 600 0.3 1 800
442 h W1 500 0.2
Br-82 D1 200 0.06 1 100
3530 h Wi 100 0.06
Br-83 D1 2000 ¥ | 2000
239 h Wi 2000 1
Br-84 D1 2000 0.9 1 700
3180m W 2000 {
Krypton
Kr-74 Sub 0.1
11.50m
Kr-76 Sud 0.3
148 h
Kr-77 Sub 0.1
74.7 m
Kr-79 Sub 0.6
3504 h
Kr-81 Sub 20
2110°y
Kr-83m Sub 400
1.83 h
Kr-85m Sub 0.8
448 h
Kr-85 Sub 5
{072y
Kr-87 Sub 0.2
76.3 m
Kr-88 Sub 0.07
284 h
Rubidium
Rb-79 D1 4000 2 1 1000
229 m
Rb-81 D1 2000 0.8 1 1000
4.58 h
Rb-81m D1 110¢ S 1 9000
32m
Rb-82m D1 700 0.3 1 400

6.2h
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Table 1.b, Cont'd.

Inhalation Ingestion
ALI DAC ALI
Nuclide Class/f, uCi uCifem?® f, uCi
Br-80 D1 2 10° 8 10 1 510
174 m W1 2 10° 910’
Br-80m D1 2104 710 1 2104
442 h Wi 110 6 10
Br-82 D1 4000 210% 1 3000
3530 h W1 4000 210
Br-83 D1 6 10# 310° 1 5 104
239 h w1 6 104 310°
Br-84 D1 6 10* 2107 1 2104
31.80 m \ B! 6 104 310°
Krypton
Kr-74 Sub 310
11.50 m
Kr-76 Sub 9 10t
148 h
Kr-77 Sub 4 10%
74.7m
Kr-79 Sub 210°%
35.04 h
Kr-81 Sub 7 10
2110%y
Kr-83Im Sub 0.01
1.83 h
Kr-85m Sub 2103
448 h
Kr-85 Sub 110*
10.72 y
Kr-87 Sub 5 108
76.3 m
Kr-88 Sub 210
284 h
Rubidium
Rb-79 D1 110° 5107 1 4 10*
229m
Rb-81 D1 510 2 109 1 410%
458 h
Rb-81m D1 310° 110 1 210°
32m
Rb-82m D1 2104 710 i 110

6.2h
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Table 1.a, Cont’d.

Inhalation Ingestion

ALl DAC ALl
Nuclide Class/f, MBq MBq/m? f, MBq
Rb-83 D1 40 0.02 1 20
86.2d
Rb-84 DI 30 0.01 1 20
32.77d
Rb-86 DI 30 0.01 1 20
18.66 d
Rb-87 DI 60 0.02 1 40
4.7100y
Rb-88 DI 2000 1 1 700
178 m
Rb-89 D! 5000 2 1 1000
Is.2m
Stroatiom
Sr-80 DO0.3 400 0.2 0.3 200
100 m Y 0.01 500 0.2 0.01 200
Sr-81 D03 3000 1 0.3 900
25.5 m Y 0.01 3000 1 0.01 900
Sr-82 D03 10 0.006 0.3 10
25d Y 0.04 3 0.001 0.01 7
Sr-83 D03 300 0.1 0.3 100
324 h Y 0.01 100 0.05 0.01 80
Sr-85 D03 100 0.04 0.3 90
64.84 d Y 0.0t 60 0.02 0.01 100
Sr-85m D 0.3 2 10* 9 0.3 8000
69.5m Y 0.01 30 10 0.01 8000
Sr-87m D 0.3 $000 2 0.3 2000
2.805 h Y 0.01 6000 2 0.01 1000
Sr-89 D03 30 0.0} 0.3 20
50.5 d Y 0.0t S 0.002 0.01 20
Sr-90 D03 0.7 310 0.3 t
29.12y Y 0.01 0.1 6 10° 0.0l 20
Sr-91 D 0.3 200 0.09 0.3 80
9.5h Y 0.01 100 0.05 0.01 60
Sr-92 D 0.3 300 0.1 0.3 100
271 h Y 0.0! 200 0.1 0.0} 100
Yttriom
Y-86 w110t 100 0.05 110 50
14.74 h Y!i1o* 100 0.05
Y-86m w110 2000 0.9 1104 800
48 m Y1104 2000 0.8
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Table 1.b, Cont’d.

Inhalation Ingestion
ALI DAC ALI

Nuclide Class/f, uCi uC i,/gnf‘ f; uCi
Rb-83 D1 1000 4107 1 600
86.2d
Rb-84 Di 800 3107 1 500
32774
Rb-86 D1 800 3107 1 500
18.66 d
Rb-87 D1 2000 6107 1 1000
47100y
Rb-88 D1 6 10* 310° i 2104
i7.8 m
Rb-89 D1 110 6103 1 410
152 m
Stroatium
Sr-80 DO0.3 110 5 10¢ 0.3 4000
100 m Y 0.0 1104 510 00! 4000
Sr-81 D03 8 10* 310° 03 310
25.5m Y 0.0t 8 10¢ 3107 0.01 2104
Sr-82 D 0.3 400 2107 0.3 300
25d Y 0.01 90 410% 0.01 200
Sr-83 D63 7000 310°% 0.3 3000
324h Y 0.01 4000 110%¢ 0.01 2000
Sr-85 D 0.3 3000 110 0.3 3000
6484 d Y 0.01 2000 6107 0.01 4000
Sr-85m D 0.3 6 10° 31 0.3 210°
69.5m Y 0.0l 8 10° 4104 0.0t 2108
Sr-87m D 0.3 110° 5107 0.3 5 10¢
2.805 h Y 0.01 210 6 10° 0.01 4 10*
Sr-89 D 0.3 800 4107 0.3 600
50.5 d Y 0.01 100 6 10¢ 0.01 500
Sr-90 D03 20 8 10? 0.3 30
29.12y Y 0.0t 4 21070 0.01 400
Sr-91 D 0.3 6000 210 0.3 2000
9.5h Y 0.01 4000 110 0.01 2000
Sr-92 D 0.3 9000 410" 0.3 3000
2.7t h Y 0.01 7000 310 0.01 3000
Yttrium
Y-86 W ii0 3000 110 10 1000
1474 h Y110 3000 110¢
Y-86m wi1ii10* 610 210° 1104 210
48 m Y1 10* 5104 210°
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Table 1.a, Cont’d.

Inhalation [ngestion
ALl DAC ALl

Nuclide Class/f, MBq MBg/m? f MBgq
Y-87 wii0* 100 0.05 110* 80
80.3 h Y110* 100 0.05
Y-88 W110* 9 0.004 110 40
106.64 d Y1 10* 9 0.004
Y-90 w1104 30 0.0t 110 20
64.0 h Y110* 20 0.009
Y-90m W0 500 0.2 {104 300
319 h Y110t 400 0.2
Y-91 w110 6 0.003 1 10* 20
58.51d Y 110* 4 0.002
Y-9Im w1 10* 9000 4 110* 5000
4971 m Y1104 6000 2
Y-92 w1 300 0.1 110* 100
3.54 h Y {104 300 0.1
Y-93 w1t 100 0.04 1 10* 40
10.1 h Y t 10+ 90 0.04
Y-94 wito* 3000 ] 110% 800
19.1 m Y1 10 3000 1
Y-95 w10t 6000 2 110* 1000
10.7 m Y!10* 5000 2
Zirconiom
Zr-86 D 0.002 100 0.06 0.002 50
16.5 h W 0.002 100 0.04

Y 0.002 90 0.04
Zr-88 D 0.002 8 0.003 0.002 100
83.4d W 0.002 20 0.007

Y 0.002 10 0.005
Z2r-89 D 0.002 100 0.05 0.002 60
78.43 h W 0.002 90 0.04

Y 0.002 %0 0.04
Zr-93 D 0.002 0.2 110 0.002 50
1.5310%y W 0.002 0.9 410*

Y 0.002 2 9 10*
Zr-95 D 0.002 5 0.002 0.002 50
6398 d W 0.002 10 0.006

Y 0.002 10 0.004
Zr-97 D 0.002 70 0.03 0.002 20
16.90 h W 0.002 50 0.02

Y 0.002 50 0.02
Niobium
Nb-88 W 0.01 8000 4 0.01 2000
143 m Y 0.01 8000 3
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Table 1.b, Cont’d.

Inhalation Ingestion
ALl DAC ALI

Nuclide Class/f, xCi uCi/cm? f, uCi
Y-87 W 110* 3000 110%¢ 110* 2000
80.3 h Y 110+ 3000 110%
Y-88 w1 104 300 1107 110* 1000
106.64 d Y1104 200 1107
Y-90 w1104 700 3107 110* 400
640 h Y | 10* 600 3107
Y-90m w110 1104 510 110* 8000
319 h Y110* 1104 510%
Y91 w110* 200 710% 110 500
58.51d Y1 10* 100 510t
Y-91m wili10* 210 110* 110* 110
491 m Y110* 2108 710°
Y-92 w1 10* 9000 410% 110* 3000
354 h Y110 8000 jlo*
Y-93 w110* 3000 1 10¢ 110* 1000
10.1 h Y1104 2000 110%¢
Y-94 wilio* 810 3107 110 210
19.1 m Y110t 8 10* 3107
Y-95 wii0* 210 6 107 110 410
10.7 m Y110* 110° 6103
Zirconium
Zr-86 D 0.002 4000 210% 0.002 1000
16.5 h W 0.002 3000 110°%

Y 0.002 2000 110%
Zr-88 D 0.002 200 910* 0.002 4000
8344d W 0.002 500 2107

Y 0.002 300 1107
Zr-89 D 0.002 4000 110 0.002 2000
78.43 h W 0.002 2000 1104

Y 0.002 2000 110%
Z1-93 D 0.002 6 3107? 0.002 1000
1.5310%y W 0.002 20 110°¢

Y 0.002 60 210"
Zr-95 D 0.002 100 510% 0.002 1000
6398 d W 0.002 400 2107

Y 0.002 300 1107
Zr-97 D 0.002 2000 8107 0.002 600
16.90 h W 0.002 1000 6107

Y 0.002 1000 5107
Niobiam
Nb-88 W 0.01 2 10° 910 0.01 510*
143 m Y 0.01 210 910
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Table 1.a, Cont'd.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f, MBq MBq/m? f, MBq
Nb-89 W 0.01 700 0.3 0.01 200
122 m Y 0.01 600 0.2
Nb-89 W 0.01 2000 0.6 0.01 400
66 m Y 0.01 1000 0.6
Nb-90 W 0.01 100 0.04 0.01 40
14.60 h Y 0.01 90 0.04
Nb-93m W 0.01 70 0.03 0.01 300
136y Y 0.01 6 0.003
Nb-94 W 0.01 7 0.003 0.01 40
20310y Y 0.01 0.6 210*
Nb-95 W 0.01 50 0.02 0.01 80
35.15d Y 0.01 40 0.02
Nb-95m W 0.0l 100 0.04 0.01 80
86.6 h Y 0.01 80 0.03
Nb-96 W 0.0l 100 0.04 0.01 40
23.35h Y 0.01 %0 0.04
Nb-97 W 0.01 3000 | 0.01 800
721 m Y 0.01 3000 ]
Nb-98 W 0.01 2000 0.8 0.01 500
51.5m Y 0.01 2000 0.8
Molybdenum
Mo-90 D08 300 0.1 0.8 200
567 h Y 0.05 200 0.07 0.05 70
Mo-93 D0.8 200 0.08 0.8 100
35100y Y 0.05 7 0.003 0.05 900
Mo-93m D08 700 0.3 0.8 300
6.85h Y 0.05 500 0.2 0.05 200
Mo-99 D08 100 0.04 0.8 60
66.0 h Y 0.05 50 0.02 0.05 40
Mo-101 D08 5000 2 0.8 2000
14.62 m Y 0.05 6000 2 0.05 2000
Technetiom
Tc-93 Dos8 3000 | 0.8 1000
275 h w08 4000 2
Tc-93m Dos 6000 2 0.8 3000
43.5m w08 110 5
Tc-94 D08 700 0.3 0.8 300
293 m W 0.8 900 0.4
Tc-94m D08 2000 0.7 0.8 700
52m W08 2000 0.9
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Table 1.b, Cont'd.

Inhalation Ingestion

ALl DAC ALl
Nuclide Class/f, uCi uCifcm? f, uCi
Nb-89 W 0.0t 2 104 8 10* 0.01 5000
122 m Y 0.0 2 10 6 10%
Nb-89 W 0.01 410 2 10° 0.01 1104
66 m Y 0.0l 4 10* 2107
Nb-90 W 0.01 3000 110% 0.0} 1000
14.60 h Y 0.0 2000 110
Nb-93m W 0.0l 2000 8107 0.01 9000
136y Y 0.01 200 710"
Nb-94 W 0.01 200 810° 0.01 900
20310y Y 0.01 20 6 10°
Nb-95 W 0.01 1000 5107 0.01 2000
35.15d Y 0.01 1000 5107
Nb-95m W 0.01 3000 {10 0.01 2000
86.6 h Y 0.0t 2000 9 107
Nb-96 W 0.01 3000 110 0.01 1000
23.35 h Y 0.0t 2000 1 10%
Nb-97 W 0.01 8 10* 310 0.01 210
721 m Y 0.0t 710 310°
Nb-98 W 0.01 510* 2103 0.01 110
51.5m Y 0.0t 5104 210°
Moiybdenum
Mo-90 D08 7000 3 10¢ 0.8 4000
5.67h Y 0.05 5000 210 0.05 2000
Mo-93 D08 5000 210 0.8 4000
3.510%y Y 0.05 200 8 10% 005 210
Mo-93m Do0s 210 710%¢ 0.8 9000
6.85h Y 0.05 1 10 6 10 0.05 4000
Mo-99 D08 3000 110 0.8 2000
66.0 h Y 0.05 1000 6 107 0.05 1000
Mo-101 D08 110° 6103 0.8 410%
1462 m Y 0.05 110° 6103 0.05 410
Technetiom
Tc-93 D 0.8 7104 3103 08 310
275 h W 0.8 1108 410°
Tc-93m D08 2108 610° 0.8 710
43.5m W 0.8 310° 110
Tc-94 D08 2104 8 10 0.8 9000
293 m W 0.8 2100 1103
Tc-94m D 0.8 4104 2107 0.8 2 10
$2m W 0.8 6 10* 210
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Table 1.a, Cont'd.

Inhalation [ngestion
ALI DAC ALI

Nuclide Class/f, MBq MBgq/m? f, MBq
Tc-95 D08 800 0.3 0.8 400
20 h W 0.8 700 0.3
Tc-95m D038 200 0.08 0.8 100
61 d W 0.8 70 0.03
Tc-96 D 0.8 100 0.05 0.8 70
4284 W 0.8 80 0.03
Tc-96m D08 1104 4 0.8 6000
51.5m W 0.8 9000 4
Tc-97 D08 2000 0.8 0.8 1000
26 10%y W08 200 0.09
Tc-97m D038 200 0.1 0.8 200
87d W 0.8 40 0.02
Tc-98 D 0.8 60 0.02 0.8 40
4210%y W 0.8 10 0.005
Tc-99 D08 200 0.08 0.8 100
21310°y W 0.8 20 0.0!
Tc-99m D 0.8 6000 2 0.8 3000
6.02 h W 0.8 9000 4
Tc-101 D 0.8 1104 5 0.8 3000
142 m W 0.8 1o 6
Tc-104 D 0.8 3000 1 0.8 800
18.2 m w08 3000 1
Rutheniom
Ru-94 D 0.05 2000 0.7 0.05 600
S1.8 m W 0.05 2000 1

Y 0.05 2000 0.9
Ru-97 D 0.05 700 0.3 0.05 300
294d W 0.05 500 0.2

Y 0.05 400 0.2
Ru-103 D 0.05 60 0.03 0.05 70
39.28 d W 0.05 40 0.02

Y 0.05 20 0.01
Ru-105 D 0.0S 500 0.2 0.05 200
444 h W 0.05 500 0.2

Y 0.05 400 0.2
Ru-106 D 0.05 3 0.001 0.05 7
368.2d W 0.05 2 810

Y 0.05 0.4 210
Rhodium
Rh-99 D 0.05 100 0.05 0.05 90
16 d W 0.05 80 0.03

Y 0.05 70 0.03
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Table 1.b, Cont'd.

Inhalation Ingestion
ALl DAC ALl

Nuctlide Class/f;,  uCi uCi/cm’ f, uCi
Tc-95 DOS 2104 9 10¢ 0.8 1104
20 h W 0.8 210 8 10¢
Tc-95m D08 5000 210 0.8 4000
61d W 0.8 2000 810"
Tc-96 D08 3000 110 0.8 2000
4284 w08 2000 9107
Tc-96m D03 3190° 110* 0.8 2 10t
S1.5m W 0.8 210° i10*
Tc-97 D038 510¢ 210 0.8 4 10"
2.6 10%y W 0.8 6000 210%¢
Tc-97m DG8 7000 310% 0.8 5000
87 d w08 1000 5107
Tc-98 D08 2000 7107 0.8 1000
4210%y w08 300 1107
Tc-99 D08 5000 210% 0.8 4000
21310y W 0.8 700 3107
Tc-99m D038 2 10 6109 0.8 8 104
6.02 h W 0.8 2 10° 110*
Te-101 Dos 310° 1104 0.8 9 104
142 m W 0.8 410° 2107
Tc-104 D08 7 10* 3103 0.8 2104
182 m W08 9 104 410°
Rutheaium
Ru-94 D 0.05 410 210 ¢os 210t
51.8 m W 0.05 6 10 310

Y 0.05 6 10 210
Ru-97 D 0.05 2104 8 10 0.05 3000
294d W 0.05 110 510

Y 0.05 110* 510
Ru-103 D 0.05 2000 7107 0.05 2000
39.284d W 0.05 1000 4107

Y 0.05 600 3107
Ru-105 D 0.05 1104 6 10¢ 0.05 5000
444 h W 0.05 1104 610

Y 0.05 110 510%
Ru-106 Doos 9% 4107 0.05 200
368.2d W 0.05 50 2 10?

Y 0.05 10 510°
Rhodium
Rh-99 D 0.05 3000 110%¢ 0.05 2000
16 d W 0.05 2000 9 107

Y 0.05 2000 8 107




Table i.a, Cont’d.
Inkalation ingestion
ALI DAC ALl

Nuclide Class/f, MBq MBq/m’ f, MBq
Rh-99m D 0.05 2000 0.9 0.05 700
47 h W 0.05 3000 1

Y 0.05 2000 H
Rh-100 D 0.05 200 0.08 0.05 60
208 h W 0.05 100 0.06

Y 0.05 100 0.06
Rh-101 D 005 20 0.008 0.05 20
32y W 0.05 30 0.01

Y 0.05 6 0.002
Rh-10im D 0.05 400 0.2 0.05 200
4.34d W 0.05 300 0.1

Y 0.05 300 0.1
Rh-102 D 0.05 3 0.00t 0.05 20
25y W 0.05 7 0.003

Y 0.05 2 910
Rh-102m D 0.05 20 0.008 0.05 50
207 4 W 0.05 10 0.006

Y 0.05 4 0.002
nt 1A " AAE 2 1nd an nne -~ sl
KRB-iusm [P RVAT R 94 (v &YV UUI £ 1V
56.12 m W 0.05 510 20

Y 0.05 4 10% 20
Rh-105 D 0.05 400 0.2 0.05 100
35.36 h W 0.05 200 0.1

Y 0.05 200 0.09
Rh-106m D 0.05 900 0.4 0.05 300
132 m W 0.05 1000 0.6

Y 0.05 1000 0.5
Rh-107 D 0.05 9000 4 0.05 3000
217 m W 0.08 1104 4

Y 0.05 9000 4
Palladium
Pd-100 D 0.005 50 0.02 0.005 50
3.63d W 0.005 50 0.02

Y 0.005 50 0.02
Pd-10] D 0.005 1000 0.5 0.005 500
8.27h W 0.005 1000 0.5

Y 0.005 1000 0.5
Pd-103 D 0.005 200 0.1 0.005 200
16.96 d W 0.005 200 0.07

Y 0.005 100 0.05
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Table 1.b, Cont'd.

Inhalation Ingestion
ALl DAC ALl
Nuclide Class/f, «Ci uCi/cm? f, uCi
Rh-99m D 0.05 6 10* 2107 0.05 2104
47h W 0.05 8 10* 310°
Y 0.05 7104 3107
Rh-100 D 0.05 5000 2 10 0.05 2000
208 h W 0.05 4000 210
Y 0.05 4000 2 10
Rh-10) D 0.05 500 2 107 0.05 2000
32y W 0.05 800 3107
Y 0.05 200 6 107
Rh-i01m D 0.05 110 510% 0.05 6000
434 d W 0.05 8000 4 10*
Y 0.05 8000 310%¢
Rh-102 D 0.05 90 4 107 0.05 600
29y W 0.05 200 710°%
Y 0.05 60 2 10°¢
Rh-102m D 0.05 500 2107 0.05 1000
207 d W 0.05 400 2107
Y 0.05 100 5 10
Rh-103m D 0.05 1 10¢ 510 0.05 4 10°
56.12 m W 0.05 110° 510*
Y 0.05 1 10° 5 10
Rh-105 D 0.05 110t 5 10 0.05 4000
35.36 b W 0.05 6000 310%
Y 0.05 6000 210
Rh-106m D 0.05 3104 110° 0.05 8000
132 m W 0.05 410* 210°%
Y 0.05 4 104 1108
Rh-107 D 0.05 210° 1104 0.05 7104
21.7m W 0.05 310° 110%
Y 0.05 310° 110
Paliadiom
Pd-100 D 0.005 1000 6 107 0.005 1000
363d W 0.005 1000 5107
Y 0.005 1000 6 107
Pd-101 Dooos 310 1107 0.005 1 10*
8.27h W 0.005 3104 110
Y 0.005 3104 110
Pd-103 D 0.005 6000 310 0.005 6000
16.96 d W 0.005 4000 2 10¢

Y 0.005 4000 t10¢
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Table 1.a, Cont’d.

Inhalation Ingestion
ALl DAC ALL
Nuclide Class/f; MBq MBq/m? f, MBq
Pd-107 D 0.005 800 0.3 0.005 1000
6.5 10%y W 0.005 300 0.1
Y 0.005 10 0.006
Pd-109 D 0.005 200 0.1 0.005 )
13.427 h W 0.005 200 0.09
Y 0.005 200 0.07
Silver
Ag-102 D 0.05 7000 3 0.05 2000
129m W 0.05 8000 3
Y 0.05 7000 3
Ag-103 D 0.05 4000 2 0.05 1000
65.7m W 0.05 5000 2
Y 0.05 4000 2
Ag-104 D 0.05 3000 1 0.05 800
69.2m W 0.05 5000 2
Y 0.05 6000 2
Ag-104m D 0.05 4000 1 0.05 1000
3S5m W 0.05 5000 2
Y 0.05 4000 2
Ag-105 D 0.05 40 0.02 0.05 100
41.0d W 0.05 60 0.03
Y 0.05 60 0.03
Ag-106 D 0.05 7000 3 0.05 2000
2396 m W 0.05 3000 3
Y 0.05 7000 3
Ag-106m D 0.05 30 0.01 0.05 30
8.41d W 0.05 30 0.01
Y 0.05 30 0.01
Ag-108m D 0.05 7 0.003 0.05 20
127y W 0.05 9 0.004
Y 0.05 09 410
Ag-110m D 0.05 5 0.002 0.05 20
2499 d W 0.05 7 0.003
Y 0.05 3 0.001
Ag-1i1 D 0.05 60 0.02 0.05 30
7.45d W 0.05 30 0.0
Y 0.05 30 0.0
Ag-112 D 0.05 300 0.1 0.05 100
3.12h W 0.05 400 0.2
Y 0.05 300 0.1
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Table 1.b, Cont’d.

Inhalation [ngestion
ALl DAC ALI
Nuclide Class/f, uCi uCi/cm? fi uCi
Pd-107 D 0.005 210* 910 0.005 3 10¢
6.510%y W 0.005 7000 310
Y 0.005 400 2107
Pd-109 D 0.005 6000 310¢ 0.005 2000
13427 h W 0.005 5000 2 10
Y 0.005 5000 2 107
Sliver
Ag-102 D 0.05 210 8 10 005 S0t
129m W 0.05 2 10° 9 1073
Y 0.05 2 10° 8 103
Ag-103 D 0.05 t10° 4103 0.05 4104
65.7m W 0.05 i 104 5108
Y 0.05 t10° 510
Ag-104 D 0.05 7104 3107 0.0S 2104
69.2 m W 0.05 110° 6 10
Y 0.05 1108 610°
Ag-104m D 0.05 9 10* 4103 0.05 3104
33.5m W 0.05 1 10° 510°
Y 0.05 1108 5107
Ag-105 D 0.05 1000 4 107 0.05 3000
41.04d W 0.05 2000 7107
Y 0.05 2000 7107
Ag-106 D 0.05 210 8103 005  610*
23.96 m W 0.05 210° 9 10
Y 6.05 210° 810?
Ag-106m D 0.05 700 3107 0.05 800
841 d W 0.05 900 4107
Y 0.05 900 4107
Ag-108m D 0.05 200 810 0.05 600
127y W 0,05 300 1107
Y 0.05 20 110®
Ag-110m D 0.05 100 5 10¢ 0.05 500
249.9 d W 0.05 200 8 10°¢
Y 0.05 %0 410
Ag-111 D 0.05 2000 6 107 0.05 900
7.45 ¢ W 0.05 900 4107
Y 0.05 900 4107
Ag-112 D 0.05 8000 310¢ 0.05 3000
3.i2h W 0.05 110 4 10
Y 0,05 9000 4 10%
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Table 1.a, Cont’d.

Inhalation Ingestion
ALl DAC ALl

Nuclide Class/f;, MBq MBg/m’ f; MBq
Ag-115 D 0.05 3000 1 0.05 1000
200m W 0.05 3000 t

Y 0.05 3000 1
Cadmivm
Cd-104 D 0.05 2000 1 0.05 800
57.7m W 0.05 4000 2

Y 0.05 4000 2
Cd-107 D 0.05 2000 08 0.05 800
6.49 h W 0.05 2000 09

Y 0.05 2000 08
Cd-109 D 0.05 i 5104 0.05 10
464 d W 0.05 4 0.002

Y 0.05 4 0.002
Cd-113 D 0.05 0.08 310° 0.05 0.8
9.3 10"y W 0.05 0.3 1104

Y 0.05 0.5 210
Cd-113m D 0.05 0.09 4103 0.05 0.9
136y W 0.05 0.3 1104

Y 0.05 0.5 2 10
Ca-115 D 0.05 50 0.02 0.05 30
5346 h W 0.05 50 0.02

Y 0.05 50 0.02
Cd-115m D 0.05 2 8 10* 0.05 10
4464 W 0.05 5 0.002

Y 0.05 5 0.002
Cd-117 D 0.05 400 0.2 0.05 200
249 h W 0.05 600 0.3

Y 0.05 500 0.2
Cd-117m D 0.05 500 0.2 0.05 200
3.36 h W 0.05 600 0.3

Y 0.05 500 0.2
Indinm
in-109 D 0.02 2000 0.7 .02 700
42 h W 0.02 2000 1
In-110 D 0.02 600 0.3 0.02 200
49 h W 0.02 700 0.3
In-110 D 0.02 2000 0.7 0.02 600
69.1 m W 0.02 2000 0.9
In-111 D 0.02 200 0.1 0.02 200
2834d W 0.02 200 0.1
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Table 1.b, Cont'd.

Inhalation Ingestion
ALI DAC ALI

Nuclide Class/f, uCi uCi/cm? f, uCi
Ag-115 D 0.05 9 10 410° 0.05 3104
200 m W 0.05 9 10* 4107

Y 0.05 8 10 310°
Cadmium
Cd-104 D 0.05 7104 310° 0.05 210
57.7m W 0.05 110° 5103

Y 0.05 110° 510°
Cd-107 D 0.05 510 210° 0.05 210
6.49 h W 0.05 6 10 210%

Y 0.05 510* 210%
Cd-109 D 0.05 40 110 0.05 300
464 d W 0.05 100 510%

Y 0.05 100 510
Cd-113 D 0.05 2 9100 0.05 20
9.310%y W 0.05 8 310°

Y 0.05 10 6 107
Cd-113m D 0.05 2 1107 0.05 20
136y W 0.05 8 410°

Y 0.05 10 5107
Cd-115 D 0.05 1000 6107 0.05 900
53.46 h W 0.05 1000 5107

Y 0.05 1000 6107
Cd-115m D 0.05 50 210% 0.05 300
4464d W 0.05 100 5108

Y 0.05 100 610
Cd-117 D 0.05 1 10* 510% 0.05 5000
249 h W 0.05 210* 710%

Y 0.05 110 610
Cd-11Tm D 0.05 1104 510 0.05 5000
3.36 h W 0.05 2 10* 710%

Y 0.05 110 6 10
Indium
In-109 D 0.02 4104 210° 0.02 210
42 h W 0.02 6 10 310°
In-110 D 0.02 210 710% 0.02 5000
49 h W 0.02 2104 8 10¢
In-110 D 0.02 410 2103 0.02 210
69.1 m W 0.02 6 10 2103
In-111 D 0.02 6000 310% 0.02 4000
2.83d W 0.02 6000 310%
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Table 1.a, Cont’d.

Inhalation 7 E\ggsiog -
ALI DAC _ALL

Nuclide Class/f, MBq MBgq/m? f MBq
In-112 D 0.02 210 10 0.02 6000
144 m W 0.02 3104 10
In-113m D 0.02 5000 2 0.02 2000
1.658 h W 0.02 7000 3
In-114m D 0.02 2 0.001 0.02 10
49.51d W 0.02 4 0.002
In-115 D 0.02 0.05 21078 0.02 |
5.110%y W 0.02 0.2 8 107
In-115m D 0.02 2000 0.7 0.02 500
4.486 h W 0.02 2000 0.7
In-116m D 0.02 3000 1 0.02 900
54.15m W 0.02 4000 2
In-117 D 0.02 6000 3 0.02 2000
438 m W 0.02 8000 3
In-117m D 0.02 1000 0.5 0.02 400
116.5 m W 0.02 2000 0.7
In-119m D 0.02 5000 2 0.02 1000
180 m W 0.02 5000 2
Tin
Sn-110 D 0.02 400 0.2 0.02 100
40h W 0.02 400 0.2
Sn-111 D 0.02 8000 3 0.02 3000
353 m W 0.02 1104 4
Sn-113 D 0.02 50 0.02 0.02 60
115.1d W 0.02 20 0.009
Sn-117m D 0.02 50 0.02 0.02
13.61d W 0.02 50 0.02
Sn-119m D 0.02 90 0.04 0.02 100
293.0d W 0.02 40 0.02
Sn-121 D 0.02 600 0.2 0.02 200
27.06 h W 0.02 400 0.2
Sn-121m D 0.02 30 0.0! 0.02 100
55y W 0.02 20 0.008
Sn-123 D 0.02 20 0.01 0.02 20
129.2d W 0.02 6 0.003
Sn-123m D 0.02 4000 2 0.02 2000
40.08 m W 0.02 5000 2
Sn-125 D 0.02 30 0.01 0.02 10
9.64 d W 0.02 10 0.005
Sn-126 D 0.02 2 910 0.02 10
1.010°y W 0.02 2 0.001
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Table 1.b, Cont’d.

Inhalation Ingestion

ALl DAC ALl
Nuclide Class/f, uCi uCi/em? f| uCi
In-112 D 0.02 6 10* 310% 0.02 2 10°
144 m W 0.02 7 10° 310*
In-113m D 0.02 110° 6 103 0.02 5104
1.658 h W 0.02 2 10¢ 8 10”
In-114m D 0.02 60 310t 0.02 300
49.51 d W 0.02 100 410
In-115 D 0.02 i 6 1070 0.02 40
S.110%y W 0.02 5 2107
in-115m D 0.02 4 104 2 10° 0.02 110}
4.486 h W 0.02 5 10 2 10°
In-116m D 0.02 8 104 310° 0.02 2 10
5415 m W 0.02 110° 510°
In-117 D 0.02 2 108 7107 0.02 6 104
438 m W 0.02 2 10° $ 10°
In-117m D 0.02 3104 1107 0.02 110
116.5m W 0.02 410 2107
In-119m D 0.02 110’ 510 0.02 4100
180 m W 0.02 110° 6 10
Tia
Sn-110 D 0.02 i 10 510% 0.02 4000
40h W 0.02 i 104 5 0%
Sa-111 D 0.02 2108 9 107 0.02 7 10*
353 m W 0.02 310° 110
Sn-113 D 0.02 1000 5107 0.02 2000
{15.1 4 W 0.02 500 2107
Sn-117m D 0.02 1000 5107 0.02 2000
1361 d W 0.02 1000 6 107
Sn-119m D 0.02 2000 1 t0¢ 0.02 3000
293.04 W 0.02 1000 4 107
Sn-121 D 0.02 2104 6 10¢ 0.02 6000
27.06 h W 0.02 1104 5 10¢
Sn-12lm b 0.02 900 4 107 0.02 3000
55y W 0.02 500 2107
Sa-123 b 0.02 600 3107 0.02 500
12¢.2d W 0.02 200 710
Sn-123m D 0.02 1 10° 5 10°° 0.02 5104
40.08 m W 0.02 110° 6 107
Sn-125 D 0.02 900 4 107 0.02 400
9.64 d W 0.02 400 1107
Sn-126 D 0.02 60 2 10°% 0.02 300
1.010°y W 0.02 70 3 10t
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Table {.a, Cont'd.

Inhalation Ingestion

ALl DAC ALl
Nuclide Class/f; MBgq MBg/m’ f MBgq
Sn-127 D 0.02 700 0.3 0.02 300
2.10h W 0.02 700 0.3
Sn-128 D 0.02 1000 0.4 0.02 400
591 m W 0.02 1000 0.6
rﬁﬂ—my
Sb-115 Dol 9000 4 0.1 3000
318 m W 0.01 1104 5 0.0t 3000
Sb-116 D 0.1 1 10¢ 4 0.} 3000
158 m W 0.01 110t 5 0.0 3000
Sh-116m Do 3000 i 0.1 800
60.3 m W 0.0t 5000 2 0.0} 800
Sb-117 DO} 8000 3 0.1 3000
280 h W 0.0§ 10 4 0.01 3000
Sb-118m Dot 700 0.3 0.1 200
$.00 h W 0.0t 800 0.3 0.04 200
Sb-119 DO} 2000 0.7 0.1 600
381h W 0.0} 1000 04 0.01 500
Sb-120 Do 2 10t 7 0.1 4000
1S89m W 0.01 210t 8 0.0t 4000
Sb-120 D 0.1 80 0.03 0.1 40
5.76 d W 0.01 50 0.02 0.0} 30
Sb-122 DOl 90 0.04 0.1 30
2704 W 0.01 40 0.02 0.01 30
Sh-124 Dot 30 0.01 0.1 20
60.20 d W 0.01 9 0.004 0.0} 20
Sb-124m DO} 310t 10 0.1 9000
935 W 0.0l 2108 9 0.01 9000
Sb-125 Dot 50 0.04 0.1 80
277y W 0.01 20 0.008 0.01 10
Sb-126 DOo.t 40 0.02 0.1 20
124d W 0.01 20 0.008 0.01 20
Sb-126m Dot 7000 3 0.1 2000
190 m W 0.01 7000 3 0.01 2000
Sh-127 Do) 80 0.03 o1 30
385d W 0.01 30 0.01 0.01 30
Sb-128 Dol 110¢ 6 0.1 3000
iG.4 m W 0.01 210t 7 0.01 3000
Sb-128 DO} 200 0.07 0.4 50
90t h W 001 100 0.05 0.0 40
SH-129 D 0.1 300 0.1 0.1 100
432h W 0.0t 300 0.1 0.0t 100
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Table 1.b, Cont’d.

Inhalation Ingestion
ALl DAC ALl

Nuclide Class/f, uCi uCifem? f, sCi
Sn-127 D 0.02 2 104 8 10¢ 0.02 7000
2.10 h W 0.02 210 8 10°¢
Sn-128 D 0.02 310* 11073 0.02 9000
59.1 m W 0.02 410* 110°
Antimony
Sb-115 D 0.} 2 10° 10 0.1 8 10*
31.8m W 0.0} 310° 110% 0.01 8104
Sb-116 Do.1 310 110 0.1 7 10*
15.8 m W 0.01 3108 1104 0.01 7 10*
Sh-116m D 0.1 7 10* 310° 0.1 2104
60.3 m W 0.01 110° 6107 0.01 210
Sb-117 D 0.1 210° 910 0.1 710*
280 h W 0.01 310° 1104 0.0! 7104
Sb-118m Do.l 2104 8 10 0.1 6000
500 h W 0.01 2104 910¢ 0.0t 5000
Sb-119 D 0.t 5 104 210° 0.1 2 104
38.1 h W 0.01 3104 1109 0.01 1104
Sb-120 D 0.1 410} 2 10* 0.1 110
1589 m W 0.0l 510° 210% 0.0! 110°
Sb-120 D 6.1 2000 9 10”7 0.1 1000
5.76 d W 0.01 1000 5107 0.01 900
Sb-122 DO.} 2000 110%¢ 0.1 800
2.704d W 0.01 1000 4107 0.01 700
Sb-124 D 0.1 900 4107 0.1 600
60.20 d W 0.01 200 1107 0.01 500
Sb-124m Do.1 810° 4 10 0.1 3108
93s W 0.01 6 10° 2 10 0.01 210°
Sb-125 D 0.1 2000 110¢ 0.1 2000
277y W 0.0t 500 2107 0.01 2000
Sb-126 Do.l 1000 5107 0.1 600
1244 W 0.0t 500 2107 0.04 500
Sb-126m D 0.1 210° 810 0.1 s 104
19.0m W 0.01 210° $ 107 0.01 510*
Sb-127 Do.1 2000 9 107 0.1 800
385d W 0.0t 900 4107 0.01 700
Sb-128 Do.l 410% 210* 0.1 8 10*
10.4 m W 0.01 410° 2104 0.01 8 10¢
Sb-128 Do.1 4000 2 10¢ 0.1 1000
901 h W 0.01 3000 1104 0.0t 1000
Sb-129 DO.1 9000 410¢ 0.1 3000
432h W 0.01 9000 410°% 0.01 3000
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Table }.a, Cont’d.

Inhalation Ingestion

ALl DAC ALI
Nuclide Class/f, MBq MBgq/m’ fy MBq
Sb-130 DOl 2000 i 0.1 700
40 m W 0.01 3000 i 0.01 700
Sb-131 Dol 900 0.4 0.1 600
23m W 0.01 900 0.4 0.0t 600
Tellurium
Te-116 DoO.2 800 0.3 0.2 300
249 h W 0.2 1000 0.5
Te-121 DO0.2 200 0.06 0.2 100
17d W 0.2 100 0.05
Te-12im DO0.2 7 0.003 0.2 20
154 d W 0.2 20 0.006
Te-123 D0.2 7 0.003 0.2 20
1108y W 0.2 20 0.007
Te-123m D 0.2 8 0.003 0.2 20
119.7d W 0.2 20 0.008
Te-125m DO.2 20 0.006 0.2 40
58 d W 0.2 30 0.01
Te-127 Do0.2 800 0.3 0.2 300
9.35h W 0.2 600 0.3
Te-127m D 0.2 10 0.004 0.2 20
109 d W 0.2 9 0.004
Te-129 D 0.2 2000 1 0.2 1000
69.6 m W 0.2 a0 i
Te-129m D0.2 20 0.01 02 20
336d W 0.2 9 0.004
Te-131 D 0.2 200 0.08 0.2 100
250m W 0.2 200 0.08
Te-131m Do.2 20 0.006 0.2 10
30h W 0.2 10 0.006
Te-132 Do0.2 9 0.004 0.2 8
78.2h W 0.2 8 0.003
Te-133 Do.2 800 0.4 0.2 500
1245m W 0.2 800 0.4
Te-133m D 0.2 200 0.08 0.2 100
$5.4 m W 0.2 200 0.08
Te-134 D 0.2 900 0.4 0.2 600
418 m W 0.2 900 0.4
Todine
I1-120 D1 300 0.1 1 100

81.0m
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Table 1.b, Cont'd.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f, uCi uCi/cm? f, uCi
Sb-130 D 0.1 6 10* 310% 0.1 2104
40 m W 0.01 8104 310° 0.01 2104
Sb-131 Do.l 2104 110 0.1 110
23m W 0.01 210 1103 0.01 110*
Tellurium
Te-116 D 0.2 210 9 10 0.2 8000
249 h W 0.2 310 110
Te-121 D 0.2 4000 210° 0.2 3000
17d W 0.2 3000 110
Te-121m D 0.2 200 810t 0.2 500
154 d W 0.2 400 2107
Te-123 DO0.2 200 8 10°% 0.2 500
1108y wo.2 400 2107
Te-123m D 0.2 200 910 0.2 600
119.7d W 0.2 500 2107
Te-125m D 0.2 400 2107 0.2 1000
58d W 0.2 700 3107
Te-127 D 0.2 2104 910 0.2 7000
9.35h W 0.2 210 710%
Te-127m D 0.2 300 1107 0.2 600
109 d W 0.2 300 1107
Te-129 D 0.2 6 10* 310° 0.2 3104
69.6 m W 0.2 710 3107
Te-129m D 0.2 600 3107 0.2 500
336d W 0.2 200 1107
Te-131 D 0.2 5000 210 0.2 3000
250 m W 0.2 5000 210
Te-131m D 0.2 400 2107 0.2 300
30h W 0.2 400 2107
Te-132 D 0.2 200 910°¢ 0.2 200
782 h W 0.2 200 910
Te-133 D 0.2 2 104 910¢ 0.2 110
1245 m W 0.2 210 910%
Te-133m D 0.2 5000 210¢ 0.2 3000
554 m W 0.2 5000 210
Te-134 D 0.2 2 10* 110° 0.2 210
418 m W 0.2 2104 110
lodine
1-120 D1 9000 410% 1 4000

81.0m
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Tab_lc 1.a, Cont'd.

Inhalation Ingestion

ALI DAC ALI
Nuclide Class/f, MBq MBq/m’ f, MBq
I-120m DI 800 0.3 1 400
53m
I-121 DI 700 0.3 1 400
2.12h
1-123 DI 200 0.09 1 100
13.2 h
I-124 DI 3 0.001 1 2
4184d
I-125 DI 2 0.001 1 1
60.14 d
I-126 DI 1 5104 1 0.8
13.02d
1-128 DI 4000 2 1 2000
2499 m
1-129 DI 0.3 110% 1 0.2
1.57 10"y
1-130 DI 30 0.01 ] 10
12.36 h
I-131 D1 2 7104 1 |
8.04d
1-132 DI 300 0.1 1 100
2.30 h
I-132m DI 300 0.1 1 100
83.6 m
1-133 D1 10 0.004 1 5
208 h
I-134 DI 2000 0.7 1 800
52.6 m
I1-135 D1 60 0.02 1 30
6.61 h
Xenon
Xe-120 Sub 0.4
40 m
Xe-121 Sub 0.08
40.1 m
Xe-122 Sub 3
20.1 h
Xe-123 Sub 0.2
2.08 h
Xe-125 Sub 0.6

170 h
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Table 1.b, Cont’d.

Inhalation Ingestion

ALI DAC ALl
Nuclide Class/f, uCi uCi/em? f uCi
[-120m D1 2104 9 10 1 1104
S3m
I-121 D1 2104 8 10¢ ] 1104
2,12 h
1-123 D! 6000 310 1 3000
132 h
1-124 D1 80 310t 1 50
4.18d
1-125 Di 60 310% i 40
60.14 d
[-126 DI 40 110 1 20
13.02d
1-128 DI 110 510° ] 4104
2499 m
1-129 D1 9 410° 1 5
1.57107 y
I-130 D1 700 3107 1 400
12.36 h
1-131 Di 50 210°% 1 30
8.04 d
1-132 DI 8000 310" 1 4000
2.30 h
1-132m D1 8000 410 1 4000
836 m
1-133 D! 300 i’ | 100
208 h
1-134 D1 510 210° ! 210
526 m
I-135 D1 2000 7107 ] 800
6.61 h
Xenon
Xe-120 Sub 1103
40m
Xe-121 Sub 210%
40.1 m
Xe-122 Sub 710°
20.1 h
Xe-123 Sub 6 10°
208 h
Xe-125 Sub 2107

170 h




Table 1.a, Cont'd.

Inhaiation Ingestion

__ALI_ DAC _ALI
Nuclide Class/f;, MBgq MBq/m’ f, MBq
Xe-127 Sub 0.5
1641 d
Xe-129m Sub 7
8.0d
Xe-131m Sub 10
11.9d
Xe-133m Sub 5
2.188d
Xe-133 Sub 4
5.245d
Xe-135m Sub 0.3
15.29 m
Xe-135 Sub 0.5
909 h
Xe-138 Sub 0.1
14.17 m
Cesiom
Cs-125 D1 5000 2 | 2000
45 m
Cs-127 D1 4000 1 1 2000
6.25h
Cs-129 D1 1000 0.5 1 900