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ABSTRACT

The revised 10 CFR Part 20 is based upon the 1977 recommendations of the
International Commission on Radiological Protection and is generally consis-
tent with the 1987 recommendations of the National Council on Radiation Pro-
tection and Measurements. The revised Part 20 contains significant changes
from past practice and procedures for estimating, measuring, combining, re-
cording and reporting doses. These changes are associated with the introduc-
tion of new concepts and methods of assessing doses.

INTRODUCTION

The basic radiation protection standards that apply to activities licen-
sed by the U.S. Nuclear Regulatory Commission (NRC) under the Atomic Energy •
Act of 1954, as amended, and the Energy Reorganization Act of 1974, as amend-
ed, are contained in Part 20 of Chapter I, Title 10 of the Code of Federal
Regulations (10 CFR Part 20). The purpose of the revision of Part 20 is to
reflect developments in the principles and scientific knowledge underlying
radiation protection that have occurred since Part 20 was initially issued
over 30 years ago. These changes reflect basic changes in the philosophy
of protection and update scientific information on radionuclide uptake and
metabolism and the biological effects of ionizing radiation. This revision
implements the 1987 Presidential guidance on occupational radiation protec-
tion (Rea 1987).

The NRC and its predecessor agency, the Atomic Energy Commission, have
generally relied on the recommendations of the International Commmission on
Radiological Protection (ICRP) and the National Council on Radiation Protec-
tion and Measurements (NRCP) in formulating basic radiation protection stan-
dards. In 1977, the ICRP issued revised recommendations for a system of
radiation dose limitation, ICRP Publication No. 26 (ICRP 1977). This report
introduced a number of significant modifications to existing concepts and
recommended dose limits. In 1987, the NCRP published revised recommenda-
tions (NCRP 1987) for radiation protection. The majority of these recommen-
dations are in accord with the 1977 report of the ICRP and, consequently,
were incorporated in the proposed Part 20.

In 1978, the NRC formed several task groups to examine the implications
for NRC's radiation standards of the ICRP's recommendations. This led to
the publication of an Advance Notice of Proposed Rulemaking (NRC 1980) which
announced the intention of the Commission to revise Part 20. This notice
solicited public comment on the new concepts introduced by the ICRP recommen-
dations. The NRC staff also met with many licensees, lebor unions, public
interest groups, other Federal agencies, and scientific organizations. Com-
ments and suggestions from these groups were also considered in formulating
the proposed Part 20 revision. In addition, the NRC staff benefited from



participating in several public meetings held by the Environmental Protection
Agency (EPA) in connection with the development of Federal Guidance on occu-
pational radiation exposure.

A proposed Part 20 rule was published for public comment in 1986 (NRC
1986). Over 800 sets of public comments were received during the 250-day
public comment period. These public comments resulted in numerous changes
in the rule.

Since the proposed Part 20 was published for comment there have been
several studies based upon re-examination of the doses to the atomic bomb
survivors in Japan that indicate that the estimated risk at low doses might
be higher than previously thought (NAS 1990, UNSCEAR 1988). The BEIR-V re-
port, for example, gives risk estimates for leukemia and non-leukemia (solid
cancers) that are about two to five times higher than the estimates in the
BEIR-III report (NAS 1980). The BEIR-V report gives the following factors
as the principal reasons for this increase: (1) use of different dose-
response and risk projection models, (2) revised estimates of the doses to
the individual survivors of the atomic bombings in Japan, and (3) improved
epidemiological data from additional years of followup studies since the
BEIR-III report was completed in 1980.

The NRC does not believe that additional reductions in the dose limits
are urgently required by the latest radiation risk estimates. Few individ-
uals in either the work force or in the general public are exposed at or
near the limits. Even for those that are exposed to levels close to the
limits, most of these will not be exposed at such levels over long periods
of time. Due to the practice of ALARA ("as low as is reasonably achiev-
able"), the average radiation dose to occupationally exposed individuals is
well below the limits in either the existing or revised Part 20 and is also
below the changes be;ng considered by the ICRP. For example, in 1987 about
97 percent of the workers in nuclear power plants, industrial radiography,
reactor fuel fabrication, and radioisotope manufacturing, four of the indus-
tries having the highest potential for occupational radiation exposures,
were below an annual dose of 2 rems, which has been tentatively proposed as
a possible new dose limit (ICRP 1990). This means that an immediate reduc-
tion in the occupational dose limits would result in only a small reduction
in the population dose and potential health impact.

NEW CONCEPTS AND TERMS

Terminology

There are a number of new terms introduced in the revised Part 20. One
of the most important new concepts is "effective dose equivalent" (Hr).
"Effective dose equivalent" is the sum of the products of the dose equivalent
to an organ or tissue (Hy) and weighting factors (w-r) applicable to each of
the body organs or tissues that are irradiated:

HF = I wTHT. (1)
t T i .

The weighting factors (wT) represent the fraction of the somatic and genetic
health risk that 'is contributed by each of the body organs or tissues that



are irradiated. Control of the "effective dose equivalent'1 replaces control
of the dose to separate individual organs using the former1 "critical organ"
approach.

In the revised Part 20, the application of the "effective dose equiva-
lent" concept is restricted to internal exposures. The dose equivalent from
external radiation is specified by a "deep dose equivalent" (see Table I).
The application of weighting factors to organ doses from external irradiation
entiils estimation of the attenuation of the radiation as a function of the
depth of the organ in the body. There are practical problems in the determin-
ation of the type and energies of the radiation involved and of the orienta-
tion of the individual with respect to the source of the radiation that have
to be considered in making such calculations. Therefore, application of
weighting factors for external exposures will be evaluated on a case-by-case
basis until more guidance and additional weighting factors (such as for the
head and the extremities) are recommended.

Another new term is "committed dose equivalent" (Hy 5Q)which is the dose
to organs or tissues (T) that will be received by an individual from an in-
take of radioactive material during the 50-year period following the intake.
Although the term was new with the ICRP-26 report, the concept of limiting
the dose rate in future years from internal emitters has been a principle of
internal radiation protection for decades. The combination of "committed
dose equivalent" and "effective dose equivalent" gives rise to the "commit-
ted effective dose equivalent" (Hr 5 Q ) which is the sum of the products of
the weighting factors and the committed dose equivalent to the irradiated
organs or tissues:

HE,50 = * wTHT,50- <2)

The new system is based upon limiting the sum of the external (deep
dose equivalent) dose and the internal dose (committed effective dose equiva-
lent). This sum is denoted as the "total effective dose equivalent,"
(Hjrnp). This summation need only be performed if both the internal dose and
the external dose are required to be monitored (i.e., they both exceed 10% of
an applicable dose limit).

Other important dose-related terms are given in Table I. Although the
quantities in Table I represent new terms, the measurement conditions are
those currently used, so the revised Part 20 will not require any change in
measurement methodology.

ICRP Publication 26 (ICRP 1977) contains two recommendations for areas
for evaluating skin doses: a 100-cm2 area and a 1-cm2 area, the larger area
is associated with routine monitoring for skin contamination and the smaller
area is associated with accident dose evaluation. After reviewing these com-
ments and various recommendations regarding skin dose measurements, the Com-
mission decided to retain an area of 1 cm2 for routine skin dose evaluations.
The 1-cm2 area is consistent with the prior recommendations in NCRP Report
No. 39 (NCRP 1980) and ICRP Publication No. 9 (ICRP 1965) as well as with the
smaller area recommended in ICRP-26 (ICRP 1977).



TABLE I

EXTERNAL DOSE QUANTITIES USED IN THE REVISED PART 20

Quantity Symbol Appl ication Evaluation Depth

cm mg/cm2

Deep-dose equivalent H. Whole-body exposure 1 1,000

Eye-dose equivalent H External exposure of the lens 0.3 300
Shallow-dose equivalent H External exposure of the skin 0.007 7

or an extremity. (Averaged over
an area of 1 square centimeter).

RADIATION PROGRAMS AND "ALARA"

The Part 20 rule establishes a requirement for all licensees to have a
radiation protection program that includes provisions for keeping radiation
doses "ALARA." The level of this program should be commensurate with the
size of the licensed facility and the potential hazards from radiation expo-
sure and the intake of radioactive materials. The requirement for a radia-
tion protection program is not new; it was discussed in the proposed rule
(under ALARA) and is consistent with requirements in Part 33 (§§ 33.13, 33.14,
and 33.15), Part 34 (§ 34.11), Part 35 (§§ 35.20-35.31), and Part 40 (§ 40.32)
of the NRC regulations, with the information requested in Chapter 12 of Regu-
latory Guide 1.70, "Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants," and with the conditions in most licenses issued by
the Commission.

The Commission continues to emphasize the importance of the ALARA con-
cept to an adequate radiation protection program. In order to strengthen
this concept, the Commission has adopted a requirement that all licensees in-
clude prot/isions for maintaining radiation doses and intakes of radioactive
materials as low as is reasonably achievable as part of their radiation pro-
tection programs. In the final rule the emphasis on ALARA actions has been
revised from requiring detailed documentation of all ALARA actions to a
requirement to have a radiation protection program that includes measures to
keep doses and intakes "ALARA." This shift emphasizes that the ALARA concept
is intended to be an operating principle rather than require an absolute
minimization of exposures.

Compliance with this requirement will be judged on whether the licensee
has incorporated measures to track and, if necessary, to reduce exposures and
not whether exposures and doses represent an absolute minimum or whether the
licensee has used all possible methods to reduce exposures. The licensee
should be able to demonstrate that periodic reviews of performance have been
made and that efforts have been made to achieve ALARA.

As noted above, the level of effort expended on the radiation protection
programs should reflect the magnitude of the potential exposures, both the
magnitude of average and maximum individual doses and, in facilities with
large numbers of employees, collective (population) doses. A nuclear power



reactor licensee would be expected to have a considerably iarger program than
a licensee with only small sealed sources.

"Balow Regulatory Concern" (BRC) levels delineate criteria below which
additional licensee actions to further reduce doses would not be required.
An NRC policy statement on "Below Regulatory Concern" (NRC 1990b) sets forth
criteria for Commission approval of such levels and for future rulemakings
on specific exemptions.

OCCUPATIONAL PROTECTION

The revised Part 20 eliminates the use of quarterly dose limits and the
use of the cumulative lifetime dose limit of 5(N - 18), where N is the age of
the worker in years. No lifetime dose limit is specified. If the magnitude
of the annual dose is limited, there is a de facto limitation of the lifetime
dose that can be received. The Commission believes that such a de facto life-
time limit is preferable to an actual cumulative lifetime dose limit because
the cumulative limit could act to limit employability. If an individual were
to deplete the "dose bank" provided by a lifetime dose limit, it might be dif-
ficult to obtain future employment with firms using ionizing radiation.

Under the old 5(N - 18) limit, the unused portion of the dose limit
(the difference between 5 rems and the actual dose received) became part of
a l!dose bank" that could be drawn on in later years (at a rate up to 3 rems
per quarter or 12 rems per year). This "dose bank," which is inherent in an
age-prorated formula, does not exist with the straight annual dose limit. If
the worker's exposure is under the 5-rem annual dose limit, there is no way to
recapture the difference for use in future years. Consequently, the average
annual dose (for the more highly exposed workers) associated with new Part 20
is expected to be less than under the former rule.

The annual occupational exposure limits in the revised Part 20 are com-
pared with the existing limits in Table II. It should be noted that the con-
ceptual differences are probabily more important than the numerical differ-
ences. The major conceptual differences include--

(1) summation of internal and external doses when required;

(2) use of the committed effective dose equivalent for internal
exposures rather than the "critical organ" approach; and

(3) wider selection of methods for estimating radionuclide
intakes and internal doses.

Special Considerations

Adjustments to Dose Parameters. The revised Part 20 provides addition-
al flexibility for establishing more accurate dose controls. It allows the
use of actual particle-size distributions and physiochemical characteristics
of airborne particulates to define site-specific derived air concentration
limits. With NRC approval, these modified concentration limits can be used in
lieu of the generic values in Appendix B. Such adjustments result in the use



of more precise uube estimates because of a better characterization 01 actual
exposure conditions. Although these adjustments might permit higher airborne-
radionuclide concentration limits to be used, the same degree of health pro-
tection would exist because the radiation dose (and risk) would remain the
same.

Embryo/fetus. The revised Part 20 contains an explicit limit on the
dose permitted to the embryo/fetus of a declared pregnant woman of 0.5 rem
over the period of gestation (9 months). In order to receive this additional
protection, the woman must declare her pregnancy in writing to her employer
and request it. There is also an admonition that the licensee avoid substan-
tial variation above the average monthly exposure rate that would comply with
the 0.5-rem limit. These conditions are consistent with the Federal guidance
on occupational radiation exposure (Rea 1987) and with the recommendations in
NCRP Report No. 91 (NCRP 1987). A forthcoming regulatory guide will provide
guidance on methods for calculating the dose to the embryo/fetus.

Undeclared pregnant women are protected under the NRC regulations for
all workers. The normal occupational dose limits would still be in effect
and the dose would also have to be kept "as low as is reasonably achievable."
In addition, as part of her initial employment, the woman should have re-
ceived instructions in radiation protection (as required by 10 CFR 19.12),
and she should have been provided with a copy of Regulatory Guide 8.13 (NRC
1989).

Minors. The limits for employed minors have been maintained at one-
tenth of the occupational dose limits for adults. Although this change does
not change the 0.5 rem per year limits, because of a change to the public
dose limit (see below), the dose limit for the minor is no longer equal to
the public dose limit.

Planned Special Exposures. The revised Part 20 permits workers to re-
ceive up to an additional 5 rems (TEDE) in a year above the occupational
limit and up to a lifetime limit of 25 rems. Both limits apply to the sum of
all doses from planned special exposures and all doses in excess of the dose
limits, e.g., if a worker had received a TEDE dose of 7 rems in one year, the
5 rem normal limit would have been exhausted and the remaining 2 rems would
be subtracted from the planned special exposure allowance, leaving 3 rems
available for a planned special exposure during that year and 23 rems remain-
ing for planned special exposures during that worker's lifetime. The pro-
posed rule limited planned special exposures to external exposures. The
requirements have been modified so that internal doses may be included in
planned special exposures in order that the total dose (TEDE) can be control-
led in keeping with the philosophy of ALARA.

The intent of the planned special exposure was that it would be used
infrequently in circumstances where the elimination of the 5(N - 18) lifetime
cumulative limit might create a severe handicap to the licensee's operations.
It is the Commission's intent that the planned special exposures be restric-
ted to "special" situations. Once a licensee decides to conduct a planned
special exposure, all of the unique limitations, reporting, and recordkeeping
requirements are to apply, even if the doses actually received fall within
the dose limits for routine operations. A planned special exposure must be
reported to the NRC within 30 days (the proposed rule had 15 days) after its
use.



Respiratory Protect ion.

There are several changes in the requirements for respiratory protection
in the revised Part 20 that arise from the new summation of and equivalence
between internal and external doses. Because the emphasis is now on control-
ling the "total effective dose equivalent (TEDE)," the sum of the external
and internal dose contributions, it is possible to trade off internal and ex-
ternal exposures so that their sum rather than the magnitude of either compon-
ent is the primary concern. This change in philosophy would permit sending a
worker into an "airborne radioactivity area" without respiratory protection,
if it was shown that the TEDE would be lower wihtout respiratory protection
than if the worker had worn respiratory protection. Allowance is now permit-
ted for protection factors in calculating intakes even though the concentra-
tion in the mask is not below the "derived air concentration" (DAC).

LIMITS FOR THE GENERAL PUBLIC

A number of commenters noted that the ICRP limit for members of the pub-
lic of 0.1 rem (1 mSv) per year was intended to be an average goal for long-
term operation and that 0.5 rem (b mSv) was intended as the primary annual
dose limit for members of the public. The ICRP has modified its interpreta-
tion in the ICRP statement issued following their 1985 Paris meeting so that
the primary standard is 1 mSv (0.1 rem) per year. This clarification of ICRP
philosophy is reflected in Part 20 by the change of the 0.1 rem per year
value from a "reference level" in the proposed rule to a primary limit in
the final rule.

It should be emphasized that the 0.1 rem per year limit in Part 20 is
not intended to be applied as a long-term average goal, it is an annual limit.
As a matter of practicality, long-term (or lifetime) dose limits for members
of the public cannot be implemented unless each year's dose is kept within
the long-term goal. Doses to individuals in the general public are not
usually monitored directly; locations rather than individuals in the offsite
environment are monitored. As individuals may change residency and there is
no reporting or tracking system, lifetime doses to specific individuals in
the general population would be very difficult to determine.

The limit for the public applies only to the licensed facility and not,
as ICRP has recommended, to the sum of all sources of radiation exposure (ex-
cluding natural background and doses from medical treatment as a patient).
This change is necessary from a practical regulatory standpoint that the
licensee cannot, and should not be required to, estimate the dose from other
sources of radiation beyond his control. Application of the ALARA principle
should keep all doses far below the limit so that the possible summation of
contributions from adjacent facilities should also be within the limits.
Many facilities are also subject to more restrictive standards than the Part
20 public dose limits. These include the design objectives of Appendix I to
10 CFR Part 50 for power reactors and EPA standards for the uranium fuel cycle
in 40 CFR Part 190 which will also limit potential combined doses.

The licensee can apply to the NRC for permission to use a temporary 0.5
rem per year limit rather than the 0.1 rem per year limit. Section 20.301(c)
of the revised rule requires that, in order to receive permission for use of



this higher dose "limit, the licensee has to specify: (1) the need for and ex-
pected duration of the higher dose, (2) their program to assess and control
doses, and (3) procedures to keep exposures ALARA.

MONITORING REQUIREMENTS

Monitoring Thresholds.

The monitoring threshold is a predetermined level of anticipated dose
for carrying out bioassay procedures and does not represent a required level
of detection sensitivity. If, by a reasonable analysis of the working en-
vironment, it appears that a worker is likely to inhale radioactive materials
at concentrations that could produce an annual committed effective dose equi-
valent of 0.5 rem (10 percent of the 5-rem limit) or more, then that worker's
intake should be monitored using measurements of exposure (e.g., estimates of
DAOhours based upon measured air concentrations) or intake (such as by
whole-boay counting or other bioassay technique) or by measurements of both
exposure and intake. Whether the actual doses received were in excess of
10 percent of the limits could only be deterim'ned from these subsequent
measurements. The monitoring thresholds are specified as percentages of the
dose limits rather than as doses because the thresholds apply to several dif-
ferent dose limits: the total effective dose equivalent, the eye dose equiva-
lent, and the shallow-dose equivalent.

The threshold for monitoring internal doses has been dropped from 30
percent of the dose limit to 10 percent of the limit. This provides consis-
tency in the internal and external monitoring requirements. Particularly for
bioassay measurements of transuranic elements, it may not be feasible to
actually confirm such levels by bioassay. However, the monitoring threshold
is not a requirement on the capability of the measurement. Average airborne
radionuclide concentrations and the expected time of exposure can be used to
estimate radionuclide intakes and the need for bioassay or other monitoring
methods.

Estimation of Internal Doses.

The revised Part 20 does not require primary reliance on air sampling
measurements for evaluating intakes and estimating internal doses. Air samp-
ling has an important role in defining the potential hazard from airborne
radionuclides, particularly by pre-exposure surveys. Air sampling may also
be used to estimate radionuclide intakes from the product of average air con-
centrations and the time the worker is exposed to this concentration. How-
ever, such intakes can also be evaluated by bioassay measurements of radio-
nuclide retention (whole-body counting) or excretion (urine and fecal analy-
sis). Provision has been made for deferring the reporting of dose estimates
until bioassay measurements can be repeated.

Bioassays are not required on an individual because he/she wears a respi-
ratory protection device. There is, however, a requirement for bioassays to be
conducted, as appropriate, as part of a respiratory protection program.
Whether bioassays are necessary for a particular individual will depend upon
whether that individual could have exceeded 10 percent of the annual limit
on intake (0.1 ALI) or could be exposed to airborne radionuclide concentra-



Lions in excess of the concentration monitoring threshold (200 DAC-hours or
0.5 rent).

The Commission intends to issue additional guidance on procedures to be
used in estimating committed effective dose equivalents and deep-dose equiva-
lents and guidance on when they have to be summed.

POSTING AND OTHER PRECAUTIONARY MEASURES

Posting

The revised Part 20 has been modified to permit the use of black (as
well as purple and magenta) as an acceptable color for the radiation warning
symbol on warning signs. This change resulted from public comments on the
proposed rule regarding the tendency of magenta dyes to fade upon exposure
to light.

The terms "Caution" and "Danger" are used in a more consistent manner.
The final rule permits only the term "Caution" to be used in "Radiation Areas.
"Caution" or "Danger" may be used in "High Radiation Areas," since they cover
a considerable range from 0.1 rem per hour to over 500 rads per hour. Only
"Grave Danger" may be used in "Very High Radiation Areas." "Caution" is in-
appropriate for use in "very high radiation areas" because of the potential
hazard.

The exemption from posting areas containing packages for shipment that
was in the present rule, but was omitted in the proposed rule, has not been
reinstated. The Commission believes that posting of these areas should be
required because there is no restriction on the length of time that packages
may remain in a room. If the packages contain only small quantities of radio-
active materials, then posting of the room would still be exempted under the
remaining exemptions. The term "prepared for transportation" could include
packages that are intended to be carried in a "sole use" vehicle. Such pack-
ages are permitted to have higher allowable dose rates than those specified
in DOT (or NRC) limits for general shipment.

Label ing

An exemption from additional labeling of DOT-labeled packages has been
restored because the DOT labeling is sufficient to denote the presence of
radioactive materials and provide an indication of any potential hazard.
Quantities and concentrations not requiring DOT labels would probably not
warrant an NRC label.

Receipt of Packages

The final rule requires incoming packages to be monitored when:
(1) they are labeled as containing radioactive materials according to DOT reg-
ulations, or (2) when a package is damaged or leaking. This reduces the re-
quirement of having to monitor all packages within 3 hours of receipt in the
proposed Part 20 rule (NRC 1986). The first provision would reinstate the
exemption from monitoring for shipments of small quantities of radioactive
materials that would not require DOT labeling. Monitoring upon receipt is
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necessary tu ensure thai leaking packages containing radioactive materials
are found and reported. Appropriate action can then be taken to determine
the extent of contamination in transport vehicles and storage areas in order
to limit the consequences and avoid recurrence. However, an exemption from
the contamination survey requirement has been provided for special form
(sealed) sources that are being moved to ano from work sites in licensee-
owned or operated vehicles. External radiation surveys are still required
for these special form sources in order to ensure that the source is still
properly seated in its shield following transport.

CONCENTRATION, INTAKE, AND EFFLUENT LIMITS

The revised Part 20 adopts the dose calculation methodology employed in
ICRP Publication No. 30 (ICRP 1980) and its supplements. The derived air con-
centrations (DACs) and annual limits on intake (ALIs) in the revised Part 20
are specified for 759 radionuclides (almost 3 times as many as in the present
Appendix B) and are consistent with those given in Federal Guidance Report
No. 11 (EPA 1980). In many cases the airborne concentration limits for occu-
pational exposure in Appendix B of the revised Part 20 are higher than in the
present Appendix B. The principal contributor to this increase is the use of
the effective dose equivalent concept to limit the sum of organ doses and the
use of a 50--rem nonstochastic capping limit rather than a 5-, 15- or 30-rem
organ dose limit. Table III shows the DACs for some of the more important
radionuclides compared to the concentration limits in the present Part 20.

A similar overall increase is not seen when the air and water effluent
concentration limits in the revised Appendix B are compared to the present
Appendix B limits for releases into unrestricted areas (See Table IV). There
are two reasons for this difference. One is that the dose limit upon which
the effluent concentration limits is based has decreases from a whole-body
dose of 0.5 rem per year to an effective dose equivalent of 0.05 rem per year
(the 0.1-rem dose limit has been split equally between air and water efflu-
ents, partially to offset any combined contributions from the same or neigh-
boring facilities.) This decrease tends to offset many of the changes
resulting from changes in the dose calculational methodology and metabolic
parameters. A second reason why the effluent limits do not show a general
increase is that the effluent limits are calculated solely based upon sto-
chastic risks rather than applying a consistent factor to all the occupa-
tional ALIs. This was done to avoid having a limit based on a fraction of
a threshold dose when the same biological threshold should apply to both
workers and the general public. Therefore, if the occupational DAC was
limited by the nonstochastic limit (50 rems), the occupational DAC and the
airborne effluent limit will be calculated using different limits and will
not be consistently proportional to each other for all radionuclides.

IMPLEMENTATION

The proposed effective date at the time this was written was January 1,
1992, but the Commission was reconsidering this date for a possible extension
of a year until January 1, 1993. A series of Regulatory Guides to provide
for implementation of the new concepts will address:
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(1) estimation ana addition of internal and external doses,

(2) calculation of the dose to the embryo/fetus,

(3) high and very-high radiation areas at nuclear power reactors,

(4) content of radiation protection programs (several guides)

(5) control of external doses from airborne radionuclides,

(6) recordkeeping for and reporting of radiation exposure data, and

(7) dose evaluation from bioassay measurements.
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TABLE II COMPARISON OF OCCUPATIONAL DOSE LIMITS

Type of Limit Current 10 CFR Part 20 Limit Revised Part 20 Limit
Quarterly Limit

Rems
Annual
Dose(Rems)

Annual [Jose Limit
(Rems)

Whole-body
Gonads
Lens of the Eyes
Skin (averaged over 1 cm2)
Extremities
Minors
Embryo/fetus
Planned Special Exposure

1.25L

1.25b

r-i

7.
18.

10

25̂
5
75
% of above

(0.

5"
30
75

1imits
5 rem^'

footnotes:

a
b

5 TEDE1-
5 TEDEC ; 20 organ

15
50d

50d

10 % of above limits
0.59

5 TEDE1 (above limit)
25 TEDE1 (lifetime)

Whole body = head, trunk, legs abc/e knees, and arms above elbows.
Applicable limit without prior monitoring. With prior data limit would be 3 rems/

quarter or 12 rems/year.
c TEDE = Total Effective Dose Equivalent = Sum of the deep-dose equivalent (external

dose) + the committed effective dose equivalent (internal dose)
d Capping dose to prevent non-stochastic effects.
e In the current Part 20, "extremities" means hands and forearms, feet and ankles.

In the revised Part 20 "extremities" means hand, elbow, arm below the elbow, foot,
knee, and leg below the knee,

f Of a declared pregnant woman
g Over the period of gestation (9 months),
h Guidance from Regulatory Guide 8.13, "Instruction Concerning Prenatal Radiation

Exposure," Rev. 2, December 1987
i Includes total of doses received above the limits both planned and unplanned.



TABLE III. COMPARISON OF OCCUPAriONAL AIR CONCENTRATION LIMITS

Radionuclide

Hydrogen-3

Carbon-14

Phosphorus-32

Argon-41 (sub.)

Manganese-54

Cobalt-60

Strontium-90

Technetium-99m

Ruthenium-106

Iodine-131

Xenon-133

Cesium-137

Cerium-144

Gold-198

Radon-222

Thorium-232

Uranium-238(sol)

Uranium-238(insol)

Piutonium-239

Americium-241

Present Part 20
Concentration

Limit
(uCi/ml)

*
5 E-6

4 E-6

7 E-8

2 E-6

4 E-8

4 E-8

1 E-9

4 E-5

8 E-8

9 E-9

1 E-5

6 E-8

6 E-9

2 E-7

3 E-8

3 E-11

7 E-11

1 E-10

4 E-11

6 E-12

Revised Part 20
Derived Air
Concentration
Limit (pCi/ml)

2 E-5

1 E-6

4 E-7

3 E-6

3 E-7

3 E-7

8 E-9

6 E-5

4 E-8

2 E-8

1 E-4

6 E-8

1 E-8

2 E-6

3 E-8

5 E-13

3 E-11

2 E-11

7 E-12

3 E-12

New Limit
Old Limit

4.

0.25

5.7

1.5

7.5

7.8

8.

1.5

0.5

2.2

10.

1.

1.7

10.

1.

0.017

4.3

0.20

0.175

0.5

* 5 E-6 = 5 x 10"6 = 0.000005.
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TABLE IV. COMPARISON OF EFFLUENT CONCENTRATION LIMITS

Radionuclide

Hydrogen-3
Carbon-14

Phosphorus-32

Argon-41

Manganese-54

Cobalt-60

Strontium-90

Technetium-99m

Ruthenium-106

Iodine-131

Xenon-133

Cesium-137

Cerium-144

Gold-198

Radon-222

Thorium-232

Uranium-238(s)

Uranium-238(i)

Plutonium-239

AmericiuiT)-241

* 2 E-7 =

Airborne
Current
Part 20

*
2 E-7
1 E-7

2 E-9

4 E-8

1 E-9

3 E-10

3 E-ll

1 E-6

3 E-9

1 E-10

3 E-7

2 E-9

2 E-10

8 E-9

3 E-8

1 E-12

3 E-12

5 E-12

1 F-12

2 E-13

= 2 x 10"7

Effluent Limit
Revised
Part 20

1 E-7
3 E-9

1 E-9

1 E-8

1 E-9

2 E-10

3 E-ll

2 E-7

4 E-8

2 E-10

5 E-7

2 E-10

4 E-ll

4 E-9

1 E-10

4 E-15

3 E-12

6 E-14

2 E-14

2 E-14

= 0.0000002

(uCi/ml)
Revised
Current

0.
0.

0.

0.

1.

0.

1.

0.

13.

2.

1.

0.

0,

0.

0

0

1

0

0

0

5
03

5

25

0

67

0

2
3

0

.67

.1

.2

.5

.033

.004

.0

.012

.02

.1

Liquid
Current
Part 20

3 E-3
8 E-4

2 E-5
—

1 E-4

3 E-5

3 E-7

6 E-3

1 E-5

3 E-7
—

2 E-5

1 E-5

5 E-5
--

2 E-6

4 E-5

4 E-5

3 E-5

4 E-6

Effluent Limit
Revised
Part 20

1 E-3
3 E-5

9 E-6
--

3 E-5

3 E-6

5 E-7

1 E-3

3 E-6

1 E-7
--

1 E-6

3 E-6

1 E-5
--

3 E-8

3 E-7

3 E-7

2 E-8

2 E-8

(MCi/ml)
Revised
Current

0.33
0.0375

0.45
--

0.3

0.1

1.67

0.167

0.3

3.3
—

0.05

0.3

0.2
--

0.015

0.0075

0.0075

0.00067

0.005


