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PRESIDENT'S MESSAGE

On behalf of the North Carolina Chapter of the Health Physics
Society, I am happy to welcome you to the Twenty Fourth Annual
Midyear Topical Meeting of the Health Physics Society.

This meeting has been planned with a special one day program
for Monday, January 21, on "Management of Low-Level Radioactive
Waste in North Carolina". North Carolina was selected by the South-
east Compact Commission to have a low-level radioactive waste dis-
posal facility for the eight southeastern states. This special program
will report on activities related to the establishment of the facility.
It will include presentations on the political and regulatory frame-
work, public participation, site selection and facility design. The pro-
gram will also include discussions of major issues for facility devel-
opment that are applicable to the North Carolina facility as well as to
facilities in other states. We hope that you find this program inter-
esting.

The topical meeting on "Implementation of Current NCRP and
ICRP Guidance and Revised 10 CFR Part 20" will be held Tuesday,
January 22, through Thursday, January 24. This meeting is intended
to assist you in implementing current NCRP and ICRP recommenda-
tions and to help you to prepare for the implementation of revised
10 CFR Part 20, which incorporates much of this guidance. The Table
of Contents of these proceedings identifies the meeting sessions and
the papers that you have the opportunity to hear. A condition for
final acceptance was receipt of a manuscript for publication in these
proceedings. Invited speakers were also encouraged to submit
manuscripts. In the absence of a manuscript from an invited
speaker, an abstract of the presentation has been included in the
proceedings. In the latter case, you may wish to talk directly with
speakers if you have questions or need additional information.

We hope that the meeting will be informative and that your
visit to North Carolina will be pleasant.

Richard M. Fry, CHP
President, North Carolina Chapter
January 1991
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OVERVIEW OF THE REVISED 10 CF'K PART 20,
"STANDARDS FOR PROTECTION AGAINST RADIATION"

Harold T.Peterson,Jr., Donald A.Cool, John D.Buchanan, and Walter S.Cool(ret.)
U.S. Nuclear Regulatory Commission, Washington, DC 20555

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



FEATURES OF DOE IMPLEMENTATION OF RADIATION PROTECTION GUIDANCE

R.D. Jarrett, J.D. Foulke, C. Rick Jones
U.S. Department of Energy, Washington, D.C.

ABSTRACT

In 1988 the Department of Energy became the first Federal
agency to adopt the Presidential Guidance prepared by the Environmental
Protection Agency, which incorporated the recommendations of the
International Commission on Radiological Protection published in 1977.
The most important provisions adopted are discussed in this paper. Two
controversial issues are also discussed. Problem areas which gave rise to
proposed revisions are explained. The use of implementation plans to
achieve compliance with the standards is discussed. Finally, conversion of
the DOE Order to a Federal regulation is explained.

INTRODUCTION

Within the Department of Energy (DOE), the Assistant Secretary for
Environment, Safety and Health (EH), Dr. Paul I. Ziemer, is responsible for
the development of policy, guidance and standards for the protection of
Department of Energy workers, contractor workers and the public. Within
the EH organization, the Office of Health Physics and Industrial Hygiene is
responsible for the following:

- developing or proposing revisions to policies, standards, minimum
requirements, and guides to good practice for radiation protection
programs at DOE facilities;

- assuring that DOE requirements are being complied with by
performing in-field appraisals;

- providing national and international representation on radiological
protection bodies;

- providing direct support and management of the DOE Laboratory
Accreditation Program.

This paper will discuss current initiatives within the DOE Office of
Health Physics and Industrial Hygiene in developing and implementing
contemporary radiation protection guidance.
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DEVELOPMENT OF DOE ORDER 5480.11, RADIATION PROTECTION OF OCCUPATIONAL
WORKERS

Following publication of the International Commission on Radiological
Protection's (ICRP) recommendations on dose limitation in 1977, the
Department of Energy (DOE) established two committees to revise its
occupational radiation protection standards: the Policy Committee composed
of DOE staff and the Technical Committee composed of DOE and Contractor
health physicists. By 1985 the first draft of the revised Order was
prepared, and a second draft was completed in 1986. In 1987 the
Environmental Protection Agency (EPA) published its Presidential Guidance,
entitled, "Radiation Protection Guidance to Federal Agencies for
Occupational Exposure." The DOE Order was then changed to incorporate the
provisions of the Presidential Guidance and was published on December 21,
1988 to be effective January 1, 1989.

Occupational Radiation Protection Standards

The radiation worker whole body limit was based on a summation of the
external and internal dose equivalents and was set equal to 5 rem annual
effective dose equivalent. This was done to conform to Recommendation 3 of
the Federal Guidance, which was taken from the ICRP 1977 recommendations.

For calculating the effective dose equivalent from internally
deposited radionuclides, the organ weighting factors specified by ICRP and
the formula defined for the quantity H were specified.

The annual dose equivalent for the lens of the eye was set at 15 rem
and the dose limit for other organs and tissues was capped at 50 rem.

In addition to the basic limits, provisions were made for planned
special exposures above the occupational dose limits. This provision was
similar to the recommendation in ICRP Publication 26 and was included
because of the requirement in the Federal Guidance document that agencies
publish generic procedures to be used in the event an exposure above the
recommended limits was allowed in a nonemergency situation.

A limit was also established for exposure of the unborn child of a
radiation worker. The limit was set at 0.5 rem effective dose equivalent
during the gestation period with an additional caveat that efforts should
be made to "avoid substantial variation" above a uniform monthly exposure
rate that would assure compliance with the limit.
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Derived Air Concentration (DAC) Guides

The DAC's are to be used for the design and control of exposures in
the workplace. The values are based on the metabolic data and dosimetric
models in ICRP Publication 30.

Quality Factors

No changes were made to the quality factors used in previous guidance
and DOE Order because of controversy among various Federal agencies and the
scientific community. The Federal Guidance did not address quality
factors.

Monitoring Requirements

To demonstrate compliance with the intent of the Federal Guidance,
monitoring requirements were expanded to include explicit controls for the
workplace for internal and external exposure of personnel.

Design and Control

The Federal Guidance document included limiting values of dose for
the workplace. They are to be applied prospectively to the design and
control of the workplace.

Release Criteria

Limits for the unrestricted release of contaminated property onsite
are specified. They are based on draft ANSI N13.12, "Control of Surface
Contamination on Materials, Equipment, and Facilities to be Released for
Uncontrolled Use, " and are similar to those in the Nuclear Regulatory
Commission's (NRC) Regulatory Guide 1.86.

Training

Training requirements were expanded to include general employee,
radiation worker, and radiation protection technician training.
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CONTROVERSIAL ISSUES

Internal Exposures from Nuclides with Long Effective Half-Lives:

The decision was made to enter into the individual worker's radiation
exposure record, and use for control purposes, the effect ive dose
equivalent (using the ICRP weighting factors) actually received each year
rather than the 50-year committed dose from that year's intake. In many
cases this requires more sensitive instruments for measuring internal
deposition than are available. When accurate quanti f ication is - problem,
an estimate may be made from measurements of airborne contamination. The
annual dose also includes the external dose and the incremental internal
dose from any previous deposition. Also, DOE Order 5480.11 requires that a
dual record be maintained; i . e . , both the effect ive dose equivalent for the
year and the 50 year committed effect ive dose equivalent from any intakes
that year.

Neutron Quality Factor (QF):

The re-evaluation of the Japanese atomic bomb dosimetry negated the
only source of human data on neutron exposure. Large-scale animal studies
provided neutron relat ive biological effectiveness (RBE) data for numerous
endpoints and exposure patterns; these data clearly showed values of
neutron RBE relat ive to gamma rays twice the current value. Both the ICRP
and the National Council on Radiation Protection and Measurements (NCRP)
published recommendations for doubling the neutron QF. However,
controversy over the i n i t i a l standard radiat ion, the dose-rate
effectiveness factor and other considerations resulted in DOE keeping the
current value for the neutron Q.F.

SIGNIFICANT PROPOSED REVISIONS TO DOE 5480.11

Non-uniform Exposure of the Skin

As wr i t ten, the Order requires an assessment for a l l non-uniform
exposure of the skin. To avoid t r i v i a l assessments, assessments w i l l not
be required unless the skin dose is l i ke l y to exceed 2% of the l im i t ing
value for skin of the whole body. Rather than spend time making more
measurements In order to improve dose assessment, ALARA considerations
dictate removal of contamination as soon as possible. Analyses of washings
can be used to provide reasonable estimates of skin doses. The wording
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will be clarified to show that exposure to the skin of the extremities is
to be considered extremity exposure.

Methods of Estimating Dose Equivalent

The words "to the extent practical" will be added to this section
because NCRP, ICRP, and Federal Guidance may not be identical or
compatible. Other than the formula for calculating the effective dose
equivalent, the Order does not specify how internal doses are calculated
from bioassay or whole body counting data. Performance standards and
guides will be issued to provide information and guidance.

IMPLEMENTATION PLANS

The DOE Order system covers a diverse set of disciplines, and in an
attempt to provide for a smooth transition when an Order is significantly
amended, a one-year transition or implementation period is provided.
During this period, contractors were required to prepare implementation
plans which outline the status of compliance with the Order. For areas of
noncompliance contractors were to submit a request for exemption or provide
a compliance plan detailing how compliance will be achieved along with
schedules and resource requirements. These plans were to be submitted to
the DOE Operations Offices for review within 45 days of the effective date
of the Order. The Operations Offices forwarded the plans to the
responsible Program Offices, which were to approve them and transmit them
to the Assistant Secretary for Environment, Safety, and Health (EH) for
concurrence. Review of these implementation plans identified several
problem areas:

Air Monitoring Capability

DOE 5480.11 requires that air monitoring equipment be capable of
measuring 8 DAC-hours. A large proportion of DOE contractors stated that
they could not meet this requirement. To facilitate implementation EH has
decided to interpret this requirement as applying only under laboratory
conditions. Efforts are underway to characterize the performance of
instruments under field conditions.
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Radioactive Surface Contamination

DOE 5480.11 provides a table of surface contamination values for
release of materials and equipment from radiological areas to controlled
areas. A large proportion of contractors stated that their survey
instruments were not sensitive enough to detect these levels. EH has
decided to require contractors to determine the minimum detectable
activities (MDA's) for their equipment and submit procedures used to survey
for contamination to EH for review and comment.

Nuclear Accident Dosimeters (NAD)

The only DOE NAD testing facility is shutdown. Efforts are underway
to resume facility operations. Availability of other facilities is being
pursued.

Combining Internal/External Exposures

A number of contractors do not have computer codes to perform the
necessary calculations. EH is issuing a performance standard for internal
dosimetry that will provide this guidance.

Skin Dose

Contractors have expressed di f f icul t ies in calculating skin dose for
non-uniform distribution of dose. Proposed changes to DOE 5480.11 and
additional guidance are being prepared.

FUTURE

Due to requirements of the Price-Anderson Act, DOE is going to
promulgate regulations for its contractors. This means converting DOE
5480.11 into a rule and will include public comment. It is not expected
that substantive changes to the current provisions in DOE 5480.11 will
occur.
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CONCLUSIONS

DOE was the first Federal Agency to implement the ICRP/Presidential
Guidance. DOE is resolving identified difficulties through production of
guidance documents. DOE is converting its radiation protection Order to a
Rule.
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PRESENTATION FOR THE MIDYEAR HPS SYMPOSIUM 1991
RALEIGH, NORTH CAROLINA

RETHINKING BASIC CONCEPTS IN ICRP'S SYSTEM OF DOSE LIMITATION

William A. Mills
Oak Ridge Associated Universities

Washington, D.C.

Kenneth L. Mossman
Arizona State University

Tempe, Arizona

The present criterion for radiation protection appears to be "exposure reduction"
rather than "adequate protection of health."

The 1990 ICRP draft recommendations for a system of dose limitation would
further implement this more restrictive criterion by implementing certain academic
concepts and assumptions. These concepts and assumptions are discussed and the
suggestion is made ti .at the radiation protection community needs to carefully examine
the need for the complex system proposed.

INTRODUCTION

The intent of this presentation is to provoke the radiation protection
community, particularly these whose profession is in health physics, to step back,
examine, and evaluate the present trend in radiation protection, which we contend is
driven by the criterion of exposure reduction. Does this criterion of exposure
reduction, if that is the driving force, best serve the stated primary objective of
health physics, to wit: the development of scientific knowledge and practical means
for the protection of man and the environment from the harmful effects of radiation,
thus providing for its utilization for the benefit of mankind? We suggest that
practicing health physicists, operating in the 50s and 60s under rather simple rules
and the criterion of what may be described as "adequate protection of public
health," served the nation well in meeting this objective. A remarkable record of
safety and public health protection attests to how well the radiation protection
community does its job.
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The central question we are raising is whether the "system of dose limitation"
introduced by the International Commission on Radiological Protection (ICRP) in the
70s, and now being expanded upon in its 1990 draft recommendations, best meets
this objective (ICRP90). We contend that, ICRP's academic-oriented protection
system has been instrumental in establishing exposure reduction as a fundamental
operating criterion for radiation protection and that implementing this criterion
inherently leads to protection requirements that are biased toward speculation in the
use of scientific knowledge, overly complex, excessively restrictive, and exceedingly
and unnecessarily expensive. In the discussion that follows, we attempt to support
this contention by focusing on the basic tenets of radiation protection and on certain
concepts and assumptions used in ICRP's system of dose limitation.

We conclude that a careful examination of the primary objective of radiation
protection by the radiation protection community at-large is warranted; is it adequate
health protection, or is it continuous exposure reduction? A corollary to this
question calls for a rethinking of the adoption of these concepts and assumptions
as a means of implementing the long-standing and still acceptable basic tenets of
radiation protection given below.

BASIC (TENETS) OF RADIATION PROTECTION

ICRP's 1990 recommended system of protection encompasses the following
elements:

* Justification of a practice
* The optimization of protection
* Individual dose or limits

These tenets or principles have guided radiation protection for more than 40 years.
The 1960 Federal Guidance approved by President Eisenhower expresses them in
somewhat similar phrases, but the connotations for implementation are much
simpler (FRC60).

For justification of a practice, Federal Guidance recommends only that there
not be any exposure (man-made) without the expectation of a benefit. The
guidance also states that when useful activities meet the requirements of the
guidance recommendations, such activities should be authorized. On the other
hand, in its 1990 draft, ICRP recommends making a choice after considering
possible control options that "go far beyond the scope of radiation protection" in
showing that the net benefit is positive. ICRP would apply this examination to both
existing and new practices. Obviously, ICRP allows operational judgments to play a
lesser role in justifying a practice for which some exposure might occur, depending
more on regulatory requirements to reflect such judgments.
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To implement the second principle Federal Guidance recommends that
"every effort should be made to encourage the maintenance of radiation doses as
far below [its guide] as practicable." This recommendation, which allows for
qualitative judgement at the operational level, appears to have served well to prevent
unnecessary radiation exposures. However, the more recent emphasis on
achieving quantitation of optimization, or "as low as reasonably achievable
(ALARA)," has militated against operational judgement and greatly negated the
benefit of practical experience. The ICRP notes that even when "individuals have
been adequately protected" resources should be expended to reduce exposures
until such expenditures are "seriously out-of-line with the consequent reduction."
This is a clear example of the use of "exposure reduction" as the operative criterion
of protection, rather than the achievement of "adequate protection of public health."

The most significant change that has occurred in the implementation of these
basic tenets, however, is in the role of ALARA relative to dose limits. Whereas the
limits play the dominant role in assuring public protection under the 1960 Federal
Guidance, the roles clearly are reversed today with ALARA being a judgement call
reflecting good industrial or public health practice. Of course, this does not apply to
Federal Guidance for occupational exposure since the 1960 guidance was changed
to reflect ICRP's thinking in (date). Dose limits for workers, or even fractions of the
dose limits chosen as operational targets (dose constraints), according to ICRP
"should never be regarded as an alternative to the process of optimizing protection."
In ICRP's system of protection, the dose limits serve only to display that which is
considered to be at the border between a range of doses that are "tolerable" and
those that are "unacceptable". Generally, we accept a limit to mean "safe,"
recognizing that absolute safety is neither guaranteed nor implied, such as in a
speed limit.

SYSTEM OF DOSE LIMITATION: CONCEPTS AND ASSUMPTIONS

The perceived level of protection provided by the ICRP system is a direct
function of not only the assumptions made in estimating the risk of causing a health
detriment, but also many of the concepts used in implementing procedures and in
achieving a perceived level of protection. Several of these assumptions and
concepts are identified and briefly discussed below.

No Safe Level of Exposure

The October 1990 HPS NEWSLETTER quotes the ICRP chairman as follows,
"We think there is sufficient evidence that all radiation at any dose, however small,
implies a risk (HPS90)." This statement can be argued to be correct on a theoretical
basis, i.e., a single radiation-induced event in a single DNA molecule results in a
single cell becoming malignant, and, thus, causes a lifetime threat of fatal cancer.
There are observational data, other data to the contrary, which suggest that the
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statement may not be true. The epidemiologic data from the study of the radium-
dial painters strongly suggest a high dose threshold for bone-cancer induction,
suggesting also that DNA and cell repair mechanisms may overcome the single
event postulated. In addition, more and more evidence is being accumulated that
support dose-response models that include a time-since-exposure term which
decreases the maqnitude of the risk from a given dose (NCRP84; NAS88;
UNSCEAR88).

The major point, however, is not to argue the theory behind the "no safe level
of exposure" assumption, but rather to question its general acceptance and to
consider the implication of its use. It implies that, at the levels of exposure we
control and regulate, we accept estimates of health risk that are "speculates" based
on a linear non-threshold dose-response rr.odel, rather than restricting our
information to what we know with some degree of certainty. This supports an
increasingly restrictive trend in radiation protection (ALARA and zero exposure
goals) by accepting a change in protection criterion from "no undue hazard" (which
may be roughly equivalent to "adequate protection of health") to one of "pruden'i
public health", which in today's climate is exercised by means of continuing
exposure reduction. An environmental activist said it best by stating, in reference to
the alleged radiation hazard from electric appliances, power lines, and video-display
terminals, that a de-facto policy that considers a pollutant innocent until proven
guilty "...should be rejected out of hand by sensible people everywhere," which
suggests acceptance as existing that which is unobserved until proven otherwise
(Br89).

Do we have to prove that a single DNA event is not carcinogenic in order to
declare that some level of radiation exposure other than zero is not unhealthy?
Common usage of the word "safe" does not imply the absence of any harm. Does
the radiation protection community have an underlying fear that transcends our
operating philosophy of respect for radiation? Should we not carefully examine and
openly declare what we know about radiation health effects and what we truly
believe to be radiation hazards? Is it unconscionable to be positive about what we
know in providing protection rather than giving credence to speculation in an effort
to be "prudent"? Prudent actually means "common sense."

Effective Dose Equivalent (Effective Dose)

This concept was introduced by ICRP in 1977 for the apparent purpose of
bringing some order to risk assessments and some consistency to recordkeeping
(ICRP77). While it may have some arguable merit in the management of radiation
protection, its merit in risk assessments is less certain, and our contention is that it
is inappropriate when applied to assessments that involve internal emitters,
especially internally deposited alpha-emitters.

Two examples can be given that suggest a rethinking of the current wide
acceptance and use of this concept: establishing limits for radium-226 in drinking
water and calculating the contribution of radon exposures to overall natural radiation

27



background levels. In the first instance the Environmental Protection Agency
calculates, for a given drinking water intake level (at the tap), a dose to every body
organ resulting from the radium in systemic blood following ingestion (EPA86). The
agency uses these calculated organ absorbed doses, a quality factor of 20 for alpha
particles, and ICRP-26 tissue risk weighting factors to derive "effective dose"
equivalents for each organ so exposed. The total effective dose equivalent and the
associated risk of cancer mortality are then summations of these individual organ
quantities. The public's perception in viewing a listing of these organ risks is that
every radiosensitive organ in the body, supplied with radium containing blood, is at
risk for the induction of cancer, even though the organs are those specifically
identified for high dose, high dose rate, low-LET radiation exposures. This listing of
organs at risk derived only from dosimetric consideration, however, is not consistent
with our knowledge of the association between radium ingestion and the induction
of cancer. Only bone cancer and carcinomas of the paranasal sinuses and mastoid
air cells have been found following long-term studies of radium-dial painters. Even
leukemia has not been observed as a consequence of the large body burdens of
radium-226 experienced. Is it misleading, then, for the public to be provided a
listing of cancers that is contrary to our human data on the effects of radium
ingestion? Is the public perception of a likelihood of developing thyroid, lung, breast
and other cancers justified by our knowledge?

In a similar manner, the contribution of radon exposures to the average total
natural radiation background effective dose equivalent can be questioned. With a
range of values for the conversion of the bronchial tissue rad dose per working level
month of 0.07 to 14 rad/WLM (NAS88), what confidence can be placed on our
estimates of the effective dose equivalent for radon decay daughters and their
associated risk of cancer mortality? Too many assumptions are necessary for the
genera1 use of this quantity as the basis for comparing exposures from dissimilar of
sources of radiation. Is there the same degree of confidence in estimating cancer
mortality risk from radon exposure based on effective dose equivalent estimates as
there is in using dose equivalent for whole body exposures to gamma rays? Is too
much uncertainty covered-up when we say that radon exposure contributes 55% of
the total average effective dose equivalent in the U.S. population?

Collective Dose and Committed Dose

These concepts, while having perhaps some merit in providing perspectives
on societal and long-term risks relative to a well-defined population, often are
extended in use far beyond our regions of reasonable confidence in results
calculated. Boundaries in time and space (population size) in calculating these
quantities, especially collective dose, must be recognized. The estimation of the
number of cancers expected in the total U.S. and Canadian population (250 million)
to be caused by the Chernobyl nuclear power plant accident is an example of the
use of an unbounded collective dose calculation (An88). It has been reported that,
20 lifetime radiation-induced fatal cancers could occur in this population from this
accident. This estimate is based on estimates of an average collective 50 year dose
commitment of 0.5 mrem per person. In a review of the very low dose, compared
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to the 10-20 rad dose minimal dose level for significance in the Japanese atomic
bomb cohort, the projected 20 cancer mortality cases cannot be taken seriously.
The true effect is likely to be zero, if not zero, and such calculations should be
discouraged. The NCRP's recommendation of 0.1 mrerrs/y as a dose rate
corresponding to a negligible individual risk and the below regulatory concern policy
of the U.S.N.R.C. are beginnings in such bounding, but further examination is
warranted.

Reference Radiation for Quality Factor

There appears to be an unpublicized change in the reference radiation used
in determining the "quality factor" for various types of radiation. The reference
radiation used by the ICRP in its newest recommendations appears to be gamma
rays at very low dose rates and protracted exposure conditions chosen to simulate
routine exposure conditions. The traditional reference radiation is 200-250kVp x
rays or gamma rays at high dose rates. This change is not a subtle one since the
difference in the dose response under these different conditions can be as high as a
factor of 5 or 6. Therefore, the ICRP-recommended increase in Q for neutron by a
factor of 2 appears to be due to a change in reference radiation and not to any
inc. ease in neutron biological effectiveness. Such changes should not be made in a
cavalier mode since it impacts directly on protection limits. The choice of a
"reference radiation" needs to be carefully examined.

Occupational Limit

ICRP's proposed occupational limit is 10 rem per 5 years with the conditional
limit of no more than 5 rem in any 1 year. A question arises as to ICRP's
justification for the added restriction of a 5-year limit, which averages to 2 rem per
year. The apparent justification is that, "the Commisssion's aim at this stage is to
reach a judgement about a level of dose that would reasonably be regarded as
being only just short of unacceptable in all normal situations. The Commission is
not, at this stage, concerned with the levels of dose actually received." Ignoring
data on actual doses makes this clearly an academic approach to radiation
protection.

Operational data for the U.S. workforce suggests that the average effective
dose equivalent is less than 0.5 rem/y, with few doses above 1-2 rem/y. If the
present system accomplishes what the ICRP is seeking, why the unnecessary
added restriction of a 5-year limit? Perhaps the real intent is to further exposure
reduction by a more restrictive upper bound on ALARA or optimization.
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CONCLUSION

The record of radiation protection as practiced in the United States has been
a remarkable success in view of the extremely hazardous quantities of sources of
exposure handled. Earlier respect for these sources by scientists, physicians,
nuclear engineers, health physicists and others who, recognizing the tremendous
potential for health damage, initiated requirements and controls to assure that a high
level of protection for workers and members of the public was achieved. The earlier
"system of dose limitation" was comparatively simple. Today, however, radiation
protection has become very complex and the protection objectives to be
accomplished seem to be obscure. Too much attention is focused on implementing
an academic approach to achieving protection for sources that do not have the
potential for any extraordinary health consequences. ICRP appears to be
advocating a system of radiation protection that is founded on philosophical
concepts and assumptions that are overly responsive to social conservatism and
therefore overly restrictive for health protection alone. We find little evidence in
ICRP's 1990 draft recommendations that "the Commission has been concerned to
maintain stability in the recommendations" or that it adequately recognizes the merit
of its own words that "frequent changes would only introduce confusion."

Do the recommendations best reflect what we know and have experienced
from the science and practice of health physics? Do we believe their recommended
"system of dose limitations" is necessary for the adequate protection of public
health? Radiation protection is too important for the health physics profession not
to critically examine basic thinking behind the protection it needs to provide. We
suggest that ICRP's newest recommendations be so examined.
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NCRP AND ICRP - WHAT'S HAPPENING?

Charles B. Meinhold
Brookhaven National Laboratory, Upton, New York

As a result of the 1986 data from the Japanese life span study,
UNSCEAR (1989; and the NAS BEIR (1990) performed an in-depth analysis of
all the current information on risks to man from ionizing radiation.

Acting on the same preliminary information, NCRP made a number of
suggestions reflecting the possible change in risk estimates in its NCRP 91
(1987). ICRP began a review of its Publication 26 (1977) and concluded
that a revision would be needed. Both ICRP and NCRP set up task groups to
provide evaluations of the available risk information as it might apply to
radiation protection. Both "risk" committees have concluded their work and
the results are quite similar.

The ICRP's revisions to its basic recommendations are virtually
complete and should be available shortly. Since the NCRP considered this
data in its 1987 reports, substantial changes are not likely in its
recommendations on limits.

*This work was supported in part by the U.S. Nuclear Regulatory
Commission and the U.S. Department of Energy under Contract No. DE-AC02-
76CH00016.
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Implementation of Recent ICRP Guidance in Ontario Hydro's Radiation Safety
Program, G. Armitage and D.Whillans :(Health and Safety Division, Ontario Hydro, 757
McKay Road, Pickering, Ontario, LIW 3 C8

The practical application of recent ICRP guidance to Ontario Hydro's radiation
safety program is described. Impacts in the areas of external dosimetry, internal
dosimetry and emission limits for radionuclides from nuclear facilities are
discussed. In the case of some radiological hazards encountered in Ontario
Hydro's facilities, such as insoluble paniculate carbon-14 and elemental tritium,
no specific guidance from the ICRP exists and it was necessary to use general
principles to develop specific controls and techniques.

A brief discussion of benefits and difficulties during the implementation is
included.
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NUCLEAR POWER INDUSTRY REVIEW OF 10 CFR 20 IMPLEMENTATION DOCUMENTS

John F. Schmitt, Jay J. Maisler
Nuclear Management and Resources Council

ABSTRACT

The revision of 10 CFR 20, "Standards for Protection Against
Radiation"
will result in changes to radiation protection programs at commercial
nuclear power facilities. The record of the nuclear power industry for
radiation protection of public and worker health and safety is very good
and continues to improve. Because of its commitment, the industry is
concerned that implementation of the changes required by the new
regulation be accomplished in a correct, effective and efficient manner
which continues the improvements in radiation protection. Development and
review of implementation documents (e.g., Regulatory Guides) associated
with the revised Part 20 is an important part of this effort. This paper
discusses activities performed and plans developed by NUMARC, the nuclear
power industry's organization responsible for generic regulatory matters,
regarding implementation documents associated with the revised 10 CFR 20.

INTRODUCTION

The Nuclear Management and Resources Council (NUMARC) is the
organization of the nuclear power industry that is responsible for
coordinating the combined efforts of all utilities licensed by the NRC to
construct or operate nuclear power plants and of other nuclear industry
organizations in all matters involving generic regulatory policy issues
and on the regulatory aspects of generic operational and technical issues
effecting the nuclear power industry. Every utility responsible for
constructing or operating a commercial nuclear power plant in the United
States is a member of NUMARC. Other NUMARC members include major
architect engineering firms and all of the major nuclear steam supply
system vendors in the United States; each of whom operate fuel
fabrication facilities. Because the nuclear power industry has tasked
NUMARC with responsibility for regulatory issues, NUMARC has been, and
will continue to be, actively involved in the industry's efforts regarding
10 CFR 20 implementation documents.

In May 1990, the Nuclear Regulatory Commission voted in favor of
accepting the proposed revision to 10 CFR 20, "Standards for Protection
Against Radiation." 10 CFR 20 is the central regulation for the radiation
protection function at commercial nuclear power plants and fuel
fabrication facilities in the United States. This regulation and its
implementation documents (e.g., Regulatory Guides and Inspection Modules)
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10 CFR 20 Implementation Document Schedule

At the time of the writing of this paper none of the 10 CFR 20
implementation documents are available for review. Therefore, this paper
is unable to discuss the particulars of the nuclear power industry review
for any of these documents. It will, however, discuss what NUMARC has
done to date regarding the implementation documents for Part 20 and the
plans for future review of these documents.

NUMARC's current objectives regarding the revision to 10 CFR 20 are
to:

o work with the industry and the NRC for successful and meaningful
implementation of the changes to 10 CFR 20; and

o work to identify and effect development of any additional NRC
guidance above what is presently available

In response to a request from NUMARC, a public meeting was held with
the NRC staff on July 10, 1990 to discuss mechanisms for early input to
the development effort for the Regulatory Guides associated with the
revised 10 CFR 20. A list of proposed new and revised Regulatory Guides
and information on the schedule for publication for public comment was
obtained from NRC at that time. Opportunities for early input to the
Regulatory Guide process at that time were very minor.

It was also confirmed during the meeting that the NRC Commissioners
had endorsed January 1, 1992 as the implementation date for the revised
rule. The staff indicated that it would be the summer of 1991 before some
of the regulatory guides would be issued in final form. Some of them
would be issued at even a later time. Since this guidance ib critical to
efforts at nuclear power facilities for developing radiation protection
programs to assure compliance with the revised Part 20, their availability
so shortly before the planned implementation date is inappropriate. In a
letter of July 27, 1990 to NRC's Chairman Carr, NUMARC strongly urged
reconsideration of the implementation date for the revised Part 20. The
letter stated that the Regulatory Guide publication schedule, "is not
conducive to effective and efficient implementation of this important
rule." NUMARC also indicated that because Agreement States have three
years in which to conform their regulations to the revised 10 CFR 20, "the
possibility of requiring operation of radiation protection programs under
two different systems of regulation during this three year period exists.
This inconsistency should be avoided." For these reasons NUMARC requested
that the rule's effective implementation date be "approximately three
years after publication of the final Regulatory Guides or conformation by
all the Agreement States, whichever is later."
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Implementation Document Needs Considered

NUMARC has reviewed analyzed the list of proposed new and revised
Regulatory Guides to determine whether and how each might help accomplish
correct, effective, and efficient implementation of the new Part 20
requirements. It is important that added Regulatory Guides be considered
only in areas where new requirements have been promulgated. Additional
guidance, it was concluded, should be avoided where it is unnecessary,
such as in areas where programs are adequate or acceptable standards
already exist. Excessive guidance does not serve public and worker health
and safety any better and may divert limited licensee and regulator
resources unnecessarily. Licensee resources must be allowed to focus on
the efficient implementation of the new requirements, and not on
unnecessary on redundant new guidance. The results of this review will
guide NUMARC's input during the Regulatory Guide development and comment
process. NUMARC will obtain input from the industry on proposed
Regulatory Guides.

Coordination of Industry Efforts on 10 CFR 20

NUMARC currently plans to conduct regional workshops during 1991 when
the Regulatory Guides are issued in final form. NRC participation will be
sought at these workshops in the interest of effective and efficient
implementation of the revised rule.

In addition to these activities to provide comment on individual
implementation documents, NUMARC expects to coordinate with other nuclear
power industry organizations so that their activities will optimize the
use of industry resources in preparing for the implementation of the new
requirements contained in the revised 10 CFR 20. This would involve
discussion within the industry to evaluate the final revised rule and
identify generic issues requiring industry attention. These generic
implementation issues would then need to be prioritized. In addition,
strategies for industry review of proposed regulatory guidance will need
to be agreed upon and training opportunities identified to assist the
nuclear power industry in implementing the revised Part 20.

Summary

The commercial nuclear power industry is very concerned with assuring
the correct, effective and efficient implementation of the new
requirements for its radiation protection practices contained in the
revision to 10 CFR 20. Accomplishing this will require timely development
of the appropriate additional guidance, a coordinated effort by industry
organizations to optimize the use of industry resources on generic
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implementation issues, and changes to licensee radiation protection
programs including computer software, record keeping practices, procedures
and training. Because NUMARC is tasked to be the organization of the
nuclear power industry responsible for coordinating the combined efforts
of the industry in matters involving generic regulatory policy issues, it
will play a central role in accomplishing these activities. Implementing
the revised 10 CFR 20 is a major undertaking. The record established by
the industry in this area is excellent. Proper implementation of the
revised 10 CFR 20 will continue this record of protection and improvement.
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Implementation of NCRP 91 Recommendations on Occupational Exposure to
Ionizing Radiation at a Large Nuclear Facility

Roscoe M. Hall, Jr., Savannah River Site

(Printed material for this talk was not available at the printers deadline. It will be
printed supplementary to these proceedings and available at the registration desk)
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IMPACTS ON POWER REACTOR HEALTH PHYSICS PROGRAMS

Bruce A. Meyer
Carolina Power & Light Company
PO Box 1551, Raleigh NC 27602

ABSTRACT

The impacts on power reactor health physics programs from implementing the revised 10 CFR Part
20 will be extensive and costly. Every policy, program, procedure and training lesson plan involving health
physics will require changes and the subsequent retraining of personnel. At each power reactor facility,
hundreds of procedures and thousands of people will be affected by these changes. Every area of a power
reactor health physics program will be affected. These areas include; ALARA, Respiratory Protection,
Exposure Control, Job Coverage, Dosimetry, Radwaste, Effluent Accountability, Emergency Planning and
Radiation Worker Training. This paper presents how power reactor facilities will go about making these
changes and gives possible examples of some of these changes and their impact on each area of a power
reactor health physics program.

IMPLEMENTATION PROCESS

Each power reactor facility will use basically the same process to implement the revised 10 CFR Part
20 (NCRP & ICRP Guidance), henceforth referred to as the revised regulations. This process involves the
following steps:

What does it mean ? What is acceptable for compliance ? The revised regulations, although
interpreted and explained by the Nuclear Regulatory Commission (NRC) in the federal register, will need
further interpretation of its meaning and intent. Although some regulatory and industry guides will be issued,
many interpretations will still be necessary and these interpretations may or may not stand the test of time
as regulators and licensees rehash the meaning, the intent and what is acceptable for compliance with the
revised regulations for years to come.

Reach Agreement/Consensus

No one individual at a power reactor facility will make all the interpretations or decisions on how
best to comply with the revised regulations. So at every step along the way toward implementation, it will
be necessary to obtain agreement and/or consensus with health physics cohorts, fellow workers,
management and the industry health physics community as a whole, if possible.

The individuals responsible for implementing the revised regulations will seek out information, advice
and consensus from the rest of the power rpactor industry and the regulators in interpreting and
implementing the revised regulations. This will be an ongoing effort that will continue well after the revised
regulations become law.
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Identify Affected Areas

Every policy, program, procedure, computer program and lesson plan concerning and related to
health physics will be reviewed for the potential of it being affected by the revised regulations. This includes
not only health physics procedures, but may also include other disciplines' procedures, such as
maintenance, operations, engineering, etc. The degree of impact on other disciplines' procedures will vary
depending to what extent these other disciplines have incorporated health physics instructions into their
specific procedures.

Select Implementing Methods

Decisions on the practical and compliant implementation of the regulations and what and how areas
of the health physics program will be affected will be necessary. There will be many ways to implement the
revised regulations depending on interpretations of the revised regulations and present health physics
program requirements. These decisions will weigh the most practical and cost-effective options in order to
comply with the revised regulations. It will be important to select methods that result in the minimal impact
to the program, the people that operate the program and the radiation workers.

Identify Potential Changes

After the methods of implementation are determined, the specific changes to the areas of the health
physics program will be further defined and identified. At this point a good estimate of the cost associated
with the revised regulations can be determined.

Agree on Changes

Again agreement and consensus will be necessary on all changes and their expected impact on the
health physics program. Deciding on changes in-it-of-itself may be the easy part. Applying these changes
and determining how these changes will impact the health physics program and the attitude and work of
the radiation workers is the more difficult part.

Implement Changes and Test

It will take a tremendous work effort to revise and review all the changes to the procedures and the
computer programs of the health physics program. This process will involve many reviews and trial runs by
everyone in the health physics organization. Most power reactor facilities will probably contract health
physics professionals and consultants to assist with the implementation of the revised regulations. This will
place a further demand on the already short supply of professional health physicists which will, more than
likely, further drive up the cost of implementation.
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Retrain Personnel

All personnel will need to be retrained. This includes managers, radiation workers, health physics
personnel, engineers, training personnel, etc. The health physics and training personnel will have the most
to relearn and comprehend. This will not be an easy task. The training and educating of the health physics
personnel will not be accomplished by a few days of classroom training. This process will take years before
health physics personnel are comfortable with the new risk-based system and terminology of the revised
regulations.

Monitor and Fine Tune

After implementation, power reactor health physicists will be watching and learning from each other
for the most effective and efficient methods to comply with the revised regulations. Additional changes will
be necessary to the programs as the regulators and industry sort out the interpretation and the practicalities
of implementing the revised regulations. I anticipate many regulatory infractions as further understanding
and consensus is reached between health physicists in industry and in regulatory groups.

GENERAL IMPACT

Every area of a power reactor health physics program will be affected by these revised regulations.
Some areas will be changed and affected more than others. Some of these impacts will be beneficial, other
impacts will be disruptive with no clear improvement or benefit to the program. Some areas will need to be
completely revamped. The cost to comply with the revised regulations will be between $1 and $3 million per
power reactor facility.

This paper neither discusses the technical basis and reasons for the revised regulations nor tries
to explain the terminology and the specifics of the regulations. This paper expresses an opinion on the
possible impacts to a power reactor health physics program as a result of the revised regulations.

Many people disagree on the impacts, costs and benefits of the revised regulations. Although as
a professional health physicist I have mixed thoughts and feelings with the revised regulations, overall I
believe the revised regulations are creating more cumbersome and confusing health physics programs for
the workers, the public and the operational health physicists.

HEALTH PHYSICS PROGRAM IMPACTS

There will be many major and minor changes and impacts to each area of a power reactor health
physics program as a result of these revised regulations. The following sections briefly discuss some of the
major changes and their possible impact to power reactor health physics programs. In many cases it is
difficult to predict specific changes because it depends on interpretations of the revised regulations and
existing program procedures and methods.
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ALARA

Power reactor health physics programs already have detailed and extensive ALARA programs so
the revised regulations will require little change to the existing ALARA programs. However, there will be
some impacts. There will be impact from the change in the present regulation wording of "should" to the
revised regulation wording of "shall".

Under the present regulations, power reactor facilities have not been cited by the regulators for
having questionable ALARA programs and practices. However, the use of "shall" in the revised regulations
provides the tool to cite licensees that are perceived as not being "ALARA". Since this is a very subjective
call, this will be a controversial area of the revised regulations. Remember, ALARA is a principle of radiation
protection and is very subjective.

Another impact will come from trying to balance the relatively insignificant internal doses with the
external doses. Although the revised regulations imply that internal dose should be avoided or minimized,
the revised regulations add the caveat that this is should be done, "consistent with maintaining the total
effective dose equivalent ALARA." This is going to be easier said than done.

Power reactor health physicists have always disapportionately spent more effort worrying and
dealing with internal doses than external doses. Power reactor health physicists have convinced themselves,
the workers, the public and the industry and government regulators that internal dose should be avoided
at all costs, even at the expense of external dose. This paradigm is not going to be overcome by this new,
"ALARA consistency" warding in the revised regulations.

Respiratory Protection

Although the general requirements for using and controlling respiratory equipment will not change,
the air sampling requirements and controls will be more extensive. The revised regulations will necessitate
increased use and sophistication of air sampling when there is any chance of significant internal exposure.

The health physics job coverage of radiation work will require more air sampling when internal
exposure is contributing to the total dose. This will increase the external dose to the health physics
technicians providing the job coverage. This area of a power reactor health physics program will further
evolve as facilities and regulators struggle to obtain the most effective methods and controls for complying
with the revised regulations.

Exposure Control

The day to day control of workers' exposure to radiation will be more cumbersome and difficult
because both external and internal exposures will have to be considered before and after the exposures,
and prior to performing subsequent work in radiation control areas. Although most jobs at power reactor
facilities do not involve internal exposure, the record systems, procedures, computer programs and health
physics personnel's knowledge will have to be changed to deal with internal, as well as, external exposure
control.

The revised regulations only require the summation of internal and external dose if monitoring is
required. Monitoring is required if either 10% of the internal or external limits are expected to be exceeded.
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Since power reactor health physicists presently "monitor" everyone who enters the radiation control areas
of a power reactor facility for both external and internal exposure, this can be interpreted as requiring the
summation of the internaf and external doses regardless of the 10% rule. This interpretation is analogous
io the present practice of reporting doses that are less than 25% of the limits for radiation workers who are
monitored for external dose, although monitoring is only required when doses are expected to be greater
than 25% of the external limits.

Another impact and source of confusion will be from the different summing and reporting practices.
Some licensees will routinely sum the doses and other licensees will not. Since many radiation workers travel
from facility to facility this will lead to confusion and loss of productivity, especially among the traveling
contract health physicists.

Job Coverage

The control of jobs in radiation control areas will be more difficult and complex than before. As
previously mentioned, both external and internal exposure wili have to be further considered and controlled
by the health physics technicians in the work place. This may prove not to be an easy task. Although most
jobs do not involve significant internal exposure, almost all jobs have the potential for internal exposure and
regardless of the frequency of internal exposure, the health physics programs must have the policies,
procedures and trained health physics personnel in place to control and sum the internal and external
doses.

The following is an example of the increased job coverage that may be required. If a worker's
internal exposure is being monitored, then the health physijs technician will have to control both the stay
time to the external source and the internal source by dosimeter and air sampling. At the completion of the
job, and before the worker can work on another job, the internal dose from the air sample results and the
dosimeter results will have to be determined and summed.

Dosimetry

The complete "bookkeeping", that is, record system of the dosimetry program will have to be
changed. All of the forms, computer programs, reports, procedures, policies and lesson plans will require
revision to incorporate the new terminology of the risk-based system of the revised regulations. The
retraining of the health physics personnel at all levels will not be a trivial task.

The revised system is confusing and difficult to understand. For example, there are nine different
terms of dose that share the same unit of rem. They are:

Dose Equivalent Eye Dose Equivalent
Shallow Dose Equivalent Skin Shallow Dose Equivalent Extremity
Deep Dose Equivalent Effective Dose Equivalent
Committed Dose Equivalent Committed Effective Dose Equivalent
Total Effective Dose Equivalent

This will cause alot of confusion and frustration among the workers and the health physics
personnel.

43



Radwaste

It is not clear what impact the revised regulations will have on the radwaste program. It is clear that
it will not reduce the volume or activity of the radwaste which is the public's primary concern. The greatest
potential impact appears to be on the 10 CFR Part 61 regulations that address the dose from shallow land
burial. Going to a risk-based system necessitates the conversion of the dose limits throughout the
regulations from dose equivalent to total effective dose equivalent. As previously pointed out, the actual
impact will depend on the interpretation of the revised rules and, in this case, how they affect associated
regulations such as 10 CFR Part 61.

Effluent Accountability

This area of a health physics program could greatly be affected by the revised regulations. The risk-
based system will require changes in the dose models used to site, construct and operate a power reactor
facility. Although most people recognize that the dose from power reactor facilities to the public is
insignificant compared with other environmental sources of dose, the revised regulations will require
modifications of the existing dose pathway models and methodology for effluent accountability. The
"bookkeeping" or calculated dose will change, but the actual dose will not change.

The following is another example of the potential impact from these revised regulations. Presently,
power reactor facilities set the instantaneous release rate alarm set points on their air and water effluent
monitors at concentrations that, if continuously released for one year, would exceed 500 mrem to the public.
Since the new limit to the public has been lowered to 100 mrem, does this mean that the alarm set points
should be lowered by a factor of 5 ? If so, some power reactor facilities will require new effluent monitors
which will cost millions of dollars.

Emergency Planning

Although the revised regulations do not specifically address emergency planning doses at power
reactor facilities, the risk-based system in the revised regulations will have an impact on emergency plans.
The Environmental Protection Agency (EPA) has already recommended a partial risk-based change to the
Protective Action Guides (PAGs).

Protective Action Recommendations (PARs) for the public can be based on projected doses to the
whole body and the thyroid of the affected public. The application of the risk-based system would drastically
change the PAGs. It will add more uncertainty and conservative assumptions to the already cumbersome
methodology and procedures for making PARs from projected radioactive releases.

If any changes are made to the present power reactor emergency plans they should simplify, not
further complicate, the already meaningless and overly conservative dose projection requirements of the
emergency plans.
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Radiation Worker Training

This area of a health physics program will require the most changes and efforts. Everyone who
works at a power reactor facility will have to be retrained. The revised regulations will further confuse the
public and the work force. It is not a simple matter of retraining everyone, it takes years of experience using
the new terminology and operating the revised health physics programs before the health physic personnel,
the regulators, the workers and the public will reach the present comfort level with the regulations. Even the
present level of understanding and comfort is not where it needs to be. We are creating a nightmare for the
operational health physicist, the regulators and the public.

SUMMARY

On paper and "in-theory", the risk-based system that the revised regulations implements is more
logical and clarifies some of the short-comings and misconceptions of the present regulations. In principal
the new risk-based system is simple and intuitively logical. Simply stated; for any type of radiation and any
part or organ of the body exposed by any means, the radiation dose is calculated, weighted and summed
to determine the overall risk to the individual.

In practice the conversion of our present health physics programs to the revised regulations will not
be simple and straight-forward. It will be a major, costly undertaking which wil1 take years to reach the
degree of comfort, uniformity and understanding that presently exists.

The revised regulations will only make sense and serve the needs of a few theoretical and highly
technical health physicists. The vast majority of the operational health physics community, the radiation
workers, the public, and other professions involved with the use of radiation, such as managers, lawyers,
engineers, etc., will be further confused, mislead and frustrated because of the revised regulations.

There will be no net dose savings to the radiation workers and the public as a result of these revised
regulations. Almost all of the changes are to the "bookkeeping" of peoples' radiation doses. As a professional
health physicist, I join with others and say, "the emperor has no clothes". These revised regulations will not
benefit the profession, the workers, or the public. They will only cost our society more resources chasing
little or no benefit. Where is the rational pursuit for the safe and cost-effective use of radiation for the benefit
of man and his environment ?
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METHODOLOGY FOR DEVELOPMENT OF HEALTH PHYSICS PROCEDURES AT RESEARCH
REACTORS IN AGREEMENT STATES
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The University of Texas at Austin
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Austin, Texas 78712

ABSTRACT

The University of Texas at Austin is awaiting final license approval to operate a
new 1 MW TRIGA reactor for teaching and research. All reactor and laboratory operations,
experiments, and monitoring are carried out under health physics procedures that
address the regulatory and industry standards imposed for such activities. A method was
applied to ensure consideration of all applicable documents as references in order to
comply with the regulations and accepted good practices. This paper examines the
development of one procedure "Radioactive Material Control" by use of the method. The
process is examined as a tool to apply to any health physics procedure development.
Further discussion focuses on the regulatory anomalies observed during development of
the procedure and presents the arguments for our resolution of these issues. The design
of the reactor facility is also detailed to allow for understanding of the problems
encountered during procedural development.

INTRODUCTION

The University of Texas at Austin has operated a 250-kW TRIGA Mark I reactor for
education and research since 1963. In 1983, the decision was made to construct a new
above ground facility at the Balcones Research Center. The new reactor is a 1-MW TRIGA.
Mark II, includes five neutron beam ports, and has pulsing capability to 1500 MW. This
paper examines the development of the health physics procedures that were written to
support the licensing and safe operation of the new reactor at the Nuclear Engineering
Teaching Laboratory (NETL).

The licensing process has changed dramatically since the issuance of the first UT
reactor license in 1963. In the past, health physics was an ancillary part of the operation
of the reactor, and was performed mostly by reactor licensed operators. Two factors have
changed the program requirements for health physics between the original program
implemented in 1963, and the new program developed in 1989. One is the incremental
change in reactor power from 250 kW to a nominal 1000 kW. A second factor is the
regulatory and inspection emphasis. In todays regulatory climate, health physics is an
integral part of the licensing process. New rules, regulations, recommendations, and
reports are being issued almost as fast as procedures can be written. The challenge to the
procedure writer is to manage the vast amounts of information in order to produce
procedures that are current, comply with the regulations, and yet do not unduly interfere
with the primary goal, i.e., reactor operations.
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Facility Design

The NETL consists of two major sections: the reactor area, and the
laboratory/administrative wing. The reactor area includes the reactor bay, control room,
two offices, a radiation experiment room, and the radioactive liquid waste storage room.
The laboratory/administrative wing includes staff offices, sample processing rooms,
student laboratories, and gamma spectroscopy and chemistry laboratories. Since Texas is
an Agreement State, reactor operations are governed by a license granted by the U. S.
Nuclear Regulatory Commission (NRC), while other activities are governed by the
University broad license granted by the Texas Department of Health, Bureau of Radiation
Control. A Special Nuclear Material license is also granted by the NRC for specific uses.
One of the basic issues faced at the commencement of health physics procedure
development was to identify the boundary between the Federal and State licenses. This
was necessary in order to accurately define the separation of administrative authority and
program responsibility between the two licenses. After consideration of the options, the
boundary was established as the confines of the reactor bay for the NRC license: any
activities outside of the bay fall under jurisdiction of the State license. This separation is
described in the reactor Technical Specifications, and is therefore a license condition for
operation.

PROCEDURE DEVELOPMENT METHODOLOGY

Procedure Categories

The initial phase of health physics procedure development consisted of definii>j»
areas that would become procedure titles. Rather than write myriad procedures, each
addressing a very specific topic, it was decided to group similar topics into sections of a
broadly titled procedure. There are currently seven health physics procedures to govern
radiation safety at the NETL:

HP-1 RADIATION MONITORING - PERSONNEL

HP-2 RADIATION MONITORING - FACILITY

HP-3 NETL ALARA PROGRAM

HP-4 RADIATION PROTECTION TRAINING

HP-5 PORTABLE RADIATION MONITORING EQUIPMENT

HP-6 RADIOACTIVE MATERIAL CONTROL

HP-7 RADIATION WORK PERMITS

An additional procedure concerning installed radiation monitors is covered under
a surveillance category.
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Development Method

The development method was based on the premise that a majority of health
physics requirements are embedded in 10 CFR Part 20, "Standards for Protection Against
Radiation." As a dual licensed facility, it is required that the procedures satisfy 10 CFR
Part 20 and the Agreement State counterpart, Texas Regulations for Control of Radiation,
Part 21 (TRCR 21), in order for one procedure to apply to both areas. This is clearly
preferred as opposed to writing separate procedures for each licensed area.

STEP 1 - Sort through 10 CFR Part 20 and identify the sections that apply to the
procedure category.

Once these sections were identified, the Agreement State counterpart (TRCR 21)
was examined to match up it's content with the sections from 10 CFR Part 20. A
comprehensive comparison was performed between the two documents with the matches
and differences noted. In theory, the differences should be minimal; in practice, this was
not always the case. Some of the most difficult issues to resolve were the result of minor
variations in the wording of sections with similar intent.

STEP 2 - Scan the NRC and Agreement State Regulatory Guides by title to identify
any that may be applicable to the procedure category.

The Regulatory Guides frequently addressed areas of the regulations that were
somewhat open to interpretation, and provided valuable insight for procedure
development.

STEP 3 - Review ANSI/ANS - 15.11 "Radiation Protection at Research Reactor
Facilities."

The guidance contained in this document worked much like a checklist to ensure
consideration of all aspects of the category in question.

STEP 4 - Review the facility Safety Analysis Report (SAR), Technical
Specifications, and Manual of Radiation Safety.

Commitments made as part of the licensing process needed to be include in the
procedures. In addition, the definitions provided in the SAR and Technical Specifications
ensured consistency between the HP procedures, and the other facility procedures,
especially with respect to timed requirements (e.g.."weekly, not to exceed ten days"). The
University of Texas Manual of Radiation Safety contained many requirements that must be
followed for activities conducted under the jurisdiction of the State license, and did not
need to be repeated in a separate facility-specific procedure.

STEP 5 - Organize, outline, and draft the procedure in accordance with the
applicable writer's guide or facility protocol.
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Other Considerations

Clearly, there are a wealth of other references available for use when developing
health physics procedures. It is not the intention of this paper to provide a complete
bibliography of all health physics references. However, there are regulations and
publications that have proven extremely valuable for certain procedures. For example, a
procedure that governs the transportation of radioactive materials requires knowledge of,
and reference to, several sections of the DOT regulations. These include the requirements
listed in 49 CFR Parts 172, 173, 176, and 178, to list a few. Other publications of benefit
were the NCRP/ICRP reports; these frequently provided insight into the setting of limits
and establishment of recommendations. They did not necessarily provide direct input,
but allowed the procedure writer to produce a document that explains requirements rather
than simply dictating them.

NRC Inspection and Enforcement bulletins were another useful source of
information. Although not intended as regulatory documents, several "I&E's" have gone
beyond being recommendations, and are used by the NRC as an implied regulation.
Licensees have been expected to be knowledgeable of these information notices; in some
cases inspectors have requested information concerning the facility response to a
particular issue.

The last source of information that was invaluable was the shared experiences of
other facilities. The issues that result in the greatest challenges during procedure
development were shared by several institutions contacted during this effort. Some of the
solutions from these facilities were able to be directly used in producing the UT
procedures. It also provided an opportunity to commiserate with colleagues that have
faced the same tough issues during their procedure development and license approval.

APPLICATION OF THE METHOD

This section provides an example of how the method was applied to one of the NETL
procedures, HP-6, "Radioactive Material Control." This procedure was designed to address
the following areas of concern:

1 . Contamination Control

2. Release of Material for Unrestricted Use

3. Radioactive Material Identification and Inventory

4. Radioactive Material Storage

Items 1. and 2. define, respectively, the control and release requirements for any
radioactive material. Items 3. and 4. determine the physical labeling and locations of
materials subject to items 1. and 2.
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Step 1

The analysis of 10 CFR Part 20 identified several significant definitions and
sections that were relevant to the procedure. The sections and their TRCR counterpart are
described as follows:

10 CFR 20.3 - DEFINITIONS (TRCR 11.2)

The comparison of significant definitions revealed that the term "licensed
material" is defined in the CFR, but not in the TRCR. "Radioactive material" is defined by
TRCR as "...any material (solid, liquid, or gas) which emits radiation spontaneously": CFR
simply states "...any such material whether or not subject to licensing control by the
Commission." The discrepancy occurs when trying to identify what radioactive material is
for purpose of release. The Federal regulations are ambiguous at best, and the State
definition implies a zero tolerance level.

10 CFR 20.203(e),(0, and 20.204 - CAUTION SIGNS, LABELS..., and
EXCEPTIONS (TRCR 21.203(e),(f). and
21.204)

These two sections were identical, and therefore posed no regulatory conflict
between Federal and State requirements.

10 CFR 20.301 - GENERAL REQUIREMENTS(WASTE DISPOSAL) (TRCR 21.301)

These sections were also identical, and did not pose a regulatory conflict between
Federal and State requirements.

TRCR 21.109 - SURFACE CONTAMINATION LIMITS FOR FACILITIES AND
EQUIPMENT

This section of the Texas regulations does not have a counterpart in 10 CFR Part
20. To summarize, this section states that prior to release of an area or equipment for
unrestricted use, the licensee shall ensure that radioactive contamination has been
removed to levels that are "as low as is reasonably achievable" (ALARA), but in no case
above the limits given in Appendix 21-C to TRCR 21. Appendix C of TRCR 21 is taken
directly from the table provided in NRC Regulatory Guide 1.86, "Termination of Operating
Licenses for Nuclear Reactors." This inclusion in the State regulations had a profound
impact on the way that the NETL procedure reads for release of materials for unrestricted
use.

Step 2

Analysis of the NRC Regulatory Guides provided the following references:

Regulatory Guide 8.2 - "Guide for Administrative Practices in Radiation
Monitoring" - This guide endorses ANSI N13.2 by the same name.
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Regulatory Guide 8.8 - "Information Relevant to Ensuring that Occupational
Radiation Exposures at Nuclear Power Stations Will be As Low As Is Reasonably
Achievable"

Regulatory Guide 8.10 - "Operating Philosophy for Maintaining Occupational
Exposures As Low As Is Reasonably Achievable"

Regulatory Guide 8.21 - "Health Physics Surveys for Byproduct Material at NRC-
Licensed Processing and Manufacturing Plants"

Step 3

ANSI/ANS - 15.11 served to provide amplification to the previous documents.
Section 5 of the standards document discusses a program for radioactive material control.
Other pertinent topics include surface contamination limit guidelines (which mirror
Regulatory Guide 1.86), and the ALARA program.

Step 4

A review of the facility Technical Specifications, Safety Analysis Report, and
Manual of Radiation Safety was performed. The boundary between the Federal and Slate
license responsibilities was defined in section 5.1.1 of the Technical Specifications.
Sections 6.3 (e) and (f) of the Technical Specifications set the requirements for health
physics procedures, (e), and include the scope of application (0- Minimum requirements
for health physics records and retention are specified in section 6.7.

The SAR contained an action level for contamination that exceeds 500 dpm per 100
cm2. The Manual of Radiation Safety sets this action level at 1000 dpm per 100 cm2, thus
providing two sets of criteria in two controlling documents. The Manual of Radiation
Safety also contained explicit instructions for radioactive waste disposal; this activity is
controlled exclusively by the University Radiation Safety Officer.

Step 5

After compilation of the resources and information listed in Steps 1-4, the
procedure was organized and drafted for comment. Comments were solicited from the
NETL Director and Assistant Director prior to submittal of a final draft. Once prepared,
the procedure was be approved by the following:

1. Reactor Health Physicist

2. NETL Assistant Director/Reactor Supervisor
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3. NETL Director

4. University of Texas Nuclear Reactor Committee

5. University of Texas Radiation Safety Committee

Review of the procedure by the Radiation Safety Officer occurred prior to
submission to the University committees, i. e., it was not submitted to the committees
without the Radiation Safety Officer's consent.

PROCEDURE ANALYSIS

Contamination Control

The area of contamination control was easily developed from the existing
references. The procedure defines a Controlled Surface Contamination Area (CSCA) as
"any accessible area where contamination levels exceed, or due to activities in progress
could exceed 500 dpm per 100 cm2 Beta-Gamma, or any detectable alpha." This level is
50% below the values listed in Regulatory Guide 1.86 and ANSI/ANS - 15.11, and
therefore shows a commitment to keeping surface contamination ALARA. In addition, a
Radiation Safety Officer policy statement calls for investigation of levels >200 dpm per
100 cm2, and should further reduce the expected normal contamination levels. The
remainder of this area of the procedure describes the administrative controls placed on
the establishment and control of CSCA's.

Release of Material for Unrestricted Use

The question of release of radioactive material has been debated for years, and
appears to be culminating with the "Below Regulatory Concern" proposals. However,
without a definitive rule by a licensing authority, each organization must proceed with a
prudent, justifiable method for releasing such radioactive materials. In this section, NRC
IE Information Notice No. 85-92 "Surveys of Wastes Before Disposal From Nuclear Reactor
Facilities" proved to be a very valuable reference. The procedure was written as follows:

Items to be released for unrestricted use are surveyed with a thin window pancake
style Geiger-Mueller (GM) probe, or other appropriate type of survey meter if the GM does
not provide the requisite sensitivity. As a note, a Nal probe is being purchased for this
use. The survey must ensure that all surfaces of the object are accessible to the probe. If
there is no detected activity, the item is released for unrestricted use. If the item
indicate" counts above background (>2 times normal background) the item shall be swiped
to determine if the activity is loose surface contamination. If removable, the item is
decontaminated and resurveyed. If not removable, the item is stored as radioactive waste.
Experiment materials that are placed inside the outer edge of the core reflector are always
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considered radioactive and cannot be released regardless of the measured levels of
activity.

The rationale behind this app.oach comes from several sources. Many Federal
documents address surface contamination limits for release of areas, but do not
specifically apply these limits to equipment. The Texas regulations specifically include
equipment in the section pertaining to surface contamination limits: this regulation
allows a limit of 1000 dpm per 100 cm2. By application of the 200 dpm per 100 cm2

criteria to removable contamination on equipment, the procedure becomes conservative by
a factor of five. However, if detection equipment response cannot be determined to be the
result of loose surface contamination, then the material is considered "radioactive," and is
treated accordingly. This approach also satisfies 10 CFR 20.301 (TRCR 21.301) that
prohibits disposal of radioactive material; by the interpretation used, the procedure also
prohibits such disposal by defining radioactive material.

Radioactive Material Identification and Inventory

Radioactive material identification is required to be marked by use of the standard
yellow/magenta tags, tape, stickers, etc. However, in a dual licensed facility, it is
important to be able to identify materials that are covered under each of the licenses. For
example, an experimental apparatus with induced activity is considered "Federal"
material until such time as it is moved beyond the confines of the reactor bay. This
movement constitutes a transfer to the State license and requires transfer/accountability
paperwork. If the same piece of equipment is subsequently moved back to the reactor bay,
it remains on the State license until such time as it is reirradiatcd. In order to
distinguish between Federal and State materials, a 1/4" silver dot is placed on or near the
radioactive material marking to indicate that is is governed by the State license.

In a perfect set of procedures, one would strive to have no exceptions to any of the
stated rules. However, it was necessary to create two exceptions to the requirement to
transfer Federal material to the State license:

1. Encapsulation devices ("rabbits") are considered to be Federal material
regardless of their location in the facility. This precludes doing transfer paperwork
whenever the rabbits are moved from the reactor bay to the sample processing room and
back.

2. Federal materials that need to be worked on in one of the shops can be
temporarily moved for the purpose of the work; however, they must be continuously
attended until returned to the reactor bay.

Inventory of materials is maintained in two ways. Any equipment used in
experiments is recorded on logsheets annotated as in-core or beam lube material. When
transferred to the State license, released, or disposed of, the dispensation is noted on the
log, and maintained on file.

When material is transferred to the Slate license for storage, release, or disposal,
an identification tag is placed on the equipment. The material is then logged in a separate
radioactive material storage log until it's dispensation.
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Radioactive Material Storage

The storage of radioactive materials was covered extensively along with inventory,
i.e., tagging and logging of the materials. The remainder of this section of the procedure
describes the postings that must be in place for areas where radioactive materials are
stored.

SUMMARY

Development of health physics procedures remains a challenging task in response
to regulatory requirements. Certainly, the 10 CFR Part 20 revision will require licensees
to reevaluate their existing procedures to bring them in line with the new regulations.
This will be especially difficult for licensees in Agreement Slates, as compliance with 10
CFR Part 20 is required before most States will rewrite their regulations.

The method presented provides a means of considering a number of documents and
references pertinent to the procedure being developed. It allows for examination and
comparison of regulations and recommendations, some of which appear conflicting. By
compiling information taken from these documents and evaluating the particular layout,
organization and goals of the new UT TRIGA facility, a set of health physics procedures
was written that ensure the principles of ALARA, and protects the health and safety of the
workers without significant impact on the academic and research mission of the facility.
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BENEFITS OF THE EFFECTIVE DOSE EQUIVALENT CONCEPT
AT A MEDICAL CENTER

Richard J. Vetter and Kelly L. Classic
Radiation Safety Office
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Rochester, MN 55905

ABSTRACT

A primary objective of the recommendations of the International Committee on
Radiological Protection Publication 26 is to insure that no source of rar^ation exposure is
unjustified in relation to its benefits. This objective is consistent with goals of the Radiation
Safety Committee and Institutional Review Board at medical centers where research may
involve radiation exposure of human subjects. The effective dose equivalent concept facilitates
evaluation of risk by those who have little or no knowledge of quantities or biological effects
of radiation. This paper presents effective dose equivalent data used by radiation workers and
those who evaluate human research protocols as these data relate to personal dosimeter
reading, entrance skin exposure, and target organ dose. The benefits of using effective dose
equivalent to evaluate risk of medical radiation environments and research protocols are also
described.

INTRODUCTION

Radiation plays an important role in the diagnosis and treatment of various diseases
and in biomedical research. Risk to patients from radiation exposures are low and easily
justified in relation to their benefits. While it is assumed that an increased risk of stochastic
effects is associated with radiation exposure of patients, the benefits in terms of quality and
quantity of life far outweigh these risks. The benefits to individuals who receive radiation
exposure as a result of their occupational activities or participation in research protocols are
more or less limited to financial compensation or altruistic rewards. Consequently, for these
last two categories greater emphasis is placed upon the risk element of the benefit versus risk
equation, and greater effort is expended in keeping such exposures as low as reasonably
achievable. Since the benefit members of the public derive from coincidental radiation
exposure as a result of visiting a medical facility is negligible, care is taken to see that such
exposures are also negligible.

This paper discusses advantages that the effective dose equivalent concept provides in
discussions of risk versus benefit with patients or their families, individuals who receive
occupational radiation exposure, committee members who evaluate risk to human subjects in
research protocols, and participants in research protocols that utilize radiation.
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SOURCES OF RADIATION EXPOSURE

Clinical

Radiation exposure of patients for treatment of benign or malignant conditions
provides obvious palliative or curative benefits. Risks are usually discussed in terms of
deterministic (nonstochastic) effects associated with localized high doses of radiation and
relative probabilities of stochastic effects that may manifest themselves in subsequent years.
While efforts are made to minimize radiation doses to tissues free of disease, radiation dose to
treated tissues is dictated by clinical experience and desired outcome.

Occasionally, patients who receive low doses of radiation from diagnostic radiology or
nuclear medicine become concerned with the risk associated with such exposure. Lay
publications often use the entrance skin exposure from a radiographic procedure to compare
with natural background radiation, occupational radiation exposure limits, or some other source
of radiation exposure the public may have experienced. Since radiation associated with
radiographic examinations is localized and is significantly attenuated by overlying tissues and
organs, exposures are nonuniform and cannot be compared to other sources of radiation
exposure by a simple, easily measured quantity such as entrance skin exposure. Likewise, for
diagnostic nuclear medicine procedures use of the radiation dose to a single organ results in an
oversimplified expression of radiation risk.

While the effective dose equivalent as defined by the International Commission on
Radiological Protection (1977) is based on risk factors for an average human (no distinction
for age, sex, or ethnic factors), it provides a much more reasonable basis for estimation of risk
and comparison of various procedures for which the radiation exposure may not be the same.
Values for effective dose equivalent can be used with reasonable confidence to compare a
particular procedure to one that is familiar to the patient.

The effective dose equivalents from selected radiographic and nuclear medicine
examinations are shown in Tables 1 and 2. For purposes of these comparisons, risk to male
breast was assumed to be negligible, and differential doses to male and female gonads were
utilized to provide effective dose equivalent for male and female. The difference between skin
dose and effective dose equivalent for various radiographic examinations is particularly notable.

Occupational

For employees who receive external radiation exposure from the use of gamma
emitting radionuclides, the external radiation monitor provides a reasonable estimate of
effective dose equivalent. Recommendations for radiation safety practices to reduce risk can
be based to a large extent on the external monitor reading. For employees in diagnostic
radiology, the external monitor reading can be used as an indicator of external exposure, but it
often is not a good estimate of effective dose equivalent. While this reading can be used as a
indicator of the adequacy of radiation safety practices in the x-ray facility, it often cannot be
used to quantify risk to employees, particularly those in special procedures rooms where the
use of lead aprons is required.
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It is common practice, and in some states it is required, to wear the external monitor
on the outside of lead aprons when only one monitor is provided. Even when the external
monitor readings are lower than the maximum permissible dose equivalent or the
investigational level for a radiation worker, they may be a source of anxiety, particularly for
new employees or those who plan to raise children and are concerned about possible genetic
effects. While it is comforting for them to know that the lead apron absorbs more than 90%
of the incident photons, use of effective dose equivalent provides them with an additional
quantity that can be used to compare their occupational exposures to those from other
occupational exposure categories. Table 3 shows the external monitor reading and estimated
effective dose equivalent for several occupational exposure categories at Mayo Clinic.

No guidance has been provided by the National Council on Radiation Protection and
Measurements (NCRP) on a procedure to estimate effective dose equivalent from external
monitor readings. Faulkner and Harrison (1988) and Webster (1989) have suggested
correction factors that may be applied to external radiation monitors worn outside or under
lead aprons. Meinhold (1989) has suggested that the calculation of effective dose equivalent
should be based on a knowledge of the ratio of the radiation exposure under the apron to that
received to tissues outside the apron together with the guidance given in NCRP Report No. 91
(1987). Meinhold's suggestion allows flexibility in positioning of external monitors provided
the computation of effective dose equivalent is based on data appropriate to position of
monitors and thickness of lead aprons. This should facilitate the computation of reliable
effective dose equivalents that can be compared among facilities and can be used to reduce
anxiety among employees in radiographic facilities. Further guidance is required to assure
accurate estimates of effective dose equivalent from nonuniform external radiation exposure.

Research

Exposure of human research subjects to sources of radiation in the course of scientific
investigation involves several considerations that may override those normally applied to
clinical workups. Research protocols must be evaluated by a Committee on Use of Human
Subjects (e.g. Institutional Review Board, Bioethics Committee, or Radiation Safety
Committee) to assure protection of human research subjects. The Committee must be
convinced that the use of radiation is necessary to carry out the study and that every effort has
been made to minimize radiation dose to subjects, including limiting the number of subjects to
those required to obtain statistical significance. Also, research subjects must be provided
meaningful information on risk so they can decide if they want to participate.

Members of the Committee may have very little background on the risks and potential
biological effects of radiation. They often depend on assistance from radiation safety staff,
radiologists, or radiation oncologists to determine whether the risks associated with the
radiation exposure as a result of participating in the investigation are acceptable. While
federal regulations do not prescribe dose equivalent limits for human research protocols, there
is usually an attempt to apply the recommended maximum exposure limits for members of the
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general public to these protocols. Higher radiation exposures are often allowed to subjects
inflicted with the disease under study, but it is assumed that no benefit other than altruistic
fulfillment is derived from participation in such a protocol. Since it is assumed that there is no
benefit to the patient, the Committee is interested in quantifying and minimizing risks to the
maximum extent possible.

Effective dose equivalent provides a means for evaluation of radiation risk from all
types of investigations that involve radiation exposure of research subjects. This is especially
helpful in the evaluation of new technologies where the Committee has no prior knowledge or
experience. The use of entrance skin exposure for evaluation of risk in protocols that utilize
radiographic examinations often erroneously implies a higher level of risk as compared to the
whole-body dose from diagnostic nuclear medicine examinations. For example, the skin dose is
approximately 20 times the estimated effective dose equivalent (Table 1) for fast CT (a
cardiology procedure). However, the effective dose equivalent for fast CT is only one-third
that for a radionuclide ventriculogram that uses Tl-201 (Table 2). While some members of the
Committee may be familiar with radiographic and nuclear medicine examinations, they may be
totally unfamiliar with the radiation doses to subjects who participate in metabolic studies. The
use of effective dose equivalent for metabolic applications (Table 2) can be compared not only
to the general limits on radiation exposure to members of the public, but to effective dose
equivalents from the more familiar nuclear medicine examinations.

CONCLUSIONS

The concept of effective dose equivalent was derived with the intent of prospectively
examining risk associated with a given level of occupational radiation exposure (ICRP 1977).
The recommended occupational exposure limits of the ICRP are set at a level believed to be
associated with a low degree of risk. Therefore, unless these limits are exceeded by a
considerable amount, the risk is sufficiently low to not warrant costly measures to reduce risk.
It has become common to apply the effective dose equivalent concept to exposure categories
other than occupational, including radiation exposure of patients and research subjects.

The effective dose equivalent provides a meaningful method for adding internal and
external radiation exposures. It also provides a method for communicating risk to patients,
research subjects, and members of committees and for placing on a common scale, radiation
exposures from a variety of sources.
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Table 1. He for Radiographic Examinations

Procedure

Knee

Abdomen

Abdomen CT

Chest (PA)

Fast CT (chest)

ChestCT

Coronary Angiogram

Mammogram

HeadCT

Skin
Dose a (mGy)

03

2

463

0.2

93

37.2

275

3.9

32.5

OV

_ d

0.5

1.5

—

0.7

0.3

0.3

...

TE

—

—

1.5

...

0.7

0.3

0.2

—

BR

—

—

—

—

15.0

36.0

11.1

0.7

0.1

BS

...

0.1

0.4

...

8.0

4.4

3.0

—

2.1

Organ Dose (mGy)

LU

—

—

1.5

0.1

12.6

12.4

103

~

RM

—

0.1

3.3

—

8.0

4.4

19.2

_.

2.1

THY

...

...

—

—

7.0

2.8

8.2

—

1.4

Trunk b>c

—

0.3

25.0

—

0.7

0.3

44.3

—

0.1

H

M

...

0.2

8.4

—

5.6

7.8

30.0

—

0.4

e(mSv)

F

...

0.2

8.4

...

5.6

7.8

30.0

...

0.4

1 R ESE = 9.3 mGy skin dose

' As defined in Rosenstein (1988)

' A weighting factor of 0.30 has been multiplied by the trunk absorbed dose value to calculate effective dose

— = less than 0.1 mGy



Table 2. H,, for Radiopharmaceuticals

Radiopharmaceutical

Organ Dose (mGy)
Activity _ _ _ _ _ _ _ ^ _ _ _ _ _ _ _ _
(kBq) OV TE BR RM LU THY BS Other (5 highest doses) TB M

Cardiology Applications

Tc-99m Erythrocytes

Tc-99m PYP

Tl-201 Chloride

Tc-99m RP-30A

General Applications

In-Ill Oxine

Tc-99ni HMPAO

Tc-99m DMSA

1-131 MIBG

Metabolic Applications

H-3 Glucose

C-14 Palmitate

C-14 Bicarbonate

H-3 Triolein

1110 4.7 3.0 4.8 8.1 15.5 5.4 1.0 16.7 11.1 9.7 8.3 6.9

740 2.6 1.8 0.7 7.1 1.0 0.7 4.7 5.4 3.7 2.8 1.7 1.5

150 18.8 20.8 — — 25.6 — 48.0 22.8 20.0 10.0 16.0

1110 0.6 0.6 — — 3.0 13.5 — 28.8 18.0 15.0 9.9 13.5

2 7.4 0.5 — 1.7 — — — 34.9 19.5 8.9 2.8 0.9

740 4.6 1.4 — 2.6 — 20.0 — 26.0 16.0 10.8 10.8 9.4

111 0.4 0.2 0.2 0.7 0.3 0.1 0.4 18.9 2.1 1.4 1.4 1.1

2 1.2 1.1 1.3 1.2 3.5 0.9 1.1 15.4 10.9 9.1 4.3 3.1

4.1

1.4

8.4

0.6

9.2

5.8

16.8

6.2

9.6

6.0

16.3

6.2

1.0

2.6

0.3

1.1

7 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.25 0.14 0.14 0.14 O.i4 0.14

7 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.48 0.10 0.10 0.10 0.10 0.10

30 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21

7 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.16 0.39 0.02 0.02

4.7

8.2

1.7

3.7

0.15

0.12

0.21

0.05

6.4

9.0

1.8

3.7

0.15

0.12

0.21

0.05



Table 3. Annual He (mSv) for Employee Categories8

Category

General Radiographer

Cardiac Lab Cardiologist0

Nuclear Medicine Technologist

Maximum

Badge

20

40

20

«e

1.6

1.6

20

Mean

Badge

1.2

8.5

0.8

0.1

0.3

0.8

aFor purposes of this comparison, it has been assumed that attenuation through the body
is negligible.

b Wears 0.25 mm lead apron, 8% transmission at 80 kVp.
c Wears 0.5 mm lead apron, 4% transmission at 120 kVp.
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AN EVALUATION OF THE EFFECTIVENESS OF THE
EPA COMPLY CODE TO DEMONSTRATE COMPLIANCE WITH

RADIONUCLIDE EMISSION STANDARDS AT
THREE MANUFACTURING FACILITIES

Leonard R. Smith, John R. Laferriere, and John W. Nagy
Radiation Protection Office, Medical Products Department,

E. I. Du Pont de Nemours and Co., B 300-1,
331 Treble Cove Road., No. Billerica, MA 01862.

ABSTRACT

Measurements of airborne radionuclide emissions and associated
environmental concentrations were made at, and in the vicinity of, two
urban and one suburban facility where radiolabeled chemicals for biomedical
research and radiopharmaceuticals are manufactured. Emission,
environmental and meteorological measurements were used in the EPA COMPLY
code and in environmental assessment models developed specifically for
these sites to compare their ability to predict off-site measurements. The
models and code were then used to determine potential dose to hypothetical
maximally exposed receptors and the ability of these methods to demonstrate
whether these facilities comply with proposed radionuclide emission
standards assessed.

In no case did the models and code seriously underestimate off-site
impacts. However, for certain radionuclides and chemical forms, the EPA
COMPLY code was found to overestimate off-site impacts by such a large
factor as to render its value questionable for determining regulatory
compliance. Recommendations are offered for changing the code to enable it
to be more serviceable to radionuclide users and regulators.

INTRODUCTION

On December 15, 1989, the U.S. Environmental Protection Agency (EPA)
issued a final rule on radionuclide emission standards (USEPA 1990a) which
applies to facilities licensed by the U.S. Nuclear Regulatory Commission
(NRC) and Agreement States. During and subsequent to the public comment
period, the EPA received many, mostly adverse, comments concerning these
regulations. The main concerns of commentators were:

1. The EPA regulation is not necessary because radionuclide emissions
from NRC and Agreement State licensees are negligible and "the public
is already protected by an ample margin of safety" (USEPA 1990b).

2. The EPA regulation unnecessarily duplicates NRC and Agreement State
regulations providing an extra burden of measurement protocols,
reports and regulatory inspections without any benefit.
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3. The need for licensees to redirect limited resources to this redundant
compliance activity is expected to cause more important activities to
be curtailed which interferes with the licensees' ability to reduce
radiation exposure to workers and the public to as low as reasonably
achievable (ALARA).

4. The risk basis of the regulation is invalid, according to scientific
consensus (ICRP 1977), (Lindell 1985), due to extrapolating radiation
effects two to three orders of magnitude beyond the range where they
are plausible and due to summing tiny hypothetical risks over large
populations.

5. The EPA was unable to provide a full technical basis for the
regulation acceptable to scientific consensus and instead substituted
"policy" statements in an attempt to justify their position (USEPA
1990a). In particular the policy statement concerning the assumed
residence time of a maximally exposed receptor of 70 years was
considered unrealistic and non-beneficial to society.

6. Although the EPA recognizes that most licensees already comply with
the standard, they have underestimated the difficulty and cost
licensees will have in demonstrating compliance.

7. The costs and difficulties in demonstrating compliance are expected to
adversely affect the manufacture and use of biomedical research and
radiopharmaceutical products. Hence, by overestimating risks and
prescribing duplicative and over-conservative methods to demonstrate
compliance, the EPA regulation is expected to increase the cost of
health care with a consequently negative net impact on society.

In this paper we have focused on the difficulty licensees are finding
in demonstrating compliance since this appears to be the issue of greatest
practical consideration.

The EPA has prescribed several methods for licensees to test for
compliance. These include:

1. Evaluation of the quantities of radionuclides in possession, their
physical forms and control techniques employed.

2. Using EPA-prescribed protocols to measure the concentration of
airborne radioactivity in exhaust stacks and vents that is released to
the environment.

3. Assessment of quantities of airborne radioactivity released to the
environment measured in exhaust stacks and vents by EPA-prescribed
protocols and the use of prescribed environmental dispersion models in
conjunction with facility, demographic and meteorological data to
determine the annual effective dose equivalent to hypothetical
maximally exposed receptors.
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The EPA's intent is to allow licensees whose emissions cause off-site
doses which are small compared with the standard to be able to rapidly
demonstrate this without resorting to costly methods and specialized
technical expertise. The COMPLY code (USEPA 1989a) was developed to
quickly meet these intentions by providing a sequence of tests to
demonstrate compliance. At the first level the test is very conservative,
in that it will tend to greatly overestimate the potential for off-site
dose, but it requires very little data input.

The procedure states that licensees who are unable to use LEVEL 1 to
demonstrate compliance must use higher levels which are successively less
conservative, each requiring more data, until they find a level which will
demonstrate compliance or confirm the inability to comply.

The efficacy of this scheme depends critically on the clarity of
instructions, the degrees of conservatism in each level, the form and type
of data requested, and the ease of inputing data. In this paper, we
describe our experiences using the COMPLY code to determine the annual dose
to the hypothetical maximally exposed receptor at two urban and one
suburban facility and compare the results with evaluations using models
developed specifically for these sites and finally compare with actual
environmental measurements.

SITE CHARACTERISTICS

Most NRC and Agreement State licensees are hospitals and educational
and research establishments located in urban and suburban areas in close
proximity to residences. It therefore appeared particularly appropriate to
select radionuclide facilities which were of similar configuration and
location to test the EPA COMPLY code.

Two urban sites were selected in adjacent city blocks, the first is a
three-building complex of one, three and five floors where terabecquerels
(hundreds of curies) of 3H, 14C and 35S are used to manufacture labeled
chemicals for biomedical research and, the second site, a smaller two-floor
building where gigabecquerel (curie) quantities of 3H, 14C and 3 5S labeled
compounds are dispensed and packaged for international shipment.

Adjacent and downwind from the two urban sites are light industrial
areas with a few residences and many wide open spaces for a major highway,
roads and extensive car parks. Upwind are residential tenements. There is
very little space in the vicinity of these urban facilities that can be
utilized for growing food. This condition extends north, south and
westward for several kilometers and eastward to the Atlantic Ocean.
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A third 80 hectare (200 acre) site was selected in a suburban area.
On this site were two one to two floor building complexes where
radiopharmaceuticals and radiochemicals are manufactured, dispensed and
shipped. In one of these buildings several to hundereds of terabequerels
(hundreds to tens of thousands of curies) of i33Xe, 9 9 M O / " " ' T C ,

 67Ga and
201Tl are processed. In the other building up to several terabequerels
(hundreds of curies) of about fifty different radionuclides are processed,
tens of terabequerels (thousands of curies) of primarily 201Tl and 67Ga
produced on cyclotrons and several terabequerels (hundreds of curies) of
1 3 1I and 1 2 5I used to manufacture labeled research chemicals. Other
buildings on this site are used to store radioactive waste and conduct
research or processes with smaller quantities of radionuclides.

This suburban site occupies mostly flat land covered with deciduous
trees and grass and surrounded by low hills. There are several mostly
single family residences in the vicinity of the site. It would be
necessary to clear extensive areas and consolidate property to provide a
growing area that could produce a significant fraction of the annual food
consumption for local residents.

During much of the year all three sites experience a prevailing wind
direction, periods of calm, temperature inversions and unstable atmospheric
conditions.

The three manufacturing facilities are equipped with air handling
systems to protect workers from inadvertent airborne releases, and with
activated charcoal adsorber beds and water scrubbers appropriate to control
emissions of the radionuclides in process. The air handling systems are
exhausted through roof top stacks which mostly project above the buildings
in the immediate vicinity but which are not higher than the two and one
half times the building height thought necessary to avoid plume entrainment
in building wakes.

Each exhaust stack is continuously sampled and samples collected on
membrane filters, TEDA impregnated charcoal canisters, by water and/or
sodium hydroxide impingers, as apnropriate to the radionuclides being
handled. Continuous environmental samplers utilizing similar sampling
principles are located, periodically, off-site adjacent to the urban sites.
Five permanent sampling stations are located near the boundaries of the
suburban site.

Samples are collected on a doily, weekly or biweekly schedule and
analyzed for the possible radionucMdes. The air-sampling systems are
frequently checked and serviced, and flow rate meters are regularly
calibrated. Periodically sampling systems on the stacks, where the largest
emissions occur, are comprehensively evaluated for sampling efficiency and
have been found to be sampling representatively, well within recommended
accuracy guidelines (USNRC 1980).
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Emissions from all stack systems are predominantly caused by numerous
low-level releases from routine operations. Passage through the
air-handling system tends to dampen these releases resulting in continuous
low-level emissions. Superimposed on this continuum are infrequent
short-term emissions mostly associated with breaches in containment of
inert gas systems. These short-term emissions usually do not contribute
significantly to the annual release and, from an environmental dispersion
perspective, emissions can be considered continuous without, significantly
compromising the accuracy of these evaluations.

ENVIRONMENTAL DISPERSION MODELS

During the past decade site-specific models have been developed to
determine off-site concentrations from emissions and meteorological data.
These have been periodically tested by using them to predict the
concentrations at environmental sampling stations and comparing these
results with environmental measurements at these stations. Due to releases
of most radionuclides being too difficult to measure, these comparisons
have only been carried out for water soluble 3H at the urban sites and for
1 2 5I at the suburban site. It is conspicuous that the ratios between
measured and estimated concentrations at specific sites do not vary much
from year to year.

The dispersion models used to estimate these concentrations are based
on a model promulgated by the NRC (USNRC 1987). The application of this
model to the urban sites has been enhanced by modifications designed to
improve the characterization of building wake and cavity effects and plume
entrainment enhanced by upwind buildings (Spengler 1983). The main
drawback to using these models is that they have not been fully
computerized and entail a considerable quantity of manual calculations and
manual searches for the location of maximally exposed receptors. On the
other hand, the models are slightly conservative and quite accurate in
predicting environmental concentrations. These are desirable qualities
difficult to achieve with readily available codes designed to model
isolated stacks on large open sites.

The suburban and one of the urban sites are equipped with
meterological stations which are useful for emergency preparedness but are
inferior to local stations recommended by the EPA. Consequently, we used
meteorological data supplied by the National Climatic Data Center collected
from local airfields. The station used for the urban sites (NOAA 1978) is
about five kilometers away. The station used for the suburban site (NOAA
1989) is at about seventy kilometers distance.

67



In order to use a site specific model to test for compliance with the
standard of 100 /zSv (10 mrem) effective dose equivalent per year from all
radionuclides it is necessary to use dose conversion factors to estimate
off-site doses to hypothetical receptors. For this purpose dose conversion
factors were determined by analyzing "reference level" concentration values
in the proposed NRC regulation 10 CFR 20 (USNRC 1988). It should be noted
that the values in (USNRC 1988) are for the inhalation, skin absorption and
submersion pathways only. The NRC values were conservatively derived from
ICRP 30 data (ICRP 1979) for occupational exposure of reference man by
adjusting for non-occupational occupancy time and breathing rate and
dividing the concentration values by two to allow for infants in the
general population. For 3H-gas the dose conversion factors were derived
directly from ICRP 30 (ICRP 1979).

RESULTS

Tables I to IV show the results of our comparisons for the three
sites. The data has been expressed as a factor of the environmental
measurement. One set of environmental measurements and calculations were
used to validate a model for the two urban sites, it not being possible to
separate their contributions. The ratios between measurements and
estimates using the site specific dispersion models were assumed to apply
to the immediate vicinity of the environmental sampling stations which
includes areas where critical receptors hypothetically reside. Only
measurements for water soluble 3H were available. Environmental
measurements of 125I were available for Table IV.

In Table I the second line shows how the site specific model
overestimates the 3H concentrations and this same value is assumed in
Tables I, II and III for 3H and other radionuclides where emissions were
too lew to give statistically significant environmental measurements. The
third to seventh lines show the corresponding estimates made by the four
levels of the EPA COMPLY code.

Table I applies to the large urban facility, FACILITY 1. The 3H, 1 4C,
and 35S conservative factors were obtained by using the COMPLY version 1.4
just as instructed. 14C was used for all forms of 14C in COMPLY whereas
the site-specific model was permitted to distinguish between 1 4C0 2 and
other "organic" 1 4C.

Table II was obtained after contacting the EPA and learning that
COMPLY LEVEL 4 allows the input of certain radionuclides with specific lung
clearance patterns or other specific biokinetic characteristics. Note that
this information is not yet available at COMPLY LEVEL 1, 2 or 3. We are
not aware that this information is published yet. The value for 3H (Gas)
was estimated using (ICRP 1979) in the site specific model but was treated
as HTO in COMPLY 1.4, there being no other option.

Table III applies to the small urban facility, FACILITY 2. Again 14C
was used for all forms of 14C in COMPLY as in FACILITY 1.

Table IV applies to the suburban facility, FACILITY 3.
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CONSERVATIVE FACTORS IN EPA COMPLY CODE WHEN COMPARED
WITH MEASUREMENTS AT FACILITIES

Table I: Urban Facility 1

RADIONUCLIDE
CATEGORY

ENVIRONMENTAL
MEASUREMENT

SITE SPECIFIC
MODEL

COMPLY LEVEL 4

COMPLY LEVEL 3

COMPLY LEVEL 2

COMPLY LEVEL 1
CONCENTRATION

COMPLY LEVEL 1
POSSESSION

3H
1

2

8

30

500

10,000

2,000,000

2

40

200

8,000

500,000

200,000

35S

2

100

600

200,000

3,000,000

100,000,000

Table II: Urban Facility 1

RADIONUCLIDE
CATEGORY

SITE SPECIFIC
MODEL

COMPLY LEVEL 4

COMPLY LEVEL 3

COMPLY LEVEL 2

COMPLY LEVEL 1
CONCENTRATION

COMPLY LEVEL 1
POSSESSION

14C-1

2

10

50

3,000

200,000

200,000

14C-3

2

20

*

*

*

35S-2

2

20

*

*

*

3H(gas) +

2

200,000

800,000

10,000,000

300,000,000

50,000,000,000

* No access at these levels.

+ Estimated, see text.
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CONSERVATIVE FACTORS IN EPA COMPLY CODE WHEN COMPARED
WITH MEASUREMENTS AT FACILITIES

Table III: Urban Facility 2

RADIONUCLIDE
CATEGORY

MODV P E C I F I C

COMPLY LEVEL

COMPLY LEVEL

COMPLY LEVEL

COMPLY LEVEL
CONCENTRATION

COMPLY LEVEL
POSSESSION

4

3

2

1

1

3H

20,

1,000,

2

.4

5

70

000

000

14C

200,

400,

2

1

20

900

000

000

14C-

100,

400,

1

2

.7

8

400

000

000

14C-3

2

5

*

*

*

*

Table IV: Suburban Facility 3

RADIONUCLIDE
CATEGORY

ENVIRONMENTAL
MEASUREMENT

SITE SPECIFIC
MODEL

COMPLY LEVEL 4

COMPLY LEVEL 3

COMPLY LEVEL ?.

COMPLY LEVEL 1
CONCENTRATION

COMPLY LEVEL 1
POSSESSION

1 2 5 J

1

2

50

80

900

400,000

800,000

* No access at these levels.
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Although we have not presented an error analysis of the data it should
be understood that there is considerable uncertainty associated with these
estimates. The models are sensitive to minor changes in input data and
values from similar calculations could change by a factor of four.

DISCUSSION

It is clear that most models and levels are conservative in estimating
off-site doses compared with measured environmental concentrations. EPA
COMPLY code procedures tend to be more conservative than the site specific
model designed to represent the sites. The lower levels of COMPLY are
extremely conservative for some radionuclides. At all levels COMPLY will
tend to grossly overestimate off-site doses for radiochemicals with low
potency, unless these are treated as a specific low potency category.

Most licensees are expected to be able to demonstrate compliance
simply by using the LEVEL 1 possession option. This, however, is
necessarily a very conservative approach and appears to be based on the
assumption that the user consumes radioactive materials and a significant
fraction is released to the environment. This assumption is unrealistic
for manufacturing practices. Manufacturers contain radionuclides in
process so that they can be sold to customers. In the manufacturing, and
especially the distribution process only very samll fractions contribute to
emissions.

Unless more realistic and smaller emission fractions are provided for
manufacturers and distributors it appears that many of these licensees will
be forced to use air concentration measurements to demonstrate compliance.
In most cases this will involve installing air exhaust and air sampling
systems, providing for extra air conditioning, consumption of energy and
expertise necessary to design, install and maintain these systems. This
will be commonly necessary to demonstrate compliance unless the regulators
provide for alternative routine methods.

Licensees can only use LEVEL 4 of COMPLY to adequately evaluate
emissions of specific chemical forms. At LEVEL 3 we chose to use the
default wind speed option. Had we not chosen this option there would have
been little difference between LEVEL 3 and LEVEL 4 in many cases. This is
due to COMPLY not using wind-rose data or building wake and cavity escape
when receptors are close to the facility or when stacks are less than 2 1/2
times the building height. The site specific model, however, considers
these realities and consistently gives more accurate but still conservative
estimates.

71



The EPA COMPLY code incorporates food-chain pathways which can easily
dominate dose estimates when adhering strictly to EPA guidelines. This may
be a relevant procedure when applied to large sites with terabequerel and
petabequerel (kilo and megacurie) releases in a rural area. When applied
to small urban sites it is unlikely that an individual will obtain a
significant amount of food locally such that the dose commitment from
ingestion will be the dominant exposure pathway. The irrelevance of the
food pathway is further emphasized in New England, where the sites in this
study are located, where the growing season is short and the climate only
suitable for a limited fraction of the foods commonly eaten. It should
also be recognized that the majority of food bought in the vicinity of
these urban sites is from supermarkets which draw from distant sources.
During the growing season substantial irrigation is practiced in farm areas
using water from more distant sources. Drinking water sources also tend to
be from sources several miles away from these sites. Hence, if the
food-path should be considered it is probably more realistic to consider
actual measurements of concentration in the dominant foods and apply these
as a national average which must be added to any local contributions.

COMPARISON OF CHARACTERISTICS OF THE EPA COMPLY CODE AND SITE SPECIFIC MODELS

EPA COMPLY 1.4 SITE SPECIFIC MODELS

1. Can be run on a personal computer.

2. Allows multiple methods to enter
data.

Alerts user of potential errors
resulting from unusual input data.

Provides a screening process to
save time for certain licensees.

5. Does not require a high level of
expertise to operate at the
lower levels.

6. Calculation steps are not
documented for user. No ability to
assess the effect of individual
input parameters.

Has not been fully computerized
yet.

Is designed for specific data
generated and obtained for the
site.

Has limited error recognition
capability.

The urban model is complex and
time-consuming to use. The
suburban model takes one or two
hours to use.

Requires good understanding of
methods especially to minimize
time in completing an assessment.

Is documented by user. Allows
analysis of the effect of
individual input parameters.
Provides effective feedback to
allow licensees to select changes
to reduce off-site dose.
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EPA COMPLY 1.4 SITE SPECIFIC MODELS

7. Requires minimal input data
at lower levels.

8. Does not use Si units.

9. Assumes maximally exposed receptor
is continously exposed at the
annual level for 70 years.

10. Permits input for a large number of
radionuclides at LEVEL 4 but omits
important radionuclides such as
210Pb. Has few radionuclides in
lower levels, this not being
apparent to user prior to input.

11. Input parameters are insufficiently
recorded. User must re-key in
information for each run including
name, address, stack parameters,
emissions, building dimensions and
food distances.

12. Cannot progress from possession
input to concentration input at
LEVEL 1 without making separate runs.

13. Can correct most inputs at a
particular level prior to
progressing to a higher level.
Cannot return to a lower level to
make corrections.

14. User guide and COMPLY prompts do not
inform user that the code
accommodates different inhalation
classes for radionuclides.

15. COMPLY LEVELS 2 and 3 reference
calculations in NCRP Commentary
Number 3. This however was found
to be out of print.

The urban model requires
extensive meteorological,
facility dimension and
demographic data. The suburban
model does not need facility
parameters.

Can use any units.

Estimates dose commitment from
annual emission. Can allow for
occupancy factor and
site-specific correction factors.
These options were not used in
this paper.

Is specified for actual
radionuclides emitted from the
site.

Input parameters are recorded
for repeated application.

N/A

N/A

Inhalation class and any other
relevant characteristic of
emissions are available for
inclusion.

N/A
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EPA COMPLY 1.4 SITE SPECIFIC MODELS

16. Is unable to sum doses from
multiple stacks while considering
their relative location.
Recommends conservative or time-
consuming alternative methods for
summing doses from stacks.

17. Does not define "significant"
quantity of food.

18. Can use many sources of weather
data. However, some of these
are not in the correct format to
input data.

19. Vigilance is needed to ensure
correct wind direction is used.

20. At higher levels the food sources
are automatically assumed to be
in the maximum frequency wind
direction sector. For these urban
sites this was in the Atlantic
Ocean!

21. The choice of a less conservative
inhalation category does not
permit a user to access LEVEL 1,
2 or 3.

22. The "EPA USER" mode to obtain more
information on the exposure pathway
is not specified in ar
instructions or prompts and does
not specify particular sources of
ingestion dose.

Is able to sum doses from
multiple stacks in different
locations. This is, however, a
time-consuming process.

Does not use a food pathway
model since this pathway is not
relevant to these sites.

Can use many sources of weather
data. However some of these are
not in the correct format.

Vigilance is needed to ensure
correct wind direction is used.

Uses actual demographic data
chosen.

N/A

The user specifies pathways and,
when more than one is used, their
relative significance is obvious.
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EPA COMPLY 1.4 SITE SPECIFIC MODELS

23. LEVEL 4 is supposed to be usually
less conservative than LEVEL 3.
However, unless the wind speed
default value was used at Level 3,
there was no significant difference
for the sites, receptors and
radionuclides in this report due
to food paths being mostly
irrelevant, stack heights being less
than 2 1/2 times building heights,
wind rose ignored for receptors
close to the source and
disqualification of plume rise.

24. LEVEL 4 was found to be extremely
sensitive to changes in source-
receptor distances for receptor
locations close to a building.

25. Recommends use of qualified
meteorologist if level 4 output is
close to the limit. "Close" is not
defined.

26. Assumes specific activity in air
and food for 14C to be identical.
Does not provide for local
conditions where C02 concentra-
tions are elevated. For 3H the
model allows only for average
conditions and not for high humidity
in short growing season and use of
distant sources for farm irrigation.

27. Claims to be based on NCRP and ICRP
dosimetry but appears to use dose
-onversion factors which are higher
than those in (USNRC 1988), which is
based on (ICRP 1979) with correction
factor for infants, and (ICRP 1989).

The urban model makes full use of
building meteorological and
receptor parameters to obtain
realistic evaluations. Permits
plume rise and estimates
frequency of building cavity and
wake escape for short stacks,
the suburban model does not need
complex facility and terrain
characterization to obtain
realistic predictions.

The use of frequency of plume
entrainment in building cavity
and wake provides a more smoothly
varying and realistic
concentration prediction close to
urban buildings.

The Urban model was designed by
qualified meteorologists. It is
difficult to use but can be used
by persons who are not
meteorologists. The suburban
model is comparitively easy to
use.

Uses environmental dispersion
model relevant to specific site.
Food chain model is not relevant
for small emissions and distant
food sources.

Uses dose conversion factors
based on proposed 10 CFR 20
which are high compared with
population-age weighted dose
conversion factors in
(ICRP 1989).
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EPA COMPLY 1.4 SITE SPECIFIC MODELS

28. Gives dose estimates at LEVEL 4
which are about 100 times higher
than estimates made by the EPA from
site specific data (USEPA 1989b).

29. Does not allow for releases timed
for optimum dispersion conditions
and curtailment of operations
during adverse conditions.

30. Reference (Col 1 i et al 1990) implies
that user times of only a few minutes
are needed to demonstrate compliance.
This is misleading because they did
not evaluate the time necessary to
read and understand EPA regulations,
support materials, instructions,
changes in these, collection of data,
reformatting of data, ensurance that
measurements and QA procedures meet
specifications and installation of
sampling systems to meet new
requirements.

31. At LEVEL 1, indicates failure to
demonstrate compliance by stating
that emissions are multiples of
"Allowable Amount". The regulations
do not specify an "allowable amount".

32. When evaluations are below 10% of
the standard, output states that the
user "may or may not be exempt from
reporting" instead of giving
specific feedback.

33. Generates a compliance report which
is acceptable to the EPA.

34. Refers to regional compliance
offices for inquiries. Questions
already submitted have not been
responded to in four months to date.

35. Users are not informed of frequent
updates to COMPLY.

Gives dose estimates that are
slightly hiaher than EPA
estimates (USEPA 1989b) and
environmental measurements.

Can allow for timing of weather
conditions and emissions but was
not done due to the complexity of
this approach.

Have been developed iu make use
of data normally generated by
licensees who already need to
demonstrate compliance with
Nuclear Regulatory Commission
emission and non-occupational
dose standards.

Is however difficult and slow to
use to locate the maximally
exposed receptor.

Has no unacceptable legal and
perceptual difficulties. The
procedure produces realistic
evaluations which are unlikely
to seriously overstate the impact
of a site.

N/A

Has not been submitted for
approval by the EPA. Is
expected to be costly to fully
document for regulatory approval

N/A.

N/A.
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RECOMMENDATIONS

The comply LEVEL I possession option should include smaller more
realistic release fractions for manufacturing and distribution and other
facilities which are not end-users of radionuclides.

COMPLY LEVEL 4 should be radically revised to allow for a more
realistic ingestion pathway and more detailed and accurate dispersion
model. It should be possible to input actual direction of food sources.

All levels of COMPLY should include, and specify, inhalation
categories and other categories which have a significantly different
potency than the default radionuclides. COMPLY should be revised to
include ICRP age-weighted population dose conversion factors as these
become available (ICRP 1989).

Users should have access to proper documentation of the COMPLY code.
They should be able to determine where and how radionuclides, sources and
pathways contribute to a critical receptors dose in a way that informs them
of how to make any necessary improvements in site operations and facilities
to reduce off-site doses.

COMPLY LEVEL 4 should be modified to allow doses to be summed from
multiple sources with due consideration of their relative locations. This
would require users to input the relative location of these sources.

COMPLY should also accomodate the input of receptor occupancy factors
at the higher levels. Generally receptors need to be more clearly defined.

COMPLY should preserve the very valuable features including
flexibility in the format of input data, flagging of unusual input data,
and the sequential accumulation of input data as the user progresses to
higher levels. The code should be developed further to permit users to
return to lower levels to make corrections and to store and reuse data
which currently must be re-keyed for each run.

Fir-O1y the EPA should develop a proper documentation of the COMPLY
code and ^tailed tables showing how each step in the calculation is
effected for each category of radionuclide. This method of presenting
information, practiced by the ICRP (ICRP 1979), should be effective in
removing user objections to making reports on their operations based on
unverifiable data and protocols.

FURTHER STUDIES

The EPA has expressed interest in receiving suggestions from users for
improving methods to demonstrate compliance and, in our experience, has
accepted suggestions and incorporated them into more recent updates to the
program. It is clear from the results of this study that this process
needs to be continued for COMPLY to be accepted by NRC licensees as a
useful addition to their radiation protection programs.
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Anticipating this, it is our intent to continue testing future
versions of COMPLY and any equivalent materials against environmental
measurements and other models.

We are exploring the possibility of extending our environmental
sampling network in the vicinity of our urban sites to test the
reproducibility of models in different locations and to permit statistical
evaluations of the results. We are also pursuing the possibility of
applying more sensitive environmental measurement systems to allow direct
testing of the dispersion models for 14C.

The EPA, NRC and ICRP have all used a limited number of categories for
radionuclides that can each contain a wide range of potency. This results
in unnecessary conservativism for certain users. In these cases users
should be encouraged to develop alternative categories with more
appropriate dose conversion factors. Examples are the need for a separate
category for 3H gas and a separate category for 14C organic compounds which
are biologically inert, including 14CH3I, and, in fact, most of the
volatile 14C labile compounds typically released during labeled compound
manufacture and generated during storage cr disposal. The dose conversion
factor for the 14C organic category is currently conservatively based on
compounds which are normally solids or which are large biochemical
molecules and are unlikely to be released into the environment. These
compounds should be in a separate category.

CONCLUSIONS

The EPA COMPLY code was tested on one suburban and two urban sites
where radionuclides are manufactured and dispensed. Estimates of dose to
hypothetical maximally exposed receptors were compared with estimates from
a site specific model and with dose estimates based on environmental
measurements.

COMPLY was usually found to give conservative estimates as intended.
The degree of conservatism for commonly used radionuclide categories,
particularly at lower levels of the code, questions the suitability of the
code for demonstrating compliance with emission standards.

COMPLY LEVEL 4 appeared particularly sensitive to receptor-source
distances for receptor locations close to a source. Sensitivity tests on
the code indicated changes in dose estimates of factors of fifty or more
when the receptor-source distance was changed by only one meter. Such
abrupt changes are avoided in the site specific models and are not apparant
in environmental sampling results when sampling is averaged over a year or
more.
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The EPA has stressed its intent to provide simple means for users, who
possess small quantities of radioactive materials, to demonstrate
compliance. They claimed to have achieved this by demonstrations of the
time it takes to make runs (Col 1i et al 1990). However we found these
published times to seriously understate the total time committment
involved. In addition to making a run on the COMPLY code, a user must read
the regulations and support material and then determine what applies to his
facility. A user will also need to gather the information. Because of
insufficient categories in COMPLY LEVEL 1 Possession Table, many small
users will be forced to make stack concentration or annual release
evaluations to avoid unnecessary reporting and/or to demonstrate
compliance. Most small users will not have been doing this and those who
have will need to determine that their measurement techniques and quality
assurance programs meet EPA prescriptions. If they don't they may have to
modify facilities, equipment and/or procedures to meet these requirements.
This will take time and could be costly. Only after these modifications
have been completed can the licensee begin to generate annual release data
acceptable to the EPA. Meanwhile the user may be held to not be in
compliance with the standard and will have used EPA-approved methods to
generate EPA-approved data that shows that members of the public are
exposed to radiation due to emissions from their site potentially orders of
magnitude above the actual off-site impacts. Considering public
perception, this is an unacceptable situation for NRC licensees and
illustrates the need for more realistic screening models and, for complex
sites, accurate off-site dose assessments.

The authors appreciate the intent to have a screening process
utilizing minimum data processed by a user-friendly computer code. We
believe that to achieve this the COMPLY code must be developed to include
categories of radionuclides at all levels, and more realistic dispersion
and food paths at LEVEL 4, and must have the ability to realistically
locate and sum multiple sources. The manipulation and storage of data
should be improved to avoid repetitive re-keying and allow more flexibility
in making corrections.

The code should be clearly documented and the calculation steps
tabulated in detail. The user should have easy access to a complete
description of the calculations for a set of inputs. Output should help
the user to determine the contribution of each source and pathway to a
critical receptor. It should be possible for the user to determine what
practical steps can be taken to reduce off-site impacts. Until these
modifications are implemented we advise that the EPA COMPLY code does not
make a useful contribution to NRC licensees' radiation protection programs
and is wasteful of radiation protection resources.
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UK EXPERIENCE WITH ICRP26 AND ICRP30

Clive H. Dray
NE America

Princeton Corporate Plaza
7 Deer Park Drive

Monmouth Junction, NJ 08852

My experience is that of a manufacturer of most types of radiation
monitoring equipment and does not necessarily relate to the experience of
operational health physicists.

ICRP26 was adopted in January 1977 which took into account information
emerging since the adoption of ICRP9 in September 1969 and specified the
basic criteria for dose limitation which still apply today.

(a) no practice shall be adopted unless its introduction produces a
positive net benefit

(b) all exposures shall be kept as low as reasonably achievable,
economic and social factors being taken into account

(c) the dose to individuals shall not exceed limits recommended for
the appropriate circumstances by the Commission.

The document also defined some basic concepts

Detriment
Dose-equivalent
Collective dose-equivalent
Dose-equivalent commitment
Committed dose-equivalent

In the case of dose equivalent the definition is a clarification of a
concept introduced in previous documents.

Under the general principles of operational radiation protection the
following was spelt out

Responsibility for radiation protection falls on

Employers
Statutory competent authorities
Manufacturers and Users of products giving rise to radiation
exposure
Exposed persons in some cases
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In particular management should provide, all necessary facilities for
the safe conduct of operations under their control. This includes
designation of persons with special duties with regard to radiation
protection.

All new installations should be examined at the design stage with a
view to restricting exposures and it should be established that the
installation conforms with the appropriate radiation protection requirements
before commissioning.

Predictive assessment should also be made of intervention procedures,
Intervention procedures being procedures required by abnormal situations
such as accidents.

ICRP3O defines the Limits for intakes of radio nuclides for workers,
and enables the health physicist and regulatory bodies to make appropriate
limits for annual intake, air contamination, surface contamination etc, to
comply requirements of dose-equivalent commitment and committed dose
equivalent.

The publication of ICRP26 is reflected in European Communities
directive 80/836/Euratom.

Council Directive of 15th July 1980 amending the Directive laying down
the basic safety standards for the health protection of general public
and workers against the dangers of ionizing radiations.

This document being amended by 84/467/Euratom.

The EEC directive required the member states to bring the requirements
of the directive within their legislation.

In the United Kingdom this was accomplished by the publication of the
Ionising Radiations Regulations 1985.

These regulations were laid before Parliament on 4th September 1985 and
came into force, apart from one regulation on 1st January 1986. Despite this
date the UK was earlier than most others in bringing the requirements of the
EEC directive into its legislation, but all EEC countries have similar
regulations.

There was no necessity for an Act of Parliament since the Secretary of
State was empowered create such regulations under the Health and Safety at
Work Act of 1974.
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There are 41 Regulations

Interpretation and General

1. Citation and commencement
2. Interpretation
3. Application of these regulations in relation to the short-lived

daughters of radon 222.
4. Co-operation between employers.
5. Notification of certain work with iorising radiation.

Dose Limitation

6. Restriction of exposure
7. Dose limits

Regulation of Work with Ionising Radiation

8. Designation of controlled and supervised areas.
9. Designation of classified persons.
10. Appointment of radiation protection advisers and qualified

persons.
11. Local rules, supervision and radiation protection supervisors.
12. Information, instruction and training.

Dosimetry and Medical Surveillance

13. Dose assessment
14. Accident dosimetry
15. Approved do-iiu.etry services
16. Medical surveillance
17. Approved arrangements for the protection of certain employees
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Arrangements for the Control of Radioactive Substances

18. Sealed sources and articles containing or embodying radioactive
substances.

19. Accounting for radioactive substances.
20. Keeping of radioactive substances.
21. Transport and moving of radioactive substances.
22. Washing and changing facilities.
23. Personal protective equipment.

Monitoring of Ionising Radiation

24. Monitoring of levels for radiation and contamination

Assessments and Notifications

25. Assessment of hazards
26. Special hazard assessments and reports
27. Contingency plans
28. Investigation of exposure
29. Investigation and notification of overexposure
30. Dose limitation for overexposed persons
31. Notification of certain occurrences

Safety of Articles and Equipment

32. Duties of manufacturers etc, of articles for use in work with
ionising radiation

33. Equipment used for medical exposure
34. Misuse of or interference with sources of ionising radiation
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Miscellaneous and General

35. Defence on contravention of certain Regulations
36. Exemption certificates
37. Extension outside Great Britain
38. Fees for medical examinations
39. Transitional provisions
40. Modifications relating to the Ministry of Defence etc.
41. Revocations, modifications and savings

Taking the more interesting Points:-

Radon decay products

These are a large number of exclusions related to this problem so it
will be interesting to see the effect of the inclusion of naturally
occurring radioactivity in the new recommendations of ICRP, if this is
retained in the final publication.

Co-operation between employers

This ensures that someone is responsible for compliance with
regulations under all cirsumstances.

Notification of certain work with ionising radiations

Almost any work involving the use of ionising radiations must be
notified to the Health and Safety Executive.
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Restriction of exposure and Dose Limits

This specifies the ALARA principle of dose restriction identifying some
of the methods that must be adopted to meet the principle and adopts as its
limits those recommended by ICRP26.

Designation of Controlled and Supervised areas

Two types of area are considered, the more restrictive is the
controlled area. Dose restriction for controlled areas is three tenths of
any dose limit and those for supervised areas is one tenth of any dose
limit. There are also laid down levels of contamination requiring
designation independent of any dose limits. These are averaged for surface
contamination over an area of 300 square centimetres except for floors,
walls and ceilings where the area is relaxed to 1000 square centrimetres. I
believe in other countries an area of 100 square centimetres is used.

Designation of Classified Person

Anyone likely to receive a dose of three tenths of any dose limit must
be classifiedc This effectively means that only classified workers may
enter controlled areas. Others may enter but under a written system of work
which ensures that they do not receive doses greater than three tenths of
any dose limit.

Appointment of radiation protection advisers and qualified persons

Where there is a controlled area or where an employee is likely to
receive an instantaneous dose rate of greater than 7.5uSv/h (0.75 m Rad/h)
an employer must appoint a radiation protection adviser.
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The approved Code of Practice associated with the regulations specifies
the qualifications, experience and qualities that a radiation protection
adviser should possess, in so far as they relate to the scope of the
advice required of him:

(a) such theoretical training as would ensure that he has the
necessary knowledge of the properties of the ionising radiations
used in the work undertaken by the employer:

(b) a thorough knowledge of the hazards of the ionising radiations
present and how the hazard should be controlled and minimised;

(c) an understanding and detailed knowledge of the working practices
used in the establishment to which he is being appointed,
as well as a general knowledge of the jrking practices in
other establishments of the same type,

(d) a detailed working knowledge of all statutory provisions,
approved codes of practice, other codes of practice, guidance
material and other information relevant to his work in
giving advice in connection wi th the work with ionising
radiation undertaken by the employer.

(e) the ability to give advice so that the employer can do what is
required of him by statute and follow good radiation protection
practice;

(f) the calibre and personality to enable him to communicate
with the employees working or involved with the work with
ionising radiation and with their representatives;

(g) the ability to keep himself up to date with developments in
the use of ionising radiation in the field in which he gives
advice, and with development in radiation protection;

(h) an awareness of legislation, other than that in (d) above, and
practices which could effect the work with ionising radiation
on which he is expected to give advice;

(i) an appreciation of his own limitations, whether of knowledge,
experience, facilities or resources, etc.
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Not an easy job to fill

A number of organisation and consultants offer themselves as radiation
protection advisors, but I doubt if they all conform to the requirements
stated. The Health and Safety Executive have to be notified of appointment,
but only acknowledge notification and in fact state.

"It should be noted that the Health and Safety Executive has no power
to approve and this acknowledgement does not constitute approval of the
appointment of particular radiation protection advisers" Governments make
sure they are in a no lose situation.

Qualified persons relate to equipment and I shall come to that later.

Local rules, Supervision and Radiation Protection Supervisors

Local rules are effectively quality assurance documents to ensure that
all the requirements of the regulations are met, they are particular to each
establishment. In my case I have a series of local rules for my company,
each being addressed to a certain function within the company. This means
that training programmes are limited to the requirements particular to an
individual or department. This way I can be sure as I can be that each
relevant employee knows the requirements laid upon him or her, I can also
obtain signature against a copy of the rules relevant to him to the
effect that he or she fully understands the requirements. Vast tomes or
rules of a very general nature are not I believe relevant.

Supervisors are appointed to insure that the requirements of the
regulations are carried out. Unlike advisers, supervisors are employees of
the company involved and though they must know that they are supervisors in
writing such information is not needed by outside organisations. In most
organisations the supervisor is the most important person with regard to
compliance with th<? regulations. In my case with more expertise available
than normal I have effectively one supervisor per supervised or controlled
area.

Information Instruction and Training

As well as instruction and training on how to conform to the local
rules and the requirements of the regulations employees shall be informed
of the potential health hazards and the general precautions to be taken
to reduce the hazards.
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Dose Assessment

This covers both the general purpose external dosimetry and the more
specialised dosimetry such as urine testing for tritium. Dosimetry must be
carried out by an approved dosimetry service who may also keep records on
behalf of the employer, these records having to be kept for at least 50
years. Summaries and abnormalities on these records shall be seat to the
employer. Where the employer believes there to be a gross error in either
direction in the doses recorded he may, after thorough investigation apply
to the Health and Safety Executive to make the necessary adjustment.

Accident Dosimetry

A situation where the exposure to an individual is likely to be in
excess of three tenths of any docc limits is taken as an accident. In this
case dose assessment must be immediate and conveyed to the individual and
in cases where individual dose records are not normally kept the dose-
assessment must also be kept for 50 years.

Approved Dusimetry Services

Every organisation providing a dosimetry service for the purpose of
the regulations must have this dosimetry service approved by the Health and
Safety Executive. Approval is not easily gained.

Medical Surveillance

This requires that classified persons or anyone having an exposure
be under the medical surveillance of an appointed doctor or employment
medical advisor. The medical records must be kept for 50 years and an
entry must be made every year for each classified person. The annual
entries may simply relate to a review of general health where annual doses
are low, and not a full medical examination. Examination is required
before an employee can become classified.
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Approved arrangements for the protection of certain employees

This effectively bars the use of certain employees in controlled areas.

Sealed sources and articles containing or embodying radioactive sources

Where radioactive sources are needed to be used they shall wherever
possible be in the form of sealed sources. Leakage of such sealed sources
shall be tested at least every two years. Records of leakage testing
must be kept for 3 years.

Testing for leakage is done by either wiping the source directly, or
wiping the area where it normally rests or passes through where direct
wiping is impracticable.

Accounting for radioactive sources

Records of all radioactive materials must be kept for at least 2
years after disposal.

Keeping of radioactive substances

These must be suitably stored.

Transport and Moving of radioactive substances

In general the requirements of IATA and IAEA are carried out via
other legislation in the case of road transport, the Radioactivs Substances
(Carriage by Road) (Great Britain) Regulations 1974. However humans dead
or alive are excepted.
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Washing and Changing Facilities

Where areas are controlled or supervised because of contamination risk
there shall be properly maintained washing and changing facilities for
persons entering or leaving SI<_.L facil.i-t.ies.

Personal Protective Equipment

This includes respiratory equipment which must be of a type and
standard approved by the Health and Safety Executive. Equipment must be
properly maintained and examined and suitable records of the examination of
respiratory equipment must be kept for at least 2 years.

Monitoring of Levels for radiation and contarr'.nation

Again monitoring records must be kept for at least 2 years. The
equipment for monitoring shall be suitable for the purpose for which it is
to be used and have its performance established before it is taken into use
for the first time. Equipment shall also be thoroughly examined and tested
every year.

Testing shall be done under the direct supervision of a qualified
person. This qualified person shall be registered by the Health and
Safety Executive.

This regulation and many others need some interpretation and a number
of guidance notes have been published by the HSE to aid interpretation
including "The Examination and testing of portable radiation instruments
for external radiation."

This itemises pre-use and periodic tests required and indicates a
level of acceptance.

These include Response, Linearity
Effect of Energy
Uniformity
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Type testing is not included but it is expected that manufacturers
shall have type tested equipment and have a suitable report available. My
company generally use the IEC document as a basis for type testing where
appropriate documents are available.

The guidance notes are only general and do not cover exceptional
requirements such as measurements aroung x-ray crystallography equipment.
In this case it is up to the purchaser to insure the equipment is suitable,
and probably in conjunction with the manufacturer undertake suitable pre-use
tests.

The criteria set out in guidance notes are not manatory, but it is
very unlikely that anyone would ignore them. In the United Kingdom we
should now be monitoring with appropriate well maintained equipment; which
has not always been the case in the past. (Monitors always getting the
sarrs answer near a LINAC when using a Geiger Counter based instrument).

Assessment of Hazards

Before any work with ionising radiation is carried out a hazard
assessment must be made.

Special Hazard Assessment and Reports

Where large quantities of radioactive materials are involved special
assessment of the hazards must be made and reported to the HSE.

Contingency Plans

Plans must be made for the results of any foreseeable accident.

Investigation of Exposure

In the case of an over-exposure the Health and Safety Executive must be
informed, as well as the employee involved, of the exposure and the resultant
report.
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Dose Limitation for over-exposed employees

Over-exposed employees are not excluded from future work but the limit
of their exposure for the remainder of the calendar year shall be in
proportion to time remaining until the end of that year.

Notification

Where material is stolen or an accident occurs with material above
a certain specified limit the Health and Safety Executive shall be informed
and the report of such an incident shall be kept for 50 y;ars.

Duties of Manufacturers etc, of articles for use in work with ionising
radiation

Effectively it is up to the manufacturer to insure that such articles
are safe.

Equipment used for Medical Exposure

Here it is the employer who is also required to insure there are no
over-exposures. Should there be an over-exposure records of it shall be
kept for at least 50 years.

Misuse of or interference with sources of ionising radiation

One shouldn't.
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Other regulations are administrative-

The regulations cover all aspects of use of ionising radiations and
cover the requirement of ICRP26. In conjunction with the approved codes of
practice and a large number of guidance notes which have been prepared they
form a reasonable legislative package which ;s not too onerous to either
interpret or comply with.
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ABSTRACT

Radiation protection records are a fundamental part of any program for
protecting radiation workers. Records are essential to epidemiological
studies of radiation workers and are becoming increasingly important as the
number of radiation exposure litigation cases increases. Ready retriev-
ability of comprehensive records is also essential to the adequate defense
of a radiation protection program. Appraisals of numerous radiation pro-
tection programs have revealed that few record-keeping systems comply with
American National Standards Institute, Standard Practice N13.6-1972.
Record-keeping requirements and types of deficiencies in radiation protec-
tion records systems are presented in this paper, followed by general
recommendations for implementing a comprehensive radiation protection
records system.

INTRODUCTION

The authors have participated in numerous appraisals of radiation pro-
tection programs implemented at both Nuclear Regulatory Commission (NRC)
licensee and Department of Energy (DOE) contractor facilities. Major de-
ficiencies have been identified in most of the programs' radiation protec-
tion records systems. It was apparent that many health physicists were not
sufficiently familiar with the recommendations of ANSI N13.6 or they had
not made adequate attempts to implement the recommendations of the stan-
dard. The purpose of this paper is to summarize the major deficiencies in
radiation protection records systems and discuss the recommendations of
ANSI N13.6 that should be implemented to correct these deficiencies. Ade-
quate record-keeping systems are becoming increasingly important as the
number of radiation exposure litigations cases increases.

The principal goal of a radiation protection records system is the
compilation of complete and accurate individual exposure histories with
substantial documentation. Valid exposure histories assist in the pro-
tection of the individual by helping to control subsequent radiation expo-
sure. The records should also enable the employer or facility operator to

Work supported by the U.S. Department of Energy under Contract
DE-ACO6-76RLO 1830.
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• provide decision-making support, including evaluation of the
effectiveness of the radiation protection program

• demonstrate and facilitate compliance with contractual obliga-
tions and applicable legal and regulatory requirements

• reconstruct, if needed for medical or legal purposes, situations
and conditions for analysis of an individual's radiation dose

• facilitate coordination and compliance with other programmatic
concerns, such as quality assurance/quality control, vital
records, controlled documents, and sensitive records (Privacy Act
of 1974)

• provide timely, easily retrievable information to enhance
organizational efficiency.

REQUIREMENTS FOR RADIATION PROTECTION RECORD SYSTEMS

The types and content of radiation protection records, as well as
storage and retention requirements, are specified in 10 CFR 20 (CFR 1990)
and Regulatory Guide 8.7 (USAEC 1973) for NRC licensees. Similar require-
ments are specified in DOE Order 5480.11 (DOE 1988a) for DOE contractors.
Both NRC and DOE requirements refer to ANSI N13.6-1972, "American National
Standard Practice for Occupational Radiation Exposure Records Systems"
(ANSI 1972).

The minimum NRC requirements for records include: radiation exposure
records (of exposure from both internal and external sources), radiation
survey reports, contamination monitoring reports, radioactive effluent
records, and radioactive waste disposal records. Many other records are
needed to demonstrate compliance with other requirements of 10 CFR 20 (CFR
1990), such as air sampling and monitoring records, inventory records,
records of transfers and shipments of radioactive materials, incident
reports, and training records. DOE requires essentially the same records,
ac well as records of ALARA programs and records that document monitoring
methods, techniques, and procedures (DOE 1988a).

ANSI N13.6 (ANSI 1972) provides recommendations for records related
to an individual, the radiation status of a work area, and the radiation
protection program. Individual records should include: positive identifi-
cation of the individual, radiation exposure received during prior employ-
ment, exposure received by the individual at other installations during
current employment, simultaneous exposure at another installation, rele-
vancy of records to exposure limits, external radiation exposure records,
records of internal exposure, records of unusual exposures, radiation work
orientation and training, and medical services provided by the employer.
Records related to the radiation status of a work area should include:
radiation safety analysis and evaluation reports, radiation work pro-
cedures, radiation survey reports, contamination monitoring reports, area
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monitoring instrumentation records, and airborne radioactivity monitoring
records. Records related to the radiation protection program should
include: radiation protection policies and standards, procedures and
methods for interpretation and evaluation of individual exposure data,
capabilities of dosimeters and instruments, calibration and maintenance
records, program appraisal reports, and documentation of changes in pro-
cedures and methods. ANSI N13.6 also provides recommendations for reten-
tion and storage of radiation protection records.

DEFICIENCIES IN RADIATION PROTECTION RECORD SYSTEMS

Radiation protection appraisals were conducted against DOE criteria
(DOE 1990) and the authors reviewed the appraisal reports for over 30 major
nuclear facilities to summarize the deficiencies found in radiation protec-
tion records systems. Very few programs were found by the appraisers to be
in compliance with DOE regulations and the recommendations of ANSI N13.6.
The most serious deficiency found was the complete lack of some essential
radiation protection records. There were many instances of incomplete and
inaccurate records. One of the most common deficiencies was the lack of a
central record storage location. Another common deficiency was the lack
of adequate protection of records against catastrophic loss. These and
several other less serious deficiencies are described below.

Lack of Records

With the minimum record-keeping requirements so clearly defined by
regulations, it was difficult to understand how some major nuclear facil-
ities had failed to generate or retain some essential radiation protection
records. Examples of missing records include:

• no records of the radiological status of work areas

• no radiation work procedures or permits

• no instrument calibration or maintenance records

• no radiation protection training records

• no records of incident reports, investigations, corrective
actions, or follow-up activities

• no documentation of radiation survey and monitoring methods

• no records that describe the technical and administrative basis
for the radiation protection program.
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Incomplete and Inaccurate Records

Most radiation protection programs generate and retain the essential
records, but specific deficiencies can be found in nearly every program.
Even with the most well designed and administered program, inaccuracies or
gaps creep into the records unless a rigorous quality assurance program is
also implemented. Routine problems with the record-keeping system, such as
employee absences, breakdown of computers, inattention to detail, or mis-
filed records, if not immediately solved, can lead to significant defici-
encies in the records themselves. Unauthorized disposal of old records can
lead to significant gaps in records, a condition that emphasizes the need
for backup copies of required records.

The review of radiation protection program appraisals revealed
numerous examples of inadequate or incomplete records, such as:

• radiation exposure records for some employees were missing with
no explanation

• radiation exposure records for certain months were missing with
no apparent attempt to reconstruct or estimate doses

• survey requirements and frequencies were established by pro-
cedures, but many surveys were not done as scheduled

• there were major gaps in the historical records that defined the
radiation protection program

• radiation survey records did not include quantitative informa-
tion or descriptions of the location or object being surveyed.

Records Storage Problems

The review of radiation protection record programs revealed that one
of the most common deficiencies in record programs continues to be the lack
of a well organized, central storage location. Health physicists generate
radiation protection records at many locations within a facility and it is
reasonable to retain records in working files for a limited period of time.
However, many radiation protection programs do not specify the frequency
for moving records from field files to a central storage location or they
do not rigorously observe the frequency that is established. Consequently,
records tend to be decentralized, and in many cases records are incomplete,
disorganized, and not secured. In a decentralized system, many people with
different priorities tend to maintain records by a variety of methods. The
result is often a poor quality record system.
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Another common deficiency in record systems is the lack of secure
storage that is protected against catastrophic loss. Records are fre-
quently stored in unlocked file cabinets located in unlocked offices. In
many cases, fire protection systems (sprinklers) are not provided where
records are stored. Very few facilities have microfi1med (or other back-
up) copies of radiation protection records stored in separate, secure,
fireproof locations.

Other Concerns

Numerous other specific deficiencies were noted in radiation protec-
tion records systems at the facilities visited. Some examples are:

• no defined retention periods for radiation protection records

• no documented policy or procedures by which to operate the
records system

• no clearly defined responsibilities for record-keeping staff

• no quality assurance or data verification to prevent errors

• no use of records for dose evaluations or trend analysis

• no provision of annual reports of radiation exposure to employees

• a large backlog of unfiled records that affects retrievability.

Each of these problems tends to impede the proper function of a radiation
protection records system.

RECOMMENDATIONS FOR A COMPREHENSIVE RADIATION PROTECTION RECORDS SYSTEM

Every radiation protection records program should emphasize good
record-keeping practices. To be useful for operational radiation protec-
tion programs, epidemiology, and legal purposes, records must be admin-
istered in accordance with the highest standards of records management.
A good approach for such a records system is the life cycle approach-
controlling the records from creation to disposition. The life cycle
approach leads to the identification of all radiation protection program
records that are produced in the normal course of business. These records
are then managed through the stages of creation, distribution, use,
arrangement, storage, retrieval, media conversion, and disposition.

Good practices include the generation and retention of occupational
radiation exposure records for individuals, programmatic documentation,
records of work place conditions, and radiation detection equipment
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calibration and maintenance records--each complete, accurate, and appro-
priately stored.

Generation, Content, and Retention of Essential Records

Radiation protection records systems should contain records that
describe the occupational radiation exposure of individuals (employees,
contractor employees, and visitors), and the conditions under which the
exposure occurred. To accomplish this, comprehensive records should be
generated and retained in the following categories:

• radiation exposure records that are related to an individual,
e.g., hioassay data and results, results from individually worn
dosimeters, skin contaminations, exposure investigations, and
involvement in radiological incidents

• radiation protection records that are related to the status of
work areas, e.g., air sampling results, radiation surveys, and
contamination levels

• records that describe work requirements, i.e., radiation work
permits (RWPs) that prescribe protective clothing and equipment,
dosimetry to be worn, and special instructions

• records that describe the technical and administrative basis for
the radiation protection and dosimetry programs, e.g., standards,
policies, procedures, and methods of evaluation

• records that describe the radiation protection training program and
identify the training received by individuals exposed to radiation

• records that describe the radiation protection staff, past and
present, e.g., organization, position descriptions,
qualifications, and training

• records that describe radiation detection instruments used in
the field and laboratory and records of their calibration and
maintenance.

Complete and Accurate Records

Information contained in individual records must be complete, legible,
accurate, reliable, identifiable, and interpretable. Certain records, such
as personal information, must be held confidential. Because many of the
records may be used in litigation, they must be able to meet the rules of
evidence. The system must also contain sufficient safeguards to protect
the records from unauthorized access and alteration. Records must contain
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sufficient information to be linked to other records. For instance, in the
case of an RWP, all the radiation surveys that were used to determine the
working requirements and the names of all the individuals that worked under
the RWP should be cross referenced. Similarly, an individual's exposure
records should reference any incidents he/she was involved in so that the
incident reports can be readily identified and retrieved.

Program records should be maintained so that the policies, proce-
dures, technologies, equipment, etc., in use at any particular time in the
past can be described. They should be identifiable by the purpose and the
time period they were in use. For instance, the original issue and all
succeeding revisions of the radiation protection and dosimetry procedures
should be retained and be readily retrievable.

Individual records must be maintained on all personnel, present and
past, that are potentially or actually exposed to radiation or radioactive
materials. When recording dosimetry results, recording the fact that no
exposure was received is just as important as recording exposure. Records
tnat should be maintained on individuals include:

• personal identification data such as social security number and
name (including previously used names)

• external dosimetry results

• internal dosimetry results

• exposure history

• any investigations of exposure such as lost or damaged dosimeters,
radiological incidents, processing problems, or skin contaminations

• planned special or abnormal exposures

• training records.

Work-place records should be maintained on a long-term basis. Work-
place records that should be kept include :

radiation work permits (or the equivalent)
radiation dose rate and contamination surveys
airborne radioactivity surveys
ALARA program records
protective equipment usage, maintenance, and cleaning
incident reports and investigations
dose equivalent summaries-

Other records not directly related to the worker radiation protection pro-
gram, such as radioactive material shipping and receiving and environmental
surveys are not included here.

Radiation detection equipment used in the personnel protection pro-
gram includes portable survey instruments, air sampling and monitoring
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equipment, fixed area monitors, portal monitors, sample counting and
analysis equipment, in vivo analysis equipment, etc. Records of cali-
bration and maintenance of radiation detection instruments should also be
retained for long periods of time, as defined by DOE Order 1324.2A (DOE
1988b). The records that should be kept include:

• description and inventory of equipment used

• description of the calibration facility and calibration
procedures

• calibration source certification/traceability to the National
Institute of Standards and Technology (NIST)

• actual calibration and source check records

• maintenance and repair records.

Records Retention

Retention of records is an important consideration. All individual
records should be retained until after the individual has died or all
possibility of litigation has passed. Other records that back up the
individual records should also be retained until they are no longer needed
for litigation purposes. DOE requires that individual records and certain
backup records, such as equipment calibration data that establish authen-
ticity of dose results and survey records and logbooks, be retained for
75 years. DOE also reguires permanent retention of a historical file of
standards, procedures (including revisions), and background records defin-
ing philosophy of development, methods of evaluation, and mode and scope of
radiation protection efforts.

In 10 CFR 20 (CFR 1990) the NRC requires that individual records be
retained until the NRC authorizes their disposition. However, the require-
ment for survey results, except for certain specified results, to be re-
tained for only 2 years is also stipulated in 10 CFR 20. American Nuclear
Insurers, which specifies record retention for its insureds, requires a
number of records to be retained for the lifetime of the plant plus the
discovery period, so that the records will be available for litigation if
necessary. Epidemiological studies are becoming increasingly important to
the nuclear industry and they require accurate and complete exposure re-
cords for the lifetime of the facility. Litigation requires a wide variety
of records to prove that the individual litigant was properly recruited,
trained, and protected during his/her employment. In addition, proof that
recorded doses are accurate and complete, as well as ALARA, are required in
the event of litigation.
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SUMMARY

In summary, the quality of a radiation protection program can be
severely degraded by deficiencies in its records and its record-keeping
system. The records system must include a comprehensive collection of
accurate and complete radiation protection records, stored in a secure,
fireproof, central location, with microfilmed or other backup copies stored
in an alternate location. Management must make a long-term commitment to
generate and retain radiation protection records by means of a program that
complies with the recommendations of ANSI N13.6. The importance of records
in litigation cases was emphasized by Forbes (1990) when he stated that all
cases that have been won by the defendants have had high direct costs
(about $200,000 per case) plus indirect cost to the employer for staff time
and resources. Forbes stressed the importance of good record keeping,
availability of records without exhaustive searching, and that record
keeping needs to be done in a manner so that records exude credibility.
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ABSTRACT

There are two programs that are operated by U.S. Government agencies for
the accreditation of personnel dosimetry processors. They are the National
Voluntary Laboratory Accreditation Program (NVLAP) and the Department of
Energy Laboratory Accreditation Program (DOELAP). These two programs exhi-
bit many similarities, but there are some notable differences. Both have
been in operation for a number of years, and this paper will discuss their
experiences to date and plans for their future development.

INTRODUCTION

The accreditation process provides a means for demonstrating that a pro-
gram is in adequate compliance with a set of established performance
requirements. Accreditation is a form of quality assurance which serves to
provide documentation that: equipment functions properly, that proper pro-
cedures are established and implemented, data analysis is correct, and a
specified level of accuracy is maintained. When an organization has met
these criteria, it is accredited for a specified time interval. At the
conclusion of this interval, the organization must apply for re-accredita-
tion and again demonstrate its proficiency in the required areas.

The personnel dosimetry accreditation programs require that an appli-
cant pass a proficiency test and that its processing facilities undergo an
on-site assessment by technical experts. The on-site assessment provides
direct observation and evaluation of an applicant's quality assurance pro-
gram, documentation, personnel, processing systems, equipment calibration
and maintenance, data reporting and record-keeping. The proficiency test
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requires an applicant to demonstrate that their processing system can meet
the performance criteria specified in the testing standard.

NVLAP initiated their dosimetry program in 1984 at the request of the
Nuclear Regulatory Commission (NRC). The NRC then promulgated a regulation
requiring that all of its licensees obtain dosimetry services from a NVLAP
accredited processor.

The Department of Energy (DOE) studied the performance of selected per-
sonnel dosimetry systems in use at their facilities. Accordingly, DOE
developed a comprehensive standard for performance testing its personnel
dosimetry systems (DOE 1986). This testing became mandatory with the issu-
ance of DOE Order 5480.15.

Current Status of the Programs

NVLAP accredited the first group of dosimetry processors in 1934 and
currently has 63 processors accredited with two additional processors being
evaluated for first time accreditation. Each participating processor must
undergo an on-site assessment and perform proficiency testing at least once
every two years. Since the program began in 1984, some processors have
undergone on-site assessments and proficiency tests as many as four times.

Once every two years, each processor must test each model dosimeter in
each radiation category for which it desires accreditation. A retest is
required after a failure. Processors are offered four chances (rounds) to
test each year, beginning on January 1, April 1, July 1 and October 1.
Testing is conducted according to the American National Standards Institute
(ANSI) N13.ll standard (ANSI 1983).

Table I shows a cumulative summary of NVLAP proficiency test results
from 1984 through 1989 (a total of 24 rounds). The performance tolerance
level is 0.30 for categories I and III, and 0.50 for categories III through
VIII.

Table I. NVLAP Proficiency Testing Results 1984 Through 1989

Test Category

I. Accidents, Low Energy Photons
II. Accidents, High Energy Photons

III. Low Energy Photons
IV. High Energy Photons
V. Beta Particles

VI. Photon Mixtures
VII. Beta Photon Mixtures

VIII. Neutron Mixtures

Average Value
of Performance

0.15
0.14
0.19
0.15
0.19
0.19
0.17
0.15

Tests Attennpted/
Tests Passed (%Pass)

137/109
173/165
155/140
202/201
183/175
152/141
193/181
139/131

(80)
(95)
(90)
(99+)
(96)
(93)
(94)
(94)
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Analysis of these data provides some interesting observations. The
cumulative average performance in all categories is much lower than the
performance tolerance level, which indicates that most participating pro-
cessors are well within the limits. All participants are apparently able to
perform excellent dosimetry for Cs-137 at protection level doses (category
IV), whereas many processors appear to have trouble with low-energy x-rays
at accident level doses (category I).

Table II. DOELAP Performance Testing Results 1985 Through 1989

Category

I. Low-Energy Photons, High Dose
II. High-Energy Photons, High Dose

III. Low-Energy Photons
IV. High-Energy Photons
V. Beta Particles

VI. Neutrons
VII. Mixtures

III + IV
III + V
IV + V
III + VI
IV + VI

Tests Attempted/
Tests Passed

36/52
50/57
37/66
53/60
49/62
26/51

40/52
21/46
46/54
33/43
37/45

(% Pass)

69
88
56
88
79
51

77
46
85
11
82

Since the DOELAP pilot test session in 1984, 9 performance test sessions
have been completed (Sessions 2-10). The results of those performance tests
are shown in Table II. Session 7 .-as the first session begun after DOE
Order 5480.15 was issued that required accreditation of DOE contractor
dosimetry programs. The irradiations have been completed for Session 11,
but the data have not all been reported yet. Session 12 has just begun.

The data show several things. In general, there has been significant
improvement in recent sessions for the most difficult categories (III and
III + V). However, the performance in the neutron categories declined
because several participants tested a variety of commercial neutron dosim-
eter systems (combinations), few of which passed.

The number of DOE facilities passing the tests has been lower than those
passing the NVLAP tests, primarily due to the more stringent DOELAP cri-
teria. In addition, there are more test categories. Some of them (x-ray +
beta, neutron only and general beta) are technically more difficult, espe-
cially if the facilities are participating in the other categories as well.
The protection level x-ray categories use several different beams during a
test.

As of February 1990, 17 of 37 programs were accredited. To date, only
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multi-element thermoluminescent dosimeter (TLD) systems have been able to
pass a broad range of categories that includes x-ray beams.

Future Plans

During the course of conducting these accreditation programs, some areas
for potential future work have been identified. The ANSI N13.ll (1983)
standard, which forms the basis for the NVLAP program is being updated by a
working group of the Health Physics Society Standards Committee. This group
is considering several modifications of the standard including: the use of
SI quantities and units, the incorporation of new radiation sources. The
working group is also addressing issues such as the development of an unex-
posed dosimeter category, the inclusion of an extremity dose category, the
distance from source to phantom, the conversion factors and dose equivalent
reporting conventions (Sims 1988).

The DOELAP program is examining several new areas of accreditation,
including, extremity dosimetry and bioassay testing. The proposed extrem-
ity accreditation standard would be similar to the whole body standard, but
would be somewhat simplified due to the nature of extremity dosimeters and
their intended use. A DOE working group has been formed to develop the
extremity dosimetry performance testing standard. This group is also consi-
dering the irradiation categories, irradiation levels, dose calculation
factors and performance criteria (Harty et al., 1990).

The DOELAP program is developing a bioassay testing program which will
accredit bioassay processors. Both in-vivo and in-vitro tests have been
planned. Procedures have been developed for the preparation of artificial
urine and feces with known amounts of radioactivity, and standard whole-
body counting phantoms are also under development (Fenrick and MacLellan
1988).

Summary

The NVLAP and DOELAP programs have been in operation for several years
and they have achieved the goal of providing increased assurance as to the
quality and reliability of personnel dosimetry. The organizations that
provide dosimetry services to DOE and NRC-licensee facilities have found
that there is a benefit to the recognition received from accreditation. In
addition, the technical experts conducting on-site assessments often provide
useful information and suggestions for improvements to the programs.

The general level of dosimetry programs in DOE and NRC-licensee facil-
ities has improved markedly over the last few years. Some of this improve-
ment can be attributed to the increased scrutiny of health and safety pro-
grams in general. However, it is also fair to say that the need to satisfy
DOELAP or NVLAP requirements has justified the improvements in their exter-
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nal dosimetry and calibration programs.

The future direction of these programs is aimed toward accrediting
additional aspects of health physics activities. The standards are being
reviewed periodically because technological advances are being made in all
aspects of dosimetry. National and international standards are also being
reviewed as to their applicability to the programs. As a result of these
changes, the programs are expected to broaden in scope.
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ABSTRACT

The U. S. Nuclear Regulatory Commission is developing a
Regulatory Guide on air sampling in the workplace to meet the
requirements of the revised Part 20. The guide will be
accompanied by a technical manual describing and giving
examples of how to meet the recommendations in the guide.
Draft versions of the guide and manual are scheduled to be
published for public comment this year. A final guide and
manual, revised to consider the public comments, are scheduled
to be published in 1992. This talk will summarize some of the
more important features of the guide and manual. In
particular, the talk will discuss how to demonstrate that
samples taken to estimate worker intakes are representative of
the air inhaled by workers and what measurements are necessary
if a licensee wants to adjust derived air concentrations to
account for particle size.

xWork supported by the U. S. Nuclear Regulatory Commission.
2Pacific Northwest Laboratory is operated for the U. S.
Department of Energy by Battelle Memorial Institute under
contract DE-AC06 76RLO 1830.
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ABSTRACT

Recently, the USNRC reemphasized the regulations concerning
the definition of whole body dose. Specifically, the dose to
the ankle is included in whole body dose. When the radiation
field gradient is very strong and the dose rates are very high,
monitoring the dose to the ankle is a special challenge. In
order to adequately protect divers in a spent fuel pool, we
developed a program that is a marked departure from the
concepts of prejob surveys and staytimes. We decided to
directly instrument five major points of the whole body and use
telemetry and individual local alarms to control radiation
dose. In this paper we explain this concept and extrapolate to
similar situations.

INTRODUCTION

A strict reading of 10 CFR 20 and the associated regulatory
guidance leads to the determination that the region of the body
just above the ankle is with the limits of the whole body from
the perspective of dose limitation. Nevertheless, it is fair
to say that many protection programs considered any dose below
the knee to be extremity dose. Dosimetry carried on the ankles
was often added to extremity dose. Recent communications from
the USNRC have informed the radiation protection community that
this interpretation is not consistent with the regulations.
Past practices were generally acceptable because the radiation
field at the ankle does not differ from the radiation field at
the chest or the thigh by more than 50%. Therefore, any dose
measured at the thigh or"the chest would representative of the
dose to the ankle. This 50% criterion is derived from the
limits of the accuracy required of personnel dosimeters.

However, a different situation arises if the dose rate
gradients are very strong and if the direction of the radiation
is from the level of the feet or below. For example, work on a
reactor vessel head, work above a resin vessel or tank, or work
in the vicinity of strong point sources of activated metal at
the bottom of a fuel transfer canal may irradiate the ankles at
more than 150% of the dose rate to the chest. Any point source
or source of streaming radiation at the level of the feet will
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result in a dose rate to the ankles that is ten times greater
than the dose rate at chest level and four times greater than
the dose rate at thigh level. In these conditions where the
gradient is over 150%, dosimetry is required if the expected
quarterly dose or the actual dose rate to the ankle exceeds the
regulatory action levels.

Placing a TLD on the ankle, however, is much easier than
controlling the dose to the ankle. In order to control the
dose to the ankle by traditional means, it is necessary know
the dose rate prior to the start of work and determine an
appropriate stay time. In this case, a good prejob survey is
essential. On a reactor head, this is a straightforward
proposition. In the case of the fuel transfer canal, the
possibility of discrete radioactive particles and uncertainty
in the exact itinerary of the worker may result in unpleasant
surprises when the TLD results arrive in the dosimetry office.
In recent years, the use of teledosimetry and alarming
dosimtery have improved the ability to monitor workers in high
dose rate situations. Until recently, however, teledosimeters
were hampered by large bulk, line-of-sight transmission
requirements, and the potential for partial loss of the
accumulated dose. The most significant problem with respect to
monitoring ankle dose was the bulk of the teledosimeter. It
could not be reasonably attached to the ankle.

In several instances, workers were monitored with
teledosimetry, but the high radiation field gradients resulted
in administrative overexposures to the ankle before a
significant trend was evident at the receiver. Alarming
dosimeters are more useful in preventing overexposures when
they are worn on the ankle. The ultimate effectiveness of
alarming dosimeters depends on the diligence of the nuclear
worker in leaving the area when an alarm occurs.

In the case discussed in this paper, we were faced with
devising a radiation protection program to cover divers during
a spent fuel pool reracking project. The bid proposal required
the contractor to provide a complete radiation protection
monitoring
program for the divers. We were contacted by a diving company
and asked to provide a proposal.

MONITORING IN A SPENT FUEL POOL

The major hazard in a spent fuel pool is, of course, the
spent fuel. The contact dose rate can easily exceed 3 rem/s
and the dose rate gradients are extreme due to the water
medium. The tradional method of monitoring consists of
frequent surveys over a matrix of grid points which emcompass
the diver's range of motion. The health physics technicians
then carry out a continuous time and motion study of the

111



diver's movements from the surface and continuously update
their survey information using underwater probes. Care must be
taken to calibrate the survey instruments to the underwater
response of the TLDs. This is a difficult and exacting
surveillance procedure.

Dose to the Ankles

A related consideration is the dose to the ankles„ The
bottom of the spent fuel pool may harbor highly irradiated
debris. The reracking activities had the potential to dislodge
this debris. The detection of such debris would be difficult
underwater in the presence of spent fuel and other strong
sources.

In order to ensure continuous control of exposures,
especially for the ankles, and to ensure that radiation doses
were as low as practicable, we elected to use telemetry of as
our primary means of control.

Telemetry System

The system we selected was based on five individual
electronic direct reading dosimeters (EDRDs) wired to a
multiplexor. Scince we have a health physicist on our staff
who also has commercial diving experience, we were able to
design the location and size of the underwater housings from a
diver's perspective. The multiplexor would be hardwired to a
surface display unit. The cable to the surface would follow
the diver's umbilical cable.

Each EDRD operates autonomously. The units will measure
dose to 1000 rem and dose rate to 3 rem/s. Each EDRD may be
programmed to alarm on elapsed time, dose rate alert, dose rate
alarm, dose alert, and dose alarm. The dose alarms latch in
the alarm condition. The key feature that improves the safety
of this system over previous teledosimetry systems is the fact
that the EDRDs transmit the dose and time integrals. If the
transmission fails temporairily, for example, the next complete
transmission provides a complete update to the remote monitor.
If the transmitter or receiver fails completely, the diver is
still protected by five EDRDs with independent alarms.

Therefore, the health physics technician monitoring the
diver has an actual instantaneous dose and dose rate for each
EDRD on the diver. The technician can now concentrate on
changes in the measured parameters as opposed to attempting to
calculate or estimate the current dose rate to the diver.
Certainly one technician cannot determine follow the dose to
the hand, whole body and foot of a diver using time and motion
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technicques5.

This monitoring technique does not replace the need to
thoroughly clean the bottom of the spent fuel pool or to
perform a thorough prejob survey using standard techniques.
Indeed the technician should have the underwater survoy probes
available during diving operations to supplement or backup the
EDRDs. The intent is to use the EDRDs to determine allowable
staytime and as an ALARA tool.

OTHER APPLICATIONS

There are additional applications where being able to
monitor the actual dose rate to a worker, group of workers, or
one part of a worker may increase ALARA effectiveness. In a
job with intermittent coverage, teledosimetry would allow the
health physics control point to constantly monitor all workers
on a job. When direct visual oversight of workers is
difficult, or where there are multiple sources of exposure in
close proximity, such as a BWR drywell, the ability to monitor
each EDRD remotely may be of benefit.

We have also developed a specification for a miniature
continuous air monitor (CAM) with telemetering capabilities.
There are AC (30 lpm) and DC (2 lpm) versions. These CAMs may
be used in conjunction with EDRDs to monitor dose and airborne
radioactivity simultaneously on the same screen. Because of
the equipment is portable, it may be easily moved from job to
job or from place to place on the same job. The DC CAM may be
worn by a worker. This could be especially useful in jobs
coverage where the worker is moving from place to place.
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PREDICTED SUMMARY OF PANEL DISCUSSION ON SMART INSTRUMENTS

Robert E. Sorber, Duke Power Company

The following is a hypothetical account of a panel discussion on "Smart Instruments."
It enumerates topics that are likely to be covered in the actual discussion. The
members of the panel are:

Joseph Bellian, Bicron Corporation, Newbury OH
Richard Terry, Dosimeter Corporation of America, Cincinnatti, OH
Morgan Cox, Eberline Instrument Company.Santa Fe, NM
Dwane Stevens, Ludlum Measurements, Inc., Sweetwater, TX
Art Lucas, Victoreen , Solon, OH
Sudhakar Pandey, Nuclear Research Corporation, Warrington, PA

What is a smart instrument? A smart instrument may be defined as one that
performs smart functions or as one that contains a computer of some sort.
Neither definition is perfect.

Smart functions might include, but are not limited to:
Automated data logging (reading, location, time)
Transfer (downloading) logged data to outside computer
Computer assisted, remote calibration
Linearity and dead time correction
Performance trending
Self diagnosis of faults
Detector probe recognition -
Automated beta factor application
Automatic range selection

An instrument having one or two of the functions at the end of this list would not
generally be regarded as smart. An instrument having many of these functions,
or any of the first or two, would generally be regarded as smart.

It would be possible to avoid ambiguity by defining a smart instrument as one
that contains a microprocessor or computer. However, this definition fails if the
computer is used inappropriately to perform functions that could more easily be
performed without it.

Having failed to explicitly define a smart instrument, let us proceed to discuss
the smart functions listed above.

Automated data logging and the capability for direct transfer of the data to an
outside computer are the characteristics most health physicists think of when
smart instruments are mentioned. These functions could reduce dose by
reducing time spent in radiation areas, could reduce costs by saving time in
many steps of data storage, processing and retrieval and could improve the
accuracy of dose survey records. For each survey point, three pieces of
information must be recorded:

Instrument reading(s) (eg. cpm or mR/hr)

114



Time
Location

Recording reading and time, storing reading, time and location and transferring
this information to a computer are all easy with present technology. The
problem comes with determining the location.

An obvious method that is easy with present technology is entering a
description via a keypad attached to the instrument. This method has two
severe limitations. The time required in the radiation area for data entry
probably exceeds that for conventional data entry on a paper map. Even
though time may be saved overall, dose would be increased. Most important,
locations entered via a keypad are difficult to verify later as accurate unless the
location code is extended with redundant information, again increasing time in
the radiation area. It would be difficulty 10 years after a survey to prove that a
location entered as 267 was not actually 237.

Present technology would permit identifying each location to be surveyed with a
bar code. This would reduce time in the radiation area and improve verification
of the location record. In order to be able to record results for locations not
already marked with a bar code, a conventional paper survey may still be
required although it could be marked in the field with a stick-on bar code.

From the users point of view, the best method of identifying each location would
be a navigation device (lightweight, of course) that would always know its
location anywhere within the volume being surveyed. The instrument could
then record reading(s), time and location at the push cf a button. While this
ideal navigation device may be theoretically possible, it does not seem to be
practical with current technology.

With computer assisted, remote calibration, a cable connects the instrument
inside a known radiation field with a computer or terminal outside the field.
Ideally, the dead time calculation and the correction for the dead time could be
automated. Also ideally, the technician would be able to expose the instrument
to several known radiation fields on each range, each time telling the instrument
(or computer) the true dose rate. After information input is complete, the
instrument (or the outside computer) would compute the calibration factors for
each range. Linearity correction could be included in an equation like:

D = A+Bx+Cx2

where D=dose rate, x=detector response and A, B, and C are the calibration constants
to be calculated for each range. A non-linear calibration equation would be
particularly useful on the highest range of many ion chamber instruments to allow for
recombination losses. A brilliant instrument would also demand a performance check
following calibration and periodically thereafter. Automated performance trending on
an outside computer would improve quality assurance.
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Obviously, remote, automated calibration would save time. Accuracy would be
improved by correcting nonlinearities, improving quality assurance and by
bypassing the technician's tendency to accept residual error. If the procedure
specifies error limits of 10%, the technician is likely to decide that an error of 9%
is not worth one or two more rounds of tweaking. If an open calibration range is
used, remote calibration could also reduce dose..

Self diagnosis of faults could range from very limited to extensive. At one
extreme, a computer is required to perform basic functions like checking high
voltage and batteries. At the other extreme, it seems impossible for an
instrument, no matter how smart, to detect every possible fault within itself,
including faults with the fault detection system. Furthermore, as instruments
become more able to detect most of their own faults, users are likely to become
less alert for instrument faults. Given that some degree of self diagnostic
capability is desirable and that full self diagnostic capability is impossible, the
best selection of self diagnostic capabilities is not obvious.

For instruments with interchangeable detectors, detector probe recognition
would prevent gross response errors and possible equipment damage.
Requiring the user to identify the detector with a switch or keyboard entry is
error prone. Even if no damage occurs, how can it be proved years later that a

5 cm2 detector was not used with the calibration factors for a 100 cm2 detector?
A bar code on the probe would be error resistant but would not be fool proof. A
fully automated method in which the detector is identified by its capacitance,
resistance or by interrogation of a microchip on the detector and in which the
detector identification is displayed on the instrument would offer the greatest
assurance of accuracy.

Automated beta correction factor application would be a desirable function for a
smart ion chamber instrument. At present, total skin dose rate is calculated as:

S=F(O-C)+C
where S=skin dose rate, F=beta response factor (typically about 4), O=window
open reading and C=window closed reading. While this calculation is straight-
forward, it is cumbersome in the field. Also, accuracy is sacrificed by using a
rounded value for F.

Automatic range selection does not require a smart instrument but is easy with a
smart instrument. On a smart instrument, eliminating the range switch might
actually save money. Automatic range switching could save dose by reducing
the time spent in radiation areas. However, since users often "know" what dose
rates to expect, the instrument must be designed to make it very difficult to
confuse 50 mR/hr with 50 R/hr. The instrument should also be smart enough to
avoid switching back and forth between ranges due to small changes in dose
rate.

116



Except for navigation and full diagnostic capability, all of the functions
discussed above, and many others, are feasible now or will be in the near
future. The challenge for users is to determine what smart functions will actually
contribute to faster, more accurate and better documented radiation
measurements and how best to implement these functions. Effective
implementation of smart function into portable instruments will depend on
effective communications between users and designers.

The interface between an instrument and the workers who use, calibrate or
maintain it is critical. Early smart instrument have tended to have a confusing
array of controls which must be used in ways that are not self explanatory. The
many people who can't set a cheap multifunctional digital watch find such smart
instruments less useful than traditional ones.

Smart instruments should be designed to minimize the probability of human
errors and to mitigate their consequences when practical. At the same time,
they should facilitate human intervention when the instrument is malfunctioning
or is being used outside of its design capabilities. Use of a G-M tube for pulsed
fields would be an example.

Smart instruments are not fundamentally different from traditional ones. The
same considerations of capabilities, cost, reliability and user friendliness apply
to both. However, when compared with traditional instruments, smart ones offer
much more opportunity to improve these characteristics or to make them worse.
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PRACTICAL METHODS FOR EXPOSURE CONTROL/MANAGEMENT
AT NUCLEAR FACILITIES

J.A. Twiggs. Duke Power Company, RadiationProtection Section
P.O. Box 1007, Charlotte, NC 28201-1007

Exposure management/reduction is very important to Duke Power Company.
Practical exposure control/reduction techniques applied to our reactor vessel head
disassembly/reassembly outage activity have consistently reduced personnel
exposure for this task. The following exposure control methods have worked for us
and will be the industry's direction for the 1990's. A summary of these methods
includes:

A. Move the responsibility of exposure management from the Radiation
Protection group to the Maintenance group;

B. Reduce area source term by removal of source;
C. Improve working environments in radiation areas by minimizing

protective clothing usage: and,
D. Maximize the use of electronic instruments to allow remote monitoring.
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IS THE ICRP-2 6 WEIGHTING FACTOR FOR GONADAL DOSE
APPROPRIATE FOR NEW FEDERAL REGULATIONS?

David E. Drum

Brigham and Women's Hospital and Harvard Medical School
Boston, MA 02115

ABSTRACT

In 1977 the ICRP recommended that computation of the
occupational whole body effective dose equivalent include
individual organ dose weighting factors derived from risk
coefficients for stochastic effects. The pre-eminent
weighting factor of 0.25 was assigned to irradiation of the
gonads in order to account for heritable genetic effects
manifest in later generations.

As of 1990, there exists no positive significant
evidence for the occurrence of transmitted genetic effects
in humans after radiation of any form, dose, or dose rate.

To assign to gonads 25% of the health detriment from
radiation has no basis in medical experience. It
establishes a policy that may underestimate the proportion
of real mortality from other more radiosensitive organs, and
the policy could compromise unreasonably the occupational
stability of workers whose activities may involve gonadal
irradiation.

INTRODUCTION

The new Standards for Protection Against Radiation
(United States Nuclear Regulatory Commission, 1986)
incorporate the system of dose limitations recommended by
the ICRP (International Commission on Radiological
Protection, 1977). That system includes organ dose
weighting factors derived from risk coefficients for
stochastic effects. The pre-eminent weighting factor of
0.25 was assigned to irradiation of the gonads in order to
account for the detriment arising from heritable genetic
effects manifest in the subsequent two generations of
offspring from the person irradiated.
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This creates a dilemma in logic. As of 1990, there
exists no evidence for the occurrence of any transmitted
genetic effects in humans after radiation of any form, dose,
or dose rate. In this paper I wish to discuss further the
issue of creating new regulations to protect workers against
an unproven hazard.

ORIGIN OF THE GONADAL ORGAN WEIGHTING FACTOR

For purposes of radiation protection involving
individuals in a general population with normal age
distribution the average risk factor for hereditary effects
expressed in the first two generations was stated by the
ICRP as 4 x 10"3 Sv"1. Because the risk coefficient per
sievert for irradiation of the whole body was taken as 1.65
x 10"2, the organ we
was therefore 0.25.
x 10"2, the organ weighting factor for gonadal irradiation

It was concluded that the dominent stochastic effect
for gonadal irradiation was serious hereditary ill health
within the first two generations. Not included was possible
additional damage of the same magnitude to later
generations.

Variations due to gender and age were considered
insignificant, although the number of workers of
reproductive age was admittedly a fraction of the whole
population used to estimate the consequences of unit
genetically significant dose.

It appears as of the date of this writing that the ICRP
will publish revised recommendations in 1991 with new risk
coefficients based on the most recent Japanese A-bomb
survivor data and application of a dose and dose rate
effectiveness factor (Clarke, 1990; International Commission
on Radiological Protection, 1990)(Table 1, next page). For
workers, the new values for total and hereditary deteriment
are, respectively, 5.8 x 10"2 Sv"1 (6% per Sv) and 0.6 x 10"2

Sv" . This implies that the overall risk coefficient for
serious detriment to workers is 6.0/1,65, or 3.6-fold higher
than the estimates published in 1977. However, the
fractional contribution from hereditary detriment will be
about 0.6/6.0 or 10 %. Presumably the corresponding
weighting factor for hereditary effects in workers will be
decreased to 0.10 from 0.25.
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Table 1. Radiation risk coefficients of the ICRP for
workers (in units of 10*2 Sv"1) .

1977* 1991*

Fatal cancer 1.25 4

Hereditary effects 0.4 0.6

Non-fatal cancer - 1.2

Total 1.65 5.8

ICRP, 1977
+ ICRP, 1990

Derivation of the gonadal organ weighting factor of
0.25 (or 0.10) is straightforward, albeit arbitrary and
simplistic. The fundamental question concerns the validity
and numerical value of the risk coefficient, i.e., how
effective is radiation in causing discernible hereditary
effects?

ESTIMATES OF HUMAN GENETIC EFFECTS

Neither the authors of the BEIR V report (National
Research Council, 1990) or of the UNSCEAR report in 1986
(United Nations Scientific Committee on the Effects of
Atomic Radiation, 1986) saw fit to change substantially
their organizations' prior genetic risk estimates. Because
the risk coefficients are exceptionally low and the end
point conditions nonspecific (as regards causation by
radiation), diverse, and uncommon, extrapolation to effects
from low doses of radiation divided in time is of dubious
validity. Moreover, BEIR V generously reasons from data
derived from lower organisms: "The majority of new mutations
with detectable effects are harmful"; "The human data might
be biased too low for reasons that are not presently
understood"; and "...basing its risk estimates on the
approximate lower 95 % confidence limit for humans". In
addition, efforts to estimate doubling doses from the
Japanese data lead to values larger than those for animal
data (over 1 sievert), implying lower risks in humans
(National Research Council, 1990; Neel, 1990).
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These problems are illustrated in Table 2, modified
from BEIR V (National Research Council, 1990). The
estimated extra genetic effects of an average population
exposure of 0.01 Sv (1 rem) per 30 year generation are
listed according to the type of disorder and based on the
assumption that the genetic doubling dose in humans is at
least 1 Sv. Superimposed on a total background prevalence
of about 47,000 cases, less than 50 extra cases per 0.01 Sv
(1 rem) per million persons per generation would be
predicted. Current technology simply cannot detect reliably
such a small increase.

Table 2. Estimated genetic effects of 0.01 Sv (1 rem) per
generation.

Cases per million liveborn offspring

Genetic disorder
category Natural prevalence Added cases per rem

Autosomal dominant 10,000 6-35

X-linked 400 0-1

Recessive 2,500 0-1

Chromosomal 4,400 0-6

Congenital anomalies 30,000 10

Modified from National Research Council, 1990

If the risk estimates for radiation carcinogenesis in
the bombed Japanese populations are used as the basis of
radiation dose limits for stochastic effects, it would seem
logical to look for hereditary effects in the same group.
Recently, Neel and coworkers (1990) studied the data
collected in Japan during the past 4 0 years and analyzed,
with the most up to date dosimetry, by the Genetics Program
of the Radiation Effects Research Foundation. They reported
finding no significant hereditary effects with respect to 8
indicators ( e.g., untoward pregnancy outcomes, frequency of
chromosomal changes, malignancies and altered sex ratios in
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the first generation, etc. ) conventionally used to identify
"genetic effects". For a single exposure they estimated an
acute doubling dose of 1.7-2.2 Sv, and, for chronic
exposure, 3.4-4.5 Sv, indicating again that humans are less
sensitive to genetic effects of radiation than assumed in
the recent past.

Thus, despite many years of study, no evidence for a
statistically significant excess of hereditary genetic
effects attributable to the high dose, high dose rate
exposures of the Japanese bombing victims has been found.

PRACTICAL IMPLICATIONS

In general, the kinds of occupational exposures to be
controlled by implementation of the new 10 CFR 20 are of
relatively much lower dose, of lower dose rate, and
protracted in time. Hence, the occurrence of transmissible
genetic effects due to workplace radiation must be even less
common.

Science generally operates experimentally using the
null hypothesis: if there is no discernible effect, the
independent variable (radiation) is taken to have no effect.
Other variables are then studied or new technology applied
to the same experimental question. For genetic effects of
radiation in humans, the null hypothesis has been verified
repeatedly.

A second difficulty with the ICRP-26 formulation is
assignment of detriment, i.e., death, disability, suffering,
and life shortening both now and far into the future.
Whereas the Commission acknowledged the problem, the risk
coefficients do not, I believe, reflect rapid progress in
prenatal diagnosis, genetic counselling, and treatment of
both congenital anomalies and disorders due to specific
chromosome defects.

What of an occupational exposure to the lower groin
area of a male worker resulting in a dose of 0.4 Gy (40
rads) to the testes, bone of the leg, muscles, leg and skin
above the knee? Because of the 0.25 weighting factor, the
absorbed dose due to the exposure will lead to a weighted
dose equivalent of over 0.1 Sv (10 rems). In contrast, if
the weighting factor were zero (or 0.06, as for "other"
organs), then the weighted dose equivalent, considering the
partial exposure of organs other than the gonads, might not
exceed the annual limit. Would administrative procedures
require that the worker be removed from his work in
restricted areas? Will the removal be for five years, as
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proposed by the new ICRP suggestions ?

This might be called an extreme situation.
Nonetheless, an important test of any mathematical model is
its durability when interrogated by numerical values within
the limits (here, radiation doses) proposed to be governed
by the system (of dose limitation).

Fortunately, no internally deposited radioisotope or
radiopnarmaceutical has thus far been shown to have highly
selective localization in the gonads. The hypothetical
event cited could occur only from machine-produced or highly
collimated photons.

Examination of the risk coefficients for the proposed
10 CFR 2 0 indicates a numerical value for "serious
hereditary effects" (not proven to occur) that is twice that
for red bone marrow, i.e., leukemia (definitely shown to
occur). Is it wise to codify such a contradiction? Isn't
it naive to believe that it will not come back to haunt our
professional activities?

Regardless of their original intent, the risk
coefficients published in 10 CFR 20 will be applied
inevitably to very large populations, yielding substantial
numbers that will be presented to the public (and acted
upon) as fact. Should professional health physicists permit
this to happen? Is this predictable scenario in the best
interest of the public's overall health?

PHILOSOPHICAL ISSUES

In the absence of logical development of a scientific
rationale for assigning risk coefficients to unproven
putative hereditary risks, legitimate questions about the
philosophical or political background for such actions are
appropriate. Is it really "conservative" to assign
numerical values for a human detriment that has not been
observed under circumstances in which other radiation
effects, i.e., cancer, have occurred without question? Is
it really correct to state, "Because genetic effects have
been observed in mice, they must occur in humans?"
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If one purpose of activities implementing the
regulations is to limit the risk of genetic or hereditary
effects (National Council on Radiation Protection and
Measurements, 1987; United States Nuclear Regulatory
Commission, 1986; International Commission on Radiological
Protection, 1977), by what means is the value of the
activities to be measured?

There may be undesirable risks associated with
governmentally sanctioned risk-aversive activities. Have
the many implications of widespread and deep seated fear
engendered by the phrase, "genetic effects of radiation",
been evaluated by those who write the regulations? In the
aftermath of the Chernobyl accident, how many women had
pregnancies inappropriately terminated or delayed because of
fear of the effects of radiation? It is possible that a
full analysis of the downside of having any heritable
detriment associated with radiation exposures has not been
made.

Given the proposed occupational limits aimed at
minimizing risks of late cancer, it would seem that no
gonadal limit (and no weighting factor contributing to
detriment) for heritable genetic effects is necessary.
Acknowledgement of this, together with judicious reeducation
of health professionals, politicians, media, and the public
would move radiation protection efforts toward more
cost-effective and authentically worthwhile activities.
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DEVELOPMENT OF A LOW-COST WHOLE-BODY COUNTER

Matthew H. Smith*
Department of Nuclear Engineering

Texas A&M University
College Station, TX 77843

Gary P. Gross
Radiation Safety Office

Mayo Clinic
Rochester, MN 55905

ABSTRACT

This paper documents the construction and calibration of a
whole-body counter for the Radiation Safety Office of the Mayo
Clinic in Rochester, MN. Changes in the federal regulations may
require improved documentation of internal dose for radiation
workers. A relatively inexpensive and simple chair-type whole-
body counter may suit the needs of many organizations for in
vivo assessment of gamma emitting radionuclides. A simple
calibration phantom and a spreadsheet computer program were
developed in conjunction with the counter. The spreadsheet can
be used to calculate an estimate of committed effective dose
equivalent based on activity in a subject and data from ICRP
Publication 30. Using a count time of 10 minutes, the counter's
minimum detectable activity ranged from 370 Bq to 1110 Bq for
6OCo and 57Co respectively. Other institutions will be able to
assemble whole-body counters at low cost, often from surplus
components. The spreadsheet is easily adapted to the needs of
any institution and uses current methodology to estimate
internal dose.

INTRODUCTION

Proposed changes in Title 10, Code of Federal Regulations,
Part 20 (10 CFR 20) could require improved documentation of
internal dose for radiation workers. These changes are based on
the recommendations of the ICRP Publications 26 and 30. Comp-
liance with the changes would involve air monitoring, measure-
ments of radionuclides in the body, measurements of radio-
nuclides excreted from the body, or a combination of these
measurements (USNRC 1986).

'Current Address: Battelle Northwest, P.O. Box 999,
Richland, WA 99352.
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Mayo Clinic's shadow-shield whole-body counter was
difficult to calibrate due to gain instability and poor
resolution of the old photomultiplier detectors. In addition,
its closed-tomb geometry is an uncomfortable environment for
claustrophobic, pregnant, or large subjects. Because of these
problems, a decision was made to build a new counter.

The following design criteria were set for the new whole-
body counter:

• Ability to estimate effective dose equivalent;
• Easy to operate and calibrate;
• Inexpensive;
• Comfortable;
• Simple calibration phantom;
• Reproducible at other institutions.
A chair-type counter using sodium iodide detectors was

chosen as the design that best met the needs of the institu-
tion. This counter was assembled with the assistance of Mayo
Clinic's Section of Engineering.

Three main components for the whole-body counting system
were designed, assembled, and calibrated:

• The counting unit consisting of chair, detectors,
shielding, and associated electronics;

• A calibration phantom;
• A computer spreadsheet for calculation of internal

dose estimates and the generation of reports.

MATERIALS AND METHODS

Whole-body counter unit

A chair-type whole-body counter using sodium iodide
detectors was chosen since it easily met the design criteria. Two
12.7 cm x 10.2 cm (5 in. x 4 in.) Harshaw Model 20SHA16/5B-X
Nal(Tl) detectors1 were purchased by the Radiation Safety Office.
A surplus examination chair was found in Mayo Clinic storage.

The detectors were placed behind the chaii' back in a "rear-
view counting geometry." This geometry was chosen because of its
simplicity. Placing the detectors and lead shielding behind the
subject made the counter safe from an engineering standpoint It
also reduced the cost and time needed for assembly.

Each detector was shielded with cylindrical shaped lead
from used 99nTc generators. These cylinders fit around the active
area of the sodium iodide crystal. The thickness
of each cylinder measured 3.8 cm (1.5 in.). A lead pile was built
around each detector to provide additional shielding and

'Harshaw/Filtrol, 29001 Solon Rd., Cleveland, OH, 44139
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structural support. The pile was composed of interlocked 20.3
cm x 10.2 cm x 5.1 cm (8 in. x 4 in. x 2 in.) lead bricks. The
height of the pile was 71 cm (28 in.) and the width was 41 cm
(16 in.).

The detectors and shielding were placed on a steel table
fabricated by Mayo Clinic's Section of Engineering. The table
had a height of 56 cm (22 in.). Length and width measured 51 cm
(20 in.). The thickness of the steel was 1.3 cm (0.5 in.).

To reduce gamma attenuation and subject-to-detector
distance, the metal back of the examination chair was re-
placed with Carboform* composite material. The replacement
chair back measured 55.9 cm x 35.6 cm x 0.8 cm (22 in. x 14 in.
x 0.3 in.).

Each detector had its own Canberra Model 3102 high voltage
power supply, Model 2005 preamplifier, and Model 2012 amp-
lifier. M The detector signals were combined using a Model
1465A summing amplifier and sent to a Model 3501 Series 35 PLUS
multichannel analyzer for analysis (Fig l.).ft The multichannel

analyzer had a 2048 channel memory capability. A Model 1400 NIM
Bintt was used to power the preamplifiers, amplifiers, and the
high voltage power units.

Phantoms

Calibration phantoms were constructed using cylindrical
50-L (13 gal.) Nalgene 2250-0130 polypropylene carboys.* The
carboys had a height of 66 cm (26 in.) and a diameter of 38 CTII
(15 in.). Each carboy was filled with water to simulate human
torsos. An Isotope Products 7005 multinuclide standard solu-
tion* was mixed in one phantom. Sealed sources from a New
England Nuclear NES-100T gamma reference rod set" were used as
cali- bration standards in a second phantom. These sources were
placed in the phantom through a plastic guide tube (Fig. 2).

The torso section of an Alderson REMCAL® phantom from
Mayo's Nuclear Medicine Department was also used. Since the
phantom could not be contaminated with any long lived isotopes,
the sealed rod sources were deployed on the front surface of
the phantom. All of the internal organ compartments were filled
with distilled water. The total volume of the REMCAL® phantom
was 15.6-L (4.1 gal.).

'Oak-Fothergillf Inc. 317 Northside Drive, Bennington, VT,
05201.

t1Canberra Industries Inc., One State Street, Meriden, CT,
06450.

'Nalgene Labware, P.O. Box 20365, Rochester, NY, 14602.
'Isotope Products Laboratories, 1800 North Keystone

Street, Burbank, CA, 91504.
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Calibration

Gamma energy and counting efficiency calibrations were
performed using the carboy phantoms. The REMCAL® phantom was
only used to determine a counting efficiency calibration.

Each phantom was placed on a pallet (Fig. 4) for counting
in order to raise them to the typical torso level in the chair.
In the case of the carboy phantom, the standard sources were
placed in the guide tube 25.4 cm (10 in.) above the bottom of
the carboy. This point was chosen because it is equidistant
from both detectors. The sources were placed on the front of
the REMCAL® phantom the same distance above the pallet. A
multinuclide standard solution was used in the carboy phantom
to perform an energy calibration.

External monitoring

The effect of external hand contamination on a whole-body
count was investigated using 99nTc. Aliquots of "Tc pertechnet-
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ate solution were placed on 20-cm x 20-cm sheets of absorbent
paper to simulate contaminated hands. The sheets were placed in
polyethylene bags.

Each sheet was measured with a Ludlum Model 2 survey meter
connected to a 2.5 cm x o.l cm (1 in. x 0.04 in.) Model 44-3
sodium iodide detector. The face of the detector was pressed
flat against each sheet to make a measurement of activity in
counts per minute (CPM). These external sources were then
suspended in front of the REMCAL® phantom. It was assumed that
a subject would sit with his hands folded in his lap. The
position of the sources closely approximated the location of
the hands during a whole body count.

For each source, increased net area counts in the 99l°Tc
region of interest were compared to the activity measured by
the survey meter. An external contamination correction routine
was built into the spreadsheet based on these observations.

When surveying a subject for external contamination, the
detector was held as close to the contamination location as
possible. If multiple contamination locations existed, the sum
of the external activity should be was entered into the spread-
sheet.

Spreadsheet

Lotus l-2-3++ spreadsheet software was used to develop a
program that could be used to calculate an internal dose
estimate and to generate reports. A listing of this spreadsheet
is given in Appendix A.

Three versions of the spreadsheet were developed. The
first, NOPEAK.WK1 is used when a whole body count shows no
contamination. The operator of the counter makes a decision
concerning the presence of any contamination peaks in the MCA
spectrum. The operator was prompted for the subject's name,
total counts in spectrum, counts in the 4OK region of interest,
and any external contamination. External contamination was
measured with a sodium iodide survey meter.

If contamination was noted, PEAK.WK1 was used. This
spreadsheet prompted for the same information as NOPEAK.WKl and
allowed the operator to choose an isotope. After choosing an
isotope, the operator entered net counts in the region of
interest. Again, the operator must be able to use the MCA to
determine the energy and identity of a peak. PEAK.WKl assumes
an oral intake and calculates an estimate of internal dose
based on
data from ICRP 30. Since oral intake is the most likely route
of intake for radiation workers at Mayo Clinic, PEAK.WKl is the
spreadsheet used when contamination is found.

"Lotus Development Corporation, 161 First Street, Cam-
bridge, MA, 02142.
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PEAKII.WK1 is similar to PEAK.WK1 except that it allows
the user to choose inhalation or oral intake routes. Figure 3
illustrates the calculation routine used in PEAK.WK1 and
PEAKII.WK1.

Gamma energy and yield data (ICRP 1983) for each radio-
nuclide are used to calculate system efficiency from the
efficiency calibration equation.

The spreadsheet utilizes retention equation data from ICRP
30. Coefficients for the retention equations are summarized by
Lessard et. al. (1987). Weighted committed effective dose eqiv-
alent is calculated using annual limit on intake (ALI) and the
appropriate stochastic or non-stochastic annual limit for the
desired radionuclide.

Recording level

Recording and investigation levels for internal dose are
discussed in ICRP 54. The recording level is defined as a
"value of committed dose equivalent or intake above which a
result from a monitoring program is of sufficient interest to
be worth keeping and interpreting (ICRP 54 1988)." An investi-
gation level is defined as a "value of committed dose equiva-
lent or intake above which the result is regarded as suffi-
ciently important to justify further investigation (ICRP 54
1988) ."

The investigation and recording levels defined by ICRP 54
are be difficult to implement for short-lived radionuclides.
Many of these radionuclides, such as 99nTc, would require weekly
monitoring since they are eliminated from the body rapidly.
Monitoring personnel on a weekly basis would not be practical.

A third recording or investigation level is defined by
the NCRP as the Negligible Individual Risk Level (NIRL). This
is defined as "the annual risk that corresponds to an annual
effective dose equivalent of 0.01 mSv (0.001 mrem)". This quan-
tity describes "a level of average excess fatal health risks
from radiation exposure from any individual source or practice
below which further effort to reduce individual exposure is
unwarranted" (NCRP 1987).

The Radiation Safety Office staff chose the NIRL quantity
as Jhe recording and investigation level for the whole-body
counting system since the occurrence of contamination is rare.
This recording level would not be appropriate for a facility
where contamination cases are frequent.
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Figure 3. Spreadsheet calculation routine
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RESULTS

System efficiency

Figure 4 shows the whole-body counter efficiency calibra-
tion curves for the carboy and REMCAL® phantoms.
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Figure 4. Efficiency calibrations

System efficiency is nearly identical at higher photon
energies for both phantoms. The smaller size of the REMCAL®
phantom results in better efficiency at low photon energies.
The unrealistically large volume of the carboy phantom may
result in a gross underestimate of system efficiency at low
energies due to self-absorption loss. The efficiency calibra-
tion calculated by using the REMCAL® phantom is used in the
spreadsheet.
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Minimum detectable activity

Table I shows minimum detectable activities for the cali-
bration radionuclides. An uncontaminated carboy phantom was
used to gather background counts for this data.

Table I: Minimum detectable activities

Nuclide

S7Co

1 3 7Cs

6OCo

6OCo

Gamma
Energy
(MeV)

0.122

0.662

1.173

1.332

Mayo
Chair
(Bq)

1110

7 4 0

3 7 0

3 7 0

Masse-Bolton
Chair
(Bq)

6 6 6

4 4 4

3 7 0

3 7 0

Minimum detectable activities (MDA) for the Mayo Chair
were nearly equal to the values obtained by Masse and Bolton
(1970). Higher values were seen in the low energy range. This
may be due to the lack of a front shadow shield.

MDA could be lowered by adding a shadow shield in front of
the subject. Also, the size of the subject will affect MDA.
Smaller subjects will have a higher MDA since they do not
shield the counter to the same degree as a large subject.
Individual with a large burden of naturally occurring radionuc-
lides will also have higher MDA's.

CONCLUSIONS

This project demonstrated the assembly and calibration of
a simple, inexpensive whole-body counter for use at small
institutions. The counter is comfortable and easy to maintain.
Lotus software allows the user to change variables in the
calculation routine with relative ease. The ability of the
system to estimate effective internal dose will help the
Radiation Safety Office comply with any changes to federal
regulations.

One problem the counter has is dependence on the size of
subjects. Small subjects do not shield the detectors to the
same degree as large subjects. The higher background count rats
seen with small subjects results in a higher minimum detectable
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activity for these subjects. This problem could be reduced by
adding a front shadow shield, but space limitations do not
allow for that at this time.

Another problem involves the lack of a distributed source
in the calibration phantom. The current calibration is based on
the use of point sources with the REMCAL® phantom. This proba-
bly results in an underestimate of system efficiency and thus
an overestimate in the calculation of body burden and internal
dose.

Internal dose cannot be calculated by one count with this
device. A single count can only yield an estimate of internal
dose based on an assumed effective half-life. Successive counts
should be performed to determine the retention equation for a
particular individual. Also, in vitro bioassay techniques can
be used to confirm calculations.

The final cost of the project was approximately $10,700.
The replacement value for all equipment used was $31,000. Both
of these figures are much lower than the $75,000 cost of a
commercial whole-body counter.
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"Exposure Control During High Maintenance Jobs"

C.S. Hinson and J.E. Wigginton
U.S. Nuclear Regulatory Commission

Occupational radiation doses at U.S. light-water-cooled reactors (LWRs) have been
decreasing every year since 1983. In 1989, the LWR average dose per reactor
reached its lowest point since 1973. Historically, maintenance-related activities have
accounted for between 70 and 75 percent of the total occupational doses at U.S.
LWRs, and most of this maintenance-related dose is accrued during plant outages.
This paper will focus on high dose maintenance jobs such as steam generator
replacement, recirculation pipe replacement/crack repair, induction heating stress
improvement, and steam generator tube plugging/sleeving and will discuss how the
doses associated with these jobs have declined over the past several years through
the implementation of various ALARA techniques.
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RECOMMENDATIONS, REQUIREMENTS,
AND RADIOACTIVE PARTICLES

Jack M. Bell
U.S. Nuclear Regulatory Commission

Washington, D.C. 20555

ABSTRACT

Hot particles consisting of activated metal debris and fuel fragments
have received increased attention in the last five years. This increased
attention resulted from the increased use of more sensitive whole body
"friskers" at nuclear power plants, the relatively high local skin doses
associated with the particles, and skin dose limits that were established
before hot particles became a problem and before radiobiological effects
data for the particles became available. The skin dose distribution and
biological effects associated with hot particles differ from those
associated with more uniform skin contamination and differences exist in
the scientific community as to which effects should be protected against
by a limit on exposures from particles. The NRC staff recognized the need
for provisions in the Federal regulations specific to hot particle
exposures and requested guidance from the National Council on Radiation
Protection and Measurements (NCRP). NCRP Report No. 106 was provided to
the NRC early in 1990. The International Commission on Radiological
Protection (ICRP) is also developing recommendations for limits on exposures
from hot particles. The NRC is supporting research on hot particle effects
and will likely develop a rule for hot particle exposures.

INTRODUCTION

It is the purpose of this paper to provide to the reader the informa-
tion necessary to an appreciation of recommendations and requirements
concerning hot particle exposures and the NRC's on-going efforts to
implement existing recommendations in an effective and circumspect manner.

"Hot particles" have certainly existed in the work environment for
several years, but have received greatly increased attention in the last
five years. A great deal of this attention has been devoted to skin dose
limits. However, before discussing recent hot particle radiation exposure
recommendations for the skin and possible regulatory changes, a little
background may be in order as a basis for establishing a perspective on
this issue. This background review will include the nature and history of
hot particles, the effects of hot particle radiation on skin, and current
NRC dose* limits. The possibility of a rule change, and the need for

"Dose" will be used throughout as synonymous with "dose equivalent"
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information as a basis for a rule change, will be discussed within the
context of recommendations and standards. On-going and future research
related to a "hot particle rule" will also be discussed.

HOT PARTICLE CHARACTERISTICS AND SOURCES

Characteristics:

Hot particles are small (usually microscopic) particles of radioactive
material of high specific activity. Although the radioactivity of most
such particles is small (a few microcuries or less),* the dose delivered
to the skin from the more highly radioactive particles near or in contact
with the skin can exceed current regulatory limits in a short period of
time; i.e., hours or minutes.

Sources:

Hot particles result from activation of particles generated by
maintenance, repair and wear processes in valves, bearings and other nuclear
power plant components and, in some cases, from fragments of leaking fuel
assemblies.** Activated wear particles commonly contain cobalt-60.
Activated debris from maintenance and repair (e.g., grinding, lapping) may
contain several radionuclides. Fuel particles will contain a variety of
fission products. Hot particles are dispersed throughout the primary coolant
system as well as some secondary systems as coolant is circulated and
processed by these systems. Dispersal outside these systems is enhanced by
operations such as fuel consolidation and reconstitution in which individual
fuel assemblies are worked on and individual fuel pins that may be leaking
or have particles adhering to them are disturbed. Although some particles
emit all three of the well-known types of radiation; i.e., alpha, beta and
gamma, the risk associated with such a particle on or near the skin is
associated primarily with its beta emissions. Information provided by the

* There are, of course, exceptions. One piece of debris of more than
sixty-four mi H i curies with a largest dimension of more than four-tenths
of one centimeter was found on a worker's clothing. For a more detailed
description of hot particles, ^ee EPRI 1988, EPRI 1989, Bray et <il.
1987 and Warnock et al. 1987.

** Although the current hot particle problem is centered at operating
power reactors, the presence of highly radioactive particles at licensed
non-power reactor and materials facilities cannot be ruled out.
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nuclear power industry indicates that most operating nuclear power plants
have experienced hot particles (EPRI 1988).

The upsurge in hot particle problems correlates with the nuclear power
industry's increased utilization of high-sensitivity whole body personnel
contamination monitoring systems ("friskers") since the mid-1980s.

Hot Particle Dose Rates and Dose Distribution:

Table 1 s>!̂ ws dose rates for point sources of a few radionuclides.
The figures in the table are for illustrative purposes only - to provide a
rough idea of the way in which dose varies from one radionuclide to another.
Obviously, real hot particles are not "point sources." The physical size
of the particle and its density can have a major effect on the dose to
skin per contained microcurie of radioactivity.

Table 1. One microcurie point source dose rates averaged over one
square centimeter at seventy micrometers tissue depth. From computer
code VARSKIN (NRC 1987).

Radionuclide Dose rate (rad h-1)

Cobalt 60 4.1
Fuel particle* 4.5
Cesium 137 6.4
Strontium/Yttrium 90** 8.0

* Two month old particle (Bray et al. 1987).
** One-half microcurie each of strontium-90 and yttrium-90

Figure 1 from a paper by Charles (Charles 1990) provides a simplified
depiction of a cross section of human skin. With respect to radiation
damage, the depth of the bulb of the hair follicle (about 1 millimeter),
is important since skin regrowth to recover a denuded area can occur from
a reserve of spared basal layer cells at the bulb. The blood vessels
provide oxygen and nutrients and are important to repair processes. Although
not shown in the figure, blood vessels are found in the reticular dermis
below the basal layer in the region where the hair follicle is shown.

This figure also shows how rapidly tissue dose falls off with depth.
A curve for cobalt-60 betas would fall just below the curve for
promethium-147 and the curve for cesium/barium-137 would fall between the
cobalt and thulium-170 curves. The maximum range of cobalt-60 betas is
about eight-tenths of one millimeter in tissue. Virtually all of the
damage from cobalt-60 betas would occur within the first one-third of a
millimeter of skin. For strontium/yttrium-90 the maximum beta range is
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about eleven and one-half millimeters in tissue with essentially all damage
occurring in the first five millimeters of tissue. Cesium/barium-137
betas with a maximum range of about one and six-tenths millimeter would do
most of their damage in the first nine-tenths of a millimeter of tissue.

Epidermis [ ~=5^T^
20-500/jm r -^=i-?s.=

Oerrnis
1-4 mm

Hair
follicle

Blood ^
v e s s e l s v \

G

Q-2

a*
a

3

Depth - dose
10*/. 1*/.

15keV X-ravs

Figure 1. Schematic cross-section of human skin and depth doses from
three beta-emitters used in animal studies. The depth dose from 15 keV
X-Rays is indicated for comparison. (Charles 1990)

In other words, the cobalt-60 betas would deposit much less energy at the
basal layer than would cesium/barium-137 or strontium/yttrium-90 batas.
And cobalt-60 betas would do very little damage to the blood vessels in
the dermis while about sixty percent of the Sr/Y-90 betas would penetrate
beyond one millimeter to reach this part of the skin. The higher energy
beta particles will also affect more of the deeper basal layer cells
surrounding the hair follicles that are important to skin regrowth.

The point is that the energy of the beta particle is an important
consideration since the type and extent of damage (discussed below) to the
skin is highly dependent on the ability of the beta particle to reach the
critical areas (e.g., the basal and vascular layers) of the skin.

HOT PARTICLE DOSE EFFECTS

Cancer

The National Council on Radiation Protection and Measurements' (NCRP)
Report No. 106, "Limit for Exposure to 'Hot Particles' on the Skin," (NCRP
1989), briefly discusses the cancer risk associated with hot particle
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exposures, drawing on work done by Shore (Shore 1990). Shore's work was
enlarged upon for radiation protection purposes by Charles (Charles 1990).
Table II is from the paper by Charles and shows the cancer incidence and
mortality risks for whole body exposures. A hot particle exposure will
result in the exposure of less than one square centimeter of skin out .of a
total of roughly eighteen-thousand square centimeters covering the body.
Therefore, the incidence risk associated with a single hot particle exposure

Table II. Radiation-induced skin cancer risk figures for man.

Incidence (10-4Sv-1) Mortality (10-4Sv-1)

Absolute risk model 233 0.47
Relative risk model 971 1.94

Using 0.2 percent mortality for comparison, the 1978 ICRP risk figure
for skin cancer mortality is 10-4Sv-1. (Charles 1990)

will be about 5 x 10-6 Sv-1 and the mortality risk will be about 1 x 10-8

Sv-1 for the relative risk case and about one-fourth of these figures for
the absolute risk case. The point here is that the cancer risk from a hot
particle exposure is extremely small. The so-called "hot particle effect,"
i.e., an increase in cancer incidence by several orders of magnitude compared
with uniform exposures, is not supported by research results (Charles
1990). A scheme for combining non-fatal and fatal cancer detriment is
discussed by Charles (Charles 1990). However, because of the small fraction
of the total skin surface affected by a hot particle exposure, even this
scheme does not result in cancer risk (incidence plus mortality) controlling
the dose limit.

Deterministic

Deterministic (non-stochastic) effects from hot particle exposures
may be divided into early effects (erythema, blistering, pigmentation, and
ulceration) and late effects (pigmentation, depigmentation, scar-tissue
and atrophy). Atrophy, manifested as dermal thinning, may be the most
important late effect (Wells 1986; Hamlet, et al. 1986). Desquamation and
ulceration are lumped together as "acute tissue breakdown" each of which
provides an opportunity for infection. As source (particle) size increases
above 2 millimeters, moist desquamation precedes ulceration as an early
effect (Hopewell 1990). The doses averaged over one square centimeter
required to produce these tissue breakdown effects in 10 percent of the
exposures (EDio) are plotted against source size in Figure 2 (Charles
1990). The "threshold" at this probability level appears to be about 3 Gy
for dose averaged over one square centimeter at sixteen micrometers tissue
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Figure 2. The E0io value for acute tissue breakdown in pig skin,
averaged over an area of 1 cm2 at a depth of 16 micrometers, is indicated
as a function of the diameter of the radiation source. Values are based
on using extrapolation chamber measurements and calculations to relate the
dose averaged over 1 cm2 to the directly measured dose averaged over 1.1
mm.2 (Charles 1990)

depth (less than 2 Gy at 70 micrometers).* A curve with the same
characteristics results from a plot of beta emission versus source size,
i.e., the beta emission required to produce the effect increases with
source size. A plot of EDxo doses averaged over 1.1 mm11 results in a
curve with the opposite slope, i.e., the required dose decreases as source
size increases. One may speculate that there may be a combination of
averaging area and tissue depth f,r which a plot of the data would yield a
straight line parallel to the horizontal axis.

The dosimetry associated with the studies that produced this data is
being refined. This may result in significant changes to the data.
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It is important that one keep in mind that different investigators
characterize doses correlated with hot particle effects in quite different
ways. In some cases, the specified dose is a point dose or "centerline
dose." Such doses are relatively large (e.g., 30:1) compared to doses
averaged over an area such as the 1.1 square millimeter area average dose
reported by the British (Charles 1990). One also must keep in mind the
tissue depth of interest since not all investigators will report doses at
the same depth. The rather extreme variation in dose is illustrated, by
Figure 3 showing the distribution of dose from a cobalt-60 particle.

Figure 3. Hot Particle Dose Distribution. Co-60 Particle, 277 micrometer
diameter, 61.7 microcuries. Dose rate at 0.9 mg/cm2 vs. distance from
source center!ine (Courtesy of the National Institute of Standards and
Technology)
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It should be noted that a dose at 7 mg/cm2 averaged over 1 cm2 from
a hot particle on the skin should not be compared to a dose from more
uniform irradiation such as the 2,000-rad dose that is used by the
International Commission on Radiological Protection (ICRP 1977) as the
"limit for exposure over the whole occupational lifetime" to prevent the
occurrence of "cosmetically unacceptable" changes in the skin and which is
one basis for the ICRP's 50 rem annual limit to prevent the occurrence of
nonstochastic effects. The dose distribution from a hot particle is
extremely nonuniform; the centerline dose (directly under a particle on
the skin) being, in some cases, more than three orders of magnitude greater
than the dose averaged over 1 cm2 at a depth of 7 mg/cm2.

Since the effectiveness of hot particle dose is dependent on the
response of a biological system, the effect versus dose data generates
a typical biological response "S" curve. A set of such curves is shown in
Figure 4 (Charles 1990). Note that there can be a six-fold difference
between the dose at a low probability level (10%) and the dose at a high
probability level (90%). Where is the threshold? The ICRP says in its
Publication 41, that a probability of occurrence of between 1 and 5 percent
may be considered as defining a threshold. Charles (Charles 1990) uses
two-thirds of the ED10 value (Figure 2). The selection of a threshold at
some point on the vertical axis will, of course, determine what fraction
of the exposed population may develop the health effect.

NCRP REPORT NO. 106 AND ITS IMPLEMENTATION

NCRP Report No. 106 resulted from an early 1987 request from the NRC
staff to the NCRP for guidance with respect to hot particle exposures.
This request resulted from a recognition by the NRC staff of the need for
an improved basis for the NRC's requirements as contained in Title 10 of
the Code of Federal Regulations, Part 20.* Radiobiological data, that
have become available since 10 CFR Part 20 was promulgated, indicated that
the radiation dose resulting from exposure to a hot particle on or near
the skin is associated with a significantly smaller injury consequence
than that associated with the same dose to a larger area of skin.

Section 20.101(a) of 10 CFR Part 20 includes limits on occupational
exposure of the skin. The limit is 7.5 rems per calendar quarter
except for extremities for which the limit is 18.75 rems per calendar
quarter. These requirements of Part 20 are based on the NCRP's
recommendations in National Bureau of Standards (NBS) Handbook 59,
(NCRP Report No. 17) "Permissible Dose from External Sources of
Ionizing Radiation," published in 1954, with an addendum published
in 1957.
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Figure 4. Acute tissue breakdown in pig skin following beta-radiation
exposure. The diameter (mm) of the circular radiation sources is
indicated. Skin doses were measured at a depth of 16 micrometers and
averaged over an area of 1.1 mm2 using an extrapolation chamber.
(Charles 1990)
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NCRP Report No. 106 recommends a limit for hot particles* on the
skin of ten giga-becquerel-seconds (seventy-five microcurie-hours) of a
radionuclide emitting one beta particle per disintegration. The report
states that it "does not deal with . . . skin exposure from distant
sources . . .," but does recommend applying "dose limits for exposure of
large areas of the skin . . ."in those cases where it is determined that
a particle was never in contact with the skin (e.g.. between two layers of
clothing). The NCRP's recommended annual limit for large areas is given
in NCRP Report No. 91 as 0.5 Gy. In those cases when it cannot be
determined that a particle was never on the skin (e.g., on hair or clothing),
the NCRP recommends that the particle "be assumed to have been in contact
with the skin throughout the possible irradiation period." It should be
noted that a particle on the skin resulting in an exposure of less than
seventy-five microcurie-hours may, if off of the skin, such as on hair or
clothing, deliver a dose in excess of 0.5 Gy to the basal layer of the skin.

An ICRP Task Group on the "Biological Basis for Dose Limitation in
the Skin," has also drafted recommendations for hot particle exposures.
The task group's tentative recommendation is one Gy averaged over one
square centimeter between one hundred and one hundred fifty micrometers
skin depth.** According to NCRP Report No. 105, the NCRP's recommended
limit is based on a desire to prevent a "deep ulceration." The draft
recommendation of the ICRP task group appears to be based on preventing
any effect that may result in opening of the skin to infection (i.e.,
ulcers). These recommendations appear to be significantly different.
(For example, the NCRP recommended limit would result in about 4 Gy to the
skin basal layer when applied to a typical fuel particle (Warnock et al.
1987) as opposed to the ICRP recommended limit of 1 Gy at 100-150
micrometers depth, both averaged over one square centimeter). However, as
noted earlier, work is in progress to refine the dosimetry associated with
the studies that formed the basis for the ICRP draft recommendation. The
result could be a narrowing of the numerical difference between the two
recommendations.

Finally, although NCRP Report No. 106 states that "when a given hot
particle is not in contact, it produces lower doses in the skin; also the
radiation field changes less rapidly with distance, both laterally and
with depth," it refers the reader to existing "dose limits for exposure of
large areas of the skin" for such cases. The studies that formed the

* Defined as "less than 1 mm in diameter."

** The selection of an appropriate depth or depths and area for dose
averaging is discussed in several papers (Charles 1990; Hopewell
et al. 1986; Wells 1986). Although there is not a consensus with
repect to an averaging area, an area of one square centimeter seems
to have some empirical legitimacy (Charles 1990).
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basis for NCRP Report No. 106 did not treat hot particles off of the skin.
Further, the report states that "The circumstance in which skin is irradiated
by hot particles not directly on the skin requires further study." Similarly,
the studies that formed the basis for the ICRP draft recommendation did
not include particles off of the skin and the ICRP draft does not include
recommendations specific to such cases.

The Commission must, of course, consider all pertinent and scienti-
fically valid information in determining the content of a rule specific to
hot particle exposures. Further recommendations for limiting exposures
from particles off of the skin, and for particles in the eye and on the
eardrum are expected from the NCRP in about two years. The results of
other, pertinent research, as noted below, should also become available
during this time period.

Ongoing and Future Hot Particle Research

As recognized by the NCRP in its Report No. 106 on hot particles,
"There are wide variations in the data on which recommendations for limits
of exposure of the skin to hot particles must be based and additional
research is needed in this area." Consistent with this observation, the
NRC is supporting some research and following other research that promises
to answer some of the technical questions associated with developing a hot
particle rule and that should provide the insight necessary to control hot
particle doses and an understanding of hot particle health effects.

Brookhaven National Laboratory (BNL). BNL is working on guidance for
preventing, mitigating and controlling hot particle problems; the review
and assessment of research results related to hot particles; hot particle
dosimetry, including biological dosimetry; and the biological effects of
hot particle exposures. Coordination is with, among others, The National
Institute of Standards and Technology, The Massachusetts Institute of
Technology, and European scientists funded by The Commission of European
Communities.

Pacific Northwest Laboratories (PNL). PNL is developing a new computer
code for calculating dose to skin from hot particles. The new code will
replace the VARSKIN code (NRC 1987) and will accommodate several different
particle geometries, account for particle self-absorption, include
backscattering effects, allow calculation of doses for particles both on
and off of the skin and with materials (e.g., clothing) between the particle
and the skin, and include any gamma contribution to the skin dose.
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The National Council on Radiation Protection and Measurements (NCRP).
The NCRP has been requested to provide the NRC with guidance concerning
limits on hot particle exposures for particles off of the skin, in the eye
and on the eardrum.

Conclusion

The effects and control of hot particle exposures were not considered
in developing existing regulations for protection against radiation.
Changes to existing regulations are under consideration and will be based
on a consideration of many factors including hot particle health effects,
health effects from whole body doses associated with hot particle control
activities, the degree of protection to be provided against hot particle
health effects, and the means for determining compliance with a rule on
hot particles. Hot particle effects research is continuing, and should
provide substantial additional information in the next two years.
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SKIN DOSE FROM DISTRIBUTED RADIOACTIVE SOURCES AND

HOT PARTICLES - REGULATIONS AND RECOMMENDATIONS.

Sydney W, Porler, Jr., CHP. (Porter Consultants, Inc., 125 Argyle Road, Ardmore, PA 19003).

ABSTRACT

The issues concerning Beta Dosimetry, Hot Particle Dosimetry, and associated dose to skin have been
highlighted since the 1979 TMI-2 accident report of the Presidential Commission. The conclusions drawn from
the DOE/EML International Beta Dosimetry Symposium of 1983 are still valid. The questions of location(s)
of the radiosensitive layer of human skin, the most valid method of skin dose measurement, and interpretation
of associated radiobiological data are still lingering. The need for improving beta calculation standards and
procedures are more evident now than in 1983. This paper will discuss the newest ICRP and NCRP
recommendations, as well as the regulations and guidelines from the NRC. I would expect that the draft
recommendations published in this paper will be considerably changed by the time of the January, 1991
presentation of this paper.

INTRODUCTION

Beta dosimetry issues have been in current focus since Three Mile Island Unit 2 accident dosimetry highlighted
the basic problems. The 1979 Report to the President's Commission on the Accident at Three Mile Island1

discussed beta dosimetry problems in the health physics sections. Both the Nuclear Regulatory Commission's
Rogovin Report on TMI as well as the Health Physics "Blue Ribbon" Committee Report3 discussed beta
dosimetry problems in general terms.

Participants in a DOE-EML Beta Dosimetry Workshop (12/81) recommended an international Beta Dosimetry
Symposium which was held in February, 1983, chaired by Thomas Gese'l, and sponsored by Department of
Energy, Nuclear Regulatory Commission and the Health Physics Society (Reference 4). The Conclusions
drawn from this 1983 Symposium are as equally valid today as they were then:

1. It is apparent that the 7 mg/cm2 (or 5-10 mg/cm2) depth at which the sensitive layer of the skin is
defined is seriously in question when compared with empirical biological data. The overwhelming
consensus of the symposium participants was that a representative(s) of the organizers communicate
a formal request to the NCRP and the several Federal agencies to re-evaluate the scientific bases for
the current standard and formulate a more realistic one. A finite sensitive skin layer, say from 10 to
40 mg/cm2 would be more realistic biologically and would coincidentally simplify the measurement
process.

2. It was emphasized that low energy photons are also "non-penetrating" and should be reported as "skin"
dose also. Tissue equivalent detectors are essential in order to provide a system in which the
calibration factor converting response of the detector to dose is the same for both radiation types.
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3. It was generally conceded that though the measured personnel doses in mixed fields have been
inaccurate, they have been over-reported in most cases. Though this results in a conservative
approach to personnel protection, it is a poor policy since total plant exposures are generally higher
through more frequent personnel changes, and thus any subsequent epidemiological studies of
radiation effects would be biased.

4. There was a recurring expression of need for consistent guidance in the area of 1) definition of skin
areas of concern (1 cm or 100 cm2 and 2) what constitutes an extremity (finger tip or hand).
Standard-making organizations should be requested to study the needs in this area and formulate
practical guidelines.

5. Since personnel dosimeters are small and the dose rate and spectrum can change dramatically over
the surface area of the body in low penetrating radiation environments, additional guidance is also
needed to assist in 1) dosimeter placement, and 2) wearing location(s) (under clothing or not).

6. The need for improved portable survey instruments was recognized, including:

a. Tissue-equivalent response independent of energy and radiation type.

b. Ability to measure dose rates at "shallow" and/or "deep" depths.

c. Micro-Electronic processing of data for ease and speed of data reduction in the field.

7. It was recognized that when evaluating a "new" hazard, frequently data collected are more extensive
than required after the hazard has been adequately defined. Beta (nonpenetrating) dosimetry is at
the point in its development where a large amount of data is required. Some parts of the nuclear
industry are believed not to have significant beta problems (mining, perhaps uranium mills, etc.) but
will require more analyses with improved instruments in order to adequately establish this as a fact.
However, it is becoming increasingly clear that though the beta dose may not be limiting, there is
increased need to accurately document the actual dose received.

8. It is apparent that beta calibration standards and procedures are inadequate. There was a call for the
establishment of secondary standards calibration labs and intercalibration programs.

9. There are new information and calculation/analytical techniques currently becoming available.
However, the need for improved dose calculational techniques was noted. It was recommended that
facilities and persons with recognized abilities in this area produce the improved techniques on a high
priority basis and make them available in the literature and through the distribution list of those
attending this symposium.

The guidance requested above is still urgently needed.
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NEW HOT PARTICLE GUIDANCE

1. The NCRP Report 10615 completely sidesteps the issue of the location of the target depth in skin for
performing beta dosimetry. The location of the cells at highest risk, which is the depth at which we
should be averaging dose, is known to be different for stochastic and non stochastic effects (Ref. 19).
This Report also does not address the issue of what skin area should be averaged for reporting dose.
As you can see from Table 1, the earlier recommendations for averaging dose to skin vary from one
to 100 cm2 areas. The NCRP Report 106 states that a specific area for averaging hot particle dose
is "inappropriate".

2. This Report 106 on Hot Particles, is highly specialized, and does not apply to:

a. distributed (general) skin contamination
b. skin exposure from distant sources
c. inhalation of hot particles (I know of only one case)
d. ingestion of hot particles
e. hot particles in eyes
f. hot particles in eardrum
g. hot particles on male gonad

3. Although the limit of 75 pCi hr. per exposure incident appears reasonable, the NRC, in its
enforcement policy has the option of citing the licensee (when below 75 pCi hr. exposure) for poor
practice in cases where the NRC feels the exposure was reasonably avoidable.

NEW CRITERIA FOR GENERAL SKIN EXPOSURE

An earlier draft (1988) of the proposed New 10CFR20 had 100 cm2 as the area of skin to be averaged. This
dose averaging area was changed back to 1 cm2, but there seems to be no good technical answer for why only
one cm2. Thus we have the situation where the NRC had the opportunity to average over a more reasonable
(100 cm2) area of skin, but has chosen not to do so. Refer to Table 1.

The newest ICRP draft (Recommendations of the Commission February, 1990) recommends an area of 100
cm2 for averaging skin dose in the case of surface contamination, and an area of the highest 1 cm2 in the case
of accidental irradiation.

ICRP26 (Ref. 14) in 1977 recommended a skin dose limit of 0.5 Sv/yr (50 rem/yr). Initially, I believed that
this was a very conservative dose limit that was chosen so as to be the same fis several other organs. Further
investigation revealed that this 0.5 Sv/yr skin dose limit is not so conservative, because of the synergistic effect
of utraviolet radiation (UVA) and ionizing radiation, as well as the lack of information concerning how
radiation effects the immune functions associated with the <;ells of the epidermis (Langerhans cells).
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SKIN DOSE AND CONTAMINATION INCIDENTS

HISTORY OF HIGH DOSES TO HANDS AT NUCLEAR POWER STATIONS (Fig. 1)

Peach Bottom (October 1981)

A maintenance worker received an unplanned exposure to the hand while visually inspecting the
inservice fuel inspection platform at the Unit 2 spent fuel pool (SFP). This exposure occurred when
the worker picked up fuel channel clips from the fuel elevator with his hand. The area radiation
monitors alarmed. A nearby radiation control technician immediately instructed the maintenance
worker to put down the fuel channel clips. The clips were then placed into a bucket in the spent fuel
pool. Subsequent radiological survey of the fuel channel clips indicated a gamma dose rate of 3.2 R/hr
at 1.8 inches. Exposure to the worker's hand was estimated at 527 mrem.

Sequoyah (August 1982)

Two flow tests of reactor systems performed in August 1982, using Na-24 as a tracer, resulted in an
extremity exposure to one worker of 10 rem, Because this exposure was higher than those incurred
during past flow tests, the licensee initiated an investigation to determine the cause of the high
exposure. The licensee concluded that because of the high contact dose-rate (1.5 R/sec) of the Na-24
source vial, its cap should noi be removed by hand as was the case in previous tests; instead remote
handling tools should be used. The licensee also concluded that, because Na-24 is not commonly used
at nuclear power plants, health physics management should provide better training and pre-job
planning to both radiological control technicians (RCTs) and radiation workers with regard to the
handling of radionuclides, such as Na-24, used in flow testing. Based on this event, the licensee
determined that prior to 1982, extremity dose evaluation for flow testing had underestimated the
actual doses, and that the extremity monitoring program for the plant should be upgraded.

Rancho Seco (July 1984)

After the completion of a tube plugging job, a worker entered the steam generator to vacuum loose
debris. The worker picked up an object that was too large to be vacuumed and tossed it out of the
steam generator. The object had been earlier identified as part of a high pressure injection nozzle
thermal sleeve. The radiation level of the object read 28 R/hr at six inches. A licensee radiation
protection investigation concluded that no overexposure had occurred.
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Point Beach (April 1989)

An inservice inspection (ISI) engineer received a dose to the hand of 4.7 rem during a closeout
inspection of the Unit B steam generator. The exposure occun d when the engineer picked up an
object and passed it outside the steam generator without knowing that the radiation level of the object
read 200 R/hr at near contact.

TMI-2 (September 1989)

Two workers handled a piece of material believed to be fuel debris. The RCT monitoring the work
was unaware that the workers had handled the object. After the RCT surveyed the object, it was
returned to the reactor vessel because of its high dose rate. The licensee initiated an inquiry when
the first worker, on the following day, asked another RCT about the health implications of handling
fuel debris. The calculated skin dose to the left hand of one of the workers was 55 rem.

SUMMARY OF FITZPATRICK INCIDENT OF 1990

On March 8, 1990 Worker P inadvertently contaminated his right glove and cross contaminated a 4
cm2 area of the skin (pad) of the left hand with 24Na.

The most accurate dose assessment for Worker P is 16.335 rads /S and .728 rads y (total of 17.06 rads
per cm2) to the live tissue of the skin of the left thumb. This is the highest square centimeter dose
to an area just under 64 mg/cm2 of stratum corneum (dead skin). A special series of computer runs
were performed to determine the gamma portion of the dose. The beta dose was calculated by both
the Cross (Reference 17) and the VARSKIN (Reference 18) methods and indicated agreement to
within a few percent.

The NRC on site inspection team (O'Connell and Chawaga) requested that the dose be calculated at
a depth of 0.007 cm (7mg/cm2). This dose is 48.2 rads /? + 0.57 rads y to yield a total of 48.8 rads
per cm2. For this contamination incident, it is biologically and anatomically inappropriate to calculate
the dose to an area below only 7 mg/cm2 of stratum corneum.

This dose to the skin of the left thumb is well below the threshold for any observable skin effects.
Medical personnel verified this by observing no first or second wave erythema (reddening of the skin)
on Worker P.
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RECOMMENDATIONS FROM FITZPATRICK INCIDENT (AND SIMILAR INCIDENTS)

Review lessons learned from this incident with all operational and appropriate support personnel
(This includes a review of what should have been covered in the ALARA Pre-Plan Meeting for the
^*Na Feedwater Flow Test.)

All Health Physics and Chemistry Professionals and Senior Technicians should attend a Professional
Enrichment Course concerning f) hazards and associated /3 assay and dosimetry.

The Skin Decontamination Procedure should be revised to include the requirements to obtain medical
permission to utilize agents other than soap, water and surgical scrubs (i.e. Potassium Permanganate/
Sodium Bisulfate or stronger solutions). The "Medical Assistance" section should encourage the
person having difficulty tin decontaminating to obtain medical assistance.
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TABLE 1 (cont.

Recommendations Concerning Dose to the Skin

to

Year-
Organization

1989 ICRP
DRAFT oo
Hot Particle

1990 NCRP
Committee 80-i
(Report No. 106)
Limit for Exposures
to Hot Particles
on the Skin

Nay, 1989
NRC Staff
Recommenda-
tion to ACRS
on Hot Particle
(INTERIM)

PRESENT
REGULATION
Code of Federal
Regulations
10 CFR 20.101
(Since early 1960s)

iNRC Info. Notice
90-48 Ajg 2, 1990
Enforcement Policy
for Hot °article
Exposures

New 10CFR2C
as of Jan. 1992

Dose/Year

300 rads/cm2

{may not be
limited to cm2

area)

Maximum of
75 HCi-hr
exposure for hot
particles in
in contact
with skin

50 rads/cm
per hot part-
icle. No notice
of violation
for single
exposure below
50 rads.

30 rem/yr.

75 wCi-hr
exposure for
Hot PTrTfcTe's in
contact with skin

50 rem/yr

Dose/Quarter

1 h?t particle
per quarter

7.5 rem/qtr.

qtr. limit
dropped

Qtr. limit
dropped

Area to
averaqe over

"No biological
bases for 1 cm2

average"

•NA
(particle—- l
diameter

1 cm2

(no limit on
size of hot
particle)

1 cm2

NA

1 cm2

Depth for
Measurement

10-15 my/cm2

NA
mm

(Can calculate
activity to
skin surface)

7 mg/crrr

7 mg/cm2

NA

7 mg/cm

Ex terni ty
Oose

Not Addressed

NA

Note: exposures
> 75 wCi-hr.
require medical
evaluation

MA

75 rem/yr.
18.75 rem/qtr.

Note: exposures
>75 wCi/hr require
medical evaluation

50 rem/yr
qtr. limit dropped



HEALTH PHYSICS SOCIETY MIDYEAR SYMPOSIUM
EXPOSURE MANAGEMENT - INPO PERSPECTIVE

Richard H. Jacobs
Institute of Nuclear Power Operations

Suite 1500
11 Circle 75 Parkway

Atlanta, Georgia 30339-3064

ABSTRACT

The slide presentation provides an overview of INPO's
mission and programs. The focus of the presentation is on
the nuclear power industry occupational radiation exposure
trends, current activities, and the future outlook for
controlling radiation exposure. Discussion will include
progress the industry has made over the last 10 years,
unplanned radiation exposures and observations of the root
cause of these incidents, precursors to high exposure
incidents, and INPO's continuing role in radiation exposure
management.
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ALARA FOR THE PRACTICAL PERSON

Ronald L. Kathren
Hanford Environmental Health Foundation

P.O. Box 100
Richland, Washington 99352

The increasing significance of ALARA in recent years has spawned
numerous articles and complex technological means to achieve "as low as
reasonably achievable". The available body of literature on ALARA has grown
so large and complex that it is an overwhelming and virtually impossible task for
a single individual to remain abreast of it. Regulatory requirements and
interpretations of ALARA further add to the difficulties of the operational
radiation protection staff seeking ALARA. The practical person can, however,
promote and provide ALARA by recalling and applying certain simple
principles, including the following, which will be discussed in depth:

1. ALARA is basic and fundamental to any program of radiological protection,
and as such the ALARA program or practices must be specifically identifiable.

2. ALARA is a never ending quest, and much like the speed of light or halving
the distance to the goal, can really never be reached in a theoretical sense.

3. ALARA is not necessarily synonymous with dose reduction, and certainly
does not involve ever continuous reduction in dose.

4. There is no single monetary value applicable to a unit of dose; rather each
incremental unit of dose must be examined in the total context of the exposure
situation.

5. ALARA involves professional opinion and judgement; responsible and
qualified professional health physicists may differ in their opinions as to what
constitutes ALARA.
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ALAM AT NUCLEAR POWER PLANTS

John W. Baum
Brookhaven National Laboratory, Upton, New York

ABSTRACT

Implementation of the ALARA principle at nuclear power plants presents
a continuing challenge for health physicists at utility corporate and plant
levels, for plant designers, and for regulatory agencies. The relatively
large collective doses at some plants are being addressed through a variety
of dose reduction techniques. Initiatives by the ICRP, NCRP, NRC, INPO,
EPRI, and the BNL ALARA Center have all contributed to a heightened
interest and emphasis on dose reduction. The NCRP has formed Scientific
Committee 46-9 which is developing a report on ALARA at Nuclear Power
Plants. It is planned that this report will include material on historical
aspects, management, valuation of dose reduction ($/person-Sv), quantita-
tive and qualitative aspects of optimization, design, operational consider-
ations, and training. The status of this work is summarized in this
report.

INTRODUCTION

NCRP Committee 46-9 was formed in the spring of 1989 to develop a
report on ALARA at Nuclear Power Plants. The report is intended to be a
document that provides both general and specific information and guidance
on ALARA philosophy and practices especially as applied at U.S. nuclear
power plants.

The 46-9 Committee consists of J.W. Baum (Chairman), W.R. Kindley,
T.D. Murphy, D.M. Quinn, A.K. Roecklein, and R. Wilson. J.A. Spahn, Jr. of
NCRP is Committee Secretary and B.J. Dionne is a consultant to the Commit-
tee. The Committee is collecting, analyzing, and developing information
and recommendations on ALARA ac nuclear power plants.

Chapters on Background and History of ALARA, Quantitative Methods in
Optimization; ALARA Management, Policy and Administration (including train-
ing); Determining Effectiveness of an ALARA Program; Design; and Operation-
al Considerations have been drafted and are under review.

*This work was supported in part by the U.S. Nuclear Regulatory
Commission and the U.S. Department of Energy under Contract No. DE-AC02-
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Two questions that are still under discussion are: (1) what is the
relationship of ALARA to dose limits, below regulatory concern, and
negligible individual risk? and (2) what monetary value ($/rem or $/cSv) is
appropriate for current use in cost-benefit evaluations?

In trying to provide answers to these two questions, I have reviewed a
considerable volume of literature and am surprised, as you may be, at some
of the findings. These findings are summarized here, but have not at the
time of this writing (September 1990) been reviewed by the Committee. For
this reason, the recommendations should not be interpreted as those of the
Committee. Rather, they are presented at this time in order to stimulate
thinking and discussion since they are at the heart of the ALARA philosophy
and process.

DOSE LIMITS VS. ACCEPTABLE SAFETY

Recent reevaluations of radiation risks by the National Research
Council, National Academy of Sciences Committee (BEIR V, 1990) yield cancer
plus serious genetic effect risk estimates of about h x 10 /cSv, or about
four times greater than earlier studies (BEIR III, 1980). Concurrently,
"safe" industry has an associated risk of about 5 x 10"5/yr (fatalities)
now compared to 10~Vyr ten years ago. Also, society's perception of risk,
and safety aspirations are apparently greater now than formerly. This is
reflected in the little discussed (in the radiation protection community)
Supreme Court decision on OSHA's benzene standard (U.S. Supreme Court).
The Court carefully avoided a precise definition of "safe," but did offer
the following guidance on what may be considered "significant" risk:

"First, the requirement that a 'significant' risk be identified is not
a mathematical straitjacket. It is the Agency's responsibility to
determine, in the first instance, what it considers to be a 'signifi-
cant' risk. Some risks are plainly acceptable and others are plainly
unacceptable. If, for example, the odds are one in a billion that a
person will die from cancer by taking a drink of chlorinated water,
the risk clearly could not be considered significant. On the other
hand, if the odds are one in a thousand that regular inhalation of
gasoline vapors that are 2% benzene will be fatal, a reasonable person
might well consider the risk significant and take appropriate steps to
decrease or eliminate it."

Using the h x 10"4 risk coefficient from BEIR V (National Research
Council 1990) and a 45-year worktime, this one in a thousand risk is
equivalent to:
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Significant Risk = lQ-3risfc/45yr ( 1 )

4 x 10"4 risk/cSv

= 0.056 cSv/yr (56 mrem/yr)!

Therefore, according to this Supreme Court interpretation, an exposure of
about 56 mrem/yr would present a significant radiological risk in which the
implementation of steps to reduce or eliminate the risk is appropriate.
This is two orders of magnitude below the new 10 CFR Part 20 limit for
occupational exposure and illustrates why it is important to make sure
doses are ALARA. Note that these risk values were average risks over a
worker population, and individual values would be both larger and smaller.

Additional judicial opinion was provided by the U.S. Court of Appeals
for the District of Columbia in its 1987 decision on EPA's standard on
emissions of vinyl chloride (U.S. Court of Appeals 1987). In this deci-
sion, the Court put some limitations on application of cost and benefit
tests. The Court indicated that the agency is required to first adopt a
standard that determines the maximum amount of a pollutant beyond which
adverse health effects take place and is then required to set an "ample
margin of safety" below that level. The Court further stated that the
agency did not need to find that "safe" means "risk free" and that the
finding was not intended to bind the agency "to any specific method of
determining what is safe" or what is an "ample margin." Once the agency
has determined what constitutes a safe level of exposure it may use costs
and technological feasibility to determine what is an "ample margin of
safety" to establish limits beyond the safety level required by the law.
This Court guidance indicates that cost-benefit analyses should only be
used after the "safe" level has been achieved. There now remains a gray
area between 5 cSv/yr (the ICRP/NCRP/NRC limit of tolerable risk) and the
0.056 cSv/yr significant risk level.

The NCRP suggested "that cumulative exposures should not exceed the
age of the individual in years x 10 mSv (years x 1 rem)" (NCRP 1987).
Using 4 x 10"^ risk/cSv, this would permit a 65-year-old person to accumu-
late a risk 26 times greater than the Supreme Court's 10 per lifetime
guide. These considerations weigh heavily in the judgment that must be
made on valuation of dose reduction for occupational exposures.

For non-occupational exposures, the Food and Drug Administration and
the Environmental Protection Agency (EPA 1985) consider a lifetime cancer
risk of 10"6 as insignificant and, therefore, clearly acceptable (Hallen-
beck and Cunningham 1981). This risk is about one-tenth the negligible
individual risk level of
10"5/lifetime employed by the NCRP (NCRP 1987). The Nuclear Regulatory
Commission in its Below Regulatory Concern (BRC) Policy (NRC 1990) implies
an annual risk of 5 x 10~6 for individuals and 5 x 10"7 for popu] ations are
below regulatory concern. These were related to dose rates of 0.01 and
0.001 cSv/yr based on estimates of 5 x IO'^/CSV for the general public.
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An IAEA working group (IAEA 1990) has recently recommended values of
10 /iSv/yr and 1 jiSv/yr (0.1 mrem/yr) as limits for dose to the public from
safety-related and non-safety-related consumer products, respectively.

The above values are compared with existing dose limits on Figure 1.

LIMITS ON ALARA?

The ALARA (optimization) process should be applied throughout the
range of doses shown on Figure 1, from the dose limits down, even into
areas of background radiation. Throughout this application, one should
always consider both differential costs and differential benefits. Since
it is the ratio of these two values that determines cost-effectiveness,
which should be compared to the value of dose reduction, even doses below
regulatory concern or below negligible individual risk levels should be
considered. If the cost or effort is negligible, even a negligible
(comparable) risk should be avoided.

The process will be self-limiting if costs of doing evaluations are
included in the total since when the collective doses are small, the costs
will be large in comparison and one soon reaches a point of no net benefit,
or excessive large cost-effectiveness values ($/cSv). At this point, the
process should stop.

Regulatory agencies are required to do cost-benefit evaluations in
arriving at BRC, exempt, or trivial levels. However, there may still be
need for some consideration of ALARA by those exempt from regulatory
pressures. This can be the case, for example, if large numbers of individ-
uals may be exposed and if simple (low cost) efforts could be implemented
to avoid these small doses.

MONETARY VALUES OF DOSE REDUCTION

Application of quantitative methods in the ALARA process is essential
if consistent, rationale, documentable, and coherent decisions are to be
made. The level of effort must, of course, bear some reasonable relation-
ship to potential dose savings that may be made.

To apply quantitative thinking to the decision process, a monetary
value for dose reduction is needed. This value in $/cSv (or $/rem) can be
used in cost-benefit studies as suggested by the ICRP in its Publications
22 (ICRP 1973), 26 (ICRP 1977a), 27 (ICRP 1977b), 37 (ICRP 1983), 45 (ICRP
1985), and 55 (ICRP, 1989). It can also be used as a cost-effectiveness
guide in comparing and prioritizing various options for dose control in the
design or operational phases of facilities (Baum and Matthews 1985).
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A review of previous thinking on the value of dose reduction and the
related value of "statistical life" has been made to provide a basis for
recommendations of an appropriate value for dose avoided. Results are
summarized in Tables I through VI and discussed below.

Table I summarizes information available in the early 1970's. The
values cited are from ICRP Publication 22 (ICRP 1973). Values were
adjusted for inflation to reflect 1990 costs, and adjusted (increased) for
higher 1990 risk estimates (BEIR V 1990). This latter adjustment is based
on the assumption that larger values would have ((or should be) used if
risks are found to be higher. Adjusted values range from $140 to $3,400
per person-cSv. These early values were based on rather little data or
analysis and were specifically for doses low in comparison to dose limits.
A medium value based on these findings would be about $2,400/person-cSv
(1990 risk adjusted values).

Table I. Monetary Value of Dose Reduction Based
on ICRP 1973 Summary

Author

Dunster/
McLean

Hedgran/
Lindell

Otway

Lederberg

Cohen

Sagan

Doliars/person-cSv
in ICRP-22

10 - 25

100 - 250

200

100 - 250

250

30

1990 Equivalent*
Dollars/person-cSv

34 - 85

340 - 850

680

340 - 850

850

100

Mean

Median

1990 Values
Adjusted for New
Risk Estimates**

140 - 340

1,400 - 3,400

2,700

1,400 - 3,400

3,400

410

« $l,900/person-
cSv

« $2,400/person-
cSv

* 1990 values adjusted for inflation are estimated as 3.4 times the 1970
values based on purchasing power of the dollar as reflected in consum-
er prices (U.S. Bureau of Census 1989).

** 1990 values were increased by a factor of four to account for higher
1990 risk estimates (BEIR V 1990) compared to a value of 10"4 commonly
used in the 197O's.
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In the early 197O's, the Atomic Energy Commission (now the Nuclear
Regulatory Commission) suggested the use of $1,000/person-cSv be used in
evaluating costs and benefits of off-site exposures during design of
nuclear power plants (AEC 1971). The same value was utilized by the NRC in
10 CFR 50 Appendix I (NRC 1975). This latter value and other values that
have been used in U.S. nuclear facilities are summarized in Table II.
Original values have been adjusted for inflation and new risk estimates to
provide in 1990 dollars an equivalent monetary value per unit risk reduc-
tion or life saved. The studies of DOE contractor facilities by Gilchrist
et al. (Gilchrist 1978) revealed that values between $1,000 and $10,000 per
person-cSv were being employed in the 197O's. Discussions at a recent
workshop (Baum, et al. 1989) revealed a similar range ($1,000 - $20,000)
was being employed by DOE contractors at U.S. nuclear power plants in 1989,
with most plants using about $5,000. A 1989-90 study of major DOE facili-
ties (Dionne, et al. 1990) revealed several were using a range from $2,000
to $60,000 as suggested by Kathren, et al. (Kathren, et al. 1980). The more
recent values reflect not only the possible health effects detriments, but
also some costs associated with operations such as hiring and training
additional crews especially for high dose jobs. They may also reflect a
trend toward greater acceptance of the "willingness to pay" approach to
valuation of detriment rather than the older "human capital" and medical
costs approach, and greater public and worker perception and concerns with
safety, especially radiation.

The median value obtained from the four sources listed in Table II is
$10,000 per person-cSv. All values seem to reflect the earlier $1,000 per
person-cSv value which was an upper limit on values being proposed at that
time .

Information from several studies on compensating wage differentials
has been summarized recently (Jones-Lee 1989). In this approach, wage
differentials are compared to risk differentials for various job categories
to arrive at an implied value of "statistical" life. The value thus
derived is, of course, biased and reflects more than just risk of death.
Many of the higher risk jobs are lower wage brackets and thus may lead to
underestimates of the average worker's willingness to accept risk for
compensation. Counter-acting this bias is the fact that these higher risk
jobs often involve discomfort, stress, or other disadvantages. These other
factors presumably account for some of the wage differential.

Results of 9 U.S., 4 U.K., and 1 Austrian study are summarized in
Table III. Values (in 1990 dollars) per statistical life range from
$250,000 for a study of differentials in the U.K. construction industry to
$15,000,000 for a study of various U.S. industries. The median value for
all 14 studies was $3,000,000 per life. Using a radiation risk coefficient
of 4 x 10 (BEIR V 1990) risk/person-cSv (serious genetic effects plus
fatal cancer) yields equivalent monetary value of dose reduction of
$:S,0OO,OOO/life x 4 x 10"4 life/person-cSv = $1,200 per person-cSv.
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Table II. Monetary Values of Dose Reduction
Used at U.S. Nuclear Facilities

Locations

Environs of Nuclear
Power Plants
(10CFR50, Appendix I)

DOE Facilities
(1970's)

DOE Facilities
(89-90)

Nuclear Power Plants
(89)

Value Employed
(dollar/person-cSv)

$1,000 (1975)

$1,000 (minimum)

$2,000 (minimum)

$1,000 - $20,000

Mean

Median

Approximate 1990
Equivalent Value

Adjusted for Inflation
and new risk estimates

$10,000*

$10,000

$4,000**

$10,000**(avg.)

« $7,000

« $10,000

*Adjusted for inflation using a 2.5 factor since 1975 and adjusted for
higher 1990 risk estimates using a factor of four over 1970's values.

**Adjusted for risk estimates by a factor of only two since the 1989 values
employed may have included some adjustments in anticipation of higher risk
estimates.
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Table III. Value of Statistical Life Based On Compensating
Wage Differentials (1990 U. S. Dollars)*

Author(s)

Thaler and Rosen
(1973)

Smith, R.S. (1973)

Melinek (1974)

Smith, R.S. (1976)

Viscusi (1978)

Veljanovksi (1978)

Dillingham (1979)

Brown (1980)

Needleman (1980)

Olson (1981)

Maria &
Psacharopoulos

(1982)

Smith, V.K. (1983)

Arnould & Nichols
(1983)

Weiss et al. (1986)

Study Year
(Country)

1967 (USA)

1973 (USA)

1971 (UK)

1976 (USA)

1969 (USA)

1970 (UK)

1970 (USA)

1967 (USA)

1968 (UK)

1973 (USA)

1975 (UK)

1978 (USA)

1970 (USA)

1981 (Austria)

Mean

Median

Estimated Value
of Statistical Life
In 1990 U.S. Dollars

$800,000

$15,000,000

$1,900,00

$4,700,000

$4,900,000

$8,700,000

$760,000

$2,400,000

$250,000

$10,000,000

$3,600,000

1
$1,100,000

$780,00

$6,200,000

«$4,360,000

«$3,000,000

Implied Value of dose reduction = $3,000.00 x 4x10''' life
life person-cSv

= $l,200/person-cSv

*After Jones-Lee 1989, adjusted for inflation since study year.
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Another approach to ariive at a value that reflects the average
person's willingness to pay for risk reduction is through use of question-
naires. A number of major studies were summarized by Jones-Lee (Jones-Lee
1989). Results based on these are compared with a combined result from six
smaller questionnaire studies reported by Cohen (Cohen 1980). In Cohen's
studies, questions were asked of about 100 students in a course on energy
and environment at the University of Pittsburgh in two successive years.
The results of these surveys are shown in Table IV. Student answers
yielded values from $40,000/life saved for safer cigarettes to $50,000,000
in electric rates per life saved by reductions of 1 in a million risk from
a nuclear power plant. This set of results yielded a mean value of
$2,300,000 per life saved and a median of about $3,800,000 (both in 1990
dollars). There is good agreement between Cohen's median value and the
median value obtained from all values listed in Table V. These median
values are also very consistent with the large and most recent study by
Jones-Lee (Jones-Lee 1989) of willingness to pay for transport safety in
the U.K.

Many highly cost-effective health and safety options have been cited
by various reviewers (e.g., Cohen 1980; Siddall 1981; Graham and Vaupel
1981) . Graham and Vaupel cite several options that would not only save
lives but also save in costs (e.g., medical and/or property savings exceed
costs of implementation). These include several traffic and auto safety
actions such as mandatory air bags, mandatory passive seat belts, 55 mph
speed limit, roadside hazard removal, vehicle inspection, traffic enforce-
ment, and compulsory helmet usage by motorcyclists. Other examples in the
area of home safety include a clothing flammabillty law and mandatory smoke
detectors. The wide range of costs per life saved in medical screening,
traffic safety and home safety options reveals a lack of consistency in how
society spends its health and safety dollars. This inconsistency has many
causes including strong influences of public perception and the difficulty
of judging values and probabilities when small risks are involved. Knowing
the cost-effectiveness of many of the other options, one tends to avoid
excessive expenditures in any given area in hopes that at least a portion
of the money thus saved would be used for more effective measures.

Since these other options are so numerous and lacking in robustness,
they are not included in the listings empToyed here.
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Table IV. Results of Student Questionnaire
on Willingness to pay for risk reduction (Cohen 1980)*

Proposed Safety Action

10 reduction of nuclear risks

10"3 reduction of coal plant
risks

Gov. Health Plan to save 1,000
lives

A.lr bags in autos

Safer cigarettes

Safer transportation

1990 Dollars/Statistical Life

$125,000,000

$300,000

$6,250,000

$1,250,000

$100,000

$6,500,000

Mean « $2,300,000

Median » $3,800,000

*Values in Cohen were increased by a factor 2.5 to adjust for inflation
since 1975.
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Table V. Questionnaire estimates of the value of statistical life
(based on Jones-Lee 1989 and Cohen 1980)

Authors

Acton (1973)

Melinek et al,
(1973)

Melinek et al.
(1973)

Cohen (1975)

Maclean (1979)

Frankel (1979)

Frankel (1979)

Jones-Lee et al.
(1985)

Nature of Study

Small non-randomc sample
survey (n=93) of will-
ingness to pay for
heart attack ambulance
(USA)

Non-random sample sur-
vey (n=873) of willing-
ness to pay for domes-
tic fire safety (UK)

Non-random sample sur-
vey (n=873) of willing-
ness to pay for hypo-
thetical "safe" ciga-
rettes (UK)

Student surveys

Quota sample survey
(n=325) of willingness
to pay for domestic
fire safety (UK)

Small, non-random sam-
ple survey (n=169) of
willingness to pay for
elimination of small
airline risk (USA)C

Small, non-random sam-
ple survey (n=169) of
willingness to pa^ for
elimination of large
airline risk (USA)C

Large, random sample
survey (n=l,150) of
willingness to pay for
transport safety (UK)

Mean

Median

Estimated Value of
Statistical Life in
1990 U.S. Dollars

93,000

480,000

150,000

3,800,000

4,700,000

22,000,000

95,000

3,500,000

« 7,300,000

« 3,500,000

Implied value of dose reduction=$3,500,000/life x 4 x 10'4 life/person-cSv
=$1,400/person-cSv

176



ADMINISTRATIVE, REGULATORY AND COURT GUIDANCE

Estimated costs/life saved for EPA's 1970 Clean Air Act ranged from 0
(Koshal and Koshal 1973) to $100,000 (Crocker, et al. 1979) for source air
pollution control, and $7,800,000 (Council on Wage and Price Stability
1978) for control of carcinogens in water. These values can be compared to
the 1975 NRC recommended value of $1,000/person-cSv for use in design of
reactor effluent control systems. As shown in Table I, after adjustment
for inflation and more recent risk factors, this yields $10,000/person-cSv
or an equivalent value of $25,000,000/life saved. This is considerably
more than required to meet limits in the EPA Clear Air Act or proposed
limits on carcinogens in water (Graham and Vaupel 1981).

The Supreme Court's decision on OSHA's benzene standard was made in
1980 (U.S. Supreme Court 1980). The Court at that time affirmed a decision
of the Court of Appeals for the 5th Circuit that had overturned the 1978
OSHA regulation on benzene. This regulation had reduced permitted 8-hr,
time averaged exposures from 10 ppm to 1 ppm. The Court cited insufficient
evidence of benefit based on work suggesting that the 1 ppm standard would
avert only two cancer deaths every six years. Ignoring capital costs and
using OSHA's estimate of $34 million/yr in 1978 operating costs, it
appeared that the 1 ppm standard would cost $102 million per life saved
(Graham and Vaupel, 1981). The Court based its decision on the criterion
that tho rule must provide a "significant" reduction of a "significant
health risk."

Thus, when epidemiological studies on benzene and several quantitation
risk assessments were published in the 1980's that indicated risks of 44 to
152 excess deaths per 1,000 workers exposed for 45 years at the 10 ppm
level, OSHA reimposed the 1 ppm regulation in 1987 (U.S. Department of
Labor 1987). Based on numbers of workers exposed, concentrations, and the
r.ewer risk estimates, about 5 leukemia cases per year could have been
averted (Nicholson and Landrigan 1989) using the lower standard at a cost
in 1990 dollars of about $68 million/yr or about $14 million per leukemia
avoided. This is equivalent to an expenditure of about $5,600 per person-
cSv based on risk estimates discussed earlier.

DISCUSSION

It should be noted that the Supreme Court does not use the term
"significant" as defining a region below which risk is insignificant (or
trivial) as evidenced by their suggestion that "a reasonable person might
well consider the risk significant and take appropriate steps to reduce or
eliminate it" (U.S. Supreme Court 1980). The OSHA 1 ppm benzene limit was
imposed to reduce average worker risk to about 5 x 10" /yr at a cost of
about $14,000,000/leukemia averted.
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The U.S. nuclear industry is currently spending about $10,000/person-
cSv for dose reduction efforts, or about $25,000,000 per cancer plus major
genetic effects averted. This is about ten times higher than would be
expected based on wage differential studies and societies' willingness to
pay based on questionnaire studies. The difference may partly be a
carryover of high values employed in the 1970's for reactor safety related
to public exposures, which were projected to be small. The costs to avoid
these small exposures in comparison to total plant costs were apparently
justified even if not consistent with the cost-effect5.veness of safety
expenditures in other areas of public safety. A large part of the valup of
dose reduction currently employed at nuclear power plants may also reflect
the costs of hiring additional workers to avoid individuals approaching
their dose limits insurance and litigation costs, and other non-
quantifiable factors such as worker and public relations concerns.

Table VI summarizes median values derived from the above studies.

Table VI. Summary of Results

Bas i c

ICRP 73 Review

U.S. Nuclear Facilities

Wage Differentials

Questionnaires

Median Values
1990 Dollars/person-cSv

$2,400

$10,000

$1,200

$1,400

Mean « $3,800

Median « $1,900

RECOMMENDATIONS

Considering the results from various studies and recommendations
reviewed above, it appears that expenditures for radiation risk reduction
in the U.S. have, in general, been in keeping with the 1970's guidance of
the NRC, which was concerned with exposures to the general public.
However, the Supreme Court's suggestions that significant health risk means
about 10"3 risk over a worker's lifetime raises the question whether
nuclear power f.'.ants should have an average of <60 mrem/yr/worker as an
equivalent (in risk) goal. To achieve this objective, a nominal value for
dose reduction of $2,000/person-cSv (the approximate median of values in
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Table VI) is recommended for most operations and typical facilities. For
exposures involving workers who may approach or exceed one cSv/yr, a higher
value of $10,000/person-cSv is recommended in order to keep their exposures
below the NCRP recommended (age x 1) guideline. This higher value is the
approximate median of 1990 adjusted values employed at U.S. nuclear
facilities as shown in Table II and is consistent with (about twice) the
equivalent values related to the benzene standard. Since this value is
related to an expenditure of an estimated $125,000,000 per fatality, it
also seems bordering on the unreasonable based on data from other studies
reviewed here. These monetary values are shown in Figure 1 along with the
risk and dose guidelines discussed above. In using these values, one must,
of course, bear in mind the uncertainties in the estimates of dose saved,
risk per unit dose, and value placed on risk reduction. There is still a
need for a judgment in the final decision process.
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THROUGH OPTIMUM USE OF SHIELDING DEVICES
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ABSTRACT

Exposure to radiation from nuclear medicine nuclides can be

minimized through the use of various shielding devices. This paper

reviews the dose reductions achieved through use of various syringe

shields, lead aprons, leaded gloves, and several types of eyeglass

lenses for 67Ga, 99mTc, 131I and 201Tl. We have found that a

combination of devices can best provide for minimizing doses.

INTRODUCTION

With an increase in the number of nuclear medicine procedures

(NCRP, 1989) exposure control for the nuclear medicine technician

becomes an increasing concern. Exposure to the technician can occur

during the preparation and measurement of the dose, during injection

and during imaging of the patient. According to Murphy (1986),

exposure to the technician has increased in recent years due to the

use of higher activities of ^^mTc and participation in more time-

consuming and more complex imaging procedures.

A variety of personal shielding devices are available for users

of radiation sources in medicine. Several investigators show reduced

exposure from x-rays with the use of lead aprons (Smith and Willhoit

1970) (Gill 1980) (Boothroyd 1987) (Russell and Hufton 1988). Syringe
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shields are effective devices for reducing exposure to radionuclide

workers (Neil 1969) (Takaku and Kida 1972) (Henson 1973) (McElroy

1981). Prescription eyeglasses with leaded lenses as well as some

prescription lenses with heavy metal content have also been shown

effective in reducing transmission of x-rays to the eye (Richman et

al.1976) (Young et al.1978) (Agarwal et al.1978) (Moore et al.1980)

(Cousin et al.1987) .

With the exception of syringe shields, most shielding studies

have concentrated on protection from diagnostic x-rays. Few studies

have dealt with shielding against the higher energy and mixed

spectra of nuclear medicine nuclides. Huda and Gordon (1989)

discovered that the use of lead aprons in a private nuclear medicine

clinic led to a 50% reduction of the y ..rly whole-body dose.

Our assessment of the radioprotective properties of commercially

available lead aprons, syringe shields, eyeglass lenses, leaded

plate glass and lead-loaded rubber gloves for the four common nuclear

medicine radionuclides listed earlier is presented.

MATERIALS

Radionuclides were obtained from our nuclear medicine

department. The ^^mTc, 201Tj ancj 67 G a were in 3 ml syringes and

were standard nuclear medicine doses or kit preps. The 131j w a s

evaluated in a capsule, not a syringe, since it is not normally

administered from a syringe. The physical data for these nuclides

are listed in Table I.

The lead aprons used were designated as being 0.5 mm and 1.0 mm

Pb equivalent. The leaded vinyl had an indicated Pb equivalence of

0.6 mm. A Pro-Tec II™ tungsten syringe shield (Atomic Products

Corp.) and a Modified NIH Tungsten syringe shield (Atomic Products

Corp.), both with leaded-glass viewing ports, were evaluated.

Fourteen eyeglass lenses were evaluated. The degree of curvature

of the lenses varied from flat to common values of curvature (2 to 9

diopters). The thickness of each lens was determined by measuring
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five points on each lens and determining the average. Leaded plate

glass with a 1.5 mm Pb equivalence at 65 kVp was evaluated. Lead-

loaded rubber gloves equivalent to 2.3 mm of

aluminum at 60 kVp were also evaluated for their shielding

potential. We also evaluated the attenuation of a standard lab

coat and ordinary latex gloves.

Table I. Physical Data (a) of Nuclear Medicine Nuclides

Isotope Half Life

201 Tl 3.04 days

Gamma Energy

Hg X-rays (72.9%)

135 keV ( 2.65%)

167 keV (10.2%)

9 9 m T c 6.01 hours 140.5 keV (87.9%)

Beta Energy

nor, a

none

131

3.26 days 93.3 keV (38%)

184.6 keV (23.9%)

300.2 keV (16.1%)

393.6 keV ( 4.3%)

8.04 days 80.1 keV ( 2.6%)

284.3 keV ( 5.8%)

364.4 keV (89.8%)

636.7 keV ( 6.4%)

(a) E.R. Squibb & Sons, 1980

none

247 keV ( 2.0%)

333 keV ( 6.6%)

606 keV (89.8%)

METHODS

Exposure rates were measured with an Eberline RO-3 Ion Chamber.

Figure 1A indicates the basic experimental setup used to collect the

exposure rate data. Data were collected with a beta shield in front

of the ion-chamber.

Exposure rates were measured at four distances from the

radiation source: 8.5 cm, 18.5 cm, 38.5 cm and 68.5 cm. In

each case, measurements were obtained comparing attenuated with
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unattenuated beams, the ratio of which provided the percent

transmission. The thickness of the 14 lenses varied considerably.

Percent transmission was adjusted with first-order exponential

corrections to account for lens thickness. The reported percent

transmission is normalized to 2.2 mm and represents the average of

determinations made at the four distances.

Measurements were taken to determine the best location for the

eyeshield in relation to the syringe and ion chamber. The data

indicated that the eyeshield should be placed as close to the syringe

as possible in order to expose the entire sensitive volume of the ion

chamber (Figure IB and 1C). The eyeshield consisted of 0.64 cm lead

with a 3.2 cm diameter hole cut in the center. The eyeglass lenses

and the leaded plate glass were placed in a holder across the opening

in the lead.

The syringe shields were evaluated in four different orientations

with respect to the ion chamber: viewing port, tungsten side, plunger

end and needle end. Figure 2 illustrates these orientations.

Measurements were taken in each position to determine the percent

attenuation provided by the syringe shield.

The lab coat, lead aprons and the leaded vinyl were suspended

from supports that allowed them to hang down in front of the ion

chamber (figure 1). The latex and leaded rubber gloves were cut

open and taped across the front of the ion chamber.

RESULTS

Percent transmissions for the four nuclides and various shielding

devices are listed in Table II. The higher energy 133-1 yielded the

highest percent transmission for each shielding device. *>7Ga

yielded transmission values similar to 99mTc for most of the

lenses, but it yielded somewhat higher values than did 99mTc f o r

of the other devices. With its low energy gamma, 201Tl was the

easiest to shield.

Syringe shields provide significant protection when properly

used. However, the user must be aware that the protection of the

syringe shield varies considerably with respect to its orientation
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and emits a high intensity cone of radiation at each end. The Protec

II syringe shield attenuated better at the plungerend of t;he syringe

and the NIH syringe shield attenuated better at the needle end.

Figure 3B compares the percent transmission of the various devices

for each nuclide tested.

Lead aprons reduce exposure to the torso by 5 to 72 percent

depending on the nuclide. Exposure to the eyes is significantly

reduced with the use of leaded glass lenses. The Aura X-ray glass

decreases exposure to the eyes by 18 to 82 percent, depending on the

isotope.

The leaded plate glass (Schott RD-50) is very effective against

the gamma ray from 99mTc and 201Tl (95% reduction). Even for the

higher energy gamma ray emitters of ^7Ga and ^ ^ I , the reduction in

exposure is 73% and 42% respectively. This finding is consistent with

the manufacturer's data.

DISCUSSION

Syringe shields supply the single largest protection factor for

whole-body and extremity dose, and they should be used whenever

possible. The user should be cognizant of the position of the plunder

with respect to the hand and torso during handling to keep exposure

to a minimum. In situations where the use of a syringe shield is not

possible (dose measurement, difficult veins), expediency and

alternate protective devices are important for reducing exposure,

i.e., working behind a leaded glass shield, using tongs, using

shielded carrying devices, and modified injection procedures.

A 0.5 mm lead apron can reduce trunk exposure by 5 to 12 percent.

One mm lead aprons could reduce exposure by 22 to 85 percent.

However, the additional weight might make these uncomfortable to

wear for an extended period of time. Two piece leaded aprons are

available that would reduce the discomfort of extended wear.

Most eye glasses, whether prescription or used solely for

radiation protection, can significantly reduce exposure from ^Ol^i.

The effectiveness of eyeglasses for reducing exposure from 99mTc and

^7Ga is highly dependent on the lens. Those who wear prescription

glasses should discuss with their optometrist the possibility of
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Table II. Average Percent Transmission for Various Materials

Average

Shielding Material

Aura X-ray glass

B&L Crown Glass

Cobourn High-Lite glass

Custom Optics Tan 3 glass

B&L Ray Ban G-15 glass

Coburn Crown glass (b)

Corning Photogray Extra glass

Schott S-3 Crown glass (b)

Schott S-1005 Hi-Lite glass(b)

Optima Hyper Index 1.6 plastic

Schott S-l Crown glass (b)

Gentex polycarbonate

Silor CR-39 plastic

Average
Thickness

mm

2.6

2.6

2.0

2.2

2.2
4.0
2.9

16.5

14.6

2.2

8.0

3.2

2.4

Sola 39 plastic(UV-400 coating) 2.2

Schott RD-50 Pb plate glass

Aura X-ray glass (from above)

Lead Apron

Leaded Vinyl

Lead Apron

Lead-Loaded Rubber Glove

Latex Glove

Lab Coat

Pro-Tec II Syringe Shield

Pb Window

Side

Plunger

Needle

Modified NIH Syringe Shield

Pb Window

Side

Plunger

Needle

6.5

2.6

1.0

0.6

0.5

Percent

99mTr

i — — i

1 1
23
80

81

82

84

84

88

88

88

89

90

96

98

99

5

23
16

19

36
85

93

94

6

4

40

88

7

4

62

75

: Transmission (a)

201T1

i

— 1
18
56

48

54

58

64

67

79

80

69

79

83

80

78

5

18

15

18

28
50

99

99

6

4

45

81

11

7

87

71

"Ga

50

77

80

85

87

87

92

90

91

89

91

93

92

91

27

50

40

45

59
90

104

102

33

28

43

72

33

24

74

78

13^
i _

1 —
82
94

95

9b

94

93
95

93

95

97

95

96

94

97

58

82

78

89

95

99

100

100

—

—

—

—

—

—

—

(a) Due to a wide variation in lens thickness, we normalized

transmission data to 2.2 mm thickness.

(b) Uncut lens blanks
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selecting a lens with higher than normal density. If the additional

weight of the lens is acceptable to the wearer, then radioprotective

glasses are preferable.

Lab coats and latex gloves provide insignificant shielding from

external radiation. However, the leaded rubber glove reduced

exposure by 50% for 201Ti anci 10 to 15 percent for
 67Ga and 99mTc

respectively. A major complaint about the use of any gloves, and

especially leaded rubber gloves, is the loss of tactile sense.

Ullman (1989) pointed out that cutting the tips off disposable lead

gloves can increase the usefulness and increase tactile sensation. A

pair of latex gloves over a pair of detipped leaded-rubber gloves can

decrease hand exposure without compromising touch.

Exposure reduction can also be enhanced through handling and

injection procedures that maximize distances and minimize handling

times.

CONCLUSIONS

The overall number of nuclear medicine procedures performed in

the United States is the highest in the world, and this number has

doubled between 1972 and 1982 (Mettler et al.1985). Since the

majority of nuclear medicine procedures (approximately 85%) use 99mTc

(Huda and Gordon 1989) (BEIR 1980), these procedures are responsible

for a considerable proportion of the annual dose to nuclear medicine

and radiology personnel. Table III compares annual dose ranges to

these groups from various studies reported in the literature. Our

studies indicate that the use of a lead apron during dose preparation

and injection could decrease annual doses by as mnch as 50%. The use

of syringe shields could reduce exposure by 96%. The use of leaded

eyeglasses could decrease exposure to the lens of the eye by 80%.

Table IV illustrates the dose reduction obtainable for various

organs with the use of various combinations of shielding devices for

a 99mTc SOurce. Optimum use of the available shielding options can
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reduce a technician's whole body dose. Dose reduction to specific

organs such as the eye and the gonads (fetus) can also be

accomplished easily.

Table III. Yearly Average Dose Rates for Medical Radiation Workers

Country

Avg. Annual

Years of Data Dose (mRem) Reference

Manitoba,

Australia

France

Taiwan

Canada

USA

Canada

40 yr

(1981-85)

(1974-78)

(1976-79)

(1985)

. projection

(1975)

210-380

40-80

50-170

250

240

350

Huda,

Huda,

Huda,

Huda,

Huda,

BEIR,

Gordon,

Gordon,

Gordon,

Gordon,

Gordon,

1980

1989

1989

1989

1989

1989

Table IV. Percent of Dose Rate Reaching Target Organs for 99m,'Tc

Unshielded

Percent of Dose

Hand Eye Gonads

100 100 100

Protec II Syringe Shield (a)

0. 5 nun Pb Apron

Leaded Eye Glass

Leaded Rubber Glove;

Syringe Shield and 0.5 mm Apron

Syringe Shield and Leaded

Eye Glasses

Syringe Shield and Leaded Glove

Syringe Shield, 0.5 mm Apron

and Leaded Eye Glass

Syringe Shield, 0.5 mm Apron,

Leaded Glove and Leaded Eye Glass

(a) Assumes radiation from tungsten side only.

4
100

100

85

4

4

3

4

3

4
100

23

100

4

1

4

1

1

4
36

100

100

1

4

4

1

1
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rails

Eye Shield
-B. Eye Shield at meter-

- C Eye Shield at syringe"

Figure 1. Experimental Setup
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ring stand

toward meter

Position A.

Leaded
Glass

Viewport

Position C.

Position B.

Leaded j
Glass

Viewport

Figure 2. Syringe Shield Orientations

Position D.
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Figure 3A. Percent Transmission
for 14 Eyeglass Lenses

• TC-99M

Aura X-ray Glass

Crown Glass

Sola High-Lite

Custom Optics

B&L Ray Ban

Coburn Crown Glass

Corning Photona Extra

Schott S-3 Crown

SchottS-1005 Hi-Lite

Optima Hyper Index

Schott S-1 Crown

Gentex

Silor CR-39

Sola UV-400

T1-201 GA-67 1-131

0 20 40 60 80
Percent Transmission

100
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Figure 3B. Percent Transmission
for Various Shielding Materials

• TC-99M

Schott HD-50 Pb plate glass

Aura X-ray Glass

Lead Apron 1.0 mm

Leaded Vinyl

Lead Apron 0.5mm

Lead-Loaded Rubber Glove

Latex Glove

Lab Coat

Side

Pb Window

Plunger

Needle

T1-201 0 GA-67 1-131

Pro-Tec II Syringe Shield

Modified NIH Syringe Shield

20 40 60 80 100

Percent Transmission

120
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NEW INFLUENCES ON THE ALARA CONCEPT

R E. Alexander
The Alexander Corporation

13131 Maltese Lane
Fairfax, VA 22033

The ALARA concept is an essential component of an occupational radiation protection
program because the fatality risk associated with continued exposure at or near the 5-
rems/year limit is unacceptably high. Using a risk coefficient of 4 x 10"4 fatalities/person-
rem the risk for a large worker population exposed in this manner for a working lifetime
would be 10%. The ICRP fatality risk criterion is an average of 1 per year per 10 thousand
workers. The average annual dose that would achieve this objective depends on the risk
coefficient used. Using 4 x 10"4 again, the annual dose average would have to be 0.25 rem, a
factor of 20 below the limit. It is evident that the ALARA concept is the most important
aspect of occupational radiation protection and that the justification for an effective ALARA
program is the cancer fatality risk. Not quite so evident but nonetheless important is the
consideration that once the ICRP criterion is achieved, it is probably in the best interest of
the workforce to use resources available for their health and safety to reduce other risks.

The magnitude of the accepted radiation risk (i.e., the magnitude of the occupational
radiation risk coefficient currently in use) should be the determining factor in how vigorously
an ALARA program is pursued and at what point more attention is turned to other risks.
During recent months UNSCEAR, the ICRP, and the BEER V Committee of the National
Academy of Sciences have called attention to information from the epidemiology study among
the atomic bomb survivors indicating that the excess cancer fatalities observed were caused
by less radiation than had been thought and, more importantly, that excess fatalities from
solid tumors were more extensive than expected. Under these conditions agencies such as
the NRC and DOE have had to consider what action of a regulatory nature should be taken.
Although final decisions have not yet been officially announced, it appears that both
agencies will place more emphasis on the ALARA concept as opposed to lowering the annual
dose limit, establishing a lifetime limit, or other course of action involving a limit. Since the
number of workers who receive doses near 5 rems/yea: is very small, ALARA emphasis
would seem to be a much wiser response to the new risk information.

In this paper the risk information under examination by the government agencies is
reviewed from the viewpoint of dose reduction through enhanced implementation of the
occupational ALARA concept.

Protection Against Stochastic Effects. In January, 1990, the National Research
Council - National Academy of Sciences published a report on the health effects of exposure
to low levels ionizing radiation1. This report was prepared by a committee on the biological
effects of ionizing radiations organized by the council for this purpose and known as the
BEIR-V Committee. It was widely reported that the committee had found radiation to be four
times more hazardous than previously believed. Soon thereafter the ICRP requested
comment from a number of organizations on a draft of its revised recommendations on

1 National Research Council, Committee on the Biological Effects of Ionizing Radiation. Health Effects
of Exposure to Low Levels of Ionizing Radiation. BEIR-V. Washington, D.C.: National Academy of
Sciences, 1990
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radiation protection2, and on June 22, 1990, the ICRP Issued a press release recommending
more stringent control over occupational exposures. These developments have been taken
Into consideration by the Federal government in connection with the preparation of new and
revised directives. For the reasons provided below, it appears that the agencies will take
action considered to be commensurate with occupational radiation risks as they are
currently understood, and that such action will take the form of increased emphasis on the
occupational ALARA concept.

Caution has traditionally been exercised in the practice of radiation protection by
avoiding unnecessary exposure to radiation and radioactive material. Such caution has been
considered essential because of uncertainties regarding health effects. The NCRP
recommended as early as 1954 that individual doses should be maintained as low as
practicable.3 As more risk Information became available this recommendation became
stronger.4 The same pattern is evident in ICRP recommendations. During the 1950s and
1960s these recommendations were highly influential on a voluntary basis. During the
1970s and 1980s government agencies added the concept in some manner to their
regulatory programs. One of the effects of this emphasis is that average annual doses are
much more dependent on the degree to which the ALARA concept Is Implemented than on
dose limits. Caution has been, and continues to be, the controlling factor.

By 1972 the National Academy of Sciences had sufficient epidemlological information,
primarily from the study of atomic bomb survivors, to publish a radiation risk estimate
which was widely interpreted as 1 cancer fatality among 10,000 people receiving 10,000
person-rems.5 This estimate was actually applicable to large populations receiving large
doses instantaneously. It's applicability to large or small doses received over a lifetime was
unknown. However, the estimate provided an imprecise basis for evaluating the acceptability
of the external radiation dose limit.

The term As Low As Reasonably Achievable (ALARA) was soon in use, and the concept
began to receive added attention from governmental agencies. With additional Information
from the atomic bomb survivor study, the National Academy of Sciences in 1980 published a
range of radiation-risk estimates that, in general, had the effect on Federal agencies of
doubling the radiation risk estimates.6 It was recognized that the new estimate was derived
from instantaneous exposure, that actual lifetime occupational doses were far below the
value assumed for the estimate, and that the estimate was therefore of limited use in the
standards development process. But largely on the non-quantitative basis that
instantaneous radiation was more carcinogenic than had been believed, dose reduction

2 International Commission on Radiological Protection. Recommendations of the Commission-1990.
Draft. ICRP/90/G-01. February, 1990

3 Recommendations of the National Committee on Radiation Protection. Permissible Dose From
External Radiation. National Bureau of Standards Handbook 59. 1954

4 National Council on Radiation Protection and Measurements. Recommendations on Limits for
Exposure to Ionizing Radiation. Report No. 91. Bethesda, MD. 1987

5 National Research Council, Advisory Committee on the Biological Effects of Ionizing Radiation. The
Effects on Populations of Exposure to Low Levels of Ionizing Radiation - BEIR-I. Washington, D.C.:
National Academy of Sciences. 1972

6 National Research Council, Advisory Committee on the Biological Effects of Ionizing Radiation. The
Effects on Populations of Exposure to Low Levels of Ionizing Radiation: 1980 BEIR-III. Washington,
D.C.:National Academy of Sciences. 1980
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efforts were Increased.

Subsequently, two developments in the atorr'j bomb survivor study caused another
doubling of the overall risk estimate. First, a reassessment of the radiation doses received by
the survivors, initiated by the DOE in 1981. was completed.7 This study indicated that any
gamma radiation induced malignancies at Nagasaki had been caused by less radiation than
previously believed. However, the opposite effect was observed among the Hiroshima
survivors. The new dose estimates include more structural shielding and also include
shielding by tissues overlying the affected organs. The overall impact of the revised
doslmetry was summarized by Dr. Warren Sinclair, NCRP President, as follows 8:

"Many of the changes made In the dosimetry tend to cancel so that the net
effect of the dosimetry on the risk estimates for cancer is to increase them by
a factor of between 1 and 2 depending on the location of the organ in the
body."

The second development was concerned with the occurrence of a larger number of deaths
from solid tumors among the survivors than had been anticipated, hi the 1980 BEIR-m
report the committee expressed its preference for a risk model which essentially assumed
that subsequent excess death rates would be similar to those already observed.9 However,
within a few years publications issued by the Radiation Effects Research Foundation (RERF)
reported a departure from tills model, attributable to deaths from solid tumors.10 The
newer data tend to fit a model which predicts that the excess cancer deaths from atomic-
bomb radiation will be a constant percentage increase over the cancer deaths from all other
causes, hi consideration of these findings Federal agencies began to use a risk estimate of 4
or 5 excess cancer deaths among 10,000 people who receive 10,000 person-rems. For
example, the Environmental Protection Agency used 4 per 10.000 to arrive at the 10
miUirems per year limit promulgated in 40 CFR Part 61." The Nuclear Regulatory
Commission used 5 per 10,000 In the development of Its Below Regulatory Concern policy
statement.12 The DOE, In 1988, placed additional emphasis on occupational dose
reduction by establishing an ALARA policy in the DOE 5480.11 order and by Issuing

7 National Research Council, Advisory Committee on the Radiation Effects Research Foundation. An
Assessment of the New Dosimetry for A-Bomb Survivors. Washington, D.C.: National Academy of
Sciences. 1987

* United States Nuclear Regulatory Commission. Workshop on Rules for Exemption from Regulatory
Control NUREG/CP-0101. 1989

9 National Research Council, Advisory Committee on the Biological Effects of fonizing Radiation. The
Effects on Populations of Exposure to Low Levels of Ionizing Radiation: 1980. BEIR-HI, Washington, D.C.:
National Academy of Sciences. 1980

10 Radiation Effects Research Foundation. Comparison of Risk Coefficients for Site-Specific Cancer
Mortality Based on the DS86 and T65R Shielded Kerma and Organ Doses. Life Span Study Report II, Part
1. RERFTR 12-87. 1987

11 United States Environmental Protection Agency. 40 CFR Part 61. National Emission Standards for
Hazardous Air Pollutants; Regulation of Radionuclides. Federal Register, Vol. 54, No. 240,51654-51715.
1989

12 United States Nuclear Regulatory Commission. Below Regulatory Concern; Policy Statement. NRC
Public Document Room. July 3,1990
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guidance on reducing exposures to ALARA levels.13

As previously mentioned, in 1990 the National Academy of Sciences released a
publication (BEIR-V) which quadrupled the overall radiation risk estimate that was being
used by the Federal agencies following publication of the 1980 BEIR-m and doubled the
value used in recent years.I4 The following statement appears in the Executive Summary of
the BEIR V report:

"On the basis of the available evidence, the popula Lion-weighted average
lifetime excess risk of death from cancer following an acute dose equivalent to
all body organs of 0.1 Sv (0.1 Gy of low-LET radiation) is estimated to be 0.8%,
although the lifetime risk varies considerably with age at the time of exposure.
For low-LET radiation accumulation of the same dose over weeks or months,
however, is expected to reduce the lifetime risk appreciably, possibly by a
factor of 2 or more."

The 0.8% estimate is equivalent to 800 excess cancer fatalities among 100,000 people who
are exposed to an average of 10 rems. It is important to note that the risk values tabulated
in the report are for a population size of 100,000 and that the 0.8% estimate is applicable to
instantaneous, uniform irradiation of all organs. With regard to the lower extreme of the
dose range over which the estimate is applicable, the committee observes elsewhere in the
report that:

"hi general, the estimates of risk derived in this way for doses of less than 0.1
Gy are too small to be detectable by direct observation in epidemiological
studies."

An absorbed dose of 0.1 Gy is approximately equal to a gamma radiation dose equivalent of
10 rems. It is also important to note that the report does not provide a risk estimate for
instantaneous doses of less than 10 rems. The committee's estimate is considered useful for
estimating fatalities among large populations, including all ages, that are irradiated
instantaneously and uniformly to individual external radiation doses of 10 rems or more.
Under certain conditions, risk assessments using the estimates are only theoretical:

(1) Where exposures are protracted;
(2) Where the people are irradiated non-uniformly;
(3) Where the exposed population is small;
(4) Where individual doses are less than 10 rems;
(5) Where the irradiation is caused by internally deposited radionuclides;
(6) Where the exposed population differs significantly from the atomic bomb

survivor study group;
(7) Where some combination of these conditions exists.

The nature of cancer fatality assessments that are derived using such estimates is not
always taken into consideration.

13 DOE Publication PNL-6577, "Health Physics Manual of Good Practices for Reducing Radiation
Exposures to Levels that Are As Low As Reasonably Achievable" National Technical Information Service.
1988

14 National Research Council, Committee on the Biological Effects of Ionizing Radiation. Health Effects
of Exposure to Low Levels of Ionizing Radiation. BEIR-V. Washington, DC: National Academy of
Sciences. 1990
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The risk estimate published in the 1990 BEIR-V report is consistent with estimates
published earlier by Radiation Effects Research Foundation scientists15 and by the United
Nations Scientific Committee on the Effects of Atomic Radiation.16 Their estimates, shown
in Table I, reveal the greater susceptibility of populations that include children as well as the
reduced effects if the radiation doses are low and delivered at low dose rates, I.e.. protracted.
In the pertinent literature this phenomenon of reduced effects is usualfy referred to as the
Dose Rate Effectiveness Factor, or DREF. Risk estimates for instantaneous exposure are
divided by the DREF to obtain estimates that can be applied to protracted exposure
conditions. Lack of human data dictates primary reliancr on animal studies for DREF
estimates. For the values reported in Table 1, a DREF of 1.5 was used by the RERF authors.
A DREF range of 2 to 10 was used in the UNSCEAR repoi i.

For its new reactor safety study the NRC has published a DREF of 3.17 In the 1990
BEIR-V Report a DREF of 2 or more is mentioned for low-LET radiation (gamma) as
previously quoted, and a DREF of 4 is given as the "single best estimate" for tumorigenesis
identified in laboratory animal studies. The ICRP is considering the use of a DREF of 2 in
the forthcoming major revision of its recommendations. The DREF question is critical to
decisions regarding dose limits and ALARA requirements. From the information presented
above, it is believed that for protracted doses the agencies should use a conservative DREF
in conjunction with the 1990 BEIR-V risk estimate for instantaneous exposure.

The progression in the risk estimate values used by the Federal government agencies
following the publication of authoritative reports on the subject, as discussed in the
preceding narrative, is presented in Table II.

It should be noted that the 1980 BEIR-IH Report used a DREF in the preparation of
tabulated risk estimates and that the 1990 BEIR-V Report did not. The occupational risk
estimates of present interest from both reports are given in Table HI.

Since 88% of the deaths included in the later data are from solid tumors, leukemia is
now considered a small contribution to the total risk It is important to recognize that If a
DREF of 2 is used for solid tumors as well as leukemia, the BEIR-V fatality estimate is
reduced to 1666 excess cancer fatalities among a population of 100,000 adults receiving
100,000 person-reins per year for a working lifetime.

Protection against non-stochastic effects. Non-stochastic effects do not occur unless
the radiation dose exceeds a threshold, permitting the use of limiting values which prevent
the effects as opposed to controlling their probabilities of occurrence. For parts of the body
(organs and tissues) such as the lens of the eye, the skin, and the extremities (which are
defined to include the skin), radiation protection standards are intended primarily to control
the dose from external sources. For the internal organs it is necessary to control the dose
from internally deposited radioactivity as well. Since radiation can damage and/or kill any

15 Preston, D.L., Kato, H., Kopecky, K.D., Fujita, S. Studies of the Mortality of A-Bomb Survivors; 8,
Cancer Mortality, 1950-82, Rad. Res. Ill: 151-178. 1987

16 United Nations Scientific Committee on the Effects of Atomic Radiation {UNSCEAR) Sources, Effects
and Risk of Ionizing Radiation. 1988 Report to the General Assembly. Forty-third Session, Supplement
No. 45 (A/43/45). New York: United Nations. 1988

17 U.S. Nuclear Regulatory Commission. Health Effects Models for Nuclear Power Plant Accident
Consequence Analysis; Low LET Radiation; Scientific Bases for Health Effects Models. S. Abrahamson,
etal. NUREG/CR-4214. 1989
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living cell If the dose is sufficiently high, a non-stochastic dose limit must also be established
for all tissues, Including tissues other than those mentioned above. A significant point to
consider in connection with an effect that has an accurately known threshold Is that
implementation of the ALARA concept to reduce doses to levels below the threshold will not
offer additional protection against that effect. However, if the organ or tissue under
consideration is also susceptible to radiation-induced cancer, such implementation will
reduce that probability. For this reason the ALARA concept is applicable to the non-
stochastic Inhalation standards.

ICRP Publication 41 provides the data base support mg the ICRP position that, with
the exception of the lens of the eye, non-stochastic effects will not be observed among adults
if every organ and tissue receives less than 50 rems per year. The author is not aware of
later radlobiological information indicating that this dose limit should be changed, and notes
that the ICRP has proposed the retention of this value in the forthcoming revision of its
recommendations.18 For these reasons the retention of 50 rems in a year to any organ or
tissue is expected for non-stochastic effects other than cataracts in the lens. For the lens. It
is expected that a limiting value of 15 rems will be retained in keeping with current Federal
guidance.

Conclusions. Apparently the agencies are moving in the right direction by responding
to data Indicating the possibility of higher risks by placing greater emphasis on the
occupational ALARA concept. In the past the agencies have tended at times to leave the
word "reasonable" out of ALARA and to insist on lower levels regardless of how low the levels
already were, how much the effort would cost, or how much the effort would detract from
protection against more serious hazards. Hopefully as the new emphasis is implemented it
will be recognized that, by definition, unreasonably high dose-reduction costs are no more
ALARA than unreasonably high doses.

18 International Commission on Radiological Protection. Recommendations of the Commission -1990.
Draft. ICRP/90/G-01. February, 1990
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TABLE I. RERF AND UNSCEAR RISK COEFFICIENTS;
EXCESS CANCER FATALITIES PER PERSON-
REM(x10 4 )

HIGH DOSES
AND DOSE
RATES

LOW DOSES
AND DOSE
RATES

ALL AGES

RERF

12

5

UNSCEAR

3-11

0.3 - 5.5

ADULT

RERF

8

3

AGES

UNSCEAR

4-8

0.4-4

TABLE II. RADIATION RISK ESTIMATES USED BY
FEDERAL AGENC'ES FOLLOWING
PUBLICATION OF THE DOCUMENTS
SHOWN

PUBLICATION

EXCESS CANCER FATALITIES AMONG
100,000 PEOPLE RECEIVING

INSTANTANEOUS, UNIFORM EXTERNAL
RADIATION DOSES OF 10 REMS OR

MORE

1972 BEIR-I REPORT

ICRP PUBLICATION 26

1980 BEIR-III REPORT

RERF PUBLICATIONS

1990 BEIR-V REPORT

100

200

200

400/500

800
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TABLE III. RADIATION RISK ESTIMATES FROM THE
1980 BEIR-II! AND THE 1990 BEIR-V
REPORTS, EXCESS CANCER FATALITIES
AMONG 100,000 ADULT WORKERS, 50 %
MALE AND 50 % FEMALE, RELATIVE RISK
PROJECTION MODEL

EXPOSURE
PATTERN

CONTINUOUS
EXPOSURE TO
1 REM/REAR

BEIR-III

LINEAR-
QUADRATIC
DOSE
RESPONSE
MODEL

551

BEIR-III

LINEAR DOSE
RESPONSE
MODEL

2336

BEIR-V

LINEAR-
QUADRATIC
DOSE
RESPONSE
MODEL FOR
LEUKEMIA;
LINEAR DOSE
RESPONSE
MODEL FOR
SOLID TUMORS

2975
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OCCUPATIONAL RISK AND LIFETIME EXPOSURE

Ralph E. Lapp
LAPP,INC., 7215 Park Terrace Drive, Alexandria, Va., 22307

Abstract Any lowering of annual radiation limits for occupational expos-
ure should be based on industry experience with lifetime doses and not on
a 'worst case' career exposure of 47 years. Two decades of experience show
a lifetime accumulation of less than 1.5 rem for workers with measurable
exposure. This is 5 percent of the normal lifetime exposure of Americans
to natural and medical radiation. Any epidemiology of the U.S. nuclear
power workforce's two decade long exposure would have to focus on excess
leukemia. Application of the Hiroshima and Nagasaki cancer mortality shows
that too few leukemias would be expressed to permit a feasible epidemiol-
ogy. Ionizing radiation appears to be a mild carcinogen as compared to
physical and chemical agents presented in the occupational environment.

A realistic factor in determining any change in occupational exposure
limits for ionizing radiation should take into account the past performance
of the licensee and potential health effects applicable to the workplace.'
Specifically, the lifetime exposure data for workers at nuclear power plants
and naval shipyards should be considered.

The nuclear industry and the U.S. Navy have detailed data on the annual
exposure of workers with a combined collective exposure approaching 1 mil-
lion worker-rem. The lifetime dose for naval personnel and shipyard workers
averages 1.1 rem (J.J. Mangeno et al. 1990). Shipyard workers have an annual
dose of 0.28 rem per work-year and a mean exposure time of 4.4 years. The
data apply to workers with measurable dose.

Records of the U.S. Nuclear Regulatory Commission [NRC] are specific to
annual exposures (NRC 1990). A total of 2 million work-years have been accum-
ulated for the 1969 through 1990 time period. The corresponding collective
exposure for all monitored workers is 700,000 worker-rem or 0.35 rem per
work-year. For workers with measurable dose the average is 0.6 rem per work-
year. Taking an average exposure duration of 2.5 years, the lifetime dose
for nuclear power personnel is 0.9 rem and 1.5 rem per worker ever-monitored
or ever measurably exposed, respectively. There are wide variations from
plant to plant ranging from a low of 0.12 rem per work-year at Davis Besse
(Ohio) to 1.2 rem per work-year at Quad-Cities (Illinois). The above data
indicate that the 1969-1990 time period involved the measurable exposure of
460,000 workers.

Given the above dose estimates for workers, dominantly male and exposed
at age of about 30 years, the Hiroshima and Nagasaki cancer mortality data
may be applied to estimate the risk to the workforce.

At Hiroshima and Nagasaki a population of 75,991 persons received a
collective dose of 1.23 million person-rem (Shimizu et al. 1989). Those
exposed averaged a dose of 30 rem per person or twenty times higher than
th?.t for U.S. nuclear workers. Thus there is a great extrapolation involved
in applying the Japanese survivor cancer data to the U.S. workforce. Further-
more, the A-bombs delivered a flash of neutron-gamma radiation as compared
to the protracted gamma dose which dominates the U.S. worker exposure. Dose
rate effectiveness factors [DREF] of from 2 to 10 have been proposed and
it will be assumed that a DREF of 2.5 applies to converting Japanese to
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U.S. worker risk (Pierce and Vaeth 1990). BEIR V is based on Japanese data
but makes no allowance fjr a DREF (Committee on the Biological Effects of
Ionizing Radiations 1990}. TABLE 403 in BEIR V specifies an excess of 50
leukemic and 700 nonleukemic deaths per 100,000 persons exposed to a single
dose of 10 rem at age 30. In other words, 1 leukemia death [LD] = 20,000
person-rem and 1 cancer death [CD] =1,430 person-rem. The leukemic risk has
a built-in dose rate correction but the nonleukemic cancer does not. Using a
DREF = 2.5 for nonleukemic malignancies yields 1 CD =3,600 person-rem.

Application of these risk factors to the collective exposure of 700,000
worker-rem projects a lifetime excess of 35 LDs and 200 CDs. The risk factors
are based on a study of 5,474 cancer deaths among 28,737 deaths observed
among the Japanese survivors as of 1985. Because the follow-time in 1985
was 28.8 years the LDs observed may be regarded as their lifetime expression.
Fig. 5-5 in BEIR V shows excess cancer deaths for 25 year old males as con-
forming to a slightly tilted plateau from 2 to 26 years following exposure.
This means that there would be only a small fraction of the 35 LDs estimated
above that would be expressed in a 1990 epidemiology of nuclear workers.

Although some nuclear units have been operating for two decades the major-
ity came on line on a time scale corresponding to a mean follow-time of 7
years as of 1990. For all workers exposed the person years [PY] at risk add
up to 3.2 million. Taking a mortality rate of 6 LDs per 100,000 non-exposed
persons, this yields a baseline of about 200 LDs expected in a 1990 epidemi-
ology. Normal variation would be ± 16 LDs. Total deaths for such a health
survey would be 27,000. Less than 10 excess LDs would be projected and this
number would not be detectable against a background of 200 normal LDs.

Leukemia mortality for male Japanese survivors [ Table 5B and App.2,
Shimizu et al. 1990] was distributed according to age at time of bombing
[ATB] as shown in TABLE II:

Age ATB

Excess LDs

0-9

13

TABLE
10-19

5

II
20-29

3

30-39

8

40+

14
All

43

The young and the old are more radiosensitive than those exposed in their
occupational careers. At Hiroshima and Nagasaki the age 20 to 40 ATB popula-
tion was depleted due to battlefront requirements. As of 1985 there were 80
excess leukemia deaths among 202 observed leukemia fatalities in the two
Japanese cities. An excess of 252 nonleukemic cancer deaths was identified
among 5,474 CDs. This 3 to 1 ratio of nonleukemic CDs to LDs will increase
since leukemia due to radiation is essentially insignificant after 1985 and
nonleukemic cancers continue to increase. Table 4-3 in BEIR V postulates a
ratio of 6 CD/1 LD for males and a 9:1 ratio for females in the general popu-
lation. However, for exposure at age 25 the LD/CD ratio is 25:1 for males
and 40:1 for females.

TABLE III summarizes the 1950-1985 epidemiology of Japanese survivors.
Note that 95 percent of the collective exposure is carried by a fourth of the
population. The collective dose is not quite twice that of the 1970-1990
U.S. nuclear workforce. The latter exposed 13 times more people than those
receiving measurable dose at Hiroshima and Nagasaki. The Japanese exposure
was 20 times that of the individual nuclear worker's lifetime dose.
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Rem Interval

Population
Person-rem
CDs
Excess CDs 1985

11 1950-2030

s

58
66
4

10

,000
,000
,120

8
44

TABLE
10-50

11.,500
281,000

866
61
184

III
50-

3
250

100

,500
,000
273
56
158

>

3
631

100

,000
,000
215
135
414

Total

76,000
1.2xlO6

5,474
260
800

The 800 total figure in the last column is approximated by using an LD/CD
ratio adjusted for male and female population. Some 540 excess cancer deaths
remain to be expressed in RERF epidemiologies.

TABLE IV illustrates the time sequence for expression of natural and
excess cancer deaths among Japanese survivors from 1950 to 1985:

Time Interval 1950-55

Natural CDs 124
Excess CDs 17

Excess CD/800
Cumulative Percent 2

TABLE
56-65

348
30

6

IV
66-75

419
77

15

76-85

463
128

31

1950-

1,354
252

Data in TABLE IV are taken from Table 2 (Pierce 1990) for survivors having
more than 10 rem exposure. Twenty yoars after the A-bombings only 6 percent
of the ultimate 800 excess CDs were observed. This statistic effectively
rules out a meanigful epidemiology of the U.S. nuclear workforce, especially
since the follow-time Y begins in 1945 with exposure of the 76,000 Japanese.
A 1990 epidemiology of the U.S. nuclear workers would detect only 1 percent
of the ultimate excess CDs.

The data presented in TABLE IV embrace all age groups so that extrapol-
ation of the ultimate CDs from the 1950-85 time period is not warranted. One
has to examine the cancer mortality of Japanese survivors as a function of
age at time of exposure [ATB] and time since exposure. TABLE V displays the
data from Table B-l (Preston and Pierce 1988) for male survivors:

AGE GROUP ATB
0-19 Years

TABLE V
FOLLOW-TIME (Years)

5-14 15-24 25-34 35+ Total (F)

Observed CDs
Excess CDs

20-34 Years
Observed CDs
Excess CDs

35+ Years

3
.3

17
1

24
1.7

88
3.0

93
6.4

120
3.0

131
9.5

104
4.0

251
18

329
11

288
31

673
62

Observed CDs 546 675 581 314 2116 2007
Excess CDs 12 17 15 7 51 89

All Age Groups
Observed CDs 566 787 794 549 2696 3038
Excess CDs 13 22 24 21 80 182
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TABLE

0-19

4227
1344

9
188
7
18
23

VI
20-39

5524
2283
41
692
26
15
19

40+

10683
9630
90

1816
67
47
59

All Ages

30434
13257

44
2696
100
80
100

[A]
[E]
[C]
[D]
[E]
[F]
[G]

The column (F) is shown for female survivors illustrating the sex difference
where the populations at risk are comparable. The severe depletion of males
in the 20 to 34 ATB group is apparent. If one adjusts for the depletion then
there would be about 110 total male excess CDs. A significant sex factor is
indicated. Note that the data base for males in the 20 to 35 age group is
only 11 excess cancer deaths.

TABLE VI presents data for three ATB age groups (males) as follows:

ATB AGE INTERVAL

1950 Population :
Deaths 1950-85
Percent [B]/[A]
Cancer Deaths-1985
" " Percent of 2696
Excess Cancer Deaths
" " Percent of 80

Note that only 9 percent of the total deaths were recorded for the 0-19
ATB group but it accounts for 23 percent of the excess cancer mortality as
of 1985. The 90 percent deaths among those over 40 ATB indicates that this
age group will make little contribution to future excess cancer. Given the
above statistics the 0-19 ATB population will dominate future expression
of radiation deaths.

Since the leukemias attributed to radiation are fully expressed as of
1985 it is possible to make a projection of future excess nonleukemic can-
cers using the BEIR V ratio of nonleukemic to leukemic malignancies. Data
are derived from Table B-II of Pearson and Pierce (1988)for males.

TABLE VII

MALE LEUKEMIA DEATHS
Abt Aits Observed Expected Excess Percent

0-19 35 15 20 49
20-34 18 13 5 12
35+ 52 36 16 40

All 105 64 41 100

Note that half of the male leukemia deaths occur in the youngest age group.

TABLE VIII shows the conversion of the excess LDs to excess cancer deaths
for the three ATB age groups:

TABLE VIII

EXCESS DEATHS (MALE)

0-19ATB 20-34 35+ A l l

16 41
4

64 334
13 254

207

Excess LDs
CD/LD Ratio
Excess CD 2030
" "1985-2030

20
10
200
182

5
14
70
59



Only 10 percent of the 35+ ATB males are s t i l l aive and they w i l l express
5 percent of the excess deaths after 1985. The ATB age group under 20 has
nine-tenths of i ts 1950 population intact and i t w i l l express 72 percent of
the 1985+ cancer mortal i ty attr ibuted to radiat ion. Many in the oldest age
group do not l ive long enough to die of radiation-induced cancer. Table 17
in Shimizu et a l . (1988) defines the following latencies:

TABLE IX

Cancer Type Minimum Latency

Stomach 15-19 Years
Lung & Breast 20-24
Ovary 25-29
Colon, Urinary 30-34
Multiple Myeloma 30-34

The 182 excess CDs yet to be reported for the under-20 ATB age group
should begin showing up in Hiroshima and Nagasaki as the survivors enter
the cancer-prone years. Latencies of 50+ years would then be involved so
that BEIR V r isk would be ver i f iab le . I f the BEIR V r isk models are correct
they are subject to test in the 1985-1994 epidemiology.

The Hiroshima-Nagasaki epidemiology forms the basis for BEIR V since
the PYR [person-years at r isk times average radiation dose] is 35 m i l l i on .
The follow time [Y] is 28.8 years. Data for U.S. occupational exposures
are as fol low:

TABLE X

WORKFORCE WORKERS WORKER-REM FOLLOW-TIME PYR

2E~Janc? r?' °R N L 36>0°° 114,000 20 Yrs 2,300,000
Rocky Flats '

Naval Shipyards 150,000 183,431 17 3,100,000
The combined PYR for the above instal lat ions is only 15 percent that

of the Japanese survivors as of 1985. A radioepidemiology of the DOE sites
found a total of 26 leukemia deaths as against 25 expected. There were no
malignant sol id tumor deaths observed to be in excess. (Gilbert et al.1989).
An epidemiology of shipyard workers is expected to be published soon.

The Sel laf ie ld f a c i l i t y of Br i t i sh Nuclear Fuels exposed 10,157 workers
to an average l i fet ime dose of 12.4 rem. A follow time of 22 years results
in a PYR of 2,800,000. (P.G. Smith and A.J. Douglas 1986). An epidemiology
of the workforce observed 10 LDs versus 12.2 leukemia deaths expected. This
was not s t a t i s t i ca l l y s igni f icant . The col lect ive exposure of BNF workers
would project 7 LDs which added to 12.2 expected yields 19.2 LDs. The
relat ive r isk of 10/19.2 is of greater significance and implies that the
leukemia r isk is overstated by the Japanese f indings.

Dose-specific data for the BNF workers are given in TABLE XI. I t is
to be noted that while the numbers are small for the dose in terva ls , the
observed leukemias are consistent with those expected when radiation con-
t r ibut ion to the LDs is included. The BNF data are signi f icant because of
the re la t ive ly small population exposed, the long follow time and the rather
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high l i f e time dose per worker.

TARI F XT
LEUKEMIA DEATHS

REM INTERVAL WORKERS WORKER-REM BEIR V EXPECTED* OBSERVED
0-5
5-20

20-50
50+

5200
2850
1550
533

9000
28000
55000
37000

0
1
2
1

.5

.4

.8

.9

6
4
4
3

.5

.6

.5

.1

4
3
1
2

All 10133 129000 6.6 18 8 10
This column includes the excess leukemia deaths predicted using a BEIR V

risk of 1 LD =20,000 person-rem.

TABLE XI is consistent with opting for a risk of 1 LD =50,000 worker-rem.
An indication that such a risk is actually the case comes from a study of
cancer incidence among Chinese medical diagnostic workers exposed to x-rays
from 1950 to 1985 ( Wang J et al. 1990 ). A population of 27,011 technicians
exhibited the following incidence of leukemia [ICD 204-207] as a function of
exposure duration:

LEUKEMIAS
Observed
Expected
RR

1
1

5

2
.3
.5

5-9

7
1.8
4.0

TABLE
DURATION OF

10-14

15
2.3
6.4

XII
EMPLOYMENT
15-19 >20 Yr

6
2.9
2.1

4
5.8
0.7

TOTAL
34
14
2.4

Males accounted for 80 percent of the technicians and the average follow time
was 11 years. Duration of exposure for males was 5 years. No physical dosi-
metry was available but the authors estimate that wholebody exposure might
be "several hundred rad." A conservative estimate of 50 rads per worker
leads to a bone marrow collective dose twice that experienced at Hiroshima
and Nagasaki. One might expect 100 excess leukemias or five times more than
that observed as an excess among Chinese workers. It is to be noted that the
time trend in TABLE XII shows a peaking of relative risk before 10 years
in rough agreement with the Japanese data.

This review of risk data provides essential information for assessing the
occupation risk for U.S. nuclear workers. Emphasis has to be placed on life-
time risk because this is the true determinant of radiation risk in the work-
place. ICRP approaches the risk issue by postulating an annual limit of 5
rem protracted from age 18 to 65. It fails to reckon with industry perform-
ance.

FIG. 1 illustrates the historic pattern of occupational exposure in the
United States for nuclear power workers (1977-89). The number of operating
reactor units is indicated on the horizontal axis. The annual collective
exposure in person-rem for all units is shown as curve [A], There has been a
steady decrease in worker exposure from 1980 despite a 50 percent increase
in operating units and an even greater increase in megawatt-hours generated.
Moreover, there were additional exposure-hours required to fulfil NRC post-
TMI plant modifications.

Curve [B] shows the number of workers with measurable dose. The increase
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in the workforce is reflected in the downward trend [Curve C] of annual
exposure per worker with measurable dose. If we assume a mean exposure time
of 2.5 years then in 1980 the lifetime exposure averaged 1.5 rem. In the
late 1980's the mean lifetime dose dropped below 1 rem.

A 1 rem lifetime occupational dose represents less than 4 percent of
the 26 rem that the average American accumulates in a lifetime of exposure
to natural and medical radiation. The annual collective exposure of 250
million citizens is 90 million person-rem. The U.S. nuclear workforce is
exposed to only 0.04 percent of the total American exposure.

\
\,ANNUAL REM PER EXPOSED WORKER FIG.l

REM/YEAR
AVERAGE

.6

100,000

. 8 0 , 0 0 0

[C]

NUMBER OF EXPOSED WORKERS

\
\

ANNUAL COLLECTIVE DOSE

60,000

-20,000

65 UNITS 70 75 80

1980

85

1985

90 100
l

.1

0

Some regulators are apparently hypnotized by the almost linear decrease
in the annual exposure [C] in FIG. 1 so that they urge a continuation of dose
reduction. While some 'rem-fat1 can be squeezed out of exposures at some
plants this would be accomplished at most units at a considerable cost in
dollars and also in exposure. One way to keep Curve [C] on its decline is
to flood the plant with more workers. But this brings less skilled workers
to the job place. In turn, this means longer stay-times for workers and an
increase in collective exposure. In effect, pushing Curve [C] down can push
Curve [B] up. That is counterproductive. There is also the drawback that
less skilled workers may result in lower quality in safety-related mainten-
ance and modification.

If annual limits restrict exposure to 2 rem per year then this can impact
both collective e.xposura and nuclear safety. To avoid getting 'burned' for
exceeding NRC limits, utilities would set lower administrative limits, say,
1.5 rem per year. TABLE XIII shows the dose distribution of nuclear workers
in 1989. About 5,000 workers would exceed 1.5 rem and their dose above 1.5
rem would have to be transferred by hiring new workers with zero dose, by
hiring contractor workers with less than 0.5 rem acquired at other sites
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REM

.1
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1
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4

TABLE X
INTERVAL

- .5
- 1
- 2
- 3
- 4
- 5

5 +

III
WORKERS

84
14
8
1

,549
,451
,845
,290
121
11
0

.1 - 5 109,267

that year or by increasing exposure of workers with less than 1.5 rem for
that year. The most impacted workers will be contractors who normally account
for two-thirds of the collective dose. Hundreds of these outage workers will
be denied further exposure after they cannot offer a 1 rem additional lee-
way on site. Contractors will then be in short supply of outage workers and
companies will 'sell' rem, driving up the price of these workers. Utilities
will be forced to use less skilled workers with consequences already noted.

Isolation of radiation risk as a dominant occupational hazard overlooks
the other dangers of the workplace. Each year industrial and commercial acci-
dents cause 7,000 worker fatalities and this does not include the risk of
driving to and from the worksite. The death toll caused by occupational expos-
ure to physical and chemical agents harmful to health in the workforce is
not known with any accuracy. A recent report (S.B. Markowitz et al.) on occu-
pational disease in New York State indicated that about 6,000 deaths are
caused each year by work-related illnesses. This corresponds to about 1 per-
cent risk of death among workers in the most hazardous industries. The pre-
sent annual exposure of nuclear workers corresponds to about 5 cancer deaths
per year or a fatality rate of 0.005 percent or 200 times lower than the
New York state rate. Thus, based on performance standards the U.S. nuclear
industry provides a very safe workplace. Ionizing radiation has to be viewed
as a mild potential carcinogen.
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RADIATION BIOLOGY OF THE EMBRYO/FETUS
A Review and Update

Genevieve S. Roessler
Nuclear Engineering Sciences Department

University of Florida
Gainesville, FL 32611

ABSTRACT

The effects of ionizing radiation exposures on the embryo
and fetus must be reviewed and updated periodically so that the
exposures of the pregnant or potentially pregnant female can be
evaluated.

Experimental data on the effect of radiation on the
developing embryo and fetus show that the unborn child is more
radiosensitive than an adult. Until recently most of this data
came from studies obtained with the mouse or rat. These animals
were chosen for study because they reproduce in quantity with a
relatively short gestation period. Animal irradiation in utero
produced lethal effects even at relatively small doses before or
immediately after implantation of the embryo into the uterine
wall. Malformations were seen following exposures during
organogenesis and growth disturbances without malformations were
observed after exposures which took place during the latter part
of pregnancy.

New data from studies of persons exposed in utero during
the atomic bombings of Hiroshima and Nagasaki show an increased
incidence of microcephaly and mental retardation. The critical
period for exposure was from 8 to 15 weeks of intrauterine life.
During this time period a linear relationship was found between
the incidence of mental retardation and absorbed dose. This
human data can be used to develop risk coefficients for
exposures during various stages of development.

Some studies show an increased incidence of childhood
leukemia and other malignancies in children who were x-rayed in
utero. This increased sensitivity of the embryo and fetus to
radiation carcinogenesis has generally not been shown in animal
studies nor in the studies of the survivors of the bombings at
Hiroshima and Nagasaki.
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THE LEGAL ASPECTS OF FETAL PROTECTION
POLICIES IN THE WORKPLACE

Donald E. Jose, Esquire
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ABSTRACT

The concerns of working women have received increasing
attention from lawmakers, employers and women themselves as more
and more American women enter the workforce. Fetal protection
policies evidence a growing awareness by employers that their
workplace poses special hazards to the unborn children of women
workers. Yet, the fetal protection area is fraught with tension
between legitimate competing concerns. Women expect equal
employment opportunities, and employers are legally bound to
provide equal treatment; however, these interests are challenged
by women's desire to deliver healthy babies and employers1

desire to avoid causing fetal defects or to be sued for
naturally occurring genetic defects.

Title VII of the Civil Rights Act of 1964 and various state
laws on fair employment practice embodies societal concerns for
fairness in employment as it relates to fetal protection. Title
VII prohibits discrimination in the hiring, discharge,
compensation, or other terms, conditions, or privileges of
employment because of an individual's race, color, religion, sex
or national origin. When an employer uses a selection criterion
which itself classifies employees on a basis protected by the
Act, such as gender, the employer has engaged in overt
discrimination. The Act permits such differentiation only where
certain criteria are a "bonafide occupational qualification
reasonably necessary to the normal operation of that particular
business or enterprise." This is a narrow exception to the
proscription against discrimination which has been strictly
construed. It should apply only where the employer has a
factual basis for believing that all or substantially all
persons within the category selected out would be unable to
perform safely and efficiently the duties of the particular job.

Where employee selection criteria which are neutral on
their face (that is, they are applied to ally employees) have a
disproportionate impact upon persons of a particular race, sex,
religion or national origin, they may also be found to be
discriminatory in effect and thus unlawful. To make out a prima
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facie case of this sort of discrimination, a plaintiff must
establish that a particular employment practice has a "disparate
impact" upon a protected group of which he is a member. The
burden then shifts to the employer to justify the practice. As
stated by the Supreme Court, the touchstone of Title VII's
prohibition of employment selection practices that are "fair in
form, but discriminatory in operation" is "business necessity."
Thus, if an employment practice which operates to exclude a
protected group cannot be shown to be related to job perform-
ance, the practice is prohibited and the burden is on the
employer to show that the practice bears a demonstrable
relationship to the successful performance of the jobs for which
it was used. If an employer can establish that the selection
device at issue is job-related, the plaintiff may still rebut
the employer's evidence by showing that the practice does not
constitute a "business necessity" in that an alternative
selection device with comparable utility exists which would have
a lesser adverse impact.

Fetal protection policies are one example in which
discriminatory practices are implicated since under such
policies employers may refuse to hire or segregate previously
hired pregnant women or women of child bearing age on the
grounds that such exclusion or segregation is necessary to
protect fetal health or the reproductive capacity of the female
employee. A dilemma is presented to the employer of any nuclear
workforce which includes women since the permissible dose for a
man or woman is many times larger than the dose for a fetus. It
is tempting for the nuclear employer to elect to use the lower
fetal limit for all fertile females in order to assure adequate
protection, but this creates per se inequality.

How can the laudable goals of equality and the avoidance of
fetal harm be reconciled under a statute that, through its
mandate of equality, proscribes special positive treatment of
pregnant women and permits differential negative treatment of
women only to the extent that their gender or pregnancy impedes
their ability to do their jobs.? The formulation of a legally
acceptable fetal protection policy requires a careful navigation
of Title VII actions and defenses which are presently under
judicial scrutiny. The Federal Circuit Courts of Appeals have
split on the question of which theory and defense should be
applied in the fetal protection context. Hopefully, the Supreme
Court will resolve this dispute when it decides during the
October 1990 term an important case involving the legal stand-
ards that apply to fetal protection policies. After that
decision this abstract will be updated.
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MATHEMATICAL PHANTOMS AND SPECIFIC ABSORBED FRACTIONS FOR
THE ADULT FEMALE AT THREE, SIX, AND NINE MONTHS OF PREGNANCY

E. Watson, M. Stabin
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K. Eckerman, M. Cristy, J. Ryman
Oak Ridge National Laboratory, Oak Ridge, TN.

J. Davis
University of Tennessee, Chattanooga, TN, (deceased)

D. Marshall
University of Florida, Gainesville, FL.

ABSTRACT

Estimation of radiation dose requires information on the
absorbed fractions of energy for organs and tissues of the body.
The Snyder-Fisher phantom, developed at Oak Ridge National
Laboratory (ORNL) to represent a 70 kg adult, has been widely used
to compute absorbed fractions. A series of phantoms, also
developed at ORNL, represent individuals of various ages from
newborns to adults, and are used in estimation of tissue dose for
radiation workers, members of the general public, and nuclear
medicine patients. Because of its size (56 kg) , the 15-year-old
phantom from this series has also been used to represent the
average adult female. We have adapted this model for the adult
female and have incorporated anatomical changes which occur during
pregnancy. The size and composition of the fetus as a function of
gestational age, the position and shape of the various abdominal
organs, and the nature and magnitude of other changes which occur
in the body during pregnancy (e.g. the spreading of the pelvic
bones) were determined from the literature. Models for three, six,
and nine months gestation were developed by incorporating the
appropriate changes into the adult female phantom. The model was
implemented in the ALGAMP Monte Carlo codes at ORNL to calculate
the absorption of radiation within the phantom from internal
sources of radiation. The results of these calculations will be
presented, along with a description of the models and assumptions
used in the simulations. These results may be used to estimate the
consequences of incorporation of radionuclides within the body of
the pregnant female at these stages of pregnancy. These results
and those for the nonpregnant adult female model may be used to
infer the energy absorption at other stages of pregnancy. These
phantoms may also be used for studies of absorption of radiation
from external sources of penetrating radiations.
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THE INFORMED RADIATION WORKER
AND FETAL DOSE POLICIES

Francis B. Harshaw
Columbia University

Columbia Presbyterian Medical Center
New York, NY 10032

The role of women in a workplace in which radioactive materials
and radiation producing equipment are used has never been more
controversial than it is now. So important, in fact, has this
become that the Supreme Court has decided to hear a case that
will have major implications not only for female radiation
workers but for all employers and certainly for all health
physicists involved in attempting to set a reasonable policy
for the female worker and her potential for pregnancy.

In this paper, a review of the recent BEIR V information and the
UNSCEAR data will be made as well as a review of fetal develop-
ment. Also, the ALARA requirements will be reviewed. Finally,
risk perception will be discussed.

Copies of sample forms will be available for attendees to be
modified for use by their institutions.
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EXPERIENCES IN LIMITING RADIATION
EXPOSURE TO THE EMBRYO/FETUS

IN NUCLEAR POWER PLANTS

John J. Kelly
The New York Power Authority

123 Main Street
White Plains, New York 10601

ABSTRACT

This paper presents the results of a survey of operating nuclear
reactors and nuclear fuel fabrication facilities in the U.S. The
survey obtained information on the number of women radiation workers
in those plants over the last ten years and the number of workers
potentially exposed to radiation while pregnant. Information on plant
exposure limits for pregnant workers practiced at these plants and
whether these limits comply with NCRP guidance and proposed NRC
regulatory limits will also be presented. The discussion will include
the effects of unions, labor arbitration, and legal actions on these
policies.

The unique problems of fuel manufacturers in addressing the
proposed NRC regulations for embryo/fetus exposure will also be
presented.

INTRODUCTION

A survey of the gender makeup of the work force subject to
occupational radiation exposure, pregnancies experienced by these
workers and administrative limits applied for radiation protection of
the embryo/fetus was distributed in the summer of 1990. The cover
letter accompanying the survey assured that the identity of all
respondents would remain confidential and that only statistical
summaries of information provided would be presented in this paper.
A copy of this survey is provided as Attachment A of this paper.
Questions 1 through 19 were distributed to the Radiation Protection
Managers at 75 United States sites with a total of 113 nuclear power
reactors. Questions 1 through 27 were provided to five nuclear fuel
fabrication facilities in the United States. Responses were received
from sixty-one percent of the reactor sites representing sixty-seven
percent of the nuclear reactors.

218



Four of the five fuel fabrication facilities, eighty percent,
responded to the questionnaire. One fuel fabricator refused to
complete the questionnaire on advice of counsel.

The results of this survey for nuclear power plants and fuel
fabricators are provided separately throughout this paper. The survey
was prepared to cover a ten-year period from 1980 to 1989 inclusive, in
which there was a significant increase in the proportion of women
employed as radiation workers. During this same period, a number of
papers by Otake and Schull have been published (1, 2, 3) describing
newly discovered risks of mental retardation to the embryo/fetus from
radiation exposure. As a result of these research findings, the
International Commission on Radiological Protection (ICRP) (4), the
National Council on Radiation Protection and Measurements (NCRP) (5),
the Organization for Economic Cooperation and Development (OECD) (6),
the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) (7, 8) and the National Academy of Sciences (NAS)
(10) have published reccanmendations to consider the risk of this injury
to the embryo/fetus in assessing the health implications of low level
radiation exposure for women of childbearing age.

In 1987, Guidance to Federal Agencies (10) was issued for radiation
protection of declared pregnant workers and the proposed NRC regulations
for radiation protection provide similar guidance. These proposed
regulations do not, however, address protection for workers who do not
declare their pregnancy or for women of childbearing age. The New York
Power Authority (NYPA) has had one case where a radiation worker did not
declare her pregnancy and continued to work in radiation areas without
radiation exposure restrictions for the entire gestation period.
Because of this case and in response to the research results and
radiation protection guidance just described, NYPA instituted an
administrative limit on radiation exposure for women radiation workers
capable of bearing children. This policy resulted in labor arbitration
(11).

Discussion

The percentage of women in the occupationally exposed work force at
nuclear power plants has more than doubled from about 4 percent to about
8 percent of the work force over the last ten years as shown in Table 1.
During this same period, there was a substantial increase in the total
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number of workers at nuclear reactors from 134,000 in 1980 to 160,000 in
1985 and 209,000 in 1989 (12). With the percentages described in Table
1, this represents an increase from 5,000 women in the work force in 1980
to 17,000 in 1989. Several plants reported no women in this category as
late as 1985 but all plants reported at least sane women radiation
workers in 1989. The highest proportion reported in 1989 was twenty
percent.

Table 1

Percent Women Radiation Workers
at Nuclear Power Plants

1980 1985 1989

Average
Std. Dev.
No. Sites
No. Reactors

3.7
3.4
25
39

5.9
4.0
31
47

8.1
4.3
41
66

During the same ten-year time period, the number of pregnancies
experienced by these radiation workers increased more than sixfold as
shown in Table 2, while the total number of women radiation workers
tripled with approximately five pregnancies for each site. This
corresponds to a rate of about three hundred pregnancies among radiation
workers at all U.S. nuclear power plants in 1989. In 1980, a pregnancy
was a rare occurrence for a radiation worker at a U.S. nuclear power
plant, by 1989 this was a common event. The need for addressing this
issue in training and procedures is apparent.

Table 2

Number of Pregnancies of Radiation Workers
at Nuclear Power Plants

1980

Number
No. Sites
No. Reactors

31
17
25

87
25
33
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The changes in the work force at fuel fabrication facilities have
not been so dramatic as seen in Table 3. Although the proportion of
women working at these facilities has increased by more than forty
percent, the number of pregnancies has not changed significantly as shown
in Table 4.

Table 3

Percent Women Radiation Workers
at Fuel Fabrication Facilities

1980 1985 1989

Average 6.8 8.2 9.8
Std. Dev. 3.3 5.4 7.6
No. Plants 4 4 4

All plants responding to the survey, both reactors and fuel
fabricators, addressed the subject of prenatal radiation exposure in
their administrative controls or procedures in 1989. Only seventy
percent of the facilities operational in 1980 addressed the issue at
thc.'~ time. By 1985, this issue was addressed at more than ninety percent
of these facilities.

Table 4

Number of Pregnancies of Radiation Workers
at Fuel Fabrication Facilities

1980 1985 1989

Number 12 18 13
No. Plants 4 4 4

In all cases, the administrative limit for declared pregnant workers
for the entire gestation period was at or below the 0.5 Rem value in the
proposed revisions to NRC regulation 10CFR20, and in Regulatory Guide
8.13 (13) and the guidance addressed earlier.

More than half of the survey respondents, about sixty-five percent,
also applied a dose rate limit within the gestation period. In many
cases, the declared pregnant worker remained as a radiation worker during
her pregnancy but was not allowed to enter radiation areas of the
plants.
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About thirty-five percent of the survey respondents apply an
administrative limit for radiation exposure of women who have not
declared pregnancy that is more restrictive than that for men in their
work force. This was the case at sixteen of forty-six nuclear power
reactor sites with a total of twenty-six plants. In most cases, this
administrative limit was about 0.5 Rem for a period of two or three
months. This would assure that a woman will not receive greater than
0.5 Rem of exposure while pregnant before she is certain of her
condition.

This policy is similar to that being considered in the Johnson
Controls case currently being considered by the U.S. Supreme Court (14,
15). In this case, women capable of bearing children have been excluded
from jobs involving lead exposure. The lead exposure levels are within
limits for exposure of adults but result in blood lead levels known to
be fetotoxic. The company claimed that it is impossible to bring lead
levels low enough to be safe for a fetus. "With many pregnancies
unplanned, women often don't know for some weeks after conception that
they are pregnant," the company says (14). It adds that even if women
leave high risk areas before conception, their blood levels may not drop
to a range safe for the fetus for months.

This is not the nature of the hazard faced by women in nuclear
power plants where there is no significant radiation exposure caused
by internal contamination. The women at thirty-five percent of the
nuclear power plants with such limits are not excluded from work but
procedures are designed to limit exposure so that exposure to a fetus
before pregnancy is known, is limited to less than the NCRP guidance
of 0.5 Rem for the entire gestation period (5).

In fuel fabrication facilities where there is measurable internal
exposure from uranium as well as external radiation exposure, the
situation is more complex. This is complicated by the proposed change
to 10CFR20 requiring the summation of internal and external exposure to
determine the effective dose equivalent for an individual.

This is further complicated because the Derived Air Concentration
(DAC) in the proposed 10CFR20 and EPA guidance (16) for uranium is a
factor of four to five more restrictive than the MPC in the current
10CFR20. There is no guidance yet provided for determining the dose to
a fetus for uranium ingested or inhaled by its mother. The NRC has
indicated that guidance will be provided before the new 10CFR20 becomes
effective.
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There are many differences between the lead and radiation exposure
risks to the fetus and the restrictions on women capable of bearing
children who are exposed to lead or to radiation. Because of these
differences, the Supreme Court decision in the Johnson Controls case may
not affect the nuclear power plant policies restricting radiation
exposure of women capable of bearing children.

In one description of the Supreme Court case (17), it was noted
that even if a company's policy is found to be discriminatory either
overtly or in its effect, that doesn't mean it is illegal. In upholding
tht Johnson Controls policy, the appeals court allowed a broad
exception to Title VII of the 1964 Civil Rights Act, which prohibits
employment descrimination. The appeals court said a company may defend
against charges of bias by asserting that the policy is a "business
necessity." However, if the Supreme Court rules that the policy is
overtly discximinatory as many legal experts think is likely there is a
different narrower exception that must be considered. Title VII makes
an exception for company policies that are based on legitimate job
requirements that are essential for a company's business. The court
hasn't fully defined this exception.

For those nuclear power plants that simply apply the proposed
regulatory limit of .5 Rem to the declared pregnant worker in their
procedures, there is still the possibility of Court action claiming
injury, as the Silkwood case (18) demonstrated. In this case compliance
with regulations was not found to be sufficient protection of workers.

Seventy-two percent of the nuclear power plant respondents had at
least some of their radiation workers represented by a union. There
appears to be a correlation between union representation of workers and
the absence of a policy restricting the radiation exposure of female
workers. Of the thirty-five nuclear power plant sites reporting union
representation, twenty-five or seventy-one percent had no administrative
policy restricting radiation exposure of all women, while at the other
ten unionized sites such policies existed. Of the eleven plants
reporting no union representation, six or 55 percent had no
administrative policy restricting radiation exposure of all women.
At one site, the Power Authority's James A FitzPatrick Plant, a union
grievance and arbitration resulted in such a policy being struck down
(11).

No plants reported any litigation other than labor arbitration
regarding prenatal radiation exposure policies.

There were also no plants that reported legal actions because of
pregnancy or birth difficulties claimed to be related to occupational
radiation exposure of the mother.
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The UNSCEAR report (8) noted that approximately 8.5% of still and
live births in humans in the U.S. suffer frcm spontaneously arising
congenital abnormalities. Mental retardation occurs in less than 0.2%
of humans. If an embryo/fetus received the maximum permissible
radiation exposure for an adult of 5 Ran in the critical period from the
eighth to fifteenth week post-conception, the risk of mental retardation
caused by this exposure using the 0.40 Gy"1 factor (8) is 0.02 or 2%,
ten times the normal incidence rate without occupational radiation
exposure. This risk is substantially greater than the .045 Gy"1

lifetime excess cancer death risk faced by the mother for the same
exposure (8).

The industry experienced about 300 pregnancies among its
occupationally exposed work force in 1989. It is only a matter of
time before licensees will have a radiation worker who has a baby
with a congenital abnormality or mental retardation. Compliance with
regulations and regulatory guidance will not be an adequate defense in
any litigation that may arise form such an incident (18). It is the
employer and not the regulatory agency that bears the financial
responsibility for occupational damage to health of employees and
their offspring.

Current and proposed Federal radiation protection regulations do
not address recent NCRP (5) and NAS (10) guidance on limits for
radiation dose rates for women who are capable of becoming pregnant.

A mentally retarded child of a radiation worker may claim injury
from occupational radiation exposure to the mother while the child was
in utero. An employer may base his defense on compliance with
regulatory limits on radiation exposure and the training provided in
regulatory guidance (13). This defense will not be very persuasive if
the employer has not implemented recommendations (4, 5, 6, 7, 8, 9) that
the risk of this type of- injury to the developing embryo must not be
overlooked in assessing the health implications of low-level exposure
for women of childbearing age.

Of the eight nuclear power plant sites, 17 percent of respondents,
that indicated they were planning on changing their prenatal radiation
exposure policy in the near future, five already had limits on exposure
rates within the gestation period as well as a limit on total exposure
during gestation. Only one of these eight plant sites planning a
change, currently has an administrative limit on exposure to women of
childbearing age. This is clearly an issue receiving much consideration
at this time.
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The number of workers receiving occupational radiation exposure at
responding fuel fabrication facilities was only about 1500 and about 200
of these workers were women. The radiation exposure of these workers,
both external and internal, has not changed significantly over the past
ten years. The average external exposure for these workers in 1989 was
about 0.25 Rent with the maximum external exposure for individuals at
these four plants averaging 0.62 Rem.

The average internal exposure for these workers in 1989 was about
150 MPC-hrs or about 8 percent of the annual limit using the MFC in the
current NRG regulations. With the new proposed regulations, the DAC is
a factor of 4 to 5 more restrictive than the old MFC's, so the same
level of contamination would result in exposures that are at thirty to
forty percent of annual limits on intake using the assumptions in the
proposed regulation. This will be a significant factor in determining
the total annual exposure of radiation workers in fuel fabrication
facilities. It will also be a contributor to radiation exposure
received by a child in utero. This contribution cannot be quantified
without a specific model or regulatory guidance.

CONCLUSION

I have presented the results of an extensive survey of occupational
radiation exposure policies and experience as it relates to prenatal
radiation exposure at U.S. nuclear power plants and fuel fabrication
facilities. All of the nuclear power reactor respondents had procedures
in place in 1989 which will assure compliance with the proposed
revisions to 10CFR20 which limits exposure of the embryo/fetus to less
than 0.5 Rem for the gestation period. Only about two-thirds of the
respondents also applied a dose rate limit within the gestation period
that has been recommended (4, 5, 6, 7, 8, 9) . About one third of the
responding plants also applied a radiation exposure limit for women that
is more restrictive than that for men. These policies, although
consistent with guidance (4, 5, 6, 7, 8, 9), may be affected by the
Johnson Controls case currently before the Supreme Court (14, 15, 17).

Fuel fabrication facilities operating in the U.S. will be
significantly affected by the proposed revisions to 10CFR20. The extent
of this effect on radiation exposure of the embryo/fetus will not be
known until the NRC issues a regulatory guide concerning the issue.
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Attachment A

QUESTIONNAIRE

1. What plants do these answers apply to:

2. Approximately what percentage of your monitored radiation
work force were women in:

1980 %
1985 %
1989 %

3. How many radiation workers reported pregnancies at your plant (s)
in these same years:

1980
1985
1989

number
nur.iber
number

Please answer the following by circling or filling in the appropriate
response.

4. Do you address the subject of prenatal radiation exposure
in the administrative controls and/or procedures at your
nuclear plant now? Y

N

5. Was this the case in 1980?
1985?

6. Do you administratively limit the radiation exposure of
declared pregnant workers: Y

N

7. If there is an administrative limit, what is this for the
entire gestation period? Rem

8. Is there a dose rate limit for periods of time within the
gestation period? Y

N

9. What dose rate limit do you apply?
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10. Do you have an administrative limit for women who have not
declared themselves to be pregnant? Y

N

11. If you answered yes to the above questions, what limit have
you applied?

12. Are your workers represented by a union? Y
N

13. Have you experienced any grievances as a result of your
prenatal exposure policy? Y

N

14. Have you experienced any arbitrations as a result of your
prenatal exposure policy? Y

N

15. Have you experienced any litigation other than the above
union actions as a result of your prenatal exposure policy?

Y
N

If the answer to 13, 14, or 15 is yes, please provide a
brief description on a separate sheet or enclose an existing
description with your response.

16. Have you experienced any litigation or claims as a result
of pregnancy or birth difficulties that the claimant
attributed to occupational radiation exposure?

Y
N

17. If your answer to 16 is yes, please provide a brief
description on a separate sheet or enclose an
existing description with your response.

18. Do you expect to change your prenatal radiation exposure
policy in the near future? Y

N

19. If you answer yes to question 18, to what will the policy
be changed?
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20. What is the number of radiation workers and the average
and maximum whole body equivalent external radiation exposure
experienced by your radiation workers in:

Average

1980
1985
1989

Ran
Rsm
Rem

Maximum

Rem
Rem
Rem

21. What is the average and maximum internal radiation exposure
experienced by these same radiation workers (per year)?

22.

23.

24.

25.

1980
1985
1989

Averaae

MPC-hr.
MPC-hr.
MPC-hr.

Maximum

MPC-hr
MPC-hr
MPC-hr

Do you have administrative limit on internal radiation
exposure for your radiation workers? Y

N

What administrative limit on internal
do you apply?

in

radiation exposure
MPC-hr.
time period

Do you have a more restrictive limit on internal radiation
exposure for declared pregnant workers? Y

N

If yes, what is this limit?
in

MPC-hr.
time period

26. Do you anticipate any difficulty in meeting the limit on
prenatal radiation exposure proposed in section 20.208 of
the new revised 10CFR20 (dose to the embryo/fetus during the
entire pregnancy due to occupational exposure does not exceed
0.5 Rem (5mSv) from the sum of the deep dose equivalent and
the committed effective dose equivalent assessed to the
pregnant women due to the intake of radionuclides). Y

N
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27. If you answered yes to the last question, please provide a
brief explanation on a separate sheet including your plans
to meet this new requirement.

Contact Person
Address

rhone
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DEALING WITH EMBRYO/FETAL EXPOSURES IN A MEDICAL SETTING

Kenneth L. Miller

The Milton S. Hershey Medical Center

The Pennsylvania State University

Hershey, PA 17033

ABSTRACT

The medical environment presents two uniquely different

situations involving potential radiation exposure to the embryo or

fetus. On the one hand we have the potential for radiation exposure to

the embryo or fetus of the occupationally exposed employee where the

recommendations are well defined. On the other hand we have the

pregnant or potentially pregnant patient requiring diagnostic

radiological examinations or therapeutic procedures where the

recommendations are not as well defined. This paper provides an

overview of both situations, a discussion of potential exposures and a

review of methods for estimating fetal doses when the exposed individual

is the patient.

INTRODUCTION

The risk of radiation induced mental retardation is the primary

consideration in establishing recommendations (ICRP 86) (NCRP 87) for

protection of the embryo/fetus from harmful effects of radiation. This

risk is especially acute during the period 8 to 15 weeks after

fertilization but has not been seen when irradiation occurred prior to 8

weeks or after 25 weeks after fertilization. To protect the fetus

during this vulnerable period the NCRP has refined its earlier

recommendation (NCRP 76) of no more than 5 mSv (0.5 rem) during the

entire gestation period to no more than 0.5 mSv (0.05 rem) in any month

of the gestation period (NCRP 87). The NCRP is quick to point out,

however, that exposures for medical purposes are not to be included in

the limits listed above. In fact, there are no well-defined guidelines

for dealing with fetal exposure from medical procedures (Bushong 1978)

or other sources such as fallout (Dolk, et al. 1989). Although there
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are risk coefficients that will provide the risk of death from childhood

cancer or the risk of mental retardation these are usually of secondary

interest to the referring physician. The referring physician usually is

primarily interested in whether or not he should recommend abortion to

his patient.

MEDICAL OCCUPATIONAL EXPOSURE AND PRENATAL RADIATION

In medicine, the two most frequently exercised options for

dealing with the pregnant radiation worker are:

(a) make no changes in work assignments when a review of

exposure history indicates the employee is unlikely to

exceed 0.5 mSv (0.05 rem) per month over the gestation

period.

(b) remove employee from all work assignments involving a

potential for exposure even when the exposure history

indicates the employee is unlikely to exceed 0.5 mSv

(0.05 rem) per month over the gestation period.

The second option is frequently exercised, for legal and public

relations purposes, even when the potential for exposure is low.

When the first option is exercised, additional steps are usually

taken (Taylor 1985; ICRP 1989) to ensure that the employees' potential

for exposure remains low. These additional steps which are taken with

the employee include:

(a) review of the employees' exposure history.

(b) review of radiation risk to the fetus.

(c) review of practices and procedures that involve potential

for exposure and methods to minimize exposure.

(d) issuance of a second personal monitor to be worn at waist

level (under the lead apron when the employee is an x-ray

technologist).

(e) issuance of a pocket dosimeter where appropriate.

(f) immediate review of personnel monitoring results by the

radiation safety officer as they become available.

The literature (NAS 1980; Hendee and Edwards 1990) indicates
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that medical radiation workers, in general, do not exceed the exposure

levels recommended for the embryo/fetus by NCRP (1987) . NAS (1980)

indicates that the average whole body dose equivalent for medical x-ray

and nuclear medicine personnel is between 3 and 5 mSv y"1 (300-500 mrem

y"1). Hendee and Edwards (1990) indicate that the average annual dose

equivalent for medical workers is approximately 0.7 mSv y"1 (70 mrem

y"1) while 88% receive less than 1 mSv y"1 (100 mrem y"1) . Less than

0.5% receive greater than 20 mSv y"1 (2 rem y"1) and less than 0.05%

exceed the occupational limit of 50 mSv y"1 (5 rem y"1) .

From a fetal dose standpoint, the numbers imply that medical

radiation workers are unlikely to exceed the recommended guidelines.

The actual situation is probably better than that which is implied by

these numbers. Studies that list medical radiation worker exposures do

not appear to take into account the conditions under which the exposures

were recorded. The routine practice in medicine is to wear a leaded

apron whenever there is a potential for exposure during diagnostic x-ray

examinations such as portables, fluoroscopy, cardiac catheterization or

other interventional procedures. It is also routine practice to wear

the personal monitoring device at the collar outside the lead apron

(Bushong 1989; Brateman 1989; McGuire, et al. 1983). Lead aprons

effectively reduce diagnostic x-ray intensities by a factor of at least

20. Therefore, even for the small percentage of medical workers who

receive recorded exposures in excess of the recommendation of the NCRP,

the dose equivalent to the fetus probably would not exceed the

recommendation. Furthermore, the attenuation provided by maternal

tissue overlying the fetus provides additional protection. NCRP (1987)

recognizes this in their recommendation ["When the exposure is

restricted to radiation of low penetrating power, the recommended dose

equivalent limits for the embryo/fetus may be satisfied if the annual

maternal dose equivalent, as measured by external dosimetry, is within

the general occupational dose equivalent limit, if acquired at a fairly

uniform rate"] .

MEDICAL PROCEDURES AND POTENTIAL FOR FETAL EXPOSURE

In the United States there are over 312 million diagnostic and

dental x-ray procedures performed annually (Mettler, et al. 1987).

Mossman (1982) estimated that as many as 33,000 women per year are
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exposed to abdominal x-rays during the early stage of pregnancy. In

virtually every hospital the situation arises where either a woman who

is known to be pregnant or one who is fertile, and pregnancy is not

expected, requires a diagnostic x-ray examination. Probably the most

frequent situation brought to the attention of a physicist is the one in

which the patient presented good evidence that she was not pregnant only

to find that she was, in fact, 4 to 6 weeks pregnant at the time of the

examination. The physicist is then called upon to estimate the fetal

dose and to help the physician decide what recommendation to make to the

patient.

Guidance concerning the recommendation of abortion following

radiation exposure of the fetus is nebulous. An exception is that

provided by the American College of Radiology (ACR 1977) which adopted

the following positions:

1. Interruption of pregnancy is never justified because of the

radiation risk to the embryo/fetus from a diagnostic x-ray

examination. This includes exposures from both abdominal

and peripheral examinations.

2. Abdominal radiological examinations that have been requested

after full consideration of the clinical status of the

patient including the possibility of pregnancy need not be

postponed or selectively scheduled, except in those few

instances where the examination may not be related to the

patient's current illness.

NCRP (1977) points out that it would be difficult to obtain

agreement on a level at which therapeutic abortion should be considered.

This report goes on to imply that abortion should not be considered at

doses less than 5 cGy (5 rad) and probably would not be considered

unless the dose exceeded 15 cGy (15 rad). Bushong (1986) indicates that

abortion would Qfit be considered at doses less than 10 cGy (10 rad)

received during the first trimester or 25 cGy (25 rad) if received later

in pregnancy. Botti et al. (1984) state "only exposure of more than

20 cSv (20,000 rarem) is thought to produce an increase in birth defects.

Russell (1986) indicates that the general agreement within the British

Institute of Radiology is that abortion is not considered at doses less

than 10 cGy (10 rad), but the findings of Otake and Schull (1984) would

probably lead to reduction of this limit to 5 cGy (5 rad) if received in
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the second quarter of pregnancy.

It seems unlikely that an exact dose, above which therapeutic

abortion would be recommended, is imminent. There is, however, general

agreement that doses below 5 cGy (5 rad) do not warrant abortion. There

is also good indication in the literature (Russell 1986; Mossman and

Hill 1982; Mossman 1985; Kaczmarek et al. 1989; Moore and Shearer 1989;

Syed and Samols 1982; Baker and Vandergrift 1979; Jacobson and Conley

1976) that routine diagnostic x-ray examinations do not result in fetal

doses in excess of 5 cGy (5 rad). I have found the same to be true for

fetal dose estimates that I have made over the past twenty years.

ESTIMATION OF FETAL DOSE FROM DIAGNOSTIC-X-RAY PROCEDURES

There are two methods that are generally used to estimate the

dose to the embryo or fetus. The first involves direct measurement

through use of a phantom and TLD's or an ionization chamber. The second

method is through calculation using the procedure outlined in Appendix A

of NCRP Report No. 54 (NCRP 1977). Prior to using the calculational

method one should:

1. obtain the patient's x-ray file.

2. review the x-ray file and request form with the technologist

who performed the study to verify:

(a) number of exposures

(b) fluoroscopy time

(c) positioning

(d) source-image-distance

(e) technique factors (kVp, mAs)

(f) direction of exposures (A-P, P-A, lateral)

3. review films with a radiologist to determine:

(a) which exposures or fluoro times involved direct exposure

of the uterus.

(b) thickness of the patient

(c) A-P, P-A, lateral depth of uterus

4. review QA records or the measurements on x-ray machine used

to determine mR/mAs at 30", HVL and fluoro exposure rates.

Exposures in which the uterus is more than 10 cm out of the beam

are ignored as the scattered radiation does not add significantly to the
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calculated dose (Jacobson and Conley 1976). NCRP (1977) provides

figures that permit estimation of exposure rates in air (mR/mAs) as a

function of tcVp. However, actual measurements are preferable when they

are available. The uterine depth measured by the radiologist should be

used in determining the uterine dose in rads from the ESE. The isodose

curves of E. Dale Trout (1977) are very helpful in convertina fr_rn ESE

to uterine dose. NCRP (1977) provides a table of embryo (uterine) doses

(mrad/R) for an average sized woman whose uterus is assumed to be

located 8 cm below the anterior surface of the abdomen. A cursory

examination of the Trout (1977) isodose curves or the NCRP table

indicates that the uterine dose (A-P projection) for an average sized

woman in early pregnancy ranges from about 0.1 to 0.5 rad per R exposure

at the skin and is highly dependent on the beam quality (HVL in mm Al).

P-A projections put the uterus at a greater depth, thus reducing the

uterine dose by a factor of approximately 2 when compared to the A-P

projection.

An example will demonstrate the importance of having a qualified

physicist involved with the fetal dose determination:

A 19 year old female with lower back pain, nausea and vomiting

was sent by her referring physician for upper and lower G.I.

examinations. The combined procedures involved 13 radiographs, 23 spot

films and 7 minutes of fluoroscopy. The patient was subsequently found

to be 4 weeks pregnant at the time of the examination. When consulted

for fetal dose estimate the radiologist performed calculations using a

rule-of-thumb formula based upon kVp2, mAs and distance. His estimated

exposure was 120.6 R and he recommended abortion.

Prior to discussion of the dose with the patient, the referring

physician asked me to perform an independent dose estimate. Upon

investigation and actual output measurements I determined that the

formula grossly overestimated the entrance skin exposure. Furthermore,

in arriving at the estimated exposure the radiologist had assumed the

fetal dose to be equal to the summation of ESE from all exposures,

regardless of location. Recalculation based upon the procedure and

technique discussed above resulted in an estimated fetal dose of 1.6

rad. Abortion was not recommended and pregnancy was taken to term.

Today, the parents have a healthy, normal 10 year old son.
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NUCLEAR MEDICINE AND RADIATION THERAPY PROCEDURES

Determination of fetal doses from radionuclides taken into the

body is not well defined and involves consideration of radionuclide,

decay characteristics, effective half-life, bladder size and retention

times, ability of radionuclide to cro3s the placenta and fetal age for

certain radionuclides (e.g. fetal thyroid does not begin to develop

until approximately 11 weeks after conception). Smith and Warner (1976)

provided a method o.J estimating dose to the embryo from 19 source organs

for 99mTc, 111In, 113tnln, 1 2 3I, 1 3 1I, and 133Xe. Others (Book and Goldman

1975; Johnson 1982) have provided methods of determining fetal thyroid

doses from radioiodine which take into account fetal age. A procedure

similar to the NCRP (1977) procedure for estimating embryo/fetal dose

from radiographic examination is needed for estimating embryo/fetal

doses from nuclear medicine procedures.

Dose estimates for the fetus of women undergoing radiotherapy

procedures are best left to the qualified medical physicist routinely

involved in treatment planning.

CONCLUSION

Medical radiation workers usually receive exposures that are

within the NCRP dose equivalent limit recommended for the embryo/fetus.

Diagnostic x-ray examinations result in embryo/fetal doses that do not

warrant consideration of therapeutic abortion. A systematic approach to

estimating fetal doses will better enable the referring physician to

counsel his patient when exposure occurs during pregnancy.
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UNIVERSITY/HOSPITAL FETAL DOSE POLICY EXPERIENCES

B.M. Wilson, W.R. Vinson, W.W. DeForest (Health and Safety
Office, University of North Carolina, Chapel Hill, N.C. 27514;

and D.B. Washburn, (Department of Radiology, University of
North Carolina, Chapel Hill, N.C. 27599-7005)

INTRODUCTION

Since at least 1981, an informal policy has existed at our
research university and teaching hospital institutions to
interview, inform and assure appropriate personnel monitoring
for pregnant radiation workers.

Events, such as popular and technical publications (NCRP
87) and the maturation of NRC's proposed changes in 10 CFR 20
(NRC 88), brought increased attention to the subject of fetal
radiation dose. The need for a formal approach to the subject
became evident.

By 1987, a concerted effort to promulgate a formal policy
was launched. A draft policy statement was presented to each
institutional radiation safety committee for review and action.
There was immediate strong interest. A thorough, multilevel
review, comment and redraft process developed. Well tested
policy statements were then approved in 1988.

PRINCIPAL POLICY GOALS

As developmental guidance, a number of health physics, personnel
and administrative goals were set as policy accomplishments.
These may be thought of as the three P's; Protection,
Preservation and Provisions.

Protection

1. Protection of the fetus

The basic rationale for a policy was to establish
a documented, consistent plan for protecting the fetus
from its mother's occupationally generated radiation
exposure.

Since NCRP recommendations are accepted as
national standards of good practice, and have included
specific fetal dose protection limits and since
federal proposals for fetal dose protection
regulations had been published, it was felt a formal
policy on the subject was a timely and responsible
endeavor.
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2. Protection of the mother's rights

Not so many years ago it was not an unusual
practice in the United States to summarily dismiss
any occupationally exposed radiation worker as soon as
they were found to be pregnant.

Social and legal actions have substantially
changed these attitudes (USC 79). It was intended
that a new policy would confront, fairly address and
provide guidance through issues involving a pregnant
radiation worker's rights as an individual.

3. Protection of the employer

The condition of pregnancy is highly personal and
confidential in its nature. Since the most
radiosensitive period for a fetus may be in the first
trimester, since the mother may not know she is
pregnant at a very early stage and since a significant
portion of the gestation period could be masked, a
delineation of the employer's responsibility for the
fetus was felt to be necessary.

Preservation

1. Preservation of confidentiality

The right of the mother to a maximum degree of
confidentiality was considered to be basic.
Considerable effort was expended in developing this
aspect of the policy in a manner that is meant to be
mutually fair and practical.

2. Preservation of the routine supervisory structure

The institutional legal council pointed out that
the supervisory chain included responsibility for
safety. If was felt that an independent radiation
safety administration and enforcement effort could
undermine supervisory authority and cause the loss of
a major support mechanism. Consequently, a strong,
integral for the supervisor of an involved radiation
worker is included in the policy.

Provisions

It was desirable that, to the maximum conceivable
extent, the policy concepts would be open and
available to all elements of both institutions. To
that end, interviews, consultations, documents,
referrals and radiation monitoring have been available
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without restraint to anyone, currently pregnant or
not, upon request.

POLICY ELEMENTS

The final versions of the respective university and
hospital policies were, by design, quite similar. This was
important to promote ease of radiation safety administration and
to prevent radiation worker confusion while communicating with
separate institutions.

The basic policy elements include:

1. Introduction
The policy rationale and purpose is stated.

2. Specifications
Details of the purpose are given. The

availability of an on-campus Preconception Clinic
is described and the radiation safety conference
system is introduced.

A. Confidentiality Regarding Pregnancy
The provisions for confidentiality,

supervisor involvement and employer
responsibility limits are described.

B. Declared Pregnancy
The formal conference and compulsory

fetal dose radiation safety program is
explained.

C. Fetal Dose Control Procedures
Health physics and administrative

guidelines on how fetal dose limits may be
controlled are described. Specific
personnel and supervisor action alternatives
are detailed. Some higher dose potential
occupational duties that pregnant workers
may not perform are listed. For the
University, these include radioiodination
procedures and in-room x-ray procedures such
as fluoroscopy and portable use. For the
hospital, these include brachytherapy or
radiopharmaceutical therapy procedures,
radionuclide generator elution or
radiopharmaceutical dose preparation
(Benedetto 86) and in-room x-ray procedures.
Maximum fetal dose and associated ALARA
monthly guidelines are described as well as
investigational methods as may be necessary.
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A signatory certification of consultation, modeled after
that of University of Buffalo, (Pierro 86) is included and an
informational pamphlet (currently simply a copy of NRC
Regulatory Guide 8.13, including Appendix A and B) (NRC 87)

Previously existing ALARA guidelines in separate monitoring
policies were amended to incorporate the NCRP 0.5 mSv (50 mrem)
per month fetal dose limit, with a 0.3 mSv (30 mrem) Level I and
0.4 mSv (40 mrem) Level II response guide.

EXPERIENCES

The long-term considerations of the policy element with
comment, consultations and negotiations involving top
institutional management, legal offices, personnel, departments,
safety committees and many different radiation utilization units
had an effect of bringing the parties together on a common goal.
A much better awareness, understanding and appreciation of
radiation safety resulted.

The radiation worker response to these policies was
immediate and strongly positive. In some interviews, both
parents have attended and requested information. Many workers
have entered the program early as planned pregnancy candidates.

With approximately fifty workers now through the policy
system, some unique, interesting and challenging situations have
been experienced.

On occasion, a program candidate will object to including a
specific supervisor. Some negotiations must then be made.
Policy interpretations have indicated such leeway is allowable.

Concern about the consequences from inadequate
cooperativeness regarding such things as timely badge exchanges
and bioassay samples has arisen. Through a meeting with the
institution's top legal counsel, these clarifying policy
interpretations were made:

1. Once a radiation worker enters the fetal dose policy
program, pregnant or nonpregnant, the program is
compulsory.

2. Badge exchanges and bioassay samples shall be rendered
"promptly" (within two days was suggested) after a
reminder.

3. The authorized user is directly responsible for
assuring that policy provisions are adhered to.

There have been a couple of instances, discovered after the
fact, when a pregnant worker and the Authorized User made
arrangements between themselves about eliminating radiation work
during the pregnancy. These were well intentioned, but left the
individual administratively identified as a radiation worker
with no declaration of pregnancy at any stage. The authorized
user has the responsibility of notifying radiation safety about
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pregnant radiation workers if the worker does not or to have the
worker removed from occupationally exposed status.

One worker declared her pregnancy with the additional
information that she worked with radioiodines (not labeling
procedures) and had no thyroid. This raised questions about the
interpretations of any positive urinalysis results regarding
potential dose to the fetus. Consultation and advice from
campus medical specialists and Oak Ridge Associated Universities
dosimetry specialists, gave invaluable guidance on this
situation.

Any abortions (spontaneous or from whatever cause)
occurring in such a special population are highly visible and
may cause undue concern about association with radiation
exposure. The institution's legal counsel has advised radiation
safety to acquire and maintain a bibliography of publications on
occupational related abortions, particularly involving
laboratory workers. This could provide comparative statistics
for interested radiation workers. This bibliography is being
established.

CONCLUSIONS

The process of developing an occupational radiation worker
fetal dose policy served to strengthen the radiation safety,
radiation safety committee and management relationship. The
formal policy is providing consistent guidance for radiation
safety. The policy is popular and reassuring for the radiation
workers.

Every employer of potentially pregnant radiation workers
should consider developing a fetal dose policy if they do not
already have one. All involved elements of management and
supervision should be included in the policy development effort.
Time should be allowed for the policy elements to be worked out
in a evolutionary manner that best suits the individual
facility's needs. It is unlikely that any single policy model
can be successfully adopted and put directly into use by other
facilities.
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