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MEMORANDUM FOR: James H. Joyner, Chief, FRSSB, DRSS, Region I
Douglas M. Collins, Chief, RPEPB, DRSS, Region II
L. Robert Greger, Chief, RPB, DRSS, Region III
Arthur B. Beach, Director, DRSS, Region IV
Gregory P. Yuhas, Chief, RRPB, DRSS, Region V

FROM: LeMoine J. Cunningham, Chief
Radiation Protection Branch
Division of Radiation Protection

and Emergency Preparedness
Office of Nuclear Reactor Regulation

SUBJECT: INTAKES THAT APPEAR TO RESULT FROM INGESTION

The purpose of this memorandum is to respond to questions that have been raised
recently concerning the regulatory position regarding assessment of exposure
from licensed material (at nuclear power. plants) that appear to have resulted
from ingestion rather than from inhalation. These questions apply to the
current version of 10 CFR Part 20 and not to the new major revision of 10 CFR
Part 20 that was approved by the Commission on December 13, 1990.

Inhalation exposure also represents an ingestion exposure because of clearance
of material deposited in the upper respiratory tract that is subsequently
swallowed entering the gastrointestinal tract. However, that is not the type
of ingestion that is of concern here. Rather, it is the cases in which there
appears (usually from in-vivo measurements) to be no transport of material to
the lungs and virtually all of the material taken into the body appears to pass
through the gastrointestinal tract.

10 CFR Part 20 says little about intakes by ingestion. The only explicit
statement regarding intake by ingestion is in Footnote 4 to 10 CFR 20.103(a)(1).
That footnote is as follows:

"Significant intake by ingestion or injection is presumed
to occur only as a result of circumstances such as accident,
inadvertence, poor procedure, or similar special conditions.
Such intakes must be evaluated and accounted for by techniques
and procedures as may be appropriate to the circumstances
of the occurrence. Exposures so evaluated shall be included
in determining whether the limitation on individual exposures
in §20.103(a)(1) has been exceeded."

This memorandum outlines how ingestion exposures can be "included in deter-
mining whether the limitation on individual exposures in §20.103(a)(1) has been
exceeded."

The history of amendments and proposed amendments of 10 CFR 20.103 helps in
understanding the intent of this section with respect to control of intakes by
ingestion. The amendment as originally proposed on November 4, 1967, included
a section, 20.103(b), that provided a weekly limit on the radioactive content
of any critical organ from all routes of intake (32 FR 15432). When the
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amendment of 10 CFR 20.103 was reproposed on August 21, 1974, this weekly
limit was omitted; however, the statement of considerations states that a
"significant provision" of the reproposed amendment was that "Section 20.103(a)
would be modified to clarify that the regulation would apply to intakes of
radioactive material, whether by inhalation, absorption, ingestion or injection
of radioactive material; each must be taken into account, controlled, and
evaluated by appropriate techniques." (39 FR 30164). The current provisions of
10 CFR 20.103(a) are the same as those proposed in 1974. The following guidance
is consistent with the intent of 10 CFR 20.103 and with the bases for the Part
20 limits on internal exposure as provided in NBS Handbook 69 (NCRP Report No. 22),
and ICRP Publication 2.

Assignment of individual intake using bioassay data should be based on the
best data and models available for that purpose. NUREG/CR-4884, "Interpretation
of Bioassay Measurements," contains tables of intake retention and excretion
fractions for several hundred radionuclides for intakes by both inhalation
and ingestion. These tables are useful in interpreting bioassay data and deter-
mining intake quantities. (See memorandum from L. J. Cunningham to multiple
addressees, "Draft NRC Information Notice, Interpretation of Bioassay.Measurements;
Assessment of Intake," March 14, 1990.) Comparison of bioassay data (particularly
from in vivo measurements) with the intake retention fractions for inhalation
and for ingestion may help in deciding whether a particular intake resulted
from inhalation or from ingestion.

The Part 20 limits for internal exposure are based on limiting the dose to
critical organs by limiting the uptake of radionuclides by these organs. The
uptake is limited, in turn, by limiting the intake of the radioactive material
into the body. The Part 20 limits for internal exposure are expressed in terms
of intake quantity. A particular intake quantity (microcuries) will result in
different critical organ uptake quantities depending (according to the model
used in establishing the limits) on whether the intake was by inhalation or
ingestion and whether the material was "soluble" or "insoluble". Therefore,
intake quantities (microcuries) resulting from ingestion cannot be added to
intake quantities (microcuries) resulting from inhalation for determining
compliance with the intake limits. (Organ doses from ingestion can be added
to organ doses from inhalation and uptake quantities from ingestion can be
added to uptake quantities from inhalation.)

The quarterly intake limit (microcuries) for inhalation is obtained by multiplying
the 6oncentration values in 10 CFR Part 20 Appendix B, Table I Column 1 by 6.3
x 10 ml for all radionuclides except Rn-222 [Footnote 3 to 10 CFR 20.103(a)(1)].
Intake limits for ingestion can be obtained by multiplying thi 10 CFR Part 20
Appendix B Table I Column 2 concentration values by 7.15 x 10 ml. (This
conversion factor is based on a water consumption of 1100 ml per 8-hour work
day as given in NBS Handbook 69, page 14).
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When an individual has intakes from both inhalation and ingestion in-a quarter,
the fractions of the corresponding intake limits (i.e., the intake quantity
divided by the appropriate intake limit) and not the intake quantities, should
be summed to determine if the regulatory limit has been exceeded. If the sum
of those fractions is less than one, the total intake is less than the limit.
For example, assume that an individual has inhaled, in a calendar quarter, 3
microcuries of "insoluble" Co-60 and also has ingested 10 microcuries of
"insgluble" Co-60. The quantity intake limit for inhalation is (9 x 1079)(6.3
x 10)= 5.7 microcuries. The quantity inhaled expressed as a fraction of the
intake 3limit is ý/5.7 = 0.53. The quantity intake limit from ingestion is
(1x10-3 )(7.15x10 ) = 71.5 microcuries. The quantity ingested expressed as a
fraction of the intake limit is 10/71.5 = 0.14. The sum of the fractions of
the limits is (0.53 + 0.14) = 0.67. This sum is less than one; therefore, the
intake limit for the quarter has not been exceeded.

Most intakes that occur at nuclear power plants are presumed to result from
inhalation. Estimates of a worker's inhalation'intake usually are made using
concentrations of radionuclides in air and the duration of exposure to those
concentration. (Although in-vivo and in-vitro measurements may also be
used.) Therefore, for convenience, intakes resulting from inhalation are
commonly recorded in terms of MPC(air)-hours. An ingestion intake, can be
converted to an equivalent (for regulatory purposes) inhalation MPC-hour value
by multiplying that ingestion intake fraction of the quarterly ingestion
intake limit by 520 MPC-hours. The resulting "equivalent" MPC-hour value for
an ingestion intake should be added to the inhalation MPC-hour values. The
total (ingestion plus inhalation) MPC-hour value should then be compared to the
quarterlylimit of 520 MPC-hours. For example, assume that a worker has an
inhalation intake of 275 MPC-hours in a calendar quarter and (as in the
example above) that the worker has ingested 10 microcuries of "insoluble"
Co-60 during the same quarter. As in the example above, this ingestion
expressed as a fraction of the ingestion limit is 0.14. The "equivalent"
MPC-hour value for the ingestion is (0.14 x 520) = 73 MPC-hours. The total
MPC-hours for the quarter are (275 + 73) = 343, which is less than the
quarterly limit of 520 MPC-hours.

For comparison with the 40 MPC-hour control measure of 10 CFR 20.103(b)(2) and
the 2 MPC-hour per day and 10 MPC-hour per week criteria of 10 CFR 20.103(a)(3),
intakes from ingestion should be added to intakes from inhalation using the
method outlined in the preceding paragraph.

In summary, 10 CFR 20.103(a)(1) is intended to limit intakes of licensed
material from all routes of intake, including ingestion. Quarterly intake
limits for ingestion may be obtained by multiplying the concentrations
(microcuries/ml) in 10 CFR Part 20, Appendix B, Table I, Column 2 by 7.15 x
10 ml. For comparison with the quarterly intake limits, or the 40 MPC-hour
control measure, intakes from ingestion should be added to intakes from
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inhalation using intake values expressed as fractions of the respective limits
(or equivalent MPC-hour values) and not as the intake quantities (microcuries).

This position has been coordinated with NMSS.

LeMoine J. Cunningham, Chief
Radiation Protection Branch
Division of Radiation Protection

and Emergency Preparedness
Office of the Nuclear Reactor Regulation

RECORD NOTE: This memorandum was reviewed in draft by
R.L. Fonner, OGC, who indicated, on 1/23/91, that the
memorandum presents a technical position and that no legal
issues are involved; therefore neither the statement in the
draft that "OGC has no legal objections" nor OGC concurrence
are needed.
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