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j The 1979 edition of the NIH Radiation Safety ForewordGuide brings up to date the recommendations and*

requirements governing the use of radiation sources
by the NIH intramural Program.

; NIH is using radionuclides in increasing quantities,
!

j under a specific license of broad scope issued by the
i U.S. Nuclear Regulatory Commission. Possession of
! this license has greatly reduced the detailed problems

| of radionuclide procurement, but carries strict respon-

i sibilities governing use and ultimate disposal. NIH
; considers the NRC regulations as minimum require- :

j ments, and has broadened local controls to include :

4 radiation sources not under NRC surveillance.
Recommendations in the 1979 Guide have devel-

oped from years of experience in adapting general
principles of radiation safety to the NIH environment.
The procedures outlined in the Guide are designed to
permit the maximum beneficial use of radiation :'

sources with the minimum exposure to patients and
; personnel. Failure to follow the recommended proce- r

i dures could result in a serious radiation overexposure.
| and a suspension or revocation of our license. All
; personnel using radiation sources are expected to ,

j become familiar with the NIH radiation safety require.
- ments and to conduct their operations in accordance

with them. i
j

}

{ Donald S. Fredrickson, M.D.
' Director

National Institutes of Health
t
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| |g{g g{hp The National Institutes of 3. Keep records of the re- |
Health is authorized to pro- ceipt, storage, use, transfer,4

: cure and use radioactive ma- and ultimate disposal of all i

I terials on the Bethesda reser- radionuclides used at NIH.
vation under a " specific 4. Keep records of the
license of broad scope" is- monitoring of personnel and
sued by the Division of Mate- areas involved iri the use of
rials Licensing of the Nuclear radionuclides and other,

Regulatory Commission. This sources of ionizing radiation.i

license is contingent upon
. NIH is subject to periodicthe existence of a Radiation

Committee and a Radiation inspections by the D. . .ivision of

Safety organization which, Regulatory Operat,ons of thei

among other requirements Nuclear Regulatory Commis-

| must: si n to insure that all require-
ments of the license are

j 1. Assure that any investi- being met. These inspections
1 gator using radioactive mate- are very thorough, including
; rials is qualified by training monitoring checks of labora-
| and experience, has the facil- tory areas, inspection of pro-
! ities to handle the materials curement and disposition rec-

safely, and proposes a use ords, records of the quali- |

which is safe to all con- fications of individual users, !

! cerned. and records of administra- !

2. Assure observance of all tions to patients. Violations !

i safety standards established of license requirements can
i by the Nuclear Regulatory result in a loss of the license.

Commission, National Coun- All sources of ionizing ra-
cil on Radiation Protection diation are not covered by the
and Measurements, and other Nuclear Regulatory Commis- t

,

! regulatory or standards set- sion license. These sources '

i ting agencies. are, however, controlled by

i

I '

!

1 .
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regulations issued by the Di- of the most important of
rector, NIH, upon recommen- these sources; the literature
dation of the Radiation Com- is now so extensive, however,
mittee, Non-license sources that it is not feasible to in-
include x-ray machines, high clude even a highly selective
voltage accelerators, electron bibliography. Therefore, read-
microscopes, and radioactive ers who desire documentation
materials from sources other for any particular policy, pro-
than reactor by-products. cedure or quantitative data

This Guide describes rules contained in these pages are
invited to communicate di-and procedures required of

NIH under the terms of NRC rectly with the NIH Radiation
licensure, and for the use of Safety Office.

non-licensed ionizing radia- Although intended primar-
tion sources as set forth by ily for NIH personnel engaged
NIH regulations. in intramural laboratory and

in total, the 1979 revision clinical investigation, past ex-

of the NIH Radiation Safety perience has shown the exist-
Guide represents several dec. ence of a considerable exter-
ades of intramural experi, nal demand for copies of this

Guide. To accommodate thisence. Additionally, it reflects
authoritative standards, guide. demand more effectively, ar-
lines, recommendations and rangements have been made
research data concerning with the U.S. Superintendent
physical aspects and bioef. of Documents to place on
fects of ionizing radiation ob- sale single and bulk copies
tained from the scientific lit. of the 1979 edition of the
erature. NIH Radiation Safety Guide.

Previous editions of this
Guide included a reasonably
comprehensive bibliography

V
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|
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lonizing radiation is among the most versatile and a{IOna| |nS{}U{esIuseful tools of modern medicine and biomedical re.
search. Like many other instrumentalities of medicine Of Health Radiation
and research, ionizing radiation is potentially hazard-
ous unless used with strict adherence to safety rules Protection Gu.dei
and procedures.

The risk of unguarded exposure to ionizing radiation
includes the possibility of damage to future genera-
tions. Thus the safety rules which govern all uses of
ionizing radiation are as concerned with preventing
genetic damage as with protecting the health of the
exposed individual. When followed faithfully, these
rules limit exposures of radiation workers to levels far
below those which might cause any adverse somatic
or genetic effects.

| The rules and procedures set forth in this Guide
have one single, straightforward purpose--to protect
NIH patients and employees against unnecessary and
potentially harmful radiation exposure.

Four stages of group and individual responsibility
are involved in the radiation safety program. All are
equally important:
Radiation Committee: this is a high-level group of
physicians and scientists appointed by the NIH Direc-
tor to establish policies and regulations governing the
use of ionizing radiation in NIH intramural programs.
Radiation Safety Office: an operating group of trained
health physicists and technicians which is responsible
for NIH-wide compliance with these policies and
regulations: it also provides a variety of technipal
services necessary to achieving such compliance.
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Individual Users: physicians, scientists, other profes
sionals, as well as technical and other workers engaged
in patient care, clinical and laboratory research, and
research support activities which involve actual use
and handling of materials and devices producing
ionizing radiation. These personnel usually work under
the immediate supervision of Authorized Users.
Authorized Users: physicians and laboratory scientists
whose training and experience are such that they have
been authorized by the Radiation Committee to use
ionizing radiation in their clinical care, clinical re-
search, and laboratory research activities.

In the following pages detailed descriptions are
given of the responsibilities of each of these four

,

; categories. Information is also provided on policies,
1 rules and procedures for various particular aspects of

ionizing radiation source procurement and usage. Care-,

ful observance of responsibilities, rules and procedures
set forth in this Guide will insure adequate protection

J against unnecessary exposure to ionizing radiation. ,

j

The Radiation Committee is composed of ten mem-Radiation be,s eppointed by ine Di, ecto,, Nln. Tne membe, snip
;
.

CQmy|{{gg consists of one group of five physicians who are '

nommated by the Medical Board and, in conform,ty
,

i
,

Respons.bility witn NRC recommendations, is made up or one nema.i
tologist, one radiologist, one pathologist, one internirt,
and one physician with broad background in the use
of radionuclides. A second group of four scientists is

! nominated by the Scientific Directors. At least one of
these scientists is to be a, radiation physicist with
training and experience in health protection. The

.

Chairman of the Radiation Committee, the Radiation

| Safety Officer, and a representative of the Office of
: the Director are appointed by the Director, NIH. The
! Committee shall have jurisdiction over radiation

sources and activities in areas under NIH control,
; including intramural program off-site use.

Functions;

(a) Recommend policies regarding patient and plant
! radiation safety to the Director, NIH.

{ (b) Provide technical advice to the Radiation Safety

| Officer on matters regarding radiation safety.

| (c) Receive, review, and act on all applications for
2 the use of radiation sources in any areas used by

_ ._ _ _ - . _ _, _ _ _. - - - - _



NIH personnel. These sources include radionuclides
to be used in human subjects.
(d) Receive and review periodic reports from the
Radiation Safety Officer on monitoring, contamina.
tion, and personnel exposure.
(e) Periodically review the overall use of radiation
sources at NIH from the standpoint of operational
hazards.

(f) Review all instances of alleged infraction of use
and safety rules with the Radiation Safety Officer
and the responsible Clinical and Scientific Directors
before submitting reports or recommendations to
the Director, NIH.

The Radiation Safety Office, under the direction of Ra lationthe NIH Radiation Safety Officer, is responsible for:
1. General sarveillance of all health physics activi. Safety Office

de , including both personnel and environmental mon ~ Responsibility
2. Furnishing consulting services to personnel at all

levels of responsibility on all aspects of radiation
protection.

3. Receiving, delivering, and shipping all radioactive
materials coming to or leaving the NIH reservation.

4. Assaying and performing radionuclidic purity
checks on all radioactive materials to be used in
humans for therapeutic purposes.

5. Monitoring all accelerators and other machines
capable of producing penetrating radiations. Calibrat-
ing the output of these machines as requested.

6. Distribution and processing of personnel monitor-
ing equipment including the keeping of records of
internal and external personnel exposure, and notifying

fI
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individuals and their supervisors of exposures ap-
proaching the maximum permissible amounts and
recommending appropriate remedial action.

7. Instructing personnel in proper procedures for
the use of radioactive materials.

8. Supervision and coordination of the waste dis-
posal program, including the keeping of waste storage
and disposal records.

9. Operation of and the allocation of space in the
Radionuclide Laboratory, Building 21. TNs laboratory
is equipped for the handling of high levels of activity.
Space is available in this laboratory to all fJlH workers
on an allocation basis. Non-tracer level radionuclide
work will be done in this building unless the Radiation
Committee grants approval to do the work elsewhere.

10. Storage of all radioactive materials not in
current use,

11. Performing leak test on all sealed sources.

12. Maintaining a periodic inventory of all radioac-
tive materials on the NIH reservation.

13. Supervising decontamination in cases of con-
taminating accidents.

14. Maintaining a continuous program of environ-
mental radiation hazard evaluation and hazard elimi-
nation.

Individual User Each individual at NIH who has any contact with
radioactive maten,als ,s responsible for:i

Responsibility 1. xeeping nis exposure to radiation es iow es
possible, and specifically below the maximum permis-

'

sible exposure as listed in the following table:
,.- ,m m m m.,- m y
ij - Rems per calendar quarter' j

hWhole body;- head 'and trunk;- 1
'

Lactive blood-forming;or-? j

k!S : gens;ilens of: eyes; Lor gon-Lads 1________._____C C_ i1%jf
p Hands and forearms;^ feet'and._ .j
R = ankles 1 -- _____'_c______ J:18% j
[ Skin of whole body 3----____f 7%j-

n mee em essimw emeen.se w sem==
"]g me esses, e.g.. ser sortse asse women and me seen~.' ^'

y en page 74,
:.36.;2mm wasGa aux cs

Laboratory air and water concentrations shall be
4 maintained below the levels listed in the Code of

1

1

_ __
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Federal Regulations, Title 10, Part 20 (10 CFR 20)
" Standards for Protection Against Radiation." (See
Appendix)

2. Wearing the prescribed monitoring equipment
such as film badges and pocket dosimeters in radiation
areas. Personnel who work only with pure alpha
emitters or only with pure beta emitters having a
maximum energy of less than 0.2 MeV will not bei

required to wear film badges.
I 3. Surveying his hands, shoes, and body for radio-

activity, and removing all loose contamination before
leaving the laboratory to smoke, eat, etc.

4. Utinzing all appropriate protective measures such
as:j

(a) Wearing protective clothing whenever contam-
,

| ination is possible, and not wearing such clothing
outside of the laboratory area.

(b) Wearing gloves and respiratory protection when
,,

necessary.
, ,,
' (c) Using protective barriers and other shields -

whenever possible.
|

(d) Using mechanical devices whenever their aid ;} l' [,

|
will assist in reducing exposure.

'

|
(e) Using pipette filling devices. Never pipette , j

' radioactive solutions by mouth. ), :<

(f) Performing radioactive work within confines of @j' '

an approved hood or glove box unless serious
consideration has indicated the safety of working [
in the open.

5. Avoiding smoking or eating in radionuclide labo- h
ratories. It is recommended that eating be done in the W
cafeterias whenever possible. Smoking or eating may j

'

be permitted in an office area of a laboratory that has c ,
been demonstrated to be free of contamination. Refrig- _

erators shall not be used jointly for foods and radioac-
.

I--.-
tive materials.

' .

6. Maintaining good personal hygiene.
(a) Keep fingernails short and clean. , 1 _

(b) Do not work with radioactive materials if there w
is a break in skin below the wrist. #

/

|

|

3
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(c) Wash hands and arms thoroughly before han-
dling any object which goes to the mouth, nose,
or eyes.

7. Checking the immediate areas, e.g., hoods,
benches, etc., in which radioactive materials are being
used, at least once daily for contamination. A log
record should be maintained of these surveys including
results which are entirely negative. Any contamination
observed should be clearly marked and the Radiation
Safety Office notified.

8. Keeping the laboratory neat and clean. The work
area should be free from equipment and materials not
required for the immediate procedure. Keep or trans-
port materials in such a manner as to prevent breakage
or spillage (double container), and to insure adequate
shielding. Wherever practical, keep work surfaces cov-
ered with absorbent material, preferably in a stainless
steel tray or pan, to limit and collect spillage in case
of accident.

9. Labeling and isolating radioactive waste and
equipment, such as glassware, used in laboratories for
radicactive materials. Once used for radioactive sub-
stances, equipment should not be used for other

'~ work, and shall not be sent from the area to centralWW cleaning facihties, repair shops, or to surplus, until
demonstrated to be free of contamination.a

__cSg, 10. Requesting Radiation Safety office supervision
,T of any emergency repair of contaminated equipment

in the laboratory by shop personnel or by commerciali
,

- " ~ ' service contractors. At no time shall servicing person-
,' nel be permitted to work on equipment in radiation

areas without the presence of a m' ember of the.
,,,

m laboratory staff to provide specific information.-

/ 11. Reporting accidental inhalation, ingestion, or
!,

injury involving radioactive materials to his supervisor
b and the Radiation Safety Office, and carrying out their

/ recommended corrective measures. The individualM
'f ) shall cooperate in any and all attempts to evaluate his&

- exposure.

12. Carrying out decontamination procedures when
necessary, and for taking the necessary steps to-

s_ ~
prevent the spread of contamination to other areas.

C 13. Complying with requests from the Radiation
Safety Office for body burden measurements in the'

t whole body counter and the submission of urine
samples for radioassay. Requests for these tests will
be made in the case of workers using significant

6 quantities of both y and # emitters.

|
1
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Authorized users are responsible for insuring that Authorized User
the preceding individual responsibilities are discharged
by those under their control, and are further responsi- Responsibility
ble for:

1. Adequate planning. Before an experiment is
performed, the supervisor should determine the types
and amount of radiation or radioactive material to be
used. This will generally give a good indication of the
protection required. The procedure must be well out-
lined. In many cases, before the procedure is actually
performed with radiation, it should be rehearsed so as
to preclude slip-ups or unexpected circumstances. In
any situation where there is appreciable radiation
hazard, the Radiation Safety Office shall be consulted
before proceeding.

2. Instructing those employees for whom they are
responsible in the use of safe techniques and in the
application of approved radiation safety practices and
insuring attendance in required radiation safety
courses.

3. Furnishing the Radiation Safety office with infor-
mation concerning individuals and activities in their
areas-particularly, pertinent changes in their person-
nel rosters.

4. Contacting the Radiation Safety Office whenever
major changes in operational procedures, new tech- _

~

*
,, .

niques, alterations in physical plant (e.g., the removal
of radiochemical fume hood), or when new operations I

' 9 3v"
, - k @4.j b '- { ywhich might lead to personnel exposure are antici- o P

pated. t

5. Complying with the regulations governing the use
b -(*Mk
~ '

' /,of radioactive materials, as established by the NRC
and the NIH Radiation Committee, for: - -

,
'

radioactive materials by purchase or transfer. (See
- .g-(a) Correct procedure for the procurement of f ,

'
'

jy
procedure for Procurement of Radiation Sources.) .

*

(b) Fosting areas where radionuclides are kept or -

.
-

M[%g% b f
_

used, or where radiation fields may exist. );

#
(c) Seeing that each sign carries the name of the E

personnel currently responsible for the associated j f <
'/area.

(d) Recording the receipt, transfer, and disposal '

of radioactive materials in his area. This includes
'

sealed sources such as ion sources in gas chro-
matographs and static eliminators. The authorized
user must be prepared to submit semiannually
the required inventory data upon request. 7

|

|

|
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(e) Assuring that all radioactive waste materials
are consigned to the Radiation Safety Office for
disposal.

(f) Taking steps to prevent the transfer of radioac-
tive materials to unauthorized individuals. This
includes the proper disposition of radioactive
materials possessed by terminating workers.

6. Keeping stocks of stored radioactive materials to
a minimum within laboratory areas. Authorized users

{
-

should employ the storage facilities of the Radionu-
mg clide Laboratory, Building 21, for shipments noto1 7

// gj ,

needed in current research.' c -

0 bN / "{ 7. Complying with proper procedure for termination
ND"M of employment or termination of any experiment using

"

[j' radioactive materials. The authorized user is reminded---~;,q
7 /'; that, under the terms and conditions of the NRC-NIH

license, he must return to the Radiation Safety Office,

all radioactive materials, including waste, assigned to~

@ 1 ~, ,
__

j him under the license. Particular care should also be
churnose i h exercised to see that specialized equipment such as
'g$ /f personnel monitoring devices (e.g., film badges), sur-

/ ' vey instruments, and shielding materials are returned,
'

-

/ to the Radiation Safety Office. A final termination
Q_-- t - survey should also be requested by telephone.

Policies and in ddition to the Code of Federal Regulations, Title-

10, Parts 19 and 20, as appended to the Guide, the
Procedures for foiio*ing poiicies and procedures wiii appiv to thei

NIH license:
Radionuclide 1. g, ope, ya,xing of Lebo,ato,ies, A,ees.end Equip.

Areas ment

(a) A " CAUTION RADIOACTIVE MATERI ALS" sign
must be conspicuously posted on the doors to
laboratory areas where radioactive materials are
being used or stored. The name and home phone
number of the individual responsible for the
posted area shall be shown in the designated
place on the sign in order to facilitate contact in
case of bmergency. The supervisor shall be re-
sponsible for seeing that the posted information
is current. The signs must not be removed from
any room except by Radiation Safety personnel
following an inspection survey.

(b) Storage areas shall be conspicuously marked
with a " CAUTION RADIOACTIVE MATERI ALS'

8 sign. In addition, containers in which materials

-

O
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are transported or stored shall bear a durable,
clearly visible label bearing the radiation caution
symbo! and the words " CAUTION RADIOACTIVE
MATERIALS " This label shall also state' the
quantities and kinds of radioactive materials in
the containers and the date of measurement of
the quantity.
(c) Radiation areas in the hboratory, i.e., areas
where radiation levels might expose individuals to
5 millirem in any one hour; or in any five
consecutive days, a dose in excess of 100 mrem,
shall be posted with the sign " CAUTION RADIA-

,

TlON AREA."'

1

(d) All equipment centaminated with radioactive
material shall be marked 'Mth signs, decais, or
other conspicuous means. Labeling shall not be
required for laboratory containers such as beakers,
flasks, and test tubes, used transiently in labora-
tory procedures donng the prtsence of the user. ','

, .,

(e) All signs referred to in this part are available f / P
from the Radiation Safety Office, Building 21. j,[g

| 2. Shielding of Sources f $f, / #
_

#1 ,,

(a) Radioactive sources or stock solutions in the i \ ,h ''I
laboratory shall be shielded in such a manner /"

g -[ {f ]- '

;
' ''that the radiation levels in any occupied area will ,

[not expose ladividuals in the area to more than j
100 mrem in any five consecutive days. f

- 7 - k

(b) Various shielding materials are available on [f U hp hrloan from the Radiation Safety Office. _f
3. Aerosols, Dusts, and Gaseous Products [, MM'"'

!

7'/j !
'

(a) Procedures involving aerosols, dust or gaseous ~ , , ,
products, or procedures which might produce f - [; , j

.

airborne contamination shall be conducted in a | /j' /
hood, dry box, or other suitable closed system. ( ,f

' '

(b) All releases from such systems shall not 'tg y
exceed the maximum permissible concentration | ;

o

in air for the nuclide in question. See Appendix i
'

,

B, Table 11 of 10 CFR 20 for appropriate values. { g

However, where practical, traps should be incor- (
porated in the excerimental set-up to insure that
environmental seleases are as low as possible.

(c) Radioactive gases or materials with radioactive
gaseous daughters must be stored in gas-tight
containers and must be kept in areas having
approved ventilation.

(d) Hoods to be used for radionuclide work should
be tested by the Environmental Services Branch, 9

__
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DRS, to insure that they meet the minimum
requirements for air velocity at the face of the
hood.

4. Sealed Radioactive Sources

(a) All sealed radioactive sources must be shipped
to: Radiation Safety Officer, National Institutes of
Health, Building 21, Radionuclide Laboratory,
Bethesda, Maryland 20014. Each source must be
registered with this office.
(b) For those sources which may change location
frequently, the Radiation Safety Office in cooper-
ation with individual users shall establish strict
accountability procedures.

(c) Sealed sources shall be leak tested by Radia-
|,

| tion Safety personnel prior to initial use and at
least every six months thereaf ter.

5. Radioactive Materials in Gas Chromatography
Equipment

All gas chromatography units in which radioactive
materials are to be used are regulated as follows:
(a) As is true with other radioactive shipments,
radioactive foils to be used in gas chromatography
cells must be shipped to: Radiation Safety Officer,
National Institutes of Health, Building 21, Ra-
dionuclide Laboratory, Bethesda, Maryland 20014.
Each foil must be registered by number with this
office.
(b) In addition, each cell containing a radioactive
foil must have a label showing:

The radiation caution symbol with the words
" CAUTION RADIOACTIVE MATERI AL"; and
The identity and activity of the radioactive
material.

The radioactive foil shall not be removed from its
identifying cell except for cleaning and shall not
be transferred to other cells.

(c) The following notice shall appear in a conspic-
uous location on the outside of each gas chroma-
tography unit: "This equipment contains a radio-
active source registered with the NIH Radiation
Safety Office as required by hcense from the
Nuclear Regulatory Commission. Notify the Radia-
tion Safety Of fice before removing the source
from this room or area, or upon any change in
custodial responsibihty." These notification tags
are available from the Radiation Safety Office,

10 Building 21.
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(d) Individuals using radioactive components in
gas chromatography equipment must vent the
cell-exhaust through plastic tubing into a hood,
room exhaust, or Radiation Safety approved trap,
to avoid contamination of work areas from the
release of radioactive tagged samples introduced
into the system or from the accidental overheating
of radioactive foils in the cells.

_

'

(e) The Radiation Safety Office will perform peri-
odic leak tests, store radioactive foils when not in
use, and maintain the necessary records on such
tests and storage.

6. Work Surfaces
All work areas (bench tops, hood floors, etc.) as
well as storage areas and areas adjacent to perma-
nent set-ups and sinks should be covered at all
times with stainless steel or plastic trays, uncracked
glass plates, or other impervious materials. For (- _ -_

- p
" 63

'

some purposes a plastic-backed absorbent paper , _ _ _ - _ _ _

_

(e.g., "Kimpak", available from the Central Store- (4m -) -
-

room) will be satisfactory. However, if such paper is l --

-y .-

Iused, it should be discarded frequently to prevent
radioactive materials from dusting off the surface.

I rf' h,

7. Periodic Surveys of Radiation Areas -
'

#The immediate areas (e.g., hoods, bench tops) in

be checked for contamination at least once daily by e,.
~

,fwhich radioactive materials are being used should ''
_--

-- 1

the radiation workers in that laboratory. In addition, U l / y ;
these areas should be inspected each and every ),,

time there is reason to suspect a contamination s
incident. Records shall be kept on both positive and { {

ratory logs.
~ L)G

-

negabve survey results in the authorized user's labo- L
.

8. Laboratory Monitors

Each laboratory or area (other than those where H -

'
is used exclusively or where only exempt quantities )._ m
of other radionuclides are handled) shall be M. ,

equipped with a portable or semiportable monitoring T k
device to be used for personnel and area monitoring.
Laboratory monitors of this type are availat,le on -

loan from the Radiation Safety Office.

9. Removal of Equipment from the Laboratory
Once used for radioactive substances, equipment
shall not be used for other work, or sent from the
area to central cleaning facilities, repair shops,
surplus, or returned to the source of supply, until
demonstrated to be free of contamination. Equip- 11
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ment to be removed from the Radionuclide Labora-
tory, Building 21, must be cleared through the
Radiation Safety Office.

10. Repair and Maintenance of Equipment in the
Laboratory

Equipment to be repaired by shop and maintenance
personnel, or by commercial service contractors,

i shall be demonstrated to be free of contamination
I

prior to servicing. If it becomes necessary to make
emergency repairs on contaminated equipment, the
work will be supervised by a member of the Radia-
tion Safety Office staff, who vill assure that the
necessary safeguards are taken. It is the responsibil-
ity of the laboratory personnel to request this super-
vision from the Radiation Safety Office.

11. House Vacuum Lines

House vacuum lines are vulnerable to contamina-
tion. If house vacuum lines are to be used, the
withdrawn gas must be demonstrated to the Radia-
tion Safety Office to be free of radioactivity. It is
advisable to use a separate vacuum system whenever
possible, such as a separate vacuum pump exhaust-
ing into a hood.

12. Radioactive Contamination of Areas
in general, no radioactive contamination can be
tolerated. Excentions to this will include certain
hood trays, dry boxes, stainless steel trays, Kimpak
covered surfaces, or other equipment which is used
frequently for active work and which will be clearly
marked with the standard radiation caution signs or
stickers. Any contamination that is not confined to
protected surfaces should be reported immediately
to the Radiation Safety Office. The Radiation Safety
staff will supervise the decontamination of such
areas or equipment.

13. Decontamination of Areas Contaminated with
Radioactivity

Preparations for decontamination should be begun
promptly. Determine the extent and hazard of con-
tamination. The Radiation Safety Office staff will
assist in this evaluation. Tu individual responsible
for the contamination will be expected to do most
of the cleanup under the supervision of the Radia.
tion Safety staff. Af ter decontamination, the area or
equipment shall be considered contaminated until

12 proved otherwise by the Radiation Safety Office.
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| 14. Decontamination of Personnel Contaminated
with Radioactivity

(a) Notify supervisor immediately after contami-
nating accident.
(b) Wash body area involved thoroughly for 2 or 3
minutes, repeatedly " soaping" and rinsing. Con-
sideration should be given to the chemistry of the
contaminant and an attempt made to find a
suitable agent for dissolving it. Any cleansing
agent may be used, but synthetic detergents are M_
preferred to soaps. Avoid prolonged use of any

-

'
.

one c'econtamination procedure. Irritation of the
[i p/

.

' '

skin may impede the success of more suitable
procedures. Avoid the use of organic solvents. .j2 .

h 'j
/

4They may make the skin more permeable to ,, L
radioactive contaminants. d,

I(c) If this procedure is not immediately and [ e
,

completely effective, notiff the Radiation Safety ,

Office and proceed at once to the Medical Officer 7 -m-'

''in charge of the Building 10 Health Unit, Occu- -

pational Medicine Service. Special decontaminat-
ing agents such as "Versene", "Radiacwash",
etc. may be used under the direction of the
Medical Officer.

15. Prophylactic Thyroid Blocking Agents in Labo-
ratories Using Radiciodine

Individuals utilizing greater than 10 mci radiciodine
should consult with and follow the recommendations
of the Occupational Medical Service prior to the
use of prophylactic thyroid blocking agents. Such
individuals are reminded that the use of these
blocking agents in no way reduces the need to take
all other precautions in the safe handling of ra-
diciodine.

No radioactive wastes sball be disposed of by pggggg
conventional methods. This means particularly that
solid wastes may not be placed in the standard waste Waste
containers to be collected by housekeeping personnel,
and that liquid wastes may not be discharged into the
sewer. Animals must not be incinerated in the general
purpose incinerator.

No radioactive waste shall be released from a
laboratory area for pickup and disposal prior to auto-
claving or otherwise suitable deactivation of infectious
agent (s). Radioactive waste disposal procedures in the
waste handling area of the Radionuclide Laboratory, 13

. _ _ . .



Building 21, involve crushing and compacting of dry
wastes by compaction devices and pooling of liquids
in approved shipping containers for disposal by a
licensed contractor. These procedures are not compat-
ible with the proper handling of infectious agents.
Similar considerations shall also be given to other
highly toxic or hazardous substances. (See Section 3)

1. Waste Containers

To insure that solid and liquid wastes are kept I

separate, each laboratory having radioactive waste ~

must be equipped with at least one container for
solid dry waste and one for liquid waste. Due to the
methods of ultimate disposal of waste by the Radia-
tion Safety Office, short half-life (less than 30-days) (-waste must be kept separate from long half-life
waste. Additional waste containers shall be re-
quested for this purpose and marked as to the '

radionuclides being used.

(a) Solid dry waste containers. These may be
obtained from the Radiation Safety Office. They =-

must be kept fitted with a disposable waterproof
polyethylene liner.

(b) Liquid waste containers. Plastic carboys, glass
jars, or bottles are suitable for storage of liquid
wastes. If the liquid waste container is glass or
ceramic, then it must be kept in such a manner
that if accidentally broken, the contents will be
retained in a small area, e.g., having it set in a
large pan. These liquid containers must possess
securely fitting covers or corks, and must be kept
closed. In addition, they shall be conspicuously
marked with appropriate radiation signs.

O+ (c) Animal carcasses. Small radioactive animals '
4

Ngd /// should be placed in the standard polyethylene
g- ,, g6 : bags. Larger animals (dogs, etc.) should be placed;-

2'S - rf,|in large polyethylene bags which will in turn be
gg j |placed in a cardboard container (NIH Stock No.

5 14-0870). Each unit must be conspicuously|, ,

% oar %mW
A ,

fi c M r ;h., (% sop _'

e__

Y _1 J i

,v < m

( --

-

14

|



marked with a " CAUTION RADIOACTIVE MATE-
RIAL' sign and in addition, the radionuclide(s)
and amount remaining in the carcass shall be
posted on the bag or label. If pickup cannot be
arranged within 4 hours of sacnfice of animals,
such animal carcasses must be refrigerated or
preferably frozen.

(d) Liquid scintillation vials. All liquid scintillation
vials must be disposed of as radioactive waste.
Prior to removal, all liquid scintillation vials must
be tightly capped and returned to the original
shipping trays.

2. Waste Pickup

Request for removal of liquid and dry waste may be j
made by telephone to the Radiation Safety Office. r
At the time of the telephone request and at the time (
of pickup, the investigator must be able to estimate,
with a fair oegree of accuracy, the amount of
radioactive waste in each container.
3. Unusual Waste Disposal Problems g
Plans for proper disposal of infectious agents or
highly toxic or hazardous substances shall be made
early in the design stage of the expenment.
Proposed procedures involving unusual waste dis-
posal problems will be considered individually by
the Radiation Committee or the Radiation Safety
Officer and staff.

In carrying out the responsibilities and duties as- Ohys'c'an'sc i isigned it by the NRC under the Broad License and by
the Director, NIH, the Radiation Committee requires Resnonsibilitvcomph.ance with the following policies and procedures:

,

and Procedu>res
r

1. Experience and Training of Applicants

The Committee is bound by the requirements of
NRC for training and experience of physicians in
the use of radioactive materials. These requirements
are hsced in " Nuclear Regulatory Commission Licen-
sing Guide Medical Programs." Copies of this re-
port are available for reference from both the Radia-
tion Committee office and the Radiation Safety
Office.

2. Procedures for Making Application to the Com-
mittee

A separate application is required for each project
which contemplates the use of radioactive materials 15

,_
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in humans. This application must include:

(a) Form NIH-88-23 : A self-explanatory form
available from the Chairman, RadiationCommittee.

(b) Narrative description of project which shall
include:

(1) Title of the project.
(2) A statement of the purpose and justification
for the use of radionuclides.
(3) Description of the project; including meth-
ods, characteristics of radioactive materials
(half-life, nature and energy of emissions,
modes of decay), details of doses (single and
total) and the anticipated results. Reference to
previous work published by the applicant or
others concerning animal experimentation or
human use (including doses) should be carefully
documented. The Committee requires a clear,
concise calculation of the anticipated whole
body and critical organ absorbed dose in rads,
stating the period of such exposure and rad,a-
tion hazards, if any. Include uptake and excre-
tion data. The formula used for such calculation
should be clear, all terms defined, and the

'

J ,./ / source and estimated reliability of the formula
'

indicated. Assumptions used for estimates
4 p should be stated. Assay methods and estimated

-

myg 3

g-p efficiencies should be given.wm

~ '

.

- - -_ s ~

f ' '

L

D h
g-y -[ 7 f ~

f
..

q ' Q (4) Methods of waste disposal, particularly with

. rfQ' ,- respect to urine, stools, exhaled air, and calcu-'

e7 lation of the daily amounts of radioactivity to,

be disposed of into the sewer or air, if any.
(5) Safety precautions which will be initiated to
protect the patient, other patients in the vicinity
of the radioactive patient, and the patient-care

16 staff and adjunct personnel.

_ _ _ _ _ _ _ _ __
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(6) If the use of the radioactive material is
planned for normal human subjects, the appli-
cation must specify minimum ages of these
subjects, the fact that they are volunteers,
cognizant of the possible radiation hazards,
and the status of such normal subjects with
respect to other contacts with radiation, and
cumulative exposure. In addition, the Radiation
Committee requires a short statement from the
investigator regarding the information he would

I
supply to the volunteer pursuant to obtaining
his consent.

(c) With the first application from each investiga-
tor, a complete description of his training and
experience, stating periods, location and supervi- (
sion in the use of radionuclides (Form NIH-88-2,
NIH-88-24 ). _

Upon completion, this application should be for-
warded through the Branch Chief, and the Clinical
Director of the applicant's Institution to the Chairman -

of the Radiation Committee. Action of the Committee
will be returned through channels to the applicant and
copies will be forwarded to the Radiation Safety
Offi 4r and to the C,1ief, Radiopharmaceutical Section.
The gned approved original will constitute the inves-
tigator's authorization under the Broad NRC License
to procure and use the materials. Physicians may
obtain information on current approved investigators
and specific medical uses at NIH from the Radiation
Committee office.

Should questions arise in the Committee regarding
details of an apphcation, the investigator will be
invited to meet with the Committee and discuss the
details of his proposal. Should the Committee finally
disapprove the application on the basis of conflict
with restrictions of tne NRC or Director, NIH, or

Committee pohcies, the application nevertheless will
be forwarded to NRC for its review and action upon
further recommendation of the investigator and his
Clinical Director.

Each authonzation will be marked with an expiration
date which will usually be the last day of the month,
one year af ter the month of the approval. Authonzed
investigators should anticipate the expiration of their
approvals by at least one month and apply for renewal
of the authorization. For this purpose, it is n7cessary
to submit only the Form NIH-176 (without narrative
description) and a " Summary of Use of Radioactive
Materials," Form NIH 88 25. The investigator should 17

.
. . _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _
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1

I

clearly state that this is an application for renewal of
the previous authorization without modification, and
should include the number of the original authorization
and date.

If an investigator has no positive plans for the use
of a given authorization during the coming year, he
should consider its retirement in order to save on
bookkeeping in the Radiation Committee, Radiation
Safety and Radiopharmacy offices. Such a retired
authorization can usually be reactivated by the Chair-
man, Radiation Committee, in one day should need
for it develop.

An authorization which is being considered for
renewal and which reflects frequent patient use may 1

be retained and established as a service to be provided
to the clinician and patient by the Department of
Nuclear Medicine. Decision to provide this service will
reside with the Chief, Department of Nuclear Medi-
cine. This service consideration would also be applied
in the situation where several similar authorizations by_._m,__, _ . . .

1 service from various areas of the Clinical Center.

>} Af ter receiving the approved Form NIH 88 23, thee.

! T_ -] investigator should comply with the procedures " Pro-
curement of Radiation Sources" listed elsewhere ing.
this Guide.y ,, s

'l * \ 3. Responsibility
_

-

j, 5 O ) The authorized investigator has primary responsibil-Q
' } ity for the use of the radioactive material; for the# '-

protection of the patient, and for the safe handhng
I" '\' , , of any material removed for study. The Radiation

y ) Safety staff is responsible for the protection of the^'' ' patient-care staff, for instructions needed to insure
/ radiation safe conditions, and for the handling of

contaminated materials, equipment, and waste. Any
delegation of work does not shdt responsdh!ity

'

Special instructions regarding patient treatment
j shall be on Clinical Record SF-508. Radiological

safety precautions will be recorded on Form NIH-:

I
88-7.

4. Justification
The widely accepted pokcy for medical uses of
radionuclides is that radioactive substances should
never be used in humans except when the investi-
gation or treatment justifies the risk involved. It is
NIH policy to encourage use of the most sensitive

18 instrumentation and assay procedures available, and

_. -
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to promote progressively better techniques aimed at
reducing radiation doses. All research and diagnostic
procedures should be designed with these policies in
mind.
The therapeutic uses of radiation in other than malig-
nant disease should be well justified. Applications for
therapeutic uses of radiation will be reviewed by the
Radiation Committee in accordance with instructions
from the Director, NIH, and the Medical Board.

5. Dosage Considerations

As a general guide to the maximum permissible dose
for normal volunteers and for patients, the Radiation
Committee follows the recommendations of the Na-
tional Council on Radiation Protection and Measure-
ments Report No. 39, " Basic Radiation Protection
Criteria" and Code of Federal Regulations, Title 21,
(Food and Drugs) Part 361. Insofar as is practical, the
Committee considers that the dos 3 to normal subjects
and patients should be limited to 3.0 rems to any
tissue within a 13 week period or 5 rems annually,
when diagnostic and experimental purposes permit.
When it is necessary to exceed this dosage for the
purposes of research or diagnosis because instrumen-
tation of the required sensitivity is not available, the
applicant will be required to provide justification for
doses higher than these values. For all normal volun-
teers under the age of 18 years, and patients under
the age of 18 years, and all pregnant women, this limit
is reduced to 10% of the above values.

Larger doses will be considered by the Committee for
use in patients with limited life expectancy (two years -

or less) when the application adequately justifies the
procedure and the importance of the contribution w
which is anticipated by the use of such doses. )g ' p.

4./
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When considering the utilization of radioactive ma-
terials for human research and diagnosis, the inves-
tigator is urged to carefully consider the following
factors:

(a) Body retention of the radioactive matenals.

(b) Accumulation in critical tissues.
(c) Size of critical organ.
(d) Radiosensitivity of the tissue. )
(e) Biological half-life.

(f) Effective half-life.
(g) Type and energy of the radiations.

Y
(h) Accumulation of effects of combined or se-~

,

'

quentially administered radioactive materials. -

' _

't g (i) Concomitant use of x radiation. kg

T/ 6. Calibration and Nuclidic Punty Tests
r

N.
x , v 2

Sf Prior to administration, all radionuchdes are to be'
c i,

|

'!" dF calibrated and tested for nuclidic purity by thefq 't] Radiopharmaceutical Section. Indicated pyrogen
and sterility testing is to be arranged by the Radio-< >

. ,

q pharmaceutical Section.

'% | 7. Notification of Nursmg Staff'

f ff f In order that the nursing staff may prepare for

M k@ O
,

therapeutic radionuchde administration, the head
q nurse of the nursing unit which will care for the

'

* patients should be notified as far in aivance as
m possible, preferably 24 hours or more. Those con-,

f h
'

nected with the administration of the radionuchdee

f// f j should become famihar with nursing procedures tor

||j$
. G j 8. Area Designation

i
'

, . insum uniformity of precautions.

[f'/f
'

4 = ! It is not necessary to isolate patients with routine
4 'h diagnostic doses nor to post their rooms. Patients-

,, jg'
'

H with therapeutic doses should be confined to their
individual rooms, as distant from the nursing station

-% as feasible, and the room posted with a "Radiother.
apy Precautions" sign (available from the Radiation.

,\ Safety staff). The Radiation Safety staff will conduct
,/ daily surveys of the patient area following therapeu-

tic doses, removing contaminated matenals such as
urine, soiled bedding, etc., when necessary, a.''i

j instituting controls so that the patient care staff,
adjunct personnel, and visitors are not exposed to
radiation levels in excess of apphcable guides. The
physician in charge is responsible for requesting

20 assistance from the Radiation Safety staff in the

___ _ _ _ _ _ _ _ _ _ - - _ _



h~event of contaminating accidents, and prior to y
removal of the patient from therapy precautions. 'G ,

Q(*
9. Record of Patient Doses

)))The authorization number and any dose of a radio- 7 '
/

_,nuclide administered to a patient together with the ,

*

other required data shall be recorded immediately ;

on the patient's chart using Form PHS-412 " Radio- ,; ;

jactive Isotope Exposure Record." -

10. Radioactive Waste and Disposal
~

!

Radioactive contamination of room air and sewerage L j
F !should not exceed the limits approved by the NRC -

las stated in 10 CFR 20 (found elsewhere in this l'
' '

Guide). When wastes exceed these limits, they shall [ / ]
I

be disposed of with the assistance of the Radiation i .a ,

Safety staff. | ];, .

|
|

11. Radioactive Contaminated Equipment %,I
#W Uf '

The authorized physician is responsible for arrangmg [ {\ j
'-

'

for the safe disposal of all radioactive solutions and ,,

may be accomplished by removal to the individual's / .
A-#,V /contaminated equipment such as syringes, etc. This . N

f/
|laboratory for proper decontamination or storage for "w / /

decay, or by contacting the Radiation Safety staff Q %% g

for disposal. Under no circumstances should such L

|
'

solutions or equipment be lef t on the nursing unit, s*,

or the responsibility for disposal of these maternis j g
be delegated to the nursing staff. The Radiation
Safety Officer strongly recommends the use of
disposable syringes and needles for the administra-
tion of radionuclides. Disposable syringes containing
only the usual residual fluid may be disposed of in
the regular dry radioactive waste containers available
on the nursing units. Disposable needles may also
be put into the regular dry radioactive waste con-
tainers ONLY af ter they have been capped or af ter
the needle point has been inserted in a small cork.
This is necessary in order to preserve the integrity
of the plastic bag lining the container and to protect
personnel handling these liners.

12. Laboratory Specimens

There exists a danger that highly rndioactive tissue
specimens, blood, ascitic fluid, excreta, or cadavers
may be delivered to the laboratory or pathology
services, without being adequately labeled. To mini-
mize this possibility, all specimens from such pa-
tients which are to be sent to a laboratory must be
labeled " Radioactive." Preferably, the laboratory
should be called in advance to give them additional 21

-



information, such as the amount of activity and
special handling techniques required, if any. This
includes tissue specimens, ascitic fluid, blood, u-
rine, feces, emesis, etc.

Exemptions:

(a) When the time elapsed between the adminis-
tration of the radionuclide and the time of obtain-
ing the specimen is such as to render the speci-
men (in the opinion of the physician in charge of
the patient or in the opinion of the Radiation
Safety Officer) no longer a hazard from either a
health or a contamination standpoint.
(b) When the radionuclide is administered in such
a way that it remains localized and does not enter
significantly into the general circulation (such as
colloidal gold injected into the prostate), and the
specimen is excreta or a tissue removed at a site
sufficiently distant from the injection site so that
it is unlikely to contain any of the radioactive
material.

13. Cadavers

if a patient who has received a therapeutic dose of
any radionuclide dies in the hospital within a three
(3) week period af ter that dose, the authorized
physician is ieouested to do the following:

(a) Tie a radioactive hazard sign to the body
writing on it the mecific radionuclide amount
given, and the date 'af administration.

(b) Place the Form PHS-412 as the top sheet in
the chart and write across the face of this sheet
" Radioactive Body "

(c) Notify the Radiation Safety Officer. During
off duty hours the Guard Office in Building 31
should be requested to notify one of the persons
on the call list maintained for such emergencies.
The Radiation Safety Officer must be notified as
he is responsible for giving the pathologist suitable
safety instructions and for giving the required
information to the funeral director.

22
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1. Diagnostic Procedures Procedures fOr
Since there is minimal external hazard to others

from routine diagnostic doses of radionuclides, there Nursing and
are no restrictions on the patient's activities or his pggg g gg
contacts with other people. Nursing personnel are not
required to wear personnel monitoring devices.

The following procedures apply when a patient
receives radioactive material for diagnostic purposes:

(a) The Chief Nurse of the unit should request a
Geiger counter and dry radioactive waste can from
the Radiation Safety staff to be kept in the utility
room.
(b) Patient-care personnel should use disposable
gloves to handle items suspected of contamination.
Particular care should be exercised in the handling
of vomitus and excreta during the first 24 hours
following administration of the radionuclide. Use
the Geiger counter to check for contamination.
Contaminated linen should be placed in a yellow
laundry bag which is kept in the patient's room.
Other contaminated items should te placed in the
radioactive waste container. Call the Radiation w _

_

Safety Office for removal of such contaminated N - -- -
(3 ^linen and waste. 7

(c) Laboratory samples taken during the first days ' ,

post administration should be labeled " Radioactive,"
-

y

9Y,

as per physicians orders. .

(d) Special diagnostic procedures will be evaluated @ :66
on an individual basis and appropriate written in- i g' s

structions may be issued. 3
(e) Shculd qJestions arise CunCerning the use of g]-*

radionuclides on a unit, call the Radiation Safety _ .

staff for assistance.

2. Therapy Procedures
The following procedures apply when patients re-

ceive radionuchdes other than sealed sources or colloi-
dal suspensions, in millicurie amounts for therapeutic
purposes:

(a) Special Radiation Safety Procedures (Form NIH-
88 7) will be issued to the Chief Nurse of the unit at
the time the radionuclide is given or at the time the
patient is returned from the operating room, This
form will indicate precautions to be taken on a daily
basis and will be reviewed each day by Radiation
Safety personnel.
(b) A " Radiotherapy Precautions" sign shall be 23
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placed at the patient's door. Radiation Safety per-
sonnel will indicate when it may be removed.

(c) The patient should be put in a room by himself.
For patients receiving gamma emitting nuclides, this
room should be as distant from the nursing station
as feasible. Exception: Patients receiving radiation
source implants (radium or iridium needles) or
colloidal suspensions may be placed in a room with
another patient providing this second patient is
receiving external beam therapy.
(d) Handling of Patient

1. When indicated on the Form NIH-88-7, the
patient care staff should wear disposable gloves
while handling the patient. Used gloves should be
placed in the radioactive waste can for dispcsal.
2. Wash hands thoroughly with soap and running
water af ter gloves are removed.

3. Af ter handling the patient, patient-care person-
nel should monitor themselves thoroughly using

- . the Geiger counter provided for this purpose.
r=-=r|r\

- -- m

u-.' 4 (e) Food Service

' - - h j If feasible, paper plates and disposable utensils
should be used by the patient during therapy precau-i

I.m
{)

" ''1 tions. If found contaminated af ter use, they should
i be placed in the waste container provided for this
} } purpose.

f (f) Patient's Linen
--

All linen, i.e., bedclothes, pajamas, towels, etc.,-O._ i . i

h34
used during the period of therapy precautions must'

'

be placed in a yellow laundry bag to be kept in the
II . patient's room, and must not be sent to the laundry

M
. % until monitored by Radiation Safety personnel.

k (g) Removal of Objects and Materials From Patient's~

== Room

All objects or materials to be removed from the
therapy precautions area shall be checked for con-
tamination it may be necessary to remove these
articles temporarily to the utility room for monitor-
ing, due to the radiation levels in the vicinity of the
patient.

(h) Disposal of Radioactive Excreta

1. Feces should be passed in the toilet wherever
possible. If a bedpan is used, it must be h',ndled
with disposable gloves. The same bedpan should
be used until treatment is completed and its use

24 restricted to that particular pat ent.

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



-
_-

1 -

2. Urine shall be saved in stoppered bottles andt

if the radionuclide is a gamma-emitter, the bottles,

shall be kept in a shielded storage container
provided by the Radiation Safety staff. Urine
container, urinals, specimen bottles, etc., should
be handled only by the patient if at all possible.

(i) Housekeeping Personnel

Housekeeping personnel shall not enter the room
unless indicated on the Form NIH-88-7.
(j) Accidents
in case of an accident which might produce a
radiation hazard (e.g., the spillage of contaminated,

urine on the floor),

.7;. , , , . -- .m, ,, . .- -

; CALL AT ONCEf a

[ : During Regular. Working Hours . . i'

The Physician in Charge,f
-

) Radestion Safety Officeri
and'

; Chief of Nursing Service.
Outside of Regular Working Hoursi .i,

Nursing Supervisor in Charge, ,
,

i _ Physician in Charge,L -

; and
| Guard Office in Building 31 for names of
i Radiation Safety Office personnel on call.

u.a.m a,. -.c.-. -

3. Colloidal Suspensions and Sealed Sources

The following apply when patients receive therapy
; utilizing colloidal suspensions or sealed sources, such

as needles, tubes and plaques containing iridium-
192, cobalt 60, radium, radon, etc.

(a) All dressings, bedclothes, sanitary napkins, bed-
pans, etc., or any material removed from the vicinity
of the treatment site shall be carefully monitored to

,

assure that the source has not been removed or,

displaced.
(b) The above-mentioned items (a), (b), (c), and (i)
of Part 2 shall also apply.
(c) Items (d), (e), (f), (g), and (h) do not apply to
these cases since there is little if any chance of
contamination.
(d) The nursing staff should be alert to any sealed
sources which may have moved from their original
positions. Should an implanted source become sep-
arated from the patient, proceed as in 2-(j) above. 25
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Radation . The operator of any radiation producing equipment
is responsible for:

Producing 1. Notifying the Radiation Safety Office when there
Z is any change in the setup, i.e., new equipment
-H installed, changes in shielding, change in output of

eratOr'S radi tion, or change in usa 8e of the unit.
2. Requesting and wearing appropriate monitoringaesponsibiIity devices. Always wear the assigned monitoring device

(e.g., film badge) when working with the unit. When-
ever protective lead aprons are worn, the body monitor
should be worn on the outside of the apron at the
neckline. In addition, wrist monitors are to be worn it
the unprotected hands and forearms must come in
close proximity to the beam.

3. Keeping exposure as low as possible. The operator
must n?ver expo:e himself to the direct beam, and
must not star d 4, thin one meter of the tube or

irradiated target while the unit is in operation ur|ess
adequately shielded. Make full use of protective bar-
riers, lead aprons, gloves, and goggles.

L. Clearing the area of all nonessential personnel.
The operator should insim that all nonessential person-

4 ne, leave the exposure area before operating the unit,
KQ and that all essential perscnnel be adequately

snielded.'

5. Observing any restrictions on the use of the unit

f recommended by the Radiation Safety staff.

h 6. Adequate dark adaptation. The eyes of the__,+'-1 ,

' /f fluoroscopist should be well dark-adapted before he

g h, f uses a fluoroscope without image intensifying equip-
i ment. It is inexcusable to increase the output of the
j \ unit to compensate for poor dark adaptation.

h ,1 age:"%% 7. Using minimum exposure factors. Fluoroscopic
4

~

(F' work shall be performed in the minimum time possible-
4

$ '

N) using the lowest dose rate and smallest aperture
(2;.~. ,j consistent with clinical requirements.

V
'( *N{

- 8. Visually monitoring tube current and potential of|s
'

fluoroscopic equipment with image intensifiers at fre-=

./ quent intervals, because under automatic brightness'
N( control these variables can rise to high values.

x'Nx s//
k

Aw <

1 / N
x-
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;

'

9. Recording data of fluoroscopic and cineradi-
.

ographic studies on patients en Form NIH-378, "Ra-
| diation Exposure Record," and maintaining this form
'

in the patient's record.
! 10. Notifying the supervisor and the Radiation
'

Safety Officer immediately of any accidental exposures
to radiation.

11. Keeping the unit disconnected or locked when
j not in actual use.

'

.

1. All operating personnel and personnel in the Policies for
.

immediate area will 3e required to wear a film badge
or other personnel mor,itoring device. Radiation

| 2. Areas in which radiation producing machines are Producinglocated or are being used shall be posted with the
i characteristic " CAUTION RADIATION" sign. In addi- Vlachines
; tion, the controls shall bear a decal with the statement: ,

" CAUTION RADIATION This equipment produces ra- and Areas
diation when energized." Labels and decals are avail-
able from the Radiation Safety Office.

i
-- .on , , , , , , . , . - ,

Excepoorr Diagnostic'~and. patient treatm'ent
! : areas need not be so marked, provided that a -

' person is charged 'with the responsibility for
j , protection of . employees, patients | and au-

thorized visitors :against radiation injuries,'

,

and for~ the execution of Radiation . Safety.'

'
recommendations.

A _ . _. m _ .. . _ m , a,

! 3. The structural shielding requirements of any new
installation, or an existing ,ne in which changes are

. contemplated, shall be discussed with the Radiation

] Safety staff.

| 4. An annual, scheduled survey of all radiation
I producing equipment used on patients shall be made
i by Radiation Safety personnel. In addition, radiation
' surveys will be made of all new installations and all

existing installations after every change that might
increase the radiation hazard (e.g., replacement of x-
ray tube, changes in filtration of beam).

5. Unless measurements indicate that they are not
needed, protective aprons shall be worn by the physi-
cian, nurse, technician, and all other persons within
the room or area who are frequently or habitually
exposed to radiation. 27

|
1

|
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6. Dose rates for the beam shall be determined for
all units used on human subjects and will be reported
to the operator in milliroentgens per milliampere-sec-
ond or milliroentgens per minute. The " Radiation
Exposure Record," Form NIH-378, shall be completed
for fluoroscopic and cineradiographic studies and
maintained in the patient's record.

7. In the operation of mobile and dental units:
(a) The operator should stand as far as possible
from the tube and patient during exposure, and
should wear a protective apron, or step behind an
adequate shield.

(b) An operator, standing at least 6 feet from the
tube and patient, should not make more than
5,000 milliampere-seconds of exposure during
any one week. Rotation of operators or the use of
portable shields is recommended for greater work-
loads.

8. The hand of the fluoroscopist should never be
placed m the useful beam unless the beam is atten-
uated by the patient and a protective glove of at least
0.25 mm lead equivalent is worn.

9. No person shall be regularly employed to hold
patients during expcsure, nor shall anyone from the
Diagnostic Radiology Department ever be permitted to
perform such service. The person holding the patient,

7 ,1
'

g shall wear protective gloves and a protective apron.
- .v No part of this person's body should be in the

unattenuated useful beam.,

/ g .h.
10. If safe use of the installation depends upong%g P

iP mechanical restriction of the orientation of the radia-- g-
g gy, g,- tion beam, or upon limitations (voltage, current, time,e '

.

\ permanent filter, and maximum aperture)in the output
\# %. ,7 g of the unit, then these restrictions shall be rigidly

-

_

j j
,

e
) j e followed.

'

y 11. Shutter mechanisms and interlocking devices,

should not be tampered with and shall be inspected
at frequent intervals to insure proper operation.-

* 12. All protective devices that may become defective
due to use or abuse, such as protective lead aprons or
gloves, should be inspected for radiation leakage at
least every six months, or whenever the integrity of
the equipment is suspect.

13. A manually reset cumulative timing device shall
be used which will either indicate elapsed time or
turn off the apparatus when the total exposure reaches

28 a certain previously determined limit.
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14. In cineradiography, tube currents and potentials ,g.j\
are of ten higher than those used in fluoroscopy. Thus, -

'

special care should be taken to limit patient exposure. A R

The exposure rates on these cineradiography units ,%'I k
,

-

shall be determined during the annual survey. .JO* *

e a e
15. X-ray diffraction equipment can be particularly 17 I

'

hazardous because of high exposure rates in the . Nm
'

primary beam (e.g., in excess of 500,000 roentgens
~

per minute at the x-ray tube port). ,) i

' 7" "

(a) A radiation survey shall be made by the I ,

Radiation Safety staff before a new installation is g
placed in routine operation and whenever changes I

.

M
are made which could adversely affect radiation h, <%

'Wprotection. The equipment shall be frequently -

inspected for radiation leakage and a radiation y . _ m(~- '-~} . g -

survey shall be made at least annually by Radia-
,_ ,,,. '} y .tion Safety personnel. , . . . ,

(b) Appropriate operating procedures and safety "'~

measures approved by the Radiation Committee
shall be established and followed for these units.

; 16. Personnel specifically responsible for such
' equipment shall insure that all workers in the area are

monitored in accordance v.ith the requirements for the
specific unit.

17. For larger, individually licensed irradiators and
accelerators, specific operating and emergency proce-

I dures shall be established and posted. All users of
this equipment shall operate it in comphance with
these posted instructions.

18. All interlocks, visual and audible warning de-
vices, and monitoring equipment shall be inspected
for proper operation at six month intervalt by Radiation
Safety personnel.

The following procedures for the procurement of RoCUrement orradiation sources are intended to insure compliance
with the terms and conditions of the license issued by Radiation SourcesNRC, and the regulations imposed by the Director,
NIH:

1. The Radiation Safety Officer must be notified in
advance of the procurement of all radiation sources
whether ionizing radiation producing machines, NRC-
licensable or accelerator-produced radionuchde, rad-
ium, or other radioactive materials.

2. When the use of radiation sources is planned,
the investigator must indicate to the Radiation Com- 29
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mittee his training and experience in this area. This is
done by submitting one copy of the Form NIH-88-2
" Application for Use of Radioisotopes at the National
Institutes of Health" to the Radiation Safety Office.
When the investigator makes application to the Com-
mittee, it is understood that he accepts the responsi-
bihty for complying with the regulations governing the
safe use of sources in NIH contro| led areas

3. Upon notification of approval of his quahfications,
the investigator then submits Form NIH-88-1. " Request
for Purchase and Use of Radionuclides," to the

Radiation Safety Office. The form covers only the
~ "1 quantities specified on a single requisition. The form

. j must be completed regardless of the method of acqui-
A + sition. In cases other than purchase, the form serves
b, 'f 1 as the required notice to the Radiation Safety Office-

17 that the receipt of radioactive materials is contem-
h- i plated through gif ts or transfers from any source.-

t 'Y ) 4. Established users of the NIH license may procure
'- / i radionuclides under the Telephone Charge Order (TCO)

i system, provided all conditions of the Small Purchasebi f' ' Procedures Manual (NIH Manual Handbook 2600-'
' i 103-26.9) are met. Authorized investigators are re-,

-
- : - , minded that: the dollar limit for radionuclides is $500
Q- . and for radionuclides being used under the NIH Broad

/ ' ' -d j License delivery must be made within ten (10) days

| to: Radiation Safety Officer NationalInstitutes of Health.
Building 21, Radionuchde Laboratory. Bethesda. Mary-
land 20014 See Small Purchase Procedures Manual
for step by-step instructions for obtaining radionu-
clides by TCO and for list of TCO Account Suppliers.

5. Purchase orders exceeding $500 will be requisi-
tioned in the usual manner by using Form PHS-402-
1, " Requisition for Equipment and Supplies," which
shall be clearly labeled "Radionuclide Order The
requisition must be completed in all normal respects
and, in addition, specify that delivery be made to the
Radiation Safety Officer, National Institutes of Health,
Building 21, Radionuchde Laboratory. Bethesda. Mary-
land 20014 The requisition and accompanying Form
NIH 88-1 are routed through Radiation Safety, Bldg.
21, to the Procurement Section, Bldg.13.

6. The purchase order will then be prepared by the
Procurement Section, Material Management, and
routed through the Radiation Safety Office for final
approval. The Radiation Safety Officer will indicate
approval and place the NRC license number on the

30 purchase order and forward it to the supplier.
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7. The Radiation Safety Office will be the receiving i

point on the NIH reservation for such material and | ;
will make the actual delivery to the ordering investiga- '

tor. Any changes in the original shipping instructions
should be furnished to this office by the investigator y
or the Institute ordering office serving him. Shipping

~

'

information received from the supplier by the Procure-
ment Section and the Receiving Control Reports Sec A- ~ ~TT -
tion, Bldg.13, will be furnished immediately to the '

-

Radiation Safety Office which in turn will keep the 't

@-ordering investigator properly informed. '

<,

hg~ f @ ['

8. In the case of ionizing radiation producing
machines such as x-ray units, linear accelerators, p, yetc., the notification is made on Form NIH-88-13, N
" Request for Authorization to Purchase and Use Radia -

h'J#[tion Producing Machinery or Equipment." The filing
, 'iof Training and Experience Form NIH-88-2 may or 9I 'may not be required by the Radiation Committee

depending on the device (s), its complexity and the C
~

proposed uses. Consult with the Radiation Safety
Officer concerning this Training and Experience re- L__ - -

quirement. The equipment is then requisitioned in the -g4 'I
usual manner using Form PHS-402-1.

'

1. When radioactive material is to be shipped from g t>gNIH, the shipper must notify the Radiation Safety
Office instead of the Shipping and Receiving Section. 38 |O3C{|\/g

,

The Radiation Safety staff will pick up these shipments
on telephone request. The usual NIH shipping request ater.lSia
Form NIH 1884 is to be prepared and will accompany
the container. Under item 7 of this form the descrip-
tion of articles must include radionuchde, chemical

form, and activity (in pCi or mci).
2. The recipient of any material to be shipped from

NIH must provide evidence of an NRC (or agreement
state') hcense by furnishing a copy of his hcense to
the Radiation Safety Office before shipment can be
made. Noncompliance with this requirement is a
violation of the Atomic Energy Act and is subject to
criminal prosecution as well as denial to NIH of
further NRC-controlled radionuclides. Check first with
the Radiation Safety staff by phone to see if the
recipient's license is already on file. If not, then
request a copy from the recipient in order to fulfill
this requirement.

w - ,cr s m es ino,,coesere n. reer,.imio c . - ts,,mer,noc
f >r f ne r or, trol of r +1,oy t ,, < rate c.a t 31



3. The investigator is reminded that the NIH specific
license of broad scope covers only the Bethesda
reservat:an. Auburn BuMng and the Danx BaMngs
N and 5) in Rockvihe Materials transported by the
investigator to other installations must be transferred
to the respective licensees in that area as in paragraph
2 above and in a manner complying with apphcable
NRC and/or Department of Transportation regulations.

4. When an empty radionuclide container is to be
returned to the supplier, the ordering investigator

- must notify the Radiation Safety Office, who will
certify that it is free of contamination. The container
may then be returned through normal channels.

c - Promptness in returning the container is urged. Con-'
_

N_ .

'
ditions of purchase usually require that such con-

I Qg gD tainers will be returned within a specified period of-

I*''~
> go- ,, , _

am.h |
0

. .

f.'
- x

_
-

._

_

As specified in NIH Manual Issuance 1344, NIHgg g
investigators working with radioactive materials and

of Radionuclides radiation producina dev'ces *"' como'v *'tn the 'o'-

by NIH Staff ' *O*iii off.sitet uses of ,ad,onucndes. domest,c o,
foreign, under " generally hctnsed quantities" (10
CFR 31.100) or individual NRC or agreement state
license should be subject to the same scientihc review
and approval by the Radiation Committee as prevails
for in house use.

2. Off-site domestic use under various forms of
NRC or agreement state hcense of an NIH scientist
may be permitted. This requires approval of the same
type of apphcation as is required for NIH use, plus
approval of the application form as submitted to NRC
or the agreement state, including specific data with
respect to proposed methods of comphance with 10
CFR, Parts 19 and 20 or similar agreement state

__

I ! # , -' ! / '

f' ' . II t $

ih r t mg ( {M t p.,qa ; ,p n g (! p g Un i g , p 4 ,p j s. q k < r e, :c) v ec h!H
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regulations. The NIH Radiation Safety Office will
provide assistance with these applications and requires
copies of all relevant correspondence, of the final
licenses, of renewals, and of subsequent amendments
to the licenses.

3. Off-site foreign use may be authorized following
compliance with paragraph (1) and receipt by the
Radiation Committee of an acceptable statement indi-
cating the full knowledge and agreement of an appro-
priate authority in the host country.

4. All NIH scientists using radionuclides under any
circumstances in off-site locations, domestic or for-
eign, must use NIH personnel monitoring devices
when indicated or be under an equivalent monitoring
program acceptable to and reporting to the NIH
Radiation Safety Office.

. . _ - ._ ,, - .
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5. The NIH Radiation Committee and Radiation
Safety Office are authorized to intervene and apply
the applicable NIH regulations to off site uses of other
sources of ionizing radiations employed by NIH person-
nel.

6. Users of radionuclides authorized and procured
under the NIH Broad NRC License are reminded that
this license is specific for the NIH Bethesda reserva-
tion. Aufntn Buda,ng, Danac Buddings 4 and 5. and
other buddings specibcally ment,oned in amendments
to che /VlH Broad I;conse This means that the transfer
of radionuclides from these locations to off-site prem-
ises requires clearance through the NIH Radiation
Safety Office. Transfers of radionuclides from off-site
locations to NIH must be made in accordance with
the requirements of " Procurement of Radiation
Sources." 33
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/NlOSSaryABSORBED DOSE: The amount of energy imparted
ato matter by ionizing radiation per unit mass of

irradiated material. (See Rad) _

ABSORPTION: The phenomenon by which radia- -

'

tion imparts some or all of its energy to any p

material through which it passes. ,

ACTIVITY: The number of n.uclear disintegrations
occurring in a given quantity of material per unit
time. (See Curie)
ALPHA PARTICLE: A strongly ion'izing particle
emitted from the nucleus during radioactive decay
having a mass and charge equat in mage.itude to
a helium nucleus, consisting of;2 protons and 2
neutrons with a double positive cNirge.

~
ALPHA RAY: A stream of fast-mC %g helium
nuclei (alpha particles), a strongly ionizing and
weakly penetrating radiation.

ANNIHILATION (Electron): An interaction between
a positive and negative electron their energy, ;r

/including rest energy, being converted into electro- ,,

magnetic radiation (annihilation radiationi).

ATOM: Smallest particle of an element which is
capable of entering into a chemical reaction.

/AUTORADIOGRAPH: Record of radiation from ra-
dioactive material in an object, made by placing 'j

,

the object in close'pgximity to a photographic ;
, , ,

emulsion.

BACKGROUND RADIATION: lonizing radiation .f

arising from racicactive material other than the
one directly under consideration. Background ra-
diation due to cosmic rays and natural radioactivity
is always present. There may also be background
radiation due to the presence of radioactive sub-
stances in other parts cf the building, in the
building material itself, etc. -

BETA PARTICLE: Charged particle emitted from
ethe nucleus of an atom, having a mass and charge

equal in magnitude to that of the electron.

BETA RAY: A stream.of high speed electrons or /
positrons of nuclear origin more penetrating but e

less ionizing than alpha rays.

BREMSSTRAHLUNG: Electromagnetic (x ray) ra-
diation associated with the deceleration of charged
particles passing through matter. Usually associ- (

ated with energetic beta emitters, e.g., pho-) f.a. ,

*rus-32, >

CAllBRATION: Determination of antion from . ,

standard, or accuracy, of a measurireg inshument 7-
to ascertain necessary coirection factors. "

CONTAMINATION, RADIOACTIVE: Deposition of ). 35
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radioactive material in any place where it is not dependence, etc.) are included in a given case.
desired, and particularly in any place where its ELECTRON: Negatively charged elementary parti-
presence may be harmful. The harm may be cle which is a constituent of every neutral atom.
vitiabng the validity of an experiment or a proce- Its unit of negative electricity equals 4.8 x 10 "'
dure, or in actually being a source of excessive coulombs. Its mass is 0.00549 atomic mass units.
exposurc to perwanel. ELECTRON CAPTURE: A mode of radioactive de-
CARRIER FPEE: An adjective applied to one or cay involving the capture of an orbital electron by
more radienuclides of an element in minute quan_ its nucleus. Capture from the particular electron
tity, essent.3lly undiluted with stable isotope car. shell is designated as "K-electron capture," "L-
rier. electron capture," etc.

ELECTRON VOLT: A umt of energy equivalent toCOUNT (Radiation Measurements): The external
the amount of energy gained by an electron inindication of a device designed to enumerate
passing through a potential difference of 1 volt.ionizing events.(It may refer to a single detected
Abbreviated eV Larger multiple units of the elec-event or to the total registered m a given penod of
tron volt frequently used are: kev for thousand ortime. The term is often erroneously used to desig. kiloelectron volts, MeV for million electron volts

nate a disintegration, ionizing event, or voltage
and BeV for bilkon electron volts.pulse.
EXPOSURE: A measure of the ionization produced,.

CRITICAL ORGAN: That organ or tissuet the irra- in air by x or gamma radiation. It is the sum of
diation of which will result in the greated hazard the electrical charges on all ions of one sign
to the health of the individual or his descendants, prnduced in air when all electrons hberated by*

CURIE: The quantity of any radioactive material photons in a volume element of air are completely
in which the number of disintegrations is 3.700 stopped in air, divided by the mass of air in the,

x 10'"per second. Abbrevated Ci. volume element. The special unit of exposure is j

Millicune: One-thousandth of a curie (3.7' the roentgen.=

10 dismtegrations per second). Abbreviated FILM BADGE: A packet of photographic film used
mci. Microcurie: One milhonth of a cune (3.7 for the approximate measurement of radiation

10' disintegrations per second). Abbreviated exposure for personnel monitoring purposes. The-

pCi. Picocurie: One milhonth of a microcurie badge may contam two or more films of diffenng
(3.7 > 10 -2 disintegrations per second or 2.22 sensitivity, and it may contam filters which shield'

disintegrations per minute). Abbreviated pCs. parts of the film from certain types of radiation.
DECAY, RADl0ACT,V6 Disintegration of the nu- FILTER (Radiology), PRIMARY: A sheet of mate-

,. cleus of an unstable nuchde by the spontaneous rial, usually metal, placed in a beam of radiation
emission of charged particles and/or photons. to remove, as far as possible, the less penetratmg
DOSE: A general term denoting the quantity of components of the beam. SECONDARY: A sheet
radiation or energy absorbed in a specified mass. of matenal of lower atomic number, relative to
For special purposes it must be appropriately that of the pnmary filter, placed in the filtered
qualified, e g., absorbed dose. beam of radiation to remove characteristic radia.
DOSE. ASSORBED: The energy imparted to matter tion produced by the pnmary filter

,byTonizmg radiation per unit mass of irradiated GAMMA RAY: Very peneratmg electromagnetic
. material at the place of interest. The unit of radiation of nuclear origin. Except for ongm,

, absorbed dose is the rad, which is 100 ergs / gram. identical to x-ray.
DOSE EQUIVALENT: A ouantity used in radiation GElGER MUELLER (G M) COUNTER: Highly sen.

' protection expressing all radution on a common sitive gas-filled detector and associated circuitry
scale for calculating the effedive absorbed dose. used for radiation detection and measurement.
The unit of dose equi alent a the rem, which is GENETlc EFFECT OF RADIATION: Inhentable
numencally equal to the absorberi dose in rads changes, chiefly mutations, produced by the ab-
multiphed by certain modifyingrfactors such as sorption of iomzing radiations. On the basis of
the quakty factor, the distnbutief a factor, etc. present knowledge these effects are purely addi-
EFFICIENCY (Counters): A measure of the proba- tive, and there is no recovery.
bihty that a count will be recorded when radiation. HALF LIFE, BIOLOGICAL: The time required for
is ncident on a detector. Usage varies consido the body to ehminate one. half of an admmistered
ably so it is y eli to make sure which factors dose of any substance by the regular processes of

36 (window, transmission, sensitive volume, energy ehmination. This time is approximately the same
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for both stable and radionuclides of a particular pound cr its fragments may be followed through
element. physical, chemical or biological processes.
HALF-LIFE, EFFECTIVE: Time required for a radio- MAXIMUM PERMISSIBLE DOSE (MPD): Maxi-
active nuclide in a system to be diminished 50 mum dose of radiation which may be received by

percent as a result of the combined action of persons working with ior.. zing radiation, which will
radioactive decay and biological elimination. produce no detectable damage over the normal

Effective half-life = life span.

Biological half. fife x Radioactive half-life MILLIROENTGEN (mR): A submultiple of the
Biological half-life + Radioactive half-life roentgen equal to one one-thousandth (1/1000th)

HALF-LIFE, RADIOACTIVE: Time required for a of a roentgen. (See Roentgen)
radioactive substance to lose 50 percent of its MONITORING, RADIOLOGICAL: Periodic or con-

activity by decay. Each radionuclide has a unique tinuous determination of the amount of ionizing

half-liie. radration or radioactive contamination present in

HALF VALUE LAYER (Half thickness): The thick- an occupied region as a safety measure for pur-
ness of any specified mqterial necessary to reduce poses of health protection.
the intensity of an x-ray or gamma ray beam to Area Monitoring: Routine monitoring of the level

one-half its original value. of radiation or of radioactive contamination of
HEALTH PHYSICS: A term in common use fur any particular area, building, room or equip-
that branch of radiological science dealing with ment.
the protection of personnel from harmful effects Personnel Monitoring: Monitoring any part of an

of ionizing radiation. individual, his breath, excretions, or any part of
INVERSE SQUARE LAW: The intensity of radiation his clothing. (See Radiological Survey)
at any distance from a point source varies inversely NEUTRON: Elementary particle with a mass ap-
as the square of that distance. For example: if the proximately the same as that of a hydrogen atom
radiation exposure is 100 Rcht at 1 inch from a and electrically neutral. It has a half. life in min-
source, the exposure will be 0.01 R;hr at 100 utes arid decays in a free state into a proton and

inches. an electron.
ION: Atomic particle, atom, or chemical radical NUCLlDE: A species of atom characterized by its

bearing an electrical charge, either negative or mass number, atomic number, and energy state

positme. of its nucleus, provided that the atom is capable
IONIZATION: The process by which a neutras of existing for a measurable time.
atom or molecule acquires either a positive or a PROTECTIVE BARRIERS: Barriers of radiation ab-

negative charge. sorbing material, such as lead, concrete, plaster,
IONIZATION CHAMBER: An instrument designed and plastic, that are used to reduce radiation
to measure the quantity of ionizing radiation in exposure.

terms of the charge of electricity associated with Protective Barriers, Primary: Barriers sufficient
ions produced within a defined volume. to attenuate the useful beam to the required
lONIZATION, SPECIFIC: The number of ion pairs degree.

per unit length of path of ionizing radiation in a Protective Barriers, Secondary: Barriers suffi-
medium; e.g., per centimeter of air or per micron cient to attenuate stray or scattered radiation to

of tissue. the required degree.
lONIZING RADIATION: Any electromagnetic or RADIATION: 1. The emission and propagation of

particulate radiation capable of producing ions, energy through space or through a material me-
directly or indirectly, in its passage through mat- dium in the form of waves; for instance, the
ter. emission and propagation of electromagnetic
ISOTOPES: Nuclides having the same number of waves, or of sound and elastic waves. 2. The
protons in their nucleL and hence having the energy propagated through a materiai medium as
same atomic number, but differing in the number waves; for example, energy in the form of electro-
of neutrons, and therefore in the mass number. magnetic waves or of elastic waves. The term
Almost identical chemical properties eost between " radiation" or " radiant energy," when unqualified,
isotopes of a particular element. usually refers to electromagnetic radiation. Such
LABELED COMPOUND: A compound consisting, radiation commonly is classified according to fre-
in part, of labeled molecules. By observatic'ns of quency as Hertzian, infrared, vnible (light), ultra-
radioactivity or isotopic composition this com- violet, x-ray, and gamma ray. 3. By extension, 37
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corpuscular emissions, such as alpha and beta light flashes produced in a scintillator by ionizing
radiation, or rays of mixed or unknown type, as radiation are converted into electrical pulses by a
cosmic radiation. photomultiplier tube.
RADIOLOGICAL SURVEY: Evaluation of the radia' SHIELDING MATERIAL: Any material which is
tion hazards incident to the production, use or used to absorb radiation and thus ef fectively
existence of radioactive materials or other sources reduce the intensity of radiation, and in some
of radiation under a specific set of conditions. cases eliminate it. Lead, concrete, aluminum.
Such evaluation customarily includes a physical water, and plastic are examples of commonly used
survey of the disposition of materials and equip- shielding material.
ment, measurements or estimates of the levels of SMEAR (Smear or Swipe Test): A procedure in
radiation that may be involved, and a sufficient which a swab, e g., a circle of filter paper, is
knowledge of processes using or affecting these rubbed on a surface and its radioactivity measured
materials to predict hazards resulting from ex- to determine if the surface is contammated withq

pected or possible changes in mate ials or equip- loose radioactive material,
ment.

SPECIFIC ACTIVITY: Total radioactivity of a given
RADIONUCLIDE: A nuclide with an unstable ratio nuclide per gram of a compound, element or
of neutrons to prctons placing the nucleus in a radioactive nuclide,
state,cf stress. In an attempt to reorganize to a TRACER, ISOTOPIC: The isotope or nonnaturalmore stable state. It may undergo various types of

mixture of isotopes of an element which may berearrangement that involve the release of radiation.
RADIOTOXICITY: Term referring to the potential ncorporated into a sample to make possible obser-

d on d N me d M elem alone or Mof an isotope to cause damage to living tissue by
absorption of energy from the disintegration of the nh Mg a hid WM or

radioactive material introduced into the body. hysical process. The observations may be made

RELATIVE BIOLOGICAL EFFECTIVENESS (RBE): h me suremM of radioactWy or of isotopic.

undanceFor a particular hving organism or part of an
organism, the ratio of the absorbed dose of a THERMOLUMINESCENT DOSIMETER: A dosime-

reference radiation that produces a specified bio _ ter made of certain crystalline material which is
logical effect to the absorbed dose of the radiation capable of both storing a fraction of absorbed
of interest that produces the same biological ionizing radiation and releasing this energy in the
effect. form of visible photons when heated. The amount

REM: The special unit of dose equivalent. The f light released can be used as a measure of
dose equivalent in rems is numerically equal to radiation exposure to these crystals.

the absorbed dose in rads multiplied by the quality X-RAYS: Penetrating electromagnetic radiations
factor, distribution factor, and any other necessary having wave lengths shorter than those of visible
modifying factors. light. They are usually produced by bombarding a
ROENTGEN (R): The quantity of x or gamma metallic target with fast electrons in a high vac-
radiation such that the associated corpuscular uum. In nuclear reactions it is customary to refer

i

emission per 0.001293 grams of dry air produces, to photons originating in the nucleus as gamma
in air, ions carrying one electrostatic unit of rays, arid those originating in the extranuclear
quantity of electricity of either sign. The roentgen part of the atom as x rays. These rays are some-
is the special unit of exposure. times called roentgen rays after their discoverer,
SCINTILLATION COUNTER: A counter in which W. C. Roentgen.
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GUIDELINES FOR MAXIMUM PERMISSIBLE DOSES FOR NIH PERSONNEL
- - - _ _ - _ _ -

Dose in mrem
Organ Year Quarter Month Week

Whole Body (including Gonads, Lens of Eye,
Red Bone Marrow) 5,000 1,250 400 100

Forearms, Hands, Feet and Ankles 75,000 18,750 6,250 1,500

Skin of Whole Body. 30,000 7,500 2,500 650

Fertile Age Women * 3,000 250 60

Pregnar.t Women or Employees Under 18 Years
of Age . 500 125 40 10

For information on specific organs or tissues not listed, consult with Radiation Committee or
Radiation Safety Officer.
* The National Council on Radiation Protection and Measurements, in Report No. 39. recommends
a maximum permissible dose of 2 to 3 rem per year, at an even rate. Also see U.S. Nuclear
Regulatory Commission Guide 8.13 in the Appendsx.
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CLASSlFICATION OF RADIONUCLIDES ACCORDING TO RELATIVE
RADIOACTIVITY PER UNIT ACTIVITY

(Based on Published Data and NIH User Experience)

Class 1 (very 'high toxicity)'

Sr-90 + Y-90, *Pb-210 + Bi-210(Ra D + E), Po-210, At-211,
*Ra-226 + 55% * daughter products, Ac-227, *U-233, Pu-239,
*Am-241, Cm-242, plus other transuranium isotopes.

Class 2 (high toxicity)
Ca-45, *Ca-47, *Fe-59, *Sr-85, Sr-89, Y-91, *Ru-106 + Rh- 106,
*l-125, *l-131, *Ba-140 + *La-140, Ce-144 + *Pr-144, Sm-151,
*Eu-154, *Tm-170, *Hg-203, *Th-234 + *Pa-234, * natural uranium.

Class 3 (moderate toxicity)
*Na-22, 'Na-24, P-32, P-33, S-3 5, Cl-36, *K-42, *Sc 4 6, 'Sc-47,
*Sc-48, *V 48, *Mn-52, *Mn-54, *Mn-56, Fe-55, 'Co 57, "Co-58,
*Co-60, Ni-59, *Cu-64, 'Cu-67, *Zn 65, *Ga-67, 'Ga-72, *As-74,
'As-76, *Br-82, *Kr-85, *Rb-84, *Rb-86, *Zr-95 + *Nb-95, *Nb-95,

'

*Mo-99 Tc-98, *Rh-105, Pd-103 + Rh-103, *Ag-105, 'Ag-111, Cd-109
|+ *Ag-109, *Sn-113, *Te-127, *Te-129, *l-132, *Xe-133, *Cs-137

+ *Ba-137, *La-140, Pr-143, Pm-147, *Ho-166, "Lu-177, *Ta-182,
*W-181, *Re-183, Ir-190, *lr-192, Pt-191, *Pt-193, *Au-196,
*Au-198, "Au-199, TI-200, TI-202, TI-204, *Pb-203, *Hg-197.

Class 4 (slight toxicity)
H-3, Be-7, C-14, *F-18, "Cr-51, Ge-71, *Sr-87m, *Tc-99m *TI-201.

* Gamma emitter and/or associated photon emitter.
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GUIDELINES FOR MAXIMUM ACTIVITIES IN NIH LABORATORIES

"I*"*
..

Radionuclide
Radiotoxicity Significant Typical NIH Laboratory

of Radionuclides Quantity Laboratory Building 21 (1)
Utilized

Very high 0.1 Ci 10 pCi or less 10 pCi-10 mci
High 1.0 pCi 100 pCi or less 100 pCi-100 mci
Moderate 10 gCi 1 mci or less 1 mci-1 Ci

Slight 100 pCi 10 mei or less 10 mci-10 Ci

Modifying factors should be applied to the quantities indicated in the last 2 columns of the above
table, according to the complexity of the procedures to be followed. The following factors are
suggested but due regard should be paid to the circumstances affecting individual cases.

Modifying factorProcedure
x 100Storage (stock solutions)
x 10Very simple wet operations

1*Normal chemical operations
0.1>Complex wet operations with risk of spills
0.1xSimple dry opcrations.
0.01*

Dry and dusty operations .

(1) With proper documentation of experimental protocol and with approval of the Radiation
Committee, investigators may be permitted to use these quantities in NIH laboratories outside
Building 21. With similar documentation, activities exceeding these maximum quantities may
be approved for use in Building 21 only.
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SELECTED PROPERTIES OF MOST FREQUENTLY ORDERED RADIONUCLIDES

Maximum Half-Life
eta Critical MPB -- -

Nuclide En r y m R. /mCEnergy
MeV) at I m rgan (pCi) Radioactive i i sca

(MeV) (days)

'H 0.0186 Body 2000 12.26y 12
Tissue

''C 0.156 Body 180 5730y 12
Fat

:'Na 1.389 1.369 1.84 Total 7 14.96h 11
(100*o) Body
2.754
(100a )o

5P 1.710 Sone 3 14.28d 1155

'' : P 0.248 Bone 32 24.4d 1155

"S 0.167 Testis 0.18 87.9d 623
Total
Body 400

"Cr 0.32(9aa) 0.016 Total 1100
Body 27.8d 616

'"I 28 kev 0.07 Thyroid 0.57 60.2d 138
average
(143"e)

' "I 0.606 0.637 0.22 Thyroid 0.078 8.05d 138
(6.8*.)
0.364
(82*.)

|
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;

Column (4), ly Milliroentgens per hour at 1 meter from 1 millicurie.

j Column (5), Critical organ. The organ that receives the limiting dose equivalent
i-from a substained burden (see discussion of Column 6). These organs are chosen

;

based on the way in which the radioactive material is distributed within the body!

i af ter intake.

|
Column (6), Maximum Permissible Burden (MPB). The amount of a radionuclide
in an organ which, when sustained in that organ continuously, would produce the
maximum permissible dose equivalent. The corresponding maximum permissible
dose equivalents for the organs above are: body fat and thyroid,15 rem /yr; and all
others 5 rem /yr.'

Column (7), Radioactive Half-Life. Present best value, obtained from " Table of
; Isotopes- 6th Edition" by C. M. Lederer, J. M. Hollander, and I. Perlman, John

Wiley & Sons, New York,1967. The abbreviations used here are: s, second; m,
minute; h, hour; d, day; and y, year.
Column (8), Biological Half-Life. The time required for one-half of the stable

; element to be removed from the critical organ by biological processes, as listed by
,

the ICRP. The actual half-life of elimination depends also on the half-life of thej

; isotope. The " effective half-life" in the critical organ (T,.u) is given by T,y =

1 T ,T i,

T, + T,,where Tris the radioactive half-life and T ,is the biological half-life.1

!

,

'
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a --,

Rules of Thumb Beta Particles
, a. Beta particles of at least 70 kev energy are
'

required to penetrate the nominal protective
layer of the skin (7 mg/cm' or 0.07 mm).

b. The average energy of a beta-ray spectrum is
approximately one-third the maximum
energy.

c. The range of beta particles in air is ~ 12
ft/MeV. (Maximum range of "P beta is 1.71
MeV x 12 ft/Mev em 20 ft),

d. The dose rate in rads per hour in a solution
by a beta emitter is 1.12 EC/g, where E is the
average beta energy per disintegration in
MeV, C is the concentration in microcuries
per cubic centimeter, and e is the density of
the medium in grams per cubic centimeter.
The dose rate at the surface & tne solution
is one-half the value given by this relation.
(For "P average energy of approximately 0.7
MeV, the dose rate from 1 eCi/cm' (in water)
is 1.48 rads /hr).

e. The surface dose rate through the nominal
protective layer of skin (7 mg/cm') from a
uniform thin deposition of 1 eCi/cm' is about
9 rads / hour for energies above about 0.6
MeV. Note that in a thin layer, the beta dose
rate exceeds the gamma dose rate, for equal
energies released, by about a factor of 100.

f. For a point source of beta radiation (neglect-
ing self and air absorption) of strength mci
millicuries, the dose rate at 1 cm is approxi-
mately equal to 200 X mci rads / hour and
varies only slowly with beta energy. Dose
rate for 1 mci "P at 1 cm is approximately
200 rads / hour.

Gamma Rays
a. For a point source gamma emitter with en-

ergies between 0.07 and 4 MeV, the expo-,

sure rate (mR/hr) within 20% at 1 foot is
6 x mci X E x n, where mci is the number
of millicuries; E, the energy in MeV; and n,
the number of gammas per disintegration.

b. The dose rate to tissue in rads per hour in an
infinite medium uniformly contaminated by
a gamma emitter is 2.12 EC/g, where C is
the number of microcuries per cubic centi-

44 meter, E is the average gamma energy per
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disintegration in MeV, and e is the density
of the medium. At the surface of a large

;

body, the dose rate is about half of this.

X Ray
a. The exposure rate at 2 feet from diagnostic

x-ray equipment operated at 100 kVp and.

100 milliamperes is approximately 2.3
roentgens /second.

b. Exposure rate at the fluoroscopy table with
tube potential at 80 kVp and tube current of
1 milliampere should not exceed 2.1
roentgens / minute.

c. Scattered radiation can be as penetrating as
the primary beam.

X-Ray Diffraction
a. The x-ray beam intensities from the primary

beam can be as much as 400,000 R/ min.

| b. Scattered radiation 10 cm from the points of
scatter about the x-ray tube head has been'

measured in the order of 150 R/hr..

c. The threshold dose sufficient to produce skin
erythema is 300 to 400 roentgens.

'

d. The minimum cataractogenic single dose is
200 rads, while a dose of 750 rads exhibits
a high incidence of cataract formation.

Miscellaneous
a. The activity of any radionuclide is reduced to

less than 1% after 7 half-lives (i.e., 2" =
0.8%).

b. For material with a half-life greater than six
;
' days, the change in activity in 24 hours will

be less than 10%.

>
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MIRD Absorbed Dose Calculations

The following are examples of the equations and calculations necessary to estimate absorbed
dose according to the schema developed and published by the Medical Internal Radiation Dose
(MIRD) Committee of the Society of Nuclear Medicine. Pamphlets containing the required data
may be obtained by writing: MIRD Committee, 404 Church Ave., Suite 15, Maryville, Tenn.
37801. A limited number of copies are available for short term loan from the Radiation Safety
office. Reminder: when using the MIRD method, it is most important to keep all quantities in the
specified units.

A. General Equation

O(r=~rn) = A S(r&-r )n
where 0(ri-rn) = mean absorbed dose (in rads) to target organ r from source organ r ,e n

A = cumulated activity in source organ r , andn

S(r -r ) = the "S-factor", or absorbed dose per unit cumulated activity (in rad /pCi-n

hr) for target organ r , and source organ r . S is tabulated by nuclide for au n

large number of source-organ target-organ configurations in MIRD pam-
phlet No.11 (1).

B. Other important Equations
i

j

1. A = A, exp (-0.693t/T,y) dt'

d,t

where A, = initial activity in source volume (pCi)
ti = initial time during which dose is to be calculated

(hours after initial uptake).
t = final time during which dose is to be calculated '

(hours af ter initial intake).
T,y = effective half-life (h)

1 1 1

' tty " C + T ,3,:

{ where Tm = biolcgical half-life (h) of radionuclide in the source volume

] T,n, = physical half-life (h)
; 3. For complete disintegration of the radionuclide:
j A = A,(1.44 x T,y)
,

C. Specific Example

| The following example is given solely to demonstrate the method of calculation and does not
necessarily indicate that the target organs will receive the highest absorbed doses.;

Example: 0.1 mci 2*Na is administered orally and is excreted exponentially with a three
hour biological half-life. What is the absorbed dose to the stomach? to the total

; body? (Simplifying assumption: idealized condition with no absorption of *iNa
from the stomach into the body).

46
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1. Necessary Information on 84Na in the Stomach
a. Biological half-life (Tm) = 3 h (given)
b. Physical half-life (Tg,) = 15 h (p.19, ref. 2)
c. Calculated effective half-life:

= + ; T,y = 2.5 h

2. Calculation of Cumulative Activity
A = A.(1.44 x T,y) = 100 (1.44 x 2.5) = 360 Ci-h

3. Determination of S factors from MIRD Pamphlet 11, p. 28-29.
a. For source organ stomach content (stc) and target organ stomach wall (stw)

S(r ,,-r,, ) = 3.6 x 10-3 rads / Ci-hr
b. For source organ stomach content (stc) and target total body (tb)

S(rn,-r.) = 4.9 x 10-5 rads /pci-br
4. Calculation of Dose to Target Organs from Source Organ

a. D(r,,,-r,,c) = 360 Ci-br x 3.6 x 10-3 rads / Ci-br = 1.30 rads
b. 0(r,6-r ,c) = 360 pCi-hr x 4.9 x 10-5 rads /gCi-r = .018 rads

5. Summary of Dose Calculations
100 uCi 2iNa; Source Organ: Stomach

Target Organ Absorbed Dose
(rads)

Stomach 1.296
Total Body 0.018

References

; 1. Snyder, W. S., Ford. M. R., Warner, G. G., and Watson. S. B.: "S", Absorbed Dose per Unit
| Cumulated Activity for Selected Radionuclides and Organs. NM/MIRD Pamphlet No.11,

Society of Nuclear Medicine,1975
2. Dillman, L. T., and Von der Lage, F. C. Radionuclide Decay Schemes and Nuclear Parameters1

for Use in Radiation-Dose Estimation NM/MIRD Pamphlet No.10, Society of Nuclear
Medicine 1975
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Calcium - 45 165 Days
- . - - -

I
Daysi

Days _

i i |t j

| 10 f 12 I 14 16 180 2 4 6 | 8
i i ! I

i I

O 1.0000 .9916 .9833 .9751 .9670 .9589 .9508 .9429 .9350 | .9272
20 .9194 ,.9117 '.9041 .8965 .88n0 .8816 .8742 .8669 | .8596 ' .8525
40 .8453 i.8383 .8312 .8243 .8174 .8105 I.8038 .7970 i.7904 i.7838
60 .7772 :.7707 1.7643 .7579 .7515 .7452 .7390 .7328 j .7267 | .7206
80 .7146|.7086 .7027 .6968 .6910 .6852 .6794 | .6738 .6681 (.6625

! !
.6570 | .6515: .6460 .6406 .6353 .6300;.6247 .6195 .6143 | .6091100 ,

120 .6040 | .5990 , .5940 , .5890 .5841 ,.5792 ,.5'43 .5695 L .5648 I .5601,

140 i .5554 ; .5507 ' .5461 j .5415 .5370 | .5325 .5281. 5236 | .5193 ' .5149
.4896 | .4855 | .4814 ' .4774 ; .4734160 i .5106 ! .5063 | .5021 ' .4979 .4937

.4502 f .4464 , .4427 .4389 | .4353.46551.4616 j .4578 4540180 . .4695

| .4316 | .4280 ; .4244 j .4209 4104|.4070.4036I.4002
I i I

.4174 .4139200 ,

220 ! .3969 | .3935 ' .3902 I .3870 .3837 .3805 .3773 .3742 ! .3711 j .3679
240 .3649 .3618 ! .3588 j .3558 .3528 .3499 .3469 i.3440!.3412 .3383.

.3355: .3244 .3217 .3190 . 3163 i.3137 .3110260 I

.3084 [.3327 1.3299 '.3271.3059 | .3033 .3006 .2982 .2957 .2933 '.2908 .2884 .2860280

|.2836 .2812 | .2789 .2765 .2742 .2719 .2696 .2674 .2651 .2629300
320 ' .2607. 2585i.2564 .2542 .2521 .2500 .2479 .2458 .2438 !.2417
340 .2397 | .2377 | .2357 .2337 .2318 .2299 .2279 .2260 .2241|.2223
360 .2204 '.2186 i.2167 .2149 .2131 .2113 ;.2096 .2078 .2061I.2043

'

I I 1
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Calcium - 47 4.54 Days
- - . - - _ _ ---- _ _-

I H0urs
Days

__.________
'

I i1

|' 6 !7 8 | 9 10 : 11i 0 1 2 3 | 4 1 5r
,

i ; } - 11 ,

1.0000 {| .9937 ! .9874 , .9811 i .9749 ! .9687
; ! I f f

i .9626 9564 .9504 '.9444 .9384 I.93240.0
0.5 .9265 .9206 .9148 I.9090 .9032 .8975I.8918 I.8862 .8805 .8749 :.8694 .8639
1.0 .8584 .8530 .8476 .8422 .8368;.8315 .8263 .8210 .8158 .8106 .8055 .8004
1.5 .7953 .7903 .7853 .7803 .7753 1.7704 .7655 .7607 .7559 .7511 i.7463 .7416
2.0 .7369 .7322 !.7275 .7229 .7184 i 7138 .7093 .7048 .7003 .6959 | .6914 .6871

l I

2.5 ! .6827 .67844 .6741 .6698 I .6656 | .6613 .6571 .6530 I.6488'.6447 6406 .6366
I .6285 .6245 .6206 '.6166 I.6127 .6088 .6050 .6011 .5973 i .5935 | .58983.0

f.6325.5860 | .5823 . 5786.5750 .5713! .5641 .5605 !.5570 .5534 .5499 | .5464j 3.5
.5327 | .5293 ! .56774.0 .5430 .5395 '.5361 .5260 .5226 .5193 .5160 .5128 i.5095 .5063

4.5 .5031 .4999 .4967 .4936 .4904I.4873 4842 .4812 1.4781 .4751 {.4721 :.4691
i l I

5.0 .4661 4631 .4602 .4573 ! .4544 j .4515 ; .4486 4458 .4430i.4402 .4374 .4346<

5.5 | .4318 .4291 .4264 .4237 .4210 '.4183 '.4157 !..4130 ;.4104 '.4078 .4052 .4026
6.0 | .4001 .3976 .3950 .3925 .3900 .3876 .3851 | .3827 .3802 j .3778 .3754 .3731

|.37076.5 .3683 .3660 .3637 .3614 .3591 .3568 !.3545 i.3523 '.3501 '.3478 .3456
7.0 ' .3434 ,.3413 .3391 .3370 .3348 .3327 .3306 l.3285 .3264 i.3243 i.3223 .3202

I
.3024|.3005 2986 .2967I7.5 .3182 .3162 .3142 .3122 .3102 .3082 .3063 .3043

I8.0 .2948 .2929 .2911 .2892 .2874 .2856 .2838 .2820 .2802 .2784 .2766,.2749
8.5 .2731 .2714 .2697 .2680 .2663 .2629 .2613 .2596 .2579).2563 .2547

.2467 !.26469.0 .2531 .2515 .2499 .2483 .2451 .2436 i .2421 ! .2405 ' .2390 | .2375 .2360
9.5 .2345 .2330 .2315 .2300 | .2286 ! .2271 .2257 !.2243 .2228 .2214 .2200:.2186

I ! i !
10.0 .2172 .2159 .2145 .2131!.2118 I.2104 .2091 .2078. 2065 .2052 '.2038 .2026
10.5 .2013. 2000 .1987 .1975 .1962 I.1950 .1937 I.1925 '.1913 .1901 .1889 .1877
11.0 .1865 I.1853 .1841 .1830 ,.1818 '.1806 .1795 !.1784 .1772 .1761 ,.1750 '.1739
11.5 .1728 .1717 .1706 !.1695 .1684 .1674 .1663 '.1652 ' 1642 .1632 1621 !.1611
12.0 .1601 .1591 .1581 .1570 , .1561 j .1551 .1541 ,.1531 .1521 | .1512 .1502 | .1493.;

. . ,

12.5 .1483 .1474 .1464 I .1455 | .1446 I .1437 .1428 j .1419 .1410 ' .1401 f .1392 ! .1383
13.0 .1374 .1365 .1357 .1348 :.1340 ,.1331 .1323 .1314 | .1306 ! .1298 !.1289 !.1281
13.5 .1273 ; .1265 | .1257 .1249 , .1241 i .1233 | .1225 i .1218 ' .1210 ! .1202 i .1195 ; .1187
14.0 | .1180 | .1172 | .1165 , .1157 j .1150 : .1143 I .1135 ! .1128 .1121 | .1114 .1107 i.1100

1

14.5 { .1093 | .1086 | .1079 i .1072 ; .1065 .1059 ! .1052 I .1045 ' .1039 | .1032 I .1025 I.10A9
l | I | !_

i , i 1 i
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Chromium - 51 27.8 Days
_ ._ _ ._.________.___.__ _ ____ _

Hours
Days

_ _ _ _ _ _ _ _ _ _ _ _._ __.,_ _ _ _ _ _ _ _ _ _

l ! l

16 18 20 220 1 2 |4 6 8 10 12|14
3

| 1.CCCO | .9979.99E9 | .9938 .9317 g.9897 .9876 .9856 .9835 9815 .9794 .97740
.9754 i.9734 .9713 | .9693 .9673 '.9653 '.9633 .9613 .9593 .9573j.9553 .95331 i

.9514 i .9494 j .9474 l.9454 .9435 .9415 .9396 .9376 .9357 .9337 i.9318 .92992 i

3 .9279 .9260 ' .9241 | .9222 .9202 .9183 .9164 .9145 .9126 .9107'.9088 .9070
4 .9051 .9032 .9013 .8995 .8976 .8957 .8939 .8920 .8902 .8883 .8865 .8846

5 i .8828,.8810 .8791 .8773 .8755 .8737 .8719 .8700 .8682 .8664 i.8646 .8628
6 ! .8611 | .8593 .8575 .8557 .8539 .8522 .8504 .8436 '.8469 .8451 I.8433 .8416

| .8398 | .8381 .8364 :.8346 .8329 .8312 .8294 .8277 .8260 .8243 .8226 .82097
8 ! .8192 { .8175 ' .8158 | .8141 .8124 .8107 .8090 .8073 .8057 .8040 .8023 .8007

I .7990
.7973 j .7957 | .7940 .7924 .7907 .7891 .7875 .7858 '.7842 .7826 .78099

I I

10 ! .7793 | .7777 ' .7761, .7745 .7729 .7713 .7697 .7631 .7665 .7649 .7633 .7617
11 .7601|.7586 .7570 1.7554 .7538 !.7523 .7507 .7492 .7476 . 7450 i.7445 !.7430:

!12 .7414 I.7399 .7383 | .7368 .7353 '.7337 .7322 .7307 !.7292 '.7277 .7262 '.7247

.7232 ! .7217 ! .7202 f .7187 .7172 .7157 .7142 .7127 !.7112 .7098 .7083 .706813 !

14 { .7053 | .7039 | .7024 3 7010 .6995 .6981 .6966 .6952 | .6937 .6923 .6908 .6894
| i '

, i

f.6880 ! .6865 ' .E851 | .6837.6823 | .6809 .6795 .6780 < .6766 .6752 ;.6738 .672415

.6627 | .6613 ! .6600 | .6596 i .6572.655916 ' .6710 ! .6696 i .6E83 ; .6669 .6655 i.6641 ;

.6545 i.6532 .6518 I.6504 .6491 !.6477 .6464 j .6451 ! .6437 ' .6424 t .6411 .639717 '

18 .6384 ; .6371 .6357 I.6344 .6331 .6318 .6305 1.6292 !.6279 .6266 .6253 .6240
19 .6227 !.6214 ,.6201 ,.6188 .6175 .6162 .6150 | .6137 | .6124 .6111 .6099 .6086

!
.5998 ! .5986 | .5973

! !i

20 .6073 .6061 .6048 '.6036 .6023 :.6011 .5961 .5949 .5936,

21 .5924 i .5912 ,.5899 .5887 .5875I.5863 .5850 '.5838 !.5826 .5814 .5802 .5790
'

22 .5778 .5766 !.5754 i.5742 .5730i.5718 .5706 .5695 ! .5683 .5671 .5659 .5647
23 .5636 ! .5624 .5612 !.5601 .5589 .5577 .5566 '.5554 ;.5543 . 5531 '.5520 .5508I

24 .5497 !.5485 ;.5474 !.5463 .5451 .5440 .5429 .5418 .5406 '.5395 .5384 .5373
- i j

25 .5362 | .5350 : .5339 ! .5328 .5317 .5306 .5295j.5284 i.527.3 .5262 .5251 .5240
26 j .5230!.5219.5208[.5197 .5186 .5175 .5165 .5154 | .5143 .5133 .5122 .5111
27 | .5101!.5090 .5380 ;.5069 .5059 .5048 .5038 .5027 j .5017 .5006. 4996 .4985
28 i 4975|.4965 .49|4 | .4944 .4934 .4924 .4913 .4903 | .4893 4883 .4873 .4863
29 | .4853!.4843. 4832,.4822 .4812 .4802 .4792 4783 I.4773 !.4763 .4753 .4743

! i i |
'

,
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Cobalt - 57 270 Days
i

Days
.

i

0 2 4 6 8 ! 10 | 12 14 16 ! 18
-

| |
>

I | !
I I

'

O 1.0000 .9949 .9898 .9847 | .97 37 .9747 .9697 .9647 I.9598 .9548
20 .9500 .9451 .9402 i .9354 | .9306 ; .92591.9211 .9164 ' .9117 | .9071
40 .9024 .8978 .8932 .8886 !.8841 .8795!.8750. 8706. 8661i.8617
60 i .8572 .8529 .8485 .8441 .8398 .8355 !.8312 .8270 .8227 .8185
80 |.8143 .8102 .8060 .8019 .7978 .7937 !.7896 i.7856 ;.7816 .7776

i ! !
'

'

I

7657 | .7618 i .7579 ! .7540 i |.7463 .7425 | .7387
,

' 100 .7736|.7696
120 .7349 | .7311 .7274 | .7236 i .7199 | .7162 f 75017126 j .7089 j .7053 | .7017
140 .6981|.6945 .6910 '.6874 '.6839 [.6804 .6769 '.6734 .6700 .6666
160 .6632 i.6598 i.6564 .6530 i .6497 [ .6463 j .6430 i .6397 i .6365 , .6332
180 .6300 !.6267 .6235 .6203 i .6172 i .6140 j .6103 .6077 .6046 .6015

8 : , n
.

200 .5984 !.5954 .5923 . 5893 | .5863 ! .5833 | .5803 ' .5773 . 5743 | .5714
220 .5685 .5656 .5627 | .5598 I .5569 i .5541 ' .5512 .5484 | .5456 ' .5428

.5373 | .5345 .5318 i .5291 | .5263
240 .5400 .5236 .5210'.5 3 5156
260 .5130 5104 !.5078 {.5052 !.5026 .5000 .4974 .4949 / 924 ,.4898
280 .4873 I.4848 i.4823 .4799 .4774 .4750 .4725 ,.4701 .4677 !.46531

\ I i,
,

300 .4629 .4606 , .4582 | .4559 .4535 i .4512 ' .4489 | .4466 , .4443 ; .4420
320 .4398 .4375 ' .4353 | .4330 | .4308 !.4286 .4264 !.4242 .4221;.4199

.4051| .3989340 .4178 .4156 .4135 i .4114 | .4093 ' 72

.3848 !.4030 i.4009360 .3969 .3948 '928 '.3908 '.388" 58 .3828 .3809 .3789
380 .3770 .3751 .3731 .2712 .3693 674 .3656 I .3637 | .3618 .3600 i

| I
400 .3581 .3563 .3545 .3526 .3508 .3490 .3473 i.3455 '.3437 .34191

420 .3402 .3385 .3367 | .3350 .3333 .3316 .3299 '.3282 .3265 .3248
440 .3232 .3215 .3199 | .3182 .3166 .3150 .3134 .3118 j .3102 .3086
460 .3070 .3054 .3039 .3023 .3008 .2992 .2977 .2962!.2946 .2931
480 .2916 .2901 .2887 .2872 .2857 .2842 .2828 .2813 .2799 .2785

52



- _, - . . - - - -~= . - . - . . . . .- .-. .- - ~ _ -

!~

.

i Fluorine - 18 109.7 Minutes

Minutes
! Minutes

'

i

O 1 2 3 4 5 6 7 i 8 9 |'

I

I
! O 1.0000 .9937 .9874 .9812 .9750 .9689 .9628 .9567 .9507i.9447

10 .9388 .9329 .9270 .9211 .9153 .9096 .9038 .8982 .8925 .8869

! 20 .8813 .8757 .8702 .8647 .8593 .8539 .8485 .8432 .8378 .8326

{ 30 .8273 .8221 .8169 .8118 .8067 .8016 .7965 7915 .7865 .7816
' 40 7767 7718 .7669 .7621 7573 .7525 .7478 .7431 .7384 7337

.

50 .7291 7245 .7200 .7154 .7109 .7064 7020 .6976 .6932 .6888
.

1 Hour .6845 .6802 .6759 .6716 .6674 6632 .6590 .6549 .6507 .6466'

} 10 .6426 .6385 .6345 .6305 .6265 .6226 .6187 .6148 6109 | .6070
t

| 20 .6032 5994 .5956 .5919 .5882 .5845 .5808 .5771 .5735 i.5699.

|
30 .5663 .5627 .5592 .5556 .5521 .5487 .5452 .5418 .5384 .5350

'

40 .5316 .5283 ,.5249 .5216 .5183 .5151 .5118 .5086 .5054 .5022

j 50 .4991 .4959s.4928 4897 .4866 .4835 4805 4775 .4745 .4'15 .

I 2 Hours .4685 .4655 4626 4597 .4568 .4539 .4511 4482 .4454 4426 2

10 .4398 .4370 .4343 4316 .4288 .4261 .4234 4208 .4181 .4155

| 20 .4129 .4103 4077 .4051 .4026 .4000 .3975 .3950 .3925 .3901
3 30 .3876 .3852 .3827 .3803 .3779 .3755 .3732 .3708 .3685 .3662
! 40 .3639 .3616 .3593 .3570 .3548 .3525 .3503 .3481 .3459 .3438

| 50 .3416 .3394 .3373 .3352 .3331 .3310 .3269 .3268 .3247 .3227 |
; 3 Hours .3207 .3187 .3166 .3146 .3127 .3107 .3087 .3068 .3049 .3029

'

!

10 .3010 .2991 .2973 .2954 .2935 .2917 .2898 .2880 .2862 .2844
20 .2826 2808 .2791 .2773 .2755 .2738 .2721 .2704 .2687 .2670

.

| 30 .2653 .2636 .2620 .2603 .2587 .2570 .2554 .2538 .2522 .2506
i 40 .2491 .2475 .2459 .2444 .2428 .2413 .2398 .2383 .2368 .2353
I 50 .2338 .2323 .2309 .2294 .2280 .2265 .2251 .2237 .2223 .2209

) 4 Hours .2195 .2181 .2167 .2154 .2140 .2127 .2113 .2100 .2087 .2074

|

| 10 .2060 .2048 .2035 .2022 .2009 .1996 .1984 .1971 .1959 .1947
20 .1934 1922 .1910 ).1898 .1886 .1874 .1862 .1851 .1839 .1827- .

; 30 .1816 1804 .1793 .1782 .1771 .1759 .1748 .1737 .1726 .1715
.

; 40 .1705 .1694 .1683 .1673 ,1662 .1652 .1641 .1631 .1621 .1610

| 50 .1600 .1590 .1580 .1570 .1560 .1551 .1541 .1531 .1521 .1512

5 Hours .1502 1493 .1483 .1474 .1465 .1456 .1446 .1437 ~.1428 .1419
j

.

) 10 .1410 .1401 .1393 .1384 .1375 .1366 .1358 .1349 .1341 .1332
! 20 .1324 1316 .1307 .1299 .1291 .1283 .1275 .1267 .1259 .1251

.

j 30 .1243 .1235 .1227 .1220 .1212 .1204 .1197 .1189 .1182 .1174
40 .1167 .1159 .1152 .1145 .1138 .1131 .1123 .1116 .1109 .1102'

50 .1095 .1088 .1082 .1075 .1068 .1061 .1055 .1048 .1041 .1035

6 Hours .1028 .1022 .1015 .1009 .1003 .0996 .0990 .0984 .0978 .0971 i

!
i

e

i
-

.

!
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Gallium - 67 77.9 Hours
t
'

Hours
Hours |

|
, i

+

j
0. j .5 1.0 1.5 ; 2.0 < 2.5 3.0 | 3.5 , 4.0 | 4.5 5.0|5.5j

,

I_ '
!'

O | 1.0000 ; .9956 .9911 .9867 .9824 !.9780 .9737 .9693 .9650 .9608 | .9565 .9522
6 : .9480i.9438 .9396 .9354 .9313 i.9272 .9230 | .9189 .9149 | .9108 .9068 .9027

12 i .8987 '.8947 .8908 ! .8868 !.8829 .8790 | .8751 | .8712 { .8673 : .8635'.8596. 8558
18 j .8520 ; .8482 | .8445 i .8407 .8370 | .8333 ' .8296 | .8259 ; .8222 j .8186 ! .8149 ' .8113

1 Day i .8077 j .8041 .8006 .7970 .7935i.7899 .7864 | .7829 | .7795 [ ,7760 | .7726 .7691
I '

i | i i

6 .7657 i .7623 7589 .7556 !.7522 !.7489 .7456 ! .7422 i .7389 ! .7357 | .7324 .7291=

.

I12
| .7259 ! .7227 , .7195 , .7163.6821 , .6791 !.7131 . 7099.7C37 | .7005 i .6974 | .6943.7068 .6912

18 .6882 .6851 .6760 '.6730 .6700 .6671 | .6641 .6612: .6582 .6553i

2 Days ' .6524 1.6495 .6466 i.6437 .6409 .6380 .6352 , .6324 j .6296 ; .6268 | .6240 .6212
I

6 |.6185 .6157 '.6130 .6103 ; .6076 | .6049 .6022 f .5995 ! .5969 ! .5942
;

,

.5916 .5889
12 j .5863 .5837 . 5811 , .5786 i.5760 i .5734 .5709 I .5684 ! .5658 | .5633 .5608 .5583
18 i .5558 i 1 534 : .5509 | .5485 .5460 .5436 .5412 '.5388 .5364 .5340 .5317 .5293

3 Days | .5270 .5246 .5223 .5200 .5177 .5154 .5131 .5108 .5085 .5063 .5040 .5018

| .4996 | .4973 ! .4951. 4929 i .4907 .4886 .4864 .4842 .4821 .4799 .4778 .47576

! .4490 ' .4470 ' .4450 | .4673 j .4652 .4550 | .453012 i .4736 | .4715 i .4694 .4632 .4611 .4591 .4570 .4510
18 ; .4430 ;.4410 ,.4391 .4371 .4352 .4333 .4313 | .4294 .4275

4 Days !.42561.4237;.4219 .4200 i .4181 j .4163 .4144 i .4126 ; .4107 , .4089 | .4071 .4053
| $ i i ! I

.4017 ' .3999 | .3981 | .3964 | .3946
6 | .4035 .3808 i .3791 ; .3774 ! .3758 ; .3741 | .3724 , .3708 |1 .3894 | .3877

.3859 .3842.3929 .3911
12 .3825'

.3691 !.3675 .3659 .3643
18

.3626 i .3610 !.3594 I .3578 . 3562 '.3547 i .3531 i .3515 | .3500 | .3484 ~ .3469 :.34535 Days .3438 .3423 I .3407 | .3392 | .3377 .3362 .3347 .3332 .3318 .3303 .3288 !.3274
'

i

6 I .3259 .3245 .3230 | .3216 ! .3202 .3187 .3173 .3159 .3145 .3131 .3117 .3103
12 .3090 !.3076 ! .3062 ! .3049 i .3035 .3022 .3008 .2995 .2982 .2968 .2955 .2942
18 .2929 ! .2916 | .2903 | .2890 i .2877 .2865 .2852 .2839 .2827 .2814 .2802 .2789

6 Days .2777 . 2764 i .2752 .2740 i .2728 j .2716 .2704 | .2692 | .2680 .2668 .2656 .2644
.

!

|.2632|.2621 .2609f.2598.2586 .2574 .2563 | .2552 .2540 .2529 .2518 .25076
12 ! .2496 .2484 I.2473 ,.2462 i.2452 :.2441 .2430 | .2419 .2408 i .2398 .2387|.2376.23E6 .2355. 2345|.2334!.2324I.2314 .2304 i .2293 | .2283 .2273 .2263|.225318 '

7 Days .2243 .2233 .2223 | .2213 .2203 | .2193 .2184 | .2174 .2164 .2155 .2145 .2136
_ i

_
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Gold - 198 2.697 Days
--

- - .

Hours
H0urs

!
,

O. ! .5 1.0 1.5 | 2.0 2.5 , 3.0 35 4.0 4.5 5.0 5.5
'

| ,

0 i 1.0000 .9947 .9893 .9841;.9788 I.9736i.9684 .9632 .9581 .9530 .9479 .9428
6 | .9378 .9328 ;.9278 .9228 .9179 .9130 {.9081 .9033 .8984 .8937 .8889 .8841

12 ! .8794 .8747 .8700 .8654 .8608 .8562 .8516 .8471 .8425 .8380 8336 .8291
18 ! .8247 .8203 .8159 i.8115 .8072 .8029 ( .7986 .7943 .7901 .7859 7817: .7775

1 Day .7734 .7692 .7651 .7610 .7570 i.7529 i.7489 .7449 .74C9 .7370 7330 .7291
! | I

<

6 .7252 .7214 i.7175 i.7137 7099 I.7061 .7023 .6986 .6948 .6911 .6874 '.6838
2

.6801 .6765 | .6729 .6693 !.6657 .6621 .6586 .6551 .6516 ' .6481 .6446 .641212 ,

18 .6378 ,.6344 .6310 .6276 '.6243 .6209 .6176 .6143 .6110 .6078 .6045 i.6013
2 Days .5981 .5949 | .5917 .5886 ^ .5854 ! .5823 .5792 .5761 .5730 .5700. 5669 .5639'

'

| |
i

,

6 I .5609 !.5579 ,.5549 .5519 .5490 .5461 ' .5431 .5402 .5374: .5345 .5316 .5288
12 .5260 i.5232 .5204 .5176 .5148 i.5121 .5093 .5066 .5039 .5012 4985 4959
18 .4932 }.4906 ;.4880 i.4854 .4828 '.4802 ;.4776 .4751 .47261 4700 .4675 .4650

3 Days | .4625 i .4601, .4576 .4552 i.4527 .4503 4479 .4455 .4431 .4408 .4384 ;.4361

6 .4338 .4314 4291 .4268 .4246 .4223 ' .4200 .4178 .4156 .4133 .4111 .4089'

12 4068 4046!.4024'.4003 .3981 '.3960 !.3939 .3918 .3897'.3876 .3856 .3835
18 . .3815 .3794 .3774 .3754 '.3734 '.3714 I.3694 .3674 .3655' 3635 .3616 .3596

4 Days .3577 j .3558 i .3539 .3520 .3501 ,.3483 '.3464 .3446 .3427 .3409 .3391 .3373
li >

; 1

6 .3355 '.3337 .3319 .3301 .3283!.3266. 3248 .3231 .3214 ' .3197 .3180 .3163
12 .3146 .3129 .3112 .3096 .3079 .3063 .3046 .3030 .3014 2998 .2982 .2966
18 .2950 | .2934 .2919 i.2903 .2887 .2872 .2857 .2841 .2826 .2811 .2796 .2/81

5 Days .2766 .2752 .2737 .2722 .2708 j .2693 ; .2679 .2665 .2650 .2636 .2622 '.2608

6 .2594 .2580 .2567 .2553 .2539 .2526 .2512 .2499 .2485 .2472. 2459. 2446
12 .2433 .2420 .2407 .2394 .2381 .2369 :.2356 .2343 .2331 .2318 .2306 .2294
18 , .2281 .2269 .2257 .2245 .2233 2221 '.2209 .2197 .2186 '.2174 .2162 ~ .2151

6 Days .2139 .2128 .2117 .2105 .2094 ,.2083 .2072 .2061 .2050 .2039 .2028 .2017
!

6 .2006 .1996 '.1985 .1974 .1964 ' .1953 t .1943 .1932 .1922 .1912 .1902 .1892
12 .1881 .1871 .1861 .1851 .1842 .1832 . 1822 .1812 .1803. 1793 .1783 .1774
18 .1764 .1755 .1746 .1736 .1727 .1718: .1709 .1699 .1690 ' .1681 .1672 .1663

7 Days .1655 .1646 .1637 .1628 .1620 .1611 .1602 .1594 .1585 ' .1577 .1568 : .1560
-

- - _ - . . . . - - . - - _.- ..-
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Hydrogen - 3 12.26 Years
_

M0nths,

Years !

,
.

| 0 i 1 !2 !3 | 4 5 6 7 8 9 - 10 11
{ i I , I i !'

j -- - - - "t ;
.

>|
1

t ; i ! i

.9906 I .9767 .9721 ' .9676 | .9630 ! .9585 i .9540 .94950 1.0000 j .9953

.9362 !.9860 !.9813.9318 | .92741 .9450i.9406
.8723 | .8682 i .8641 ; .8600 |' 8560 | .8520 , .8480
.9230 .9187 j .9144 i .9101 .9058 ,.9015 .8973,

.8931 | .8889 ) .8847 ' .8805 .8764.8440 : .8400 .8361 * .8321 | .8282
2
3

, , .8243 .8205 ' .8166 ' .8128 | 8090!.8052'.8014
4 ' 7976 : .7939 '.7901 ! .7864 .7827 .7790 .7754 '.7717 ;.7681 !.7645 .7609 .7573.

f II l

.7538 i .7502 | .7467 | .7432.7397 .7362 .7327 I.7293 .7259 !.7225 .7191 .71575
6 .7123 '.7090 i .7056 i.7023 I.6990 .6957 .6925 | .6892 .6860 '.6827 .6795 .6763
7

.6732 i .6700 ! .6669 : .6637 | .6606
i

.6214 i .6184 ! 6513 | .6483

.6575 .6544 .6452 .6422 .6392
8 .6362 { .6332 ! .6302 . 6272 .6243 6155 ;.6126 .6098 .6069 .6040
9

.6012 | .5984 | .5956 : .5928 '.5900 .5872 .5844 .5817 | .5790 .5762 .5735 .5708
-e+

I;

56



lodine - 125 60.2 Days
_

Days

1.0 1.5 | 2.0 , 2.5 3.0 3.5 4.0 i 4.50. .5 -

|

0 1.0000 !.9943 .9886 .9829 .9772|.9716|.9660 .9605 .9550 '.9495
| .9441 ' .9386 i .9332 | .9279 ' .9226 i .9173 i.9120068'.9016. 8964

10 - .8912 :.8861 I.8810i.M60 .3710 I.8660 I.8610 ! 9
5

8560 .8511 .8462
15 .8414'.8366 .8317 6270 | .8222 ! .8175 , .8128 ' .8081 .8035 , .7989
20 .7943 : .7898 i.7852 .7807 | .7762 .7718 .76732 .7629 .7586 .7542
25 .7499 | .7456 ! .7413 .7370 | .7328 .7286i.7244 .7203 .7161 .7120

.7039 j .6998 i .6958 ' .6918 [ .6878 | .6839 ' .6800 : .6761 .67221 Month .7079:
i !

i '

5 .6683 I.6645 !.6607 i.6569 .6531 !.6494 : .6456 .6419 . 6382 ' .6346
,

'

10 .6309 .6273 .6237 l.6201 .6166 ! .6130 ' .6095 !.6060 ' 6025 .5991
15 .5956 .5922 .5888 !.5854 5821 .5787 .5754 I.5721 .5688 .5656

.5623 | .5591, .5559 | .5527 I ..5495 .5464 | .5432 ! .5401 | .5370 .533920
25 .5309: .5278i.5248 I .5218 | .5188 .5158 ' .5128 .5099 .5070 .5040

2 Months .5012 ;.4983 ; .4954 !.4926 ' .4897 .4869 | .4841 .4814i.4786 .4758

5 : .4731!.4704 ;.4677 .4650 .4623 .4597 .4571 .4544 .4518 | .4492
10 4466 ; .4441i.4415 .4390 ; .4365 j .4340 .4315,.4290 4265|.4241

'

15 .4217 :.4192 ;.4168 i.4144 I.4121 ) .4097 .4073 .4050 .4027 '.4004
20 i .3981 .3958:.3935 .3913 i .3890 .3868 .3846|.3823 .3802 i.3780
25 .3758 '.3736 i .3715 .3694 .3672 .3651 , .3630 ;.3610 .3589 .3568.

.3548 .3527 | .3507 .3487 .3467 .3447 ' .3427 ;.3408 .3388 | .33693 Months '

, .

l! !
5 .3349 '.3330 !.3311 '.3292 .3273 : .3254 + .3236 .3217 .3199: .3180

10 .3162: .3144 !.3126: .3108 i .3090 '.3072 '.3055 : .3037:.3020: .3002
.2985 ' .2968 | .2951 > .2934 | .2917 | .2900 ' .2884 : .2867 | .2851.283415

20 .2818 ' .2802 ! .2786 | .2770 ; .2754 ' .2738 .2722 | .2707 | .2691 .2676
25 .2660 .2645i.2630. 2615,.2600 .2585 .2570 t .2555i.2541 .2526

4 Months .2512:.2497 .2483 j .2469 .2454 ,.2440 .2426 .2412 .2398 .2385

57
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lodine - 131 8.05 Days

i

! Hours
Days i

! | |4 i l - 8 9
'

j 0 1 2 3 5 6 | 7 I j10 11j,

i ii_ _;
I

| ! | I
0.0 1.0000 .9964'.9929 .9893 | .9858 * .9822 | .9787 .9752 .9717 .9682 | .9648 .9613
0.5 | .9579 .9544 .9510 .9476 ! .9442 | .9408 | .9375 .9341;.9308 .9274 .9241 .9208
1.0 .9175 .9142 | .9109 , .9077 I .9344 ^ .9012 | .8980 .8947 .8915 .8883 ! .8852 | .8820
1.5 .8788 .8757 i.8726 i.8694 !.8663|.8632|8601 .8570 ! .8540 ; .8509 ! .8479 = .8448
2.0 .8418 .8388 i 8358

.8328 | .8298
.8268 !.8239 .8209 .8180 | .8151 1.8121 .8092

| | | t
'

2.5 9063 .8034 .8006 .7977 .7948 I .7920 | .7892 .7863 !.7835 .7807 .7779 .7751
3.0 .7724 i.7696 i.7668 .7641 !.7613 .7586I.7559 .7532 j .7505 i .7478 i .7451, .7425

.7345 }.7319 .7293 ; .7267 f .7241. 7215 | .7189 ; .7163 , .7137 | .7112
! .7398 i.7372

3.5
.7086 8.7061 .7036 i.7010 .6985 ; .6960 t .6935 | .6911 I .6886 .6861 t .6837 .68124.0

4.5 .6788 .6763 ; .6739 .6715 | .6691 | .6667 .6643 .6619 | .6596 i.6572 .6548 .6525
I f j I

5.0 .6502 .6478 ; .6455 | .6432 .6409 i.6386 .6363 .6340 .6318 {.6295 .6273 ,.6250
5.5 .6228 I.6205 .6183 !.6161 '.6139 '.6117 .6095 .6073 6051 .6030 .6008 i.5987.

| .5965 .5944.5923!.5901 I.5880 i.5859 .5838 .5817 | .5796 ' .5776 .5755 !.57346.0
6.5 .5714 , .5693 | .5673 | .5653 .5632 .5612 .5592 .5572 I.5552 ,.5532 }.5513 {.5493
7.0 , .5473 i .5454 . 5434 | .5415 .5395 ,.5376 .5357 .5337 j .5318 ' .5299 I .5280 { .5261

| 5242 .5224 ! .5205 | .5186 | .5168 ! .5149.5112 j 5094 ; .5076 ! .5058 j5040! | i ! I
7.5 | . 1 .5131 .

|8.0 ! .5022 f .5004 .4986 f .4968 .4950 .4932 !.4915 ,.4897 I4879 .4862 i .4845 | .4827
8.5 i .4810 i.4793 i.4776 '.4758 .4741 .4724 | .4708 | .4691 I .4674 .4657 .4640 !.4624
9.0 .4607 | .4591 ' .4574 { .4558 .4542 4525 ,.4509 '.4493 I.4477

!.4461|.4445|.4429.4413 4397 .4382 .4366 4350 i.4335 .4319 .4304 I.4288 .42 73 ' .425R ' .42429.5 4

, . 1 r

10.0 I .4227 I.4212 ;.4197 .4182 .4167 ' .4152 | .4137 .4108 | .4093 : .4078 | .1064.4122

.3934 ! .3920 | .3906.4049 , .4035 | .402010.5 .4006 .3991 .3977 '.3963 .3949 .3892

.3769 , .3755 i .3742 | .372811.0 .3878 + .3865 , .3851 .3837 .3823
.3809 | .3796 .3782

; .3715 .3702 .3688 .3675 .3662 .3649 .3636 .3623 .3610 ! .3597 ; .3584 j .357111.5
12.0 .3558 .3546j.3533 .3520 .3508 .3495|.3483 .3470|.3458 .3445 | .3433 | .3421,

' ! |

.3348 | .3336 ) .3324 i .3312 .3300 ' .3288 | .3277
i 1

12.5 .3408 ;.3396 .3384 .3372 .3360
13.0 .2265 !.3253 i.3242 .3230 ,.3218 ,.3207 .3195 !.3184 ;.3172 .3161 .3150 | .3139,

13.5 .3127 .3116 '.3105 '.3094 :.3083 .3072 ,.3061 !.3050 !.3039 .3028 .3017i.3006
14.0 .2996 .2985 .2974 .2963 .2953 .2942 !.2932 '.2921 i.2911 .2900 :.2890 '.2880
14.5

.2869 .2859i.2849 .2839 .2828 2818 .2808 | .2798 .2788 i.2778 .2768 .2758' t I
'

.
__
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Iron - 55 2.60 Years

Weeks
Months

i 0 | 1 2 ! 3 | 4 5 | 6 |7 8 9 10 11'

, !

_
._ ______i-_- L-_.______.____

.9697 ! .9647 !.9598 ;.9549 .9500 ,.94520 1.0000 | .9949 .9898 j .9847 | .9797 .9747
3 .9403 ' .9355 .9307 i.9260 l.9212 .9165 .9118 !.9072 .9025 .8979 .8933,.8888
6 .8842 .8797 .8752i .8707 ! .8663 .8618 .8574 ! .8531 i .8487 | .8444 .8400 1.8357,

9 I .8315 .8272 .8230 .8188 .8146 .8104 .8063 .8022 7981 .7940 i.7899. 7859t

1 Year .7819 .7779 7739 .7699 7660 .7621 .7582 .7543 7504 .7466 .7428 .7390

3 ) .7352 .7314 | .7277 . 7240 i.7203 .7166 f .7129 !.7093 .7057 .7020 .6985 | .6949
I

6 | .6913 ; .6878 | .6843 | .6808 ' .6773 .6738 !.6704 i.6670 :.6636 :.6602 '.6568 :.6534
9 | .6501 j .6468 ! .6435 | .6402 6369 .6336 l .6304 ! .d272 . 6240 . 6208 .6176 | .6144

2 Years .6113 .6082 ,6051;.6020 .5989 .5958 .5928 .5897 I.5867 .5837 '.5807 !.5778
l i i

3 { .5748 { .5719 ;.5690 . 5660 .5632 ! .5603 ; .5574 | .5546 5517;.5489 .5461 .5433
+

6 .5405; .5378 ; .5350 .5323 .5296 I .5268 | .5241 | .5215 5188 ! .5161 ! .5135 .5109
9 5083 i .5057 | .5031 .5005 .4980 t .4954 : 4929 | .4904 .4878 ; .4854 .4329 4804

4682 .4658 !.4635 4611 '.4587 .4564 4541 .45173 Years 4779 ! .4755 j .4731 .47C6 I
I f |

'
,

3 4494!.4471 .4448 .4426 .4403 .4381 4358 | .4336 ! .4314 .4292 (.4270 '.4248
6 . 4226 | .4204 | .4183 | .4162 4140 .4119 ! .4098 j .4077 4056 .4036 .4015 .3994
9 | .3974 { .3954 | .3933 i .3913 .3893 .3873 ' .3854 | .3834 .3814,.3795. 3775 .3756

4 Years : .3737 .3718 ; .3699 | .3680 3661;.3642 .3624 i.3605 {.3587 i.3568 '.3550 .3532
|

. 1
-

3 i .3514!.3496 , .3443 i .3425 ' .3407 f .3390 .3373 .3355 .3338 .3321I.3478. 3460
6 .3304 i .3287 .3270 :.3254 ' .3237 '.3221 .3204 .3188 3171 .3155 .3139 '.3123!

.3107 | .3091 i .3075 ; .3060 f .3044 i .3028 . 3013 .2998 .2982 .29674 .2952 | .2937'
9

5 Years | .2922 i.2907 .2892 !.2877 I.2862 {.2848 !.2833 (.2819 .2804 '.2790 '.2776 '.2761,

1 i I

3 | .2747 | .2733 ! .2719 ( .2705 . 2692 : .2678 ; .2664 | .2650 | .2637 .2623 I.2610 !.2597
6 | .2583 : .2570 ' .2557 ' .2544 i .2531, .2518 | .2505 | .2492 i .2480 .2467 '.2454 1 .2442

.2380 | .2368 t .2356t .2344 .2332 .2320'.2308 .2296
{.2429].2417'.2404.2392.2284 | .2273 .2261 j .2249 , .2238 ; .2226 | .2215 , .2204 ;' .2193

9
.2181 .2170 .21596 Years ; i

-

! > ;
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.

Iron - 59 45.6 Days

|

_ _ _ _ . _ _

H0urs
Days |

| ! - :
;

! O i 6 12 l 18 ! 24 30 36 I 42 . 48 54 60 66
-

! I ! l I
'

!
i .

<

t
i

I i

.9737 ! .9701 f .9664 , .9627 | .95910 | 1.0000 I .9962 | .9924.9887|.9849 .9812 .9775
t

3 |

.9554 |' .9518 i .9482
.9446 .9410,.9374 .9339 .9303 I.9268 ;.9233 .9198 i.9163

.9128 .9094 !.9059 !.9025 .8891|.8957 .8923 .8889 j .8855 ' .8821 .8788 '.87556
9 i .8721 ;.8688 .8655 I.8623 i.8590 1 .8557 .8525 .8492 | .8460 ! .8428 i.8396. 8364

.8238 .8207!.8176 .8145
.8114 ! .8083 | .8052 .8022 | .7991} .8333 |i .8301 1.8270

12
1 -

|
'

.7871 | .7841 | .7811 I

|.7961{.793115 .7901 ' .7782 .7752 [.7723 .7693 7664!.7635
18 i .7606 i.7577 .7549 .7520 :.7492 .7463 .7435 .7407|.7379t .7351 i.7323 :.7295
21 | .7267 .7240 ,.7212 .7185 , .7158 | .7130 .7103 .7076 .7050 .7023 .6996|.6970
24 ; .6943 .6917 .6891 .6865 4.68396 .6813 6787 .6761 .6735 '.6710 '.6684 6659
27 .6634 .6609 .6584 .6559 I.6534 .6509 .6484 .6460 | .6435 .6411 .6386 .6362, ;

!
. ! ! ( j1 Month .6338

.6033 , .6010 | .6266 j .6242.6314 ;.6290 .6219 .6195 .6172 !.6148 .6125 . 6102 ,.6079
3 .6055 i .5987 | .5964 , .5942 .5919 .5897 .5874 .5852 .5830 5808

.5655 .5634 .5612 :.5591 ! .5570 | .55492.5742 | .5720 : .5698 | .5677
6 .5786 .5764
9 .5528 .5507 .5486,.5465 .5444 ;.5424 .5403 .5383 .5362 ; .5342 , .5322 | .5301,

12 .5281 .5261. 5241 | .5221 i .5202 | .5182 .5162 .5143 i.5123 i.5104 .50d4 j.5065
,

. ; ; . t i i

15 .5046 ,.5027 ,.5008 .4989 I.4970 .4951 .4932 .4913 .4895 i.4876 .4858 | .4839
18 .4821 | .4803 .4784 ; .4766 .4748 .4730 4712 .4694 | .4677 ~ .4659 .4641 ;.4624
21 .4606 '.4589 .4571'.4554. 4536 .4519 4502 4485 .4468 .4451 .4434 '.4417
24 4401 I.4384 .4367

.4351 I.4334 I.4318 !.4301 .4079 | .4063 ! .4237 | .4220
.4285 .4269|.4253'

27 4204 i.4189 .4173. 4157 4141 .4125 .4110 .4094 4048|.4032i ! ,

i

.4017 { .4002 | .3987 | .3972 | .3956
f I2 Months .3941 .3926 .3912 .3897 {.3882 '.3867 .3853

3 .3838 ,.3823 .3809 '.3794 '.3780 !.3766 .3751 .3737 .3723 1.3709 .3695 .3681
6 .3667 '.3653 .3639 .3625 .3612 .3598 .3584 .3571 .3557 !.3544 .3530 .3517
9 .3503 .3490 .3477 .3464 '.3451 .3437 .3424 .3411 .3399 | .3386 j .3373 .3360

12 .3347 '.3335 '.3322 .3309 '.3297 .3284 .3272 .3259 .3247i.3235 .3222 .3210
1

J

.3186 .3162 i.3150 .3138 3126 .3114 .3102 ).3091 !.3079 .306715 .3198

.3044 '.317418 .3055 .3032 .3021 .3009 ,.2998 .2987 .2975 .2964 I.2953 .2942 .2930,

21 .2919 .2908'.2897 .2886 .2875 .2864 .2853 .2843 .2832{.2821 .2810 {.2800
24 .2789 .2779 .2768 ,.2758 .2747 > .2737 .2726 .2716 .2706 | .2695 , .2685 | .2675,

27 .2665 .2655 .2645 .2635 .2625 .2615 .2605 .2595 .2585 .2575 .2565 j .2556
i ,

60
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65 H0ursMercury - 197

H0urs
Hours I

0. l .5 I 1.0 i 1.5 i 2.0 ! 2.5 ! 3.0 3.5 | 4.0 > 4.5 | 5.0
! 5.5

- M
'

! ! l ! !
, i .

,

0 1.0000 .9947 !.9894 .9841 .9789 .9737 .9685 .9634 .9582 .9531 .9481 .9430

6 | .9380 .9330 .9281 .9231 .9182 .9133 .9085 | .9037 | .8989 f .8941 ; .8893 | .8846
12 | .8799 .8752 .8706 .8659 ,.8613 ,.8567 .8522 | .8476 j .8431, .8387 ! .8342 i .8298
18 | .8253 .8210 .8166 | .8123 .8079 | .8036 .7994, .7951 ! .7909 , .7867 j .7825 | .7 783

1 Day .7742 7701 .7660 ' .7619 .7579 | .7538 .7498: .7458 '.7419 : .7379 | .7340 .7301
I ! i'

>

.7223 .7147 . 7109 .7071 .7033 '.6996 .6959 | .6922 ! .6885 .6848
,

I

.6776(.7185
6 . .7262

.6740 .6704 j .6668 .6633 .6598 '.6562 .6528 I .6493 | .6458 .6424
12 | .6812
18 ' .6390 , .6356 i .6322 .6288 i .6255 .6222 .6189 .6156 ).6123 .6090 .6058 .6026

.5805{.5774
.5743 .5713 .5683 .5652

2 Days .5994 [ .5962 .5930 .5899 l.5867 .5836

.5474 .5445 .5416 .5388 f .5359 ! .5330 .5302| 5622 .5592 | .5563 f .5533 , .55046
.5246 .5218 ;.5190 i.5163 .5135 .5108 .5081 .5054 '.5027 !.5000 .4973

|.5274.4947 ! .49214894 [ .4868 | .4843 .4817 .4791 | .4766 ; .4740 .4715 4690 .466512
18

3 Days ' .4640 .4616 .4591 4567 '.4542 4518 .4494 I.4470 !.4447 .4423 4399 .4376

| !

6 .4353 4330 .4307 j.4284 .4261 .4238 .4216 4193!.4171 4149 4127 .4105

.3976 .3954 [.3933 .3912 f ..3892 | .3871.3850

.4018 | .3997
12 .4083 4061 .4040

.3769 .3749 .3729 .3709 !.3690 .3670 .36501 3631 .3612
18 | .3830 .3810 .3789

4 Days ' .3593 .3573 .3554 .3536 .3517 .3498 .3479 .3461 .3443 .3424'.3406 .3388

6 .3370 3352 .3334 .3316 .3299 .3281 .3264 ,.3246 .3229 | .3212 .3195 .3178

12 |.3161 .3144 | .3127 .3111 ,.3094 .3078 .3061 I.3045 .3029 ' .3013 .2997 .2981

18 I .2965 .2949j.2934 .2918 6.2903 .2887 .2872 .2856 , .2841 .2826 .2811 .2796

5 Days | .2781 .2767I.2752 .2737 .2723 .2708 .2694 .2679 .2665 .2651 .2637 .2623

|2581 .2568 .2554 .2540 .2527 .2513 .2500 .2487 .2473 .24606 .2609 .2595
7

12 | .2447 .2434 ;.2421 .2408 .2396 .2383 .2370 .2358 .2345 .2333 .2320 .2308

.2296 .2283 '.2271 ;.2259 .2247 .2235 .2223 .2211 2200 .2188 .2176 .216518 ;

6 Days .2153 .2142 .2130 | .2119 .2108 .2097 .2085I.2074 .2063 .2052. 2041 .2031

.2009 .1998 .1988 | .1977 .1967 i.1956 .1946 .1935 .1925 .1915 .1905
|.20206

.1895 .1885 ! .1875 .1865|.1855 .1845 .1835 .1825 .1816 , .1806 .1796 .178712
'

.1777 | .1768.1758 .1749 | .1740 .1730 .1721 .1712 i .1703 | .1694 .1685 .1676!IS
7 Days .1667 ; .1658 .1649 .1641 | .1632 .1623 | .1615 .1606i.1597;.1589 .1581 .1572

i
: , i i :
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Phosphorus - 32 14.28 Days

r

! Hours
Days

i

0 2 4 6 8 10 12 14 16 18 20 22

'
O 1.0000 .9960 .9919 .9879 .9840 .9800 .9760 .9721 .9682 .9642 .9604 9565.

1 .9526 .9488 .9449 .9411 .9373 .9335 9298 .9260 .9223 .9186 .9149 9112. . ,

! 2 .9075 .9038 .9002 .8965 .8929 .8893 .8857 .8821 .8786 .8750 .8715
1 3 .8645 .8610 .8575 .8541 .8506 .8472 .8438 .8404 .8370 .8336 }.8302

.8680

.8269
4 .8235 .8202 .8169 .8136 .8103 .8070 .8038 .8005 .7973 .7941 .7909 7877.

5 7845 .7813 .7782 .7750 .7719 .7688 .7657 .7626 .7595 .7565 .7534 .7504i

6 .7473 .7443 .7413 .7383 .7353L.7324 7294 .7265 .7235 ~.7206 .7177
7 .7119 .7091 .7062 .7033 .7005 '.6977 .6949 .6921 .6893 .6865 | .6837

.7148.

i 8 .6782 .6755 .6727 .6700 .6673 .6646 .6619 .6593 6566 .6540 I.6513
.6909
E437.

9 .6461 .6435 .6409 .6383. .6357 .6331 .6306 .6280 .6255 .6230 | .6205 .6179
I |

| 10 .6155 .6130 .6105 .6080 I.6056 .6031 ~ 6007 .5983 .5959 I.5935 .5911 .5887.

j 11 .5863 .5839 .5816 .5792 ' .5769 .5746 5722 .5699 .5676 | .5653 .5631 .5608.

} 12 .5585 .5563 .5540 .5518 .5495 .5473 .5451 .5429
.5151 |, .5130
.5407 .5385 .5364 .5342

4 13 .5321 .5299 .5278 .5256 ~ .5235 .5214 .5193 .5172 .5110 .5089
| 14 .5068 .5048 .5028 .5007 .4987 .4967 .4947 .4927

.4907{.4887
.4867 .4848

.4675|.465615 .4E28 .4809 .4789 .4770 .4751 .4732 .4713 .4693 .4637 .4618 !
I

,
16 .4600 .4581 .4562 .4544 .4526 .4507 .4489 .4471 .4453 !.4435 .4417 4399.

I 17 .4382 .4364 .4346 .4329 .4311 .4294 .4277 .4259 .4242 .4225 .4208 .4191 I

,
18 .4174 .4157 .4140 .4124 .4107 .4090 .4074 .4057 .4041 .4025 .4009 .3992 {' 19 .3976 .3960 .3944 .3928 .3912 .3897 .3881 .3865 .3850 .3834 .3819 .3803

'

20 .3788 .3773 .3757 .3742 .3727 .3712 .3697 .3682 .3667 , .3652 I.3638 3623.

21 .3608 .3594 .3579 .3565 .3550 .3536 3522 .3508 .3493 .3479 !.3465 3451. .

22 .3437 .3424 .3410 .3396 .3382 .3369 3355 .3341 .3328 .3314 .3301 3288. .

23 .3275 .3261 3248 .3235 .3222 .3209 3196 3183 .3170 .3157 .3145 3132. . . .

i 24 .3119 .3107 .3094 .3082 .3069 .3057 .3045 3032 .3020 .3008 .2996 .2984.

.

i 25 .2972 .2960 .2948 .2936|.2924 .2912 .2900 .2639 .2877 .2865 .2854 .2842
; 26 .2831 .2819 .2808 .2797 .2785 .2774 .2763 .2752 .2741 .2730 .2719 .2708
| 27 .2697 .2686 .26 5 .2664 .2653 .2643 2632 .2621 .2611 .2600 .2590 .25797 .

28 .2569 .2559 .2548 .2538 .2528 .2517 .2507 2497 .2487 .2477 .2467 .2457
{ 29 .2447 .2437 .2427 .2418 .2408 !.2398 .2388 .2379 .2369 .2360 .2350 .2341

.

1

I

i
;

i

j;

,

|

}

:

,
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PhosplW1Ts - 33 24.4 Days

. m-
'

/'- H0urs ,

Days
'

f.-

i

. _ _ _

i
0 2 4 6 8 10 12 14 16 18 20 22

'
,.

5

0 1.0000 .9976 .9953 .9929 .9906 .9882 .9859 .9836 }.9812 .9789 .9766 .9743

1 .9720 .9697 .9674 .9 M 1 .9628 .9606 .9583 .9560 '.9538 .9515 .9493 .9470

2 .9448 .9425 .9403 .93b1 '.9359 .9337 .9314 .9292 .9270 .9249 .9227 .9205

3 .9183 .9161 .9140 .9118 .9097 .9075 .9054 .90?2 .9011 .8989 i .8968 .8947

4 .8926 .8905 .8884 .8863 .8842 .8821 .8800 .8779 .8758 .8738 .8717 .8696

5 .8676 .8655 .8635 .8614 .8594 .R574 .8554 c,8533 .8513 .8493 .8473 .8453

6 .8433 .8413 .8393 .8373 '8353 .fG34 .8314 .8294 .8275 .8255 .8236 .8216-

.

7 .8197 .8177 .8158 .8 U9 '.8119 .8100 .8081 .B062 .8043 .8024 .8005 .7986 [
.

8 .7967 .7948 .7929 f T il' 7892 .7873 7855 .7836 .7818 .7799 .7781 .7762

9 .7744 .7726 .7707' ';7689 .7671 .765W .7635 .7617 .7599 .7581 .7563 .7545
;
'

.7439 {.7421
(

10 7527 .7509 .7492 .7474 .7456 .7403 .7386 .7368 .7351 .7334

11 .7316 .7299 .7282 .7264 .7247 '.7230 .7213 .7196 .7179 ~7162 .7145 .7128

12 .7111 .7095. 7078 .7061 .7044 .7028 .7011 .6994 .6978 .6951 .6945 .6929

13 .6912 .6896 .6880 .6863 .68 1/ .6831 .6815 .6799 .6783 .6766I.6750 .6735

14 .6719 .6703 6687 .6671 .6655 .6640 .6624 .6608 .6593 .6577 .6561 46546

15 .6530 .6515 .6500 .64G4 .6469 .6454 .6438 .6423 .6408 .6393 .6378 . 363

i 16 .6348 .6332 .6318 .6303 .6288 .6273 .6258 .6243 .6228 .6214 .6199^ /d184

7 17 .6170 .6155 .6141 .6126 .6112 .6097 .6083 .6068 .6054 .6040 95025 .6011

| 18 .5997 .5983 .5969 .5954 .5940 .5926 .5912 .5898 .5884 .5871 .5857 .5843

19 .5829 .5815 .5801 .5788 .5774 .57pc .5747 .5733 .5720 .5706 .5693 .5679
'

20 .5666 .5652 .5639 .5626 .5612 .5599 ~5586 .5573 .5559 .5546 .5533 .5520

1 21 .5507 .5494 .5481 .5468 .5455 .5442 . 5429 .5417 .5404 .5391 .5378 .5365

22 .5353 .5340 .5327 .5315 .5302 .5290 .5277 .5265 .5252' .5240 .5228 .5215'

1 23 .5203 .5191 .5178 .5166 .5154 45142 J1/9 .5117 .5105 .5093 .5081 .5069

24 .5057 .5045 .5033 .5021 .5009 [.4398 .4986 .4974 .4962 f951 4939 .4927
.

25 .4915 .4904 4892 .4881 .4869 485h .4846 .4835 .4823 4812 .4801 .4789 -

4 26 .4778 .4767 .4755 .4744 4733 .4722 '.4710 .4699 .4688 .467/ .4666 4655t

27 .4644 .4633 .4622 .4611 4600 4589 .4579 .4568 .4557 .4546 .4535 .4525
j

| 28 .4514 4503 4493 .4482 .4471 .4461 .4450 4440 4429 .4419 4408 .4398
'

29 .4388 4377 4J67 .4356 .4346 .4336 .4326 4315 .4305 .4295 4285 .4275

30 .4265 4255 4244 .4234 .4224 .4214 .4204 .4195 .4185 .4175 .4165 4155

31 .4145 .4135 .4126 4116 .4106 .4096 .4087 5077 .4067 g .4058 .4048 4039
j
j 32 .4029 .4020 .4010 .4001 .3991 .3982 .3972 .3963 .3953.'.3944 .3935 3926

! 33 .3916 .3907 .3898 .3889 .3879 .3870 .3861 .3851 .3843 .3834 .3825 .3816

! 34 .3807 .3798 .3789 .3780 .3771 .3762 .3753 .3744 i.3735 .3726 . 3717 3709
'
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; Potassium - 42 12.36 Hours
4

" *
i- H0urs

; O 5 10 15 20 25 30 35 40 45 50 55
-

.

0 1.0000 .9953 .9907 .9861j.9815 .9769 .9723 .9678 .9633 .9588|.9543 .9499
1 .9455 .9411 .9367 .9323 .9280 .9236 .9193 .9150 .9108 .9065i.9023 .8981

. 2 .8939 .8897 .8856 .8815 .8773 .8733 .8692 .8651 .8611 .8571 .8531 .8491'

3 .8452 .8412 .8373 .8334 .8295 .8256 .8218 .8180 .8141 .8103 .8066 .8028
1 4 .7991 .7953 .7316 .7879 7843 .7806 .7770 .7733 .7697 .7661 .7626 .7590

.h4855 .7555 .7520 .7450 .7415. .7380 .7346 .7312 .7278 .7244 .7210 .7176
} 6 .7143' .7110 .7076 7043 .7011. 6978 .6945 .6913 .6881 .6849 .6817 .6785
; 7 .6753 .$722 .6690 .6659 .6628- .6597 .6567 .6536 .6505 .6475 .6445 .6415

8 .6385 .6355 .6326 j .6296 .6267 .6238 .6208 .6179 .6151 .6122 .6093 .6065
'

; 9 .6037 .6009 .5981|.5953 .5925 .5897 .5870 .5842 .5815 .5788 .5761 .5734
1

10 .5708 .5681 .5654 [.5628 .5602 .5576 .5550 .5524 .5498 .5472 .5447 .5422

f 5396
l 537111 . .5346 .5321 i.5296 .5272 .5247 .5223 .5198 .5174 .5150 .5126

{ .4824}f.5078 i .5055
j 12'

5102 .5031 | .5007 ' .4984 .4961 .4938 .4915 .4892 .4869 .4846
1 13 .4801 .4779

.4757 | .4734
.4712 .4690 .4668 .4647 .4625 .4603 .4582

14 .4561 {.4539 .4518 .4497;.4476 .4455 .4435 .4414 .4393 .4373 .4352 4332

'j 15 .43h .4292 .4272 .4252 .4232 .4212 .4193 .4173 .4154 .4134 .4115 .4096
16 .4077 .4058 .4039 .4020 .4001 .3983 .3964 .3946 .3927 .3909 .3891 .3873 .j 17 .3854 .3856 .3819 .3801i.3783 .3765 .3748 .3730 .3713 .3696 .3678 .3661

! 18 .3644 J627 .3610 .3594i.3577 .3560 .3543 .3527 .3511 .3494 .3478 .3462
! 19 .3445 .3429 .3413 .3398!.3382 .3366 .3350 .3335 .3319 .3304. 3288 .3273

i
! |i

i 20 .3258 .324% .3227 .3212{.3197 .3182 .3168 .3153 .3138 .3123 .3109 .3094
21 .3080 .3066 .3051 _.3037 i.3023 .3009 .2995 .2981 .2967 .2953 .2939 .2926,

j 22 .2912 .2898 "".2885 ! .2871 | .2858 , .2845 .2831 .2818 .2805 42792 .2779 .2766'

23 .2753 .2740 .2728 !.2715 :.2702 '.2690 .2677 .2665 .2652 .2640 .2627 .261524
',

i .2603- .2591 .2579 i.2567' .2555 .2543 .2531 .2519 .2507 .2496 .2484 .2473! ,t i-
,

,

i

)

I
,

# b
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Potassium - 43 22.4 H0urs
,

.

- Minutes.;

0 10 20 30 40 50 60 70 80 90 '100 110
_

0 1.0000 .9949 4.9897 .9846 .9796 .9745 .9695 .9645 .9596 .9546 .9497 .9448
i - 2 .9400 .9352 .9303 .9256 .9208 .9161 .9113 .9067 .9020 .8974 .8927 .8881,

*

| 4 .8836 .8790 .8745 .8700 .8655 .8611 .8567 .8522 .8479 .8435 .8392 .8348
i 6 .8306 s.8263 .8220 .8178 .8136 .8094 .8052 .8011 .7970 .7929 .7888 .7847

.
, 8 .7807 .7N67 3.7727 .7687 .7648 .7608 .7569 .7530 .7492' .7453 .7415 .7377*

U 10 .7339 .7301 .7263 .7226 7189 7152 .7115 .7078 .7042 .7006 .6970 .6934
,

12 .6898 .6863 .6827 .6792 6757 .6723 .6688 .6#S4 .6619 .6585 .6551 .6518
'b;

; 14 .6484 .6451 6418 .6385 6.s*32 .S m .2 67 .6254 .6222 .6190 i .6158 .6127

| 16 .6095 .6064 .6033 .6001 .5971 .5940 .5909 .5879 .5849 .5819 .5789 .5759

18 .5729 .5700 .5670 .5641 .5612 .5583 .5555 .5526 .5498 .5469 .5441 .5413"

! 20 .5385 .5358 .5330 .5303 .5276[.5248 .5221 .5195 .5168 .5141 .5115 .5088

22 '.5062 - .5036 .50(9 .4985 4959 .4933 .4908 .4883 .4858 .4833 .4808 .4783

1 1 Day .4758 4734 *A710 .4665 4661 .4637 .4613 .4590 .4566 4543 .4519 .4496
3- -

t

! -: 2 4473 .4450 .4427 .4404 4382 .4359 .4337 .4314 .4292 4270 .4148 .4226

I 4 .4204 4183 .4161 .4140 .4119 .4097 .4076 4055 .4035 4014 .3993 .3973

| 6 .3952 .3932 .3912 .3891 .3871 .3852 .3832 .3812 .3792 .3773 .3754 .3734
8 .3715 .3696 .3677 .3658 .3639 .3620 .3602 .3583 .3565 .3546 .3528 .3510

l i 10 .3492 .3474 .3456 .3438 .3421 .3403 .3386 .3368 .3351 .3334 .3317 .3239
12 .3282 .3266 .3249 .3232 .3215 .3199 .3182 .3166 .3150 .3134 .3117 .3101

i

14 .3085h>070 .30$d '.3038 .3022 .3007 .2991 .2976 .2961 .2946 .2930 .2915

16 .2900'.2885 .2871 .2856 .2841 .2826 .2812 .2797 .2783 .2769 .2755 .2740

! 18 .2726 .2712 .2698 .2684 .2671 .2657 .2643 .2630 .2616 .2603 .2589 .2576 *

20 .2563 .2549 .2536 .2523 .2510 .2497 .2485 .2472 .2459 .2446 .2434 .2421

!; 22 .2409. .2396 .2384 .2372 .2360 .2348 .2335 .2323 .2312 .2300 .2288 .2276
.2150 .2139

.2173 , .,.2!G2|
2 Days .2264 j .2253 .2241 .2230 .2218 .2207 .2195 .2184

to ,

r

i 4

i

!

!
; -

1

(, '

i n ,v
;

f; -
'

,
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,
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Selenium - 75 120.4 Days
__

Days
_

i l | |
0 1 2 |3 !4 5 i 6 7 8 94

' ,

!!
'

! I
O 1.0000 .9943 .9886 .9829j.9772 .9716 | .9660 ' .9605 | .9550 | .9495

10 .9441 .9386 .9332 .9279j.9226 .9173 .9120 .9068 9016 ,.8964
20 .8912 .8861 .8810 .8760 '.8710 .8660 i.8610 ,.8560 '.8511 i.8462i

1 Month .8414 .8366 .8317 .8270 .8222 .8175 | .8128 i .8081 8035 | .7989
I ! I.

|
10 .7943 .7898 .7852 .7807 .7762 .7718 | .7673 > .7629 i.7586'.7542
20 .7499 .7456 .7413 .7370 .7328 .7286 .7244 j .7203 ' .7161 .7120

2 Months .7079 .7039 .6998 .6958 .6918 .6878 .6839 '.6800 ,.6761 ;.6722
I

10 .6683 .6645 .6607 .6569 .6531 .6494 .6456 '.6419 .6382 j .6346
20 .6309 .6273 .6237 ;.6201 .6166 .6130 .6095 i .6060 t .6025 j .5991

.5754 | .5721 .5688 | .5656
3 Months .5956 .5922 .5888 | .5854 .5821 .5787

|
.5495 | .5464 ; .5432 ' .5401 .5370|.533910 .5623 .5591 .5559 .5527

20 .5309 .5278 .5248 .5218 .5188 '.5158 2 .5128 .5099 !.5070 I.5040,

4 Months .5012 4983 .4954 .4926 .4897 .4869 | .4841 .4814 .4786 | .4758
i)

10 .4731 .4704 .4677 .4650 .4623 .4597 .4571 !.4544 !.4518 i.4492
20 .4466 .4441 .4415 .4390 .4365 .4340 j .4315 | .4290 I.4265 '.4241

5 Months .4217 4192 .4168 .4144 .4121 .4097 } .4073 | .4050 j .4027 , .4004

i.3868 {;.3846 ;.3823
l )

I.3802 .378010 .3981 .3958 .3935 ,.3913 .3800
20 .3758 .3736 .3715 .3694 i.3672 ,.3651 i.3630 ;.3610 .3589 !.3568

6 Months .3548 .3527 .3507 .3487
.3467 | .3447 ! .3427 i .3408 ! .3388 ! .3369

}
'

!
10 j .3349 .3330 .3311 .3292 .3273 .3254 j 3236 ! .3217 .3199 .3180
20 , .3162 .3144 .3126 .3108'.3090 .3072 1.3055 :.3037 .3020 .3002

'7 Months .2985 .2968 .2951 .2934 .2917 .2900 .2884,.2867 .2851i.2834

10 .2818 .2802 i.2786 '.2770 .2754 .2738 '.2722 .2707 '.2691 (.2676
20 .2660 .2645|.2630 .2615!.2600 .2585 | .2570 2555 i .2541 !.2526

!.2483 .2469|.2454.2440 t .2426 ! .2412 |' .2398
I .23858 Months .2512 .24971

|i
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1

Sodium - 24 14.96 H0urs
'

I
Minutes'

H0urs I
i T- .

|0 10 20 ; 30 '| 40 ' 50 | 60 1 70 , 80 90 100i 110
!

|
-

, .p .9847 ; .9771 ! .9696 | .9621 | .9547 ' .9474 ~ .9401 .9329 .9257 : .91860 1.0000 .9923
2 .9115 3 9045 .8975 | .8906 .8838 f .8770 | .8702 ' .8635 ; .8569 .8503 .8438 ~.8373

.8308 .8244 .8181 | .8118 .8056 '.7994 !.7932 i.7871 '.7811 .7750 '.7691 .7632

.7573 | .7515
4

.7457 !.7400|.7343 .7286 {.7230 ! .7174 ' .7119 .7065 .7010 : .69566
8 | .6903 .6850 .6797 | .6745 . 6633 .6641 1 .6590 : .6540 i.6489 : .6439 '.6390 .6341

10 |.6292 .6243 | .6195 i .6148 { .61C') , .6054 ! .6007 : .5961 [ .5915 ' .5869 .5824 | .5779
.5647 ; .5604 | .5561 ' .5518 .5475 | .5433 | .5391, .5350 ~ .5309 .526812 | .5735 .5691

i 4
.

i

.4839 f .480214 I .5227 .5187 .5147 | .5108 | .5068 .5029 | .4991 | .4952 .4914 .4876
16 .4765 | .4728 .4692 | .4656 ; .4620 .4584 | .4549 I .4514 ; .4479 ' .4445 .4411 , .4377
18 |.4343i.4310 .4277 .4244 {.4211 .4179 !.4146: .4115 | .4083 ~ .4051 .4020 ;.3989

.

20 .3959 3928 .3898 .3868 .3838 .3809 i .3779 | .3750 .3722 . 3693 .3665 .3636
22 .3608|..3581 .3553 . 3526 .3499 .3472 !.3445 ! .3418 : .3392 | .3366 .3340: .3314

1 Day .3289 ; .3264 .3239 | .3214 .3189 .3164 | .3140 ! .3116 i .3092 . 3068 : .3045 !.3021.

{ ; I l |
.2998j. 2975 ; .2952 ; .2929 | .2907 | .2884 j .2862 | .2840 | .2818 | .2797 .2775i.27542

| .2549 .2530 .2510
.2733 | .2712 .2691 i .2670 ; .2649 .2629 j .2609 j .2589 [ .25694 '

6 j .2491 ' .2472 .2453 i .2434 | .2415 .2396i.2378: .2360 ! .2342 : .2324 .2306 .2288
8 | .2270 .2253 .2236 ! .2218 I.2201 .2184 i .2168 i .2151 | .2134 : .2118 .2102 .2085

.2053 ;.2038 : .2022 | .2006 .1991 | .1976 i .1960 . 1945 - .1930 .1916 .190110 i .2069

.1872 | .1857 | .1843 ; .1829 j .1815 | .1801 ! .1787 f .1773 .1760.1746 i .173312 .1886
f I [ j

i .1706 ! .1693 ( .1680 I .1667 i .1654 i .1641 I .1629 i .1616 .' .1604 .1592 | .157914 ' .1719
16 .1567 | .1555 | .1543 ' .1531 i .1519 1508|.1496 .1485 . 1473 .1402 .1451 .1440

.1428 i .1417 ' .1407 i .1396 ! .1374 . 1364 ! .1353 ! .1343 ; .1333 1322 '. 31 12'

! .1302 j .1292 ! .1282 i .1272 ! .1385| 18 ,

.1262 .1253I.12431 .1234 .1224!.1215 .1205 .119620
22 .1187 i .1178 i .1169 | .1160 .1151 .1142 .1133 | .1124 ' .1116 .1107 .1099 .1090

2 Days .1082 | .1073 : .1065 ; .1057 :.1049 I .1041 ; .1033 : .1025 .1017 .1009 .1001 .0994
| !

i

i
i

l

|

|

|

| 67



. -- _. -. - _ - - - . . . -.. - -- -

1

i

i

!

,

Strontium - 85 64 Days
!

:

Days-

4'

Days

i 0. | .5 1.0 . 1.5 2.0 2.5 3.0 3.5 4.0 4.5
I

-

$ 0 1.0000 .9946 .9892 .9839 .9786 .9733 .9680 .9628 .9576 .9524
! 5 .9473 .9422 .9371 .9320 .9270 .9220 .9170 .9121 .9071 .9022

|10 .8974 .8925 .8877 .8929 .8781 .8734 .8687 .8640 .8593 ;.8547
i 15 .8501 .8455 .8409 .8364 .8318 .8273 .8229 .8184 .8140 .8096'

20 .8052 .8009 .7966 7923 .7880 .7837 .7795 .7753 .7711 .7669
25 .7628 .7587 .7546 7505 .7465 .7424 .7384 7344 .7305 .7265

1 Month .7226 .7187 .7148 7109 .7071 .7033 .6995 .6957 .6920 .6882.

i

j 5 .6845 .6808 .6771 .6735 .6698 .6662 .6626 .6590 .6555 .6519
10 .6484 .6449 .6414 .6380 .6345 .6311 .6277 .6243 .6209 .6176

j 15 .6142 .6109 .6076 .6043 .6011 .5978 .5946 .5914 .5882 .5850
; 20 .5819 .5787 .5756 .5725 .5694 .5663 .5633 .5602 .5572 .5542' 25 .5512 .5482 .5453 .5423 .5394 .5365 .5336 .5307 .5278 .5250
. 2 Months .5221 .5193 .5165 .5137 .5109 .5082 .5054 .5027 .5000 .4973
|
| 5 .4946 .4919 4893 .4866 .4840 4814 .4788 4762 4736 .4711
} 10 .4685 .4660 .4635 .4610 .4585 4560 .4536 4511 .4487 .4463'

15 .4438 .4414 .4391 .4367 .4343 4320 4297 .4273 4250 .4227
20 .4204 .4182 .4159 .4137 .4114 .4092 .4070 4048 4026 .4004
25 .3983 .3961 .3940 .3919 .3898 .3876 .3856 .3835 .3814 .3793

,

3 Morths .3773 .3753 .3732 .3712 .3692 3672 .3652 .3633 .3613 .3593

5 .3574 .3555 .3536 3516 .3497 .3479 .3460 .3441 .3423 .3404,

10 .3386 .3367 .3349 .3331 .3313 .3295 .3277 .3260 .3242 3225
15 .3207 .3190 .3173 .3155 .3138 .3122 .3105 .3088 .3071 .3055-) 20 .3038 .3022 .3005 .2989 .2973 .2957 .2941 .2925 .2909 .2894

j 25 .2878 .2862 .2847 .2832 .2816 .2801 .2786 .2771 .2756 .2741
; 4 Months .2726 .2712 .2697 .2682 .2668 .2653 .2639 .2625 .2611 .2597

'
i

i

!

i

$

)

i ,

i
i
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1

1
d
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'
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Strontium - 87m 2.83 H0urs

Minutes
Minutes

-

,

0 1 2 3 4 !5 |6 |7 !8 9
,

i
-

| | H
'

0 1.0000 .9959 .9919 .9878 .9838 | .9798 | .9758 | .9718 .9679 .9639
10 .9600 i.9561 .9522 .9483 .9445 '.9406 .9368 i.9330 '.9292 .9254
20 | .9216 .9178 .9141 .9104 .9067 :.9030 .8993. 8956I.8920 .8884
30 .8847 .8811 .8775 .8740 .8704 | .8669 .8633 i.8598 I.8563 .8528

t

40 .8493 .8459 .8424 .8390 .8356 .8322 .8228 !.8254 '.8221 .8187
50 .8154 .8121 .8087 .8055 .8022 7989 .7956 .7924 .7892 . 7860

1 Hour 7828 7796 .7764 7732 7701 .7669 .7638 .7607|.7576 7545
|

.7333 | .7303 i .7273 ) .724310 .7515 .7484 .7453 .7423 .7393 i.7363
20 .7214 .7185 7155 7126 .7097 '.7068 .7039 .7011 I.6982 54

.6730 ! .6703 f .6930 .6925 .6897 .6869 .6841 .6813 .6785 .6758 .6676
40 .6648 .6621 .6594 .6567 .6541 .6514 .6488 .6461 j .6435 .6409
50 .6382 .6356 .6331 .6305 .6279 | .6253 .6228 :.6203 i.6177 .6152

2 Hours .6127 .6102 .6077 .6053 .6028 | .6003 .5979 .5955. 5930,.5906
| t i

10 .5882 .5858 .5834 .5810 .5787 .5763 .5740 .5716 | .5693 .5670
20 .5647 .5624 .5601 .5578 .5555 .5533 .5510 !.5488 '.5465 .5443

I .5247 .522530 .5421 .5399 .5377 .5355 .5333
.5311 [ .5290 | 526840 .5204 .5183 .5162 .5141 .5120 .5099 j .5078 5057 .5037!.5016

50 .4996 .4976 4955 4935 4915
4895,.4875|.4855|.4835

.4816
.4699 i.4680 4661 4642 46233 Hours .4796 .4777 4757 4738 .4718

> , ,

10 ! .4604 | .4585 4567 4548 .4530 i .4511 ' .4493 i .4475 | .4456 .4438
4384 .4366 .4348 | .4331 * .4313 | .4296 | .4278 4261} .4420 | .4402

20
30 I 42431 4226 .4209 .4192 .4175 | .4158 .4141 i.4124 I.4107 .4090
40 ' .4074 | .4057 .4040 4024 .4008 '.3991 .3975 | .3959 ' .3943.3927

I50 .3911 i.3895 .3879 .3863 .3847 .3832 .3800 .3785 .3770
.3693 , .3678 | .38164 Hours .3754 .3739 .3724 .3708 .3648 .3634 .3619

I.3663, i
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Sulfur - 35 87.9 Days

I
_ - _---__

i Days
Days 1

0. f .5 1.0 ! 1.5 | 2.0 ' 2.5 ! 3.0 ' 3.5 ' 4.0 ' 4.5
i i

_

j ,

I .9921 | .9882 .9844 .9805 .9766 ;.9728 4 .9689 i.96510 1.0000 .9961
5 .9613;.9576 .9538 i .9500 j .9463 .9426 .9389 | .9352 .9315'.9278

10 .9242 .9205 .9169 | .9133 .9097 .9061 .9026i.8990 .8955 .8920
15 .8884 .8849 .8815 | .8780 i.8745 .8711 | .8677 ! .8643 .8609 :.8575
20 .8541 .8507 .8474 | .8441 j .8407 .8374 i.8341: .8308 .8276 ;.8243
25 .8211 .8178 .8146 ! .8114 | .8082 ! .8050 ; .8019 .7987 .7956 i.7924

.7831 { .7800 j .7770 .7739 .7709 .7678 .7648 | .76181 Month .7893 .7862

f .7499 | .7469 ! .7440 . 7411!I
5 .7588. 7558 .7529 .7382 '.7353 ;.7324

10 .7295 '.7266 .7237!.7209 i .7181 | .7152 . 7124 .7096 .7068 ! .7040
15 .7013 .6985 .6958 | .6930 | .6903 i .6876 | .6849 .6822 i.6795 ,.6768
20 .6742 .6715 .6689 ; .6662 ;.6636 ! .6610 !.6584 .6558 6532 {.6507
25 .6481 .6455 .6430 ; .6405 .6380 i.6354 !.6329 '.6305 '.6280 '.6255

2 Months .6230 .6206 .6182 | .6157 .6133 i .6109 | .6085 i .6061. 6037 I .6013
! | !

'

5 . .5990i.E956 .5943!.5919 .5896 | .5873 | .5d50 | .5827 .5804 !.578110 I .5758 '.5735 .5713 .5690 .5646 I.5623 '.5601 .5579 !.5557
.5492 '.5470 I 5668 115 I .5535 .5514 5449 .5427 .5406 .5385: .5364 .5342

20 I .5321 .5300 .5280 '.5259 .5238 .5218 .5197 .5177 .5156 1.5136
25 i .5116 .5096 i .5075 | .5056 .5036 .5016) .4996,.4976 4957'.4937

.4822 { .4803 | .4784 | .4765 . 4746
3 Months .4918 | .4899 .4379 | .4860 .4841'

5 .4728 .4709 ;.4691 .4672 !.4654 : .4635 ! .4617 | .4599 . 4581 .4563

.4545 | .4527 ' .4509 | .4492 |i .4474|.4456!.4439i4421 .4404
438710

.4369 j .4352 | .4335 i .4318 .4301 | .4267 i .4250 ' .4234 .421715

.4200 i .4184 , .4167 | .4151, .4135 ,i .4284,

20
'

i.4118 .4102 ;.4086 4070 .4054
25 .4038 i .4022 i .4006 j .3990 j .3975 ( .3959 .3944|.3928. 3913 .3897

4 Months .3882 i.3867 '.3851 .3836 i .3821 | .3806 .3791i.3776 .3761 .3747
? |

__ _
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Technetium - 99m 6.049 Hours
_ _ _ _ _ _ - _ _ _ _

Minutes
Minutes

0 2 4 f6 8 j 10|12j 14 16|18.

0 1.0000 .9962 .9924 .9885 .9848 .9810 : .9772 | .9735 + .9697 ' .9660
20 .9623 .9586 .9550 .9513 .9477 .9440 !.9404 .9368 .9332 .9296
40 .9261 .9225 .9190 ,.9155 .9120 {.9085 .9050. 9015 .8981 .8946

1 Hour .8912 .8878 .8844 .8810 .8776 i .87431.8709 | .8676 , .8642 .8609
! | !

i
,

20 .8576 .8543 .8511 .8478 .8446 !.8413 .8381 | .8349 > .8317 ' .8285
.8127- 6 ;.8065 .8034 .8004 .7973

.7821!.809
40 .8253 .8222 .8190 .8159

.7791|.7761 .7732 | .7702 l .76732 Hours .7942 .7912 .7882 .7851
i !,

.7527 | .7498 | .7469 > .7440 ' .7412 , .738420 .7643 .7614 .7585 '.7556
40 .7355 .7327 .7299 !.7271 .7243 7215 [.7188 ;.7160 1 .7133 '.7105.

3 Hours .7078 .7051 .7024 | .6997 .6970 | .6944 I .6917 i .6890 : .6864 | .6838
i

,
j l '

i

20 .6812 .6785 .6759 .6734 .6708 !.6682 .6656. 6631) .6606;.6580
40 .6555 .6530 .6505 .6430 . 6455 ;.6430 .6406 j .6381 ! .6357 j .6332

4 Hours .6308 .6284 .6260 .6236 ~.6212 .6188 ' .6164 | .6141 ' .6117 | .6094
! ' |,

20 .6070 .6047 .6024 ,.6001 .5978 .5955 .5932 | .5909 I.5887 ,.5864
40 .5842 ,.5819 ,5797 t .5775 .5753 .5731 .5709 .5687 j .5665 j .5643

5 Hours .5622 *.5600 .5579 .5557 .5536 , .5515 | .5494 , .5473 j .5452 .5431
- t ,

.5267 !.5246 ,.522620 .5410 ,.5389 .5369 .5348 .5328 .5307 .5287
40 .5206;.5186 .5166 ,.5147 .5127 !.5107 .5088 i.5068 .5049 .5029

6 Hours .5010 .4991 .4972 I.4953 I.4934 i.4915 .4896 :.4877 .4859 .4840
! | !

20 .4821 .4803 .4784 '.4766 i.4748 !.4730 '.4712 .4694 .4676 .4658
40 I .4640 .4622 4604 | .4587 : .4569 l .4552 ' .4534 , .4517 .4499 .4482

.4431 ' .4414 | .4397 ! .4380 ' .43634347 .4330 i.43137 Hours 4465 .4448
) l !

20 t 4297 4280 .4264 .4248 4231 | .4215 .4199 | .4183 4167 .4151
!40 .4135 I.4119 .4103 .4088 .4072 ; .4056 4041 ' .4025 t .4010 .3994.

8 Hours t .3979 .3964 .3949 f .3934 ; .3919 .3904 .3869 .3874 [.3859 .3844
i I i i> ,
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Xenon - 133 5.27 Days
- - - . - -

I H0urs
Days ;

__ _ __._______________

0 1 |2 ! 3 4 5 6 7 8 9 10 11,

I

i

0.0 1.0000 ,.9945 i.9891 .9837,.9783 .9730 .9677 '.9624 .9571 .9519 .9467 .9415
0.5 .93641.9312 f .9261 .9211 .9160 .9110 .9061 '.9011 .8962f.8913

I

.8864 .8816
1.0 .8768 !.8720 i.8672 .8625 '.8577 . 8531 .8484 .8438 .8391 .8346 .8300I.8255
1.5 | .8210 ; .8165 ' .8120 j 8076 .8032 .7988 .7944: .7901 .7857 .7814 .7772 ;.7729
2.0 .7687,.7645 .7603 .756'? 7520 .74794 .7438 ; .7398 : .7357 .7317 '.7277 .7237

2.5 .7198 | .7158 : .7119 ; .7080 I .7042 | .7003 , .6965 .69271 .6889 ' .6851 .6814 !.6777
3.0 I .6740 I.6703 .6666 | .6630 ; .6593 ! .6557 ; .6522 ; .E486 .6451 .6415 i.6380 '.6345

.6311 | .6276.5877 . 5845 i .5813 : .5781 |. 5749 t.6140 | .6107 .6073 .6040
.6007 i.5974 I.59413.5 .6242 , .6208 , .6174

4.0 .5909: .5718 ;.5687 .5656 .5625 i.5594 i.5563,

.5533 { .5503 j .5473 I .5443 i .5413 | .5383 | .5354 .5325 .5296 { .5267 .5238t .52094.5 ;
t

. | |!

.5181 ! .5152 ! .5124 | .5096 .5068 |. 5041 .5013 '.4986 ! .4959.4931 | .4904 .48785.0
i

E.5 .4851 ! .4824 ! .4798 | .4772 ; .4746 ' .4720 | .4694 ! .4u68 i .4643 .4618 i .4592 ;.4567
"

6.0 .4542 | .4517 j .4493 ! .4468 i.4444 .4419 | .4395 4371. 4347 .4324|.4300 .4277, .

6.5 .4253 j .4230 ; .4207 | .4184 4161 .4133 !.4116 ;.4093 : .4071 .4048 :.4026 .4004;

.3982 ! .3961 | .3939 ; .3918 i .3896 | .3875 ; .3854 ! .38337.0 '

.38124 .3791 i.3770 ,.3749

7.5 .3729 .3709 .3688 .3668 .3648 !.3628 .3608 f .3589 | .3569 f .3550.3530 .3511
8.0 ! .3492 ! .3473 | .3454 .3435 | .3416 .3397 . 3379 | .3360 i .3342 ! .3324 ;.3305 !.3287 )8.3
9.0 '|

.3269 ; .3252 | .3234 .3216 . 3199 I .3181, .3164 ; .3146 .3129,.3112: .3095. 3078

.3061 | .3045 l .3028 !.3011 .2995 I.29791 .2962 ;.2946 ,.2930 !.2914 !.2898 {.2882
9.5 ! .2866 | .2851 | .2835 i .2820 .2804 , .2789 ! .2774 ! .2759 .2744 ,.2729 i.2714 ,.2699

j i | |
'

10.0 I .2684|.2669 .2655 :.2640 : .2626 | .2611 j .2597 i .2583 | .2569 ! .2555 .2541|.2527
10.5 .2513 i .2499 i .2486 i .2472 ; .2459 | .2445, .2432 .2419 !.2405 I.2392 !.2379 !.2366
11.0 i .2353 i .2340 | .2328 | .2315 ; .2302 } .2290 | .2277 .2265 | .2252 . 2240 i.2228i.2216
11.5 | .2203 | .2191 | .2179 ' .2168 | .2156 i.2144'.2132 .2121 | .2109 i .2097.2086;.207512.0 i .2063 I .2052 , .2041 ! .2030 I .2018 | .2007 ' .19961.1986 ; .1975 ! .1964 .1953i.1943

i | ! l 1

'

,
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Zinc - 65 245 Days

Days _

|0 2 |4 6 8 10 12 I 14 16 18
'

t
,

| | I i

! i |

0 1.0000 .9944 .9887;.9832 .977C j .9721 ! .9666 .9612 .9557 .9503
20 .9450 ,.9397

.93445!.9291 .9238 i.9186 .9134 | .9083 I .9032 .8981
40 .8930 .8880,.8830 .8780 .8730 | .8681 ' .8632 { .8583 ' .8535 .8487
60 .8439 .8391 .8344 .8297 .8250 , .8203 > .8157 ? .8111 .8065 .8020

.7840 | .7796 | .77E2 ; .7708 | .7665 , .7622 | .757980 .7975 .7930 .7885
| i i :

i

100 .7536 .7493 .7451 .7409 | .7367 ' .7326 ! .7284 ; .7243 ' .7202 | .7162
120 .7121 | .7081 .7041 7001!.6962 !.6923 .6884 | .6845 .6806 !.6768
140 .6730 | .6692

.6654 .6616 .6579 .6542 .6505 !.6468 .6432 i.6395
160 .6359 .6323 6288 .6252 .6217 . 6182 '.6147 .6112 I.6078 . 6044

.5942 | .5908 .5875 | .5847 j .5809 I .5776 , .5743 | .5711

| .6009 .5976.5615|.5583 I .5520 | .5489 ' .545G | .5428 i .5397
180 1

I i f !
.5552200 .5679 .5647,

220 ! .5366. 5336 .5306 .5276 .5246 .5217 .5187l.5158 .5129 ,.5100
240 ! .5071 .5043 .5014,.4986 .4958. 4930|.4902 .4874 .4847'.4819

'260 .4792 .4765 .4738 .4712 .4685 | .4659 i .4632 i .4606 | .4580 i .4554
4402 I.4377 ~ .4353 i.4328 . 4304280 4529 < .4503 .4478|.4452

.4427 |!\ \ \ ( l

300 .4279 | .4255 .4231,.4207 .4184 4160 ).4137 {.4113 .4090 .4067
320 I .4044 '.4021 .3999~.3976 .3954 .3931 .3909 .3887 .3865 .3843
340 | .3822,.3800<.3779 .3757 5.3736 .3715|.3694 .3673 !.3652 .3632
360 .3611 .3591 | .3571 ; .3551 ; .3531 .3511 ,.3491

~

.3471 | .3452 .
. .3432

380 .3413 !.3393 i.3374 '.3355 !.3336 '.3317 .3299 .3280 .3262 .3243
i 1

i

!.3225f.3207 .3189 | .3171 .3153 ! .3135 | .3117.3100 | .3082 .3065400
420 ! .3048 | .3010 | .3013 ' .2996 .2979 .2946 .2929 .2913 .2896
440 | .2880 t .2864 { .2847 .2831 j .2815 | .2963.2800 .2784 .2768 .2752 .2737
460 l .2721 i.2706 .2691 i.2676 :.2661 .2646 .2631 .2616 i.2601 .2586

.2572 .2557 | .2543 .2528 j .2514 .2500 .2486 .2472 | .2458 .2444480 '

r
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REGULATORY GU DE
OFFICE OF STANDARDS DEVELOPMENT

REGULATORY GUIDE 8.13

INSTRUCTION CONCERNING PRENATAL RADIATION EXPOSURE

A. INTRODUCTION than an adult, particularly during the first three months
after conception, when a woman may not be aware that

Section 19.12 of 10 Cl R Part 19 states that all she is pregnant, th National Council on Radiation Pro-
indisiduals working in or frequenting any portion of a tection and Measu. ments (NCRP) recommen&d in its
restricted area must be instructed in the health protee. Report No. 39 that special precautions be taken to limit
tion problems anociated with esposure to radioactise e posure w hen an occupationally esposed w oman could
materials oi radiation. This guide describses the in- be pregrant.
struction that should be prosided concerning biological
risks to embryos or fetuses resulting from prenatal
esposure.. C. REGULATORY POSITION

B. DISCUSSION Instruction to workers performed under i 19.12
should be given prior to assignment to work m a te.

Since the Law of flergonic and Tribondeau was stricted area, in providing instruction about health pro-
pubinhed in 1906"it has been known that the sensitis. tection problems anociated with radiation citposure,
ity of cells to radiation damage is related to their repro. female workers and those who ma) supersne or work
ductise activity and insersely related to their degree of with them should be gisen specific instruction about
dif ferentiation. It follows that children could be eg. prenatal citposure risks to the deselopmg embryo and
pected to be more radiosensitise than adults, f etuses fetus.
more radiosensitise than children, and embryos esen
more radiosensi." - 'Ihe instruction should ensure that the employees

understanJ:
Thn prmeiple has long been a factor in the desel-

1. That the NCRP has recommended that, during
opment of radiation eitposure standards. Section 20.lN the entire gestation period, the masimum perminible
of 10 CI R Part 20 places different limits on minors dose cquis alent to the fetus from occupational esposure
than on adult workers. Specifically, it limits anyone of the espectant mother shoulJ not eweed o.5 rem and
under the age of 18 to eitposures not escceding 10.~. of
the limits for adult workers. Iloweser,120,1N does 2. I he reasons f or this recommendation.
not relat- to embryos or fetuses.

t he instruction should include the information
A special situation arises when an occupationally prosided in the Appendn to this guide. It should be pre.

esposed woman n pregnant. E!'Lposure of the abdomen sentcd to the employee, her supersisors, and her co-
of such a worker to penetrating radiation from either w orkers both orally and in w ritten form. I ach
eiiternal or internal sources w ould also inmis e esposure indisidual should be gnen an opportumty to ask ques.
of the embryo or fetus. Ilecause a number of studies tions, and cash indnidual should be a.ked to acknowl-
have indicated that the embryo or fetus is more sensitis e edge in w riting that the instruction has been receis ed.

'Ihn remum of the guide indudes minor thanges of a stan-
f>mg nature incorporated as a result of pubhe commento No
sabstantn e changes has e been made.

**Compres Rendus des hnces de l'Academir des .kwnces. The purpose of this section is to proside informa-
Vol.141, pp. 90 9C,19mi. tion to licensees regarding the use of this guide.
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1

Except in those cases in which the licensee chooses frequenting any portion of a restricted area, and those
to propose an alternathe method for complying with who may supervise or work with such employees, con- ,

the portion of the Commission's regulations presiously cerning the health protection problems anociated with I

specified, the methods described herein should be used prenatal radiation esposure.
immediately Io instruct female employees w orking in or-

i

!
i APPENDIX TO REGULATORY GUIDE 8.13

POSSIBLE HEALTH RISKS TO CHILDREN OF WOMEN .

'

! WHO ARE EXPOSED TO RADIATION DURING PREGNANCY

| Some recent studies hase shown that the risk of All Nuclear Regulatory Comminion licensees are
'

leukemia and other cancers in children increases if the now required' to inform all indisiduah who work in a
mother is esposed to a significant amount of radiation restricted area of the health protection problems associ-

! during pregnancy. According to a report by the Na- ated with radiation expomre. T his imtruction would in
I tional Academy of Sciences, the incidence of leukemia many cases include information on the pouible risks to

among children from birth to 10 > cars of age in the unborn babies. The regulations aho state" that li-
! United States could rise from 3.7 cases in 10,000 chil- cemees should keep radiation exposures as low as is rea-

dren to S.6 cases in 10,000 children if the children wcre sonably achinable. According to the National Council
!. exposed to I rem of radiation before birth (a " rem" h a on Radiation Protection and Nicasurements, sigorous

measure of radiation). The Academy has also estimated efforts should be made to keep the radiation esposure
;
' that an equal number of other types of cancers could re- of an embryo or fetus at the scry town practicable

sult from this le el of radiation. Although other scien- les el during t he entire period of pregnancy. [

tific studies have shown a much smaller effect from
radiation, the Nuclear Regulatory Commission wants Thus it is the responsibility of your employer to
* omen employees of its licemees to be aware of any take all practicable steps to reduee )our radiation espo.

j pouible risk so that the women can take steps they sure. Then it h )our tespomibility to decide w hether the
; think appropriate to protect their of fspring. esposure you are receising is sufficiently lo.w to protect
1 your unborn child. The adsice of >nur employer's

As an employee of a Nuclear Regulatory Commis- health physicist or radiation protection officer should
,

sion licemee, )ou may be esposed to more radiation be obtained to determine whether radiation inch in
than the general public. Ilowe er, the Nuclear Regula. your working areas are high enough that a baby could ,

tory Comminion has established a basic esposure hmit receive 0.5 rem or more before birth. If so, the alterna-
for all occupationally esposed adults of 1.25 rems per thes that you might want to comider are:
calendar q.arter, or $ rems per year. No clinical evi.

; dence of harm would be espected in an adult working (a) If you are now pregnant or espect to be soon,

| within these loch for a lifetime, liccause the risks of you could decide not to accept or continue auignments
undesirable effects may be greater for young peopic in the c arcas.

] indisiduah under 18 years of age cre permitted to be es-
posed to only 10 percent of the adult occupationallim. (b) You could reduce your esposure, w here poul-

J| its. (This lower limit is aho applied to members of the ble, by decreasing the amount of time you spend in the
i general public.) radiation area, increasing your dntance from the radi-

ation source, and using shieldinb-
[

The scientific organisation called the National 4 ;'

i Council on Radiation Protection and Nicasurements (c) If you do become pregnant, you could ask
has recommended that because unborn babies may be your employer to rcanign you to areas in ohing icu es-
more semitise to radiation than adults, their radiation posure to radiation, if this k not poulble, )ou might
dose as a result of occupational esposure of the mother comider leasing your job. If you decide to take such
should not exceed 0.$ rem. Other scientific groups, in- Steps, do to without delay. The unborn child h most
cluding the International Comminion on Radiation

1 Protection, have aho stressed the need to kecp radiation
,

doses to unborn children as low as h reasonably elly Title 10, part 19 of the Code of I ederal Regulanons.
j achievable. "In Title 10, par 20.

i
,
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.

sensithe to radiation during the first three months of Discussion of Radiation
)our pregnancy,

!
The amount of radiation an indnidual reeches is

(d) You could delay hasing children until you are called t he " dose" and is measured in " rems." The as er.
no longer working in an area where the radiation dose age indisidual in the United Nates accumulates a dose
to your unborn baby could eseced 0.5 rem, of one tem from natural sources e cry 12 years. The

dose from natural radiation is higher in some states,

You may aho, of course, chome to: such as Colorado, Wyoming, and South Dakota, pri-
marily because of cosmic radiation. There the ascrage
indh idual gets onc rem escry 8 ) cars.(c) Continue working in the higher radiation

area,, but with full awarenns that you are doing so at Natural background radiation inch are aho much
some small mereased thL for S our unborn child. higher in certain local areas. A dose of one rem may be

reeched in some areas on the beach at Guarapari,
Ilraril,in only about 9 da)s, and some people in Kerala,
India, get a dme of one tem esery $ months.

The following facts should be noted to help you male a
decision: Man) people reeche additional radiation for med.

leal reasons. In 1970, an e timated 212 mdhon kray
1. The first three months of pregnsney are the esaminations were performed in the United States. The

most important, so you should make your dechion estimated aserage surface skin dme from one radio-
quickly. graphie chest kray is 0.027 rem.1he estimated aserage

surface skin dose per abdominal Lray b 0.62 rem.'
2. In most cases of occupational esposure,Ihe ae-

tual dme recened by the unborn baby h leu than the Radiation can aho be reeched from natural
dose receised by the mother because some of the dose is sources such as rock or brick structures, from consumer
absorbed by the mother's body, products such as tein hion and glow -in.t he-dar k

watches, and from air trasel. The pmsible annual dme

3. At the present occupational espmure limit, the from working 8 hours a day near a granite wall at the

actual ri k to the unborn baby h small, but esperts dh- Redcap stand in Grar d Central Station New York
agrec on the csaet amount of thk. City, is 0.2 rem, and the average annual dose in the

United State from TV, cornumer products, and air
travel h 0.0026 rem,

4. There is no need Io be concerned about sterihty
or lou of >our abihty to bear children. The radiation Radiation, hke many things, can be harmful. A
dose required to produce such effects is more than 100 large dme to the whole body buch as ten tems in one
times larger than the Nuclear Regulatory Comminion's day) would probably cause death in about 30 da>s, but
dosc hmits for adults. such large doses result only from rare accidents.

Control of esgwure to radiation is based on the
$. 13cn if you wo & in an area where you recche assumption that any eitpmure, no matter how small,

only 0.5 rem per three. month period, in nine months insohes some rhk. The occupational espmure hmits
>ou could recene 1.5 rems, and the unborn baby could are set so low, hown er, that medieal nidence gathered
receise more than 0.5 rem, the full. term hmit sugge ted mer the past $0 years indicatn no ehnically otnenable
by the NCRP. Therefore,if you decide to rntrict your injuries to indhiduals due to radiation esposurn w hen
unborn baby's espmere as recommended by the the estabinhed radiation limits are not eseceded. Ihis
NCRP. be aware that the 0.$ rem hmit to the unborn was true e en for citpmures reecked under the early
baby applies to the full nine month pregnancy. occupational espmure limits, which were many timo

higher than the prnent hmits. Thus the rhk to
indhiduah at the oxupational espmure le eh h
considered to be very low, flowner, it is impowible to
say that the rhk h tero. To decrease the rhk still

The remainder of this document contains a brief further, licensee are e pected to keep actual espmurn
esplanation of radiation and its cffects on humans. As as f ar below the limits as b reasonably achies able.
you wdi see, some radiation is prnent e cr)where and
the loch of raJiation mmt emplo)ces of Nuclear Regu-
latory Commhsion heensees recch e are not mush larger ,,, pre.Nelease Report: ARay I armute Study (XI M Roised
than ihne naturalInels. Ilecause the radiation le eh in ritimato of IW and lon Genetwally s mrwant Dme "wthe facility where you will be working are required by f ebruary 4, Im, US Department of itealth,1 Jutaikm,
law to be kept quite low, there h not considered to be a and Welfare, Public Health Serm e, I ederal Drug
significant health thk Ioindhidual adult employees. Adminieranon, hureau of Radiologwallicalth.
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The current esposure limits for people working Summary
with radiation hase been deseloped and carefully re-
siewed by nationally and internationally recognized Occupational esposures to radiation are bemg kept
groups of seientists. It must be remembered, howner, low, lloweser, quahfied scientists have recommended
that thee limits are for adults. Special consideration is that the radiation dose to an embryo or fetus as a rew's
appropriate when the indnidual being esposed is, or of occupational esposure of the espectant mother
may be, an espectant mother, because the esposure of should not esceed 0.5 rem because of ponible increased
an unborn child may aho be im oh ed. risk of childhood leukemia and caneer. Since this 0.5

rem is lower than the dose generally permitted to adult
workers, women may want to take special actions to
asoid receising higher esptwures, just as they might
Mop sn ng dunng pregnano or nHght dunb Hain

Prenatallrradiation more carefully to reduce pomble risks to their unborn
'"'

The prediction that an unborn child w ould be more
sensitise to radiation than an adult is supported by ob-
servations fs.r relatisely large doses. Large doses dehs-
cred before birth alter both physical de elopment and Bibliography
behavior in esperimentally espined animals. A report
of the National Academy of Scienco uates that short- 1. Donald G. Putarello and Richard L. Witeofski,
term doso in the range of 10 to 20 rems cause subtle Basic Radiation Rm/ogy, Philadelphia: Lea and
changes m the nene celh of unborn and infant rats. The Febiter,1%7,
report aho states, howner, that no radiation induced
changes in de clopment hase been demonstrated to re- 2. National Academy of Sciences - National
sult in esperimental ammah from doses up to about i Research Counetl, The f(/fects on Populations of
rem per day estended oser a large part of the period be- Esposure to I.ow Loch of loni:eng Radiation,
fore birth. Washington, D.C., Nosember 1972.

The National Academy of Sciences aho noted that 3. National Council on Radiation Protection and
doses of 25 to 50 rems to a pregnant human may cause Nicasurements. Basic Radsalmn Protection
growth daturbanees in her offspring. Such doses sub- Criteria. NRCP Report N o. 39 Washington,
stantially eseced, of course, the masimum perminible D.C., January 15,1971,
occupational esposure limits.

4. United Nations, lons:ine Radiation: Inch and
Concern about prenatal esposure (i.e., esposurc of 1,ffects, 2 sol., Reports of the United Nations

a child while in its mother's uterus) at the perminible .icientifie Committee on the Effects of Atomie
occupational lock is primanly based on the pombility Radiation, Report No. A/H725, United Nations,
that cancer (especially leukemia) may declop during New York,1972.
the first 10 years of the child's life. Soeral studies hase
been performed to esaluate this risk. One study in. 5. U.S. Atomic Energy Comminion, Disision of
sobed the followup of 77,000 children esposed to radi. Technical Information, Understanding the Atom
ation before birth (because of diagnostic abdominal L Series:
rays maJe for medical purposes during their mother's
pregnancy). Another study insobed the followup of A tcmi, Naturc and.tfan
20,000 such ch;ldren. In addition,1292 children w ho re-
ceised prenatal esposure during the bombing of Ilito. The Genersc Effects ofRadiatwn
shima and Nagasaki were studied. Ahhough contradie-
tory results hase been obtained, most of the esidence The Natura/ Radsation Ens tronment
suggests a relationship between prenatal esposure and
an increased risk of childhood cancer. Your Hody and Radsation

Reproduced at the National Institutes of if calih, llet hesda, Star > land
(Page numberi changed f rom those on original.)
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UNITED STATES NUCLEAR RECULATCRY COMMISSION

RULES and REGULATIONS
TITLE 10, CHAPTER 1. CODE OF FEDERAL REGULATIONS-ENERGY

(

PART NOTICES, INSTRUCTIONS, AND REPORTS TO WORKERS:
19 INSPECTIONS

Se t
engaged in activities licetued by the Com. s| sued pursuant to Subpart U of Part 2 of

ic) " Worker" means an individual
19. Pur r. .s e - this chapter, and any response frvm the** *"P''' mission and controlled by a licensee, & licensee.$ !nter$,Ee'e$iIns. but does not include the licensee R (bl U posting of a document specified
89.5 Osmmunnaimns. (d) " License" means a license issued e in paragraph (al (1), 42) or (37 of this
t 9.3 i tuting of notnes to workert under the regulations in Parts 30 through * section is not practicable, the licensee
19.32 instrustmn to workers. 35, 40, or 70 of this chapter, including R may post a notice which describes the

[e <Yf rert en$tIesIfi e r ,", licenses to Operate a production or utili. document and states where it may be
' ' '

sc
and workers Juring m>pectmns. zation facility pursuant to Part 50 of this examined.

t 9.1 * Conwltatmn with wurkers Junns in. chapter. " Licensee" means the holder of -

srestm ns. such a license. de) Form NRC-3, " Notice to Em.
19.t e Hequeis M workers for mspeitmns. ,,, "Itestrteted area" means any area ployees", shall be posted by each !!.19 t 7 Inspetimn not warranteJ; 6nformat re D access to which is controllN1 by the 11 cetuee wherever individuals work in or
19 30 %,NtIns. k censee for purposes of protection of in. R frequent any portion of a testricted aren,

dividuals from exposure to radiation and19.31 Arrhutmn for e sempimn .

m ra 'toactive matertals. "Itestricted area" Q
g gow copi,, og p.orm NnC-3 may be ob-19.32 thunminatmn rrnhiNteJ.
g shall not include any areas used as rest. e tanned by

writing to the Director of the
* appropriate U & Nuclear negulatory Com.

det,tial quarters, although a separate P misnton Inspection and Enf orc ement ne-
Atmtos:TY: Secs 83. 6J. 81,103,104.161, room or rooms in a residential i O 'Ang glunal Omce listed in Appendix "D'', Part 20

Pub t. 83-703. 68 htat. 93o. 911. 935, 936, may be set apart as a restric', of thli chapter, er the D;recter, Omce of In-.

9J7. 948, a.s amended (42 U.S C. 2073. 2m. spection and Enfvrcemer,t,1J 3 Nuclear iteg.
2111, 2133, 2134. 22o1); dec. 401, Pub !. ')3 $ 19,8 InterpreMione, utatory Cummisalon. Washington, D C 20555
433, 88 stat.1254 (42 U.8 C. 5491) Except as specifically authorked by the C

Commiston m writing, no interpretation (d) Documents, notices, or forms
of the meaning of the regulations in this posted pursuant to this section shall ap-

3 19,1 l'u rgmw, part by any omcer or employee of the pear in a sumcient number of places to
''ommission nther than a written in. permit individuals engaged in licensedThe regulations in this part establis".
terpretation by the General Counsel wt!! activities to observe them on the way to

requirements for notices, instructions, he recognited to be binding upon the or froan any particular licensed activity
and reports by licensees to individuals Commission. location to which the document applies,
participating in licensed activities, and shall be conspicuous, and shall be re-

-

options available to such individuals in g 19.s i bm m u nica tion.. placed if defaced or altered,
connection with Commission 1. Spections (et Commission documents posted
of licensees to ascertal.a comp!!a..re with Except where otherwise sptvilled in

pursuant to paragraph f al(4) of this
the provisions of the Atomic Ener.y Act this part, all corr *nunications and report ^ section shall be posted within 2 working
of 1954, as amended. Title II of the En. g c neerning the regt lations in this part days af ter receipt of the documents from

h ergy iteorganization Act of 1974, and reg. g should be addremed to the Director, Of. the Commission; the licensee's response,
m ulations, orders, and licenses thereunder e flee of Inspe 'tton and Enforcement. U 8. If any, shall be posted within 2 working
E regarding radiological working condi. m Nelear Wgdatory Commission, Wash. days af ter dispatch by the licensee. Such
* tions' p inuton, D C. 20555 Communications, re* E documents snall remain posted for a
S ports, and applications may be delivered y minimum of 5 working days or until ac.g 19,2 Scop e, in person at the Commission's omces at tion correcting the violation has been

The regulations in this part apply to 1717 !! Street, NW , Washington, D C.; ga completed, ahichever ts later,

transfer materialll:ensed by the Nuclear ,,/{,far> land.r at 7920 Norfolk Avenue, llethesda, p 619M lede N wh.
all persons who receive, possess, use, or

1911 Pmuns of noen to s.orliere. Ing any portion of a restricted area shallre u t rts 3 ou 3 40
or 70 0f this chapter including persona li. tal Each licensee shall post current kept int nnet f the storage, trans.

! o use of ra on tiv mate tais orcint.ed to operate a production or utili. copics of the folloaing documents: 41)
zition facility pursuant to Part 50 of ~ The regulations in this part and in Part

stricted area; shall be instructed in the
h 20 of this chapter; I36 the license, license health protection problems associatedthis chapter,

c nditions, or documenta incorporated with exposure to such radioactive mate.M 10.3 De finitions. E
w into a license by reference, and amend. rials or radiation, in precautions or pro.~

6 As used in this part: 5 ments thereto; t3) the operating proce. cedures to rninimue exposure, and in the
R (at "Act' means the Atomic Energy
g Act of 1954, (68 Stat. 919: including any dures applicable to licensed activities, purp ses and functions of protecthe de.

(4) any notice of violation involvinj Hees empt yed; shall be instructed in,w am:ndments thereto,,
C lb) "O>mmnainn enesna the L. ted $tstes radiological working conditions, propuaed and instructed to observe, to the extent

eu

| M&st Reguistory Commnismi imposition of civil penalty' or order is. within the worker's control, the applica.
ble provisions of Cornmission regulations
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PART 19 o NOTICES, INSTRUCTIONS, AND REPORTS TO WORKERS: INSPECTIONS

cnd licenses for the protection of per- report shall be transmitted at a time or in writing, any past or present condi.
sonnel from exposures to radiation or not later than the transmittal to the tion which he has reason to believe may

radioactive materials occurring in such Commission. have contributed to or caused any vio-
f

. lation of the act, the regulations in thiscr:as: shall be instructed of their re.
0

orker b r' irs ir
chapter, or license condition, or any un.sponsibility to report promptly to the !!* licena and pe necessary exposure of an individual tocinsee f.ny condition which may lead to tions,

or ecuse a violation of Commission regu. radiation from licensed radioactive ma.
(a) Each licensee shall afford to the terial under the licensee's control. Anylations and licenses or unnecessary ex.

posure to radiation or to radioactive ma. Commission at all reasonable times op* such notice in writing shall comply with
terial; shall be instructed in the appro- portunity to inspect materials, activities. the requirements of I 19.16(a).
priate response to warnings made in the facilities, premises, and records pursu* (c) The provisions of paragraph (b)
svint of any unusual occurrence or mal- ant to the regulations in this chapter. of this section shall not be interpreted as
function that may involve exposure to (b) During an inspection, Commission authorization to disregard instructions

; radittion -. radioactive material; and inspectors may consult privately with pursuant to i 19.12.

! shall be advised as to the radiation es. workers as specified in i 19.15. The 11- g 19.16 Heque.ta in workers for inapec.
pos.tre reports which workers may re- censee or licensee's representative may tions,

queIt pursuant to I 19.13. The extent of accompany Commission inspectors dur- (a) Any worker or representative of
ing other phases of an inspection. workers who believes that a violation ofthese instructions shall be commensur.

(c) If, at the time of inspection, an the Act, the regulations in this chapter,{ tte with potential radiological health
individual has been authorized by the or license conditions exists or has oc.protection problems in the restricted workers to represent them during Com* curred in license activities with regard toarea. mission inspections, the licensee shall radiological working conditions in whichi

I $ 19, Notificatm, ns and ecports to in. notify the inspectors of such authoriza- the worker is engaged, may request an
t * un s. tion and shall give the workers' repre* Inspection by giving notice of the alleged

(n) Radiation exposure data for an sentative an opportunity to accompany violation to the thrector of Inspection and l~n-i

individual, and the results of any meas- the inspectors during the inspection of forcement, to the thrector of the appro-
urements, analyses, and calculations of physical working conditions. priate Commission Regional O!!!ce, or to
radioactive material deposited or re. (d) Each workers' representative shall Commission inspectors. Any such notice'

j tuned in the body of an individual, shall be routinely engaged in !! censed activi- shall t'e in writing, shaft set forth the
be reported to the individual as specified ties under control of the licensee and specific grounds for the notice, and shall,

in this section. The information reported shall have received instructions as spec * be signed by the worker or representa-i

shall include data and resulta obtained ified in I 19.12. tive of workers. A copy shall be provided
pursuant to Commission regulations, or. (e) Different representatives of 11 the hcensee by the thrector of Inspection and

i ders or license conditions, as shown in censees and workers may accompany the E nforcement, Regunal Offhe Director,
records maintained by the licensee pur. Inspectors during different phases of an or the inspedor no later than at the time
sur.nt to Commission regulations. Each inspection if there is no resulting inter. of inspection except that, upon the re-

j, notifier. tion and report shall: be in writ. ference with the conduct of the inspec. quest of the worker giving such notice,
; g ing; include appropriate identifytng data g tion. Ilowever, only one workers' repre. O his name and the name of individuals
! g such as the name of the licensee, the c sentative at a time may accompany the 4referred to therein shall not appear in:

name of the individual, the individual's Q inspectors. E such copy or on any record published.a: if) With the approval of the !!censee released, or made available by the Com.' w social security number; include the indi. w
5 vidual's exposure information; and con. g and the workers, represer.tative an in. SF mission, except for good cause shown.

2

1 tain the following statement: dividual who is not routinely engaged ab) If, upon receipt of such notice, the
in licensed activities under control of ect t of Insmison and i nfortement ot Re-this report is furnnhed to e a under the prove the license, for example, a consultant 8""*I * ' ' " " " ' 'wns of the Nuclear Hegubtory Commpon reau to the licensee or to the workers' repre. the complaint meeta the requirementa set' "

r"t f r fu t r ferer[",' sentative, shall be afforded the oppor.
forut in paragraph (a) of Ulls antion,e

tunity to accompany Commission inspec, and that there are reasonable grounds totb) At the request of any worker, each tors during the inspection of physics! believe that the alleged violation existaq
' heensee shall advise such worker annu. working conditions.

or has occurred, he shall cause an in-ally of the worker's exposure to radiation (g) Notwithstanding the other provl. spection to be made as soon as practica.or rr.dioactive material as shoaTi in rec. sions of this section, Commission inspec. ble. to determine if such alleged vloistion
ords maintained by the licensee pursu. tors are authorizel to refuse to permit

exista or has occurred. Inspections pur.
t.nt to i 20.401(a) and (c), accompaniment by any individual who suant to this section need not be limited(c) At the request of a worker former. deliberately interferes with a fair and to matters referred to in the compla t.
ly engiged in licensed activities con. orderly inspection. With regard to areas (c) No licensee shall discharge or introlled by the licensee, each licensee shalf containing information classified by an any manner discriminate against any
furnish to the worker a report of the agency of the U8. Government in the worker because such worker has filed any

d'
worker's exposure to radiation or radio. Interest of national security, an individ. complaint or instituted or caused to beactive material. Such report shall be fur. ual sho accompanies an inspector may instituted any proceeding under thenished within 30 days from the time the have access to such information only if< regulations in this chapter or has testi.request is made, or within 30 days af ter authorized to do so. With regard to any f ed or is about to testify in any such pro.<

J the exposure of the individual has been area containing proprietary information, ceeding or because of the exercise bydItermined by the licensee, ahichever is the workers' representative for that area such worker on behalf of himself or
later; shall cover, within the period of shall be an individual rreviously author. others of any optaon afforded by this
time specified in the request, each calen. ized by the licensee to enter that area, part
d:r qu:rter in which the worker's ac, g 19.15 Can.ultation with workees dur. g 19,17 In.pectione not warrantedi in.j tivitlis involved exposure to radiation I"" I" ""''

' from radioactive materlats licensed by forrnal reelew.
the Commission; and shall include the fa) Commission inspectors may con. (a) If the threttor of inspetuon and I nforte-
dites c.nd locations of licensed activities sult privately with workers concerning ment or of the approprtste Regmnal
in which the worker participated during matters of occupational radiation protec. Off!ce determines, with respect to a com.
this period, tion and other matters related to ap. plaint under i 19.16, that an inspection

(de When a licensee is required pur. plicable provisions of Commission resu. is not warranted because there are no
su:nt to i 20.40$ or i 20.408 of this chap. lations and licenses to the extent the in. reasonable grounds to believe that a vlo.
tar to report to the Commission any ex. spectors deem necessary for the conduct lation exists or has occurred, he shali no.

; posure of an individual to radiation or of an effective and thorough inspection. tify the complainant in writing of such
j radioactive material the licensee shall Ib) During the course of an inspection determinattor The complainant may

also provide the individual a report on any worker may bring privately to the obtain review sf such determination by
his exposure data included therein. Such attention of the inspectors, either orally submitting a written statement of post.

|
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PART O o N3TICES, IN ,TRUCTIONS, AND REPIRTS TO WORKEFtS; INSPECTIONS

tion with the Esecutive Director for Operations, discrimination under any program or ac-
U.S. Nuclear Regulatory Commission, Washing- tivity licensed by the Nuclear Regulatory
ton, D.C. 20555 who will provide the licensee Commission. This provision will be en-
with a copy of such statement by certi- X forced through agency provisions and
fled mail, excluding, at the request of the E rules similar to those already established,
complainant, the name of the complain e with resp?ct to racial and other discrim-
ant. 'Ihe !!censee may submit an oppos- m ination, under title VI of the Civil Rights
ing written statement of position with S Act of 1964. This remedy is not exclu-
the Executive Director for Operations who will sive, however, and will not prejudice or
psovide the complainant with a copy of such cut off any other legal remedies avalla
statement by certified mail t'pon the request able to a discriminatee,
of the complainant, the Executive Director for -

Operations or his designee may
hold an informal conference in which
the complainant and the licensee may
orally present their vie- < tn informal

,,, conference may also be bs.J at the re-
5 questof thelicensee,butdisclosureof the
R identity of the complainant will be made
e only following receipt of written author.
6 12ation from the complainant. After con-
R sidering all written and oral views pre-

sented, the Executive Directcr for Operations
shall affirm, modify, or reverse the determina-
tion of the Director of Inspection and Enforce-
ment or of the appropriate Regional
Omce and fumish the complainant and
the licensee a written notification of his
decision and the reason therefor,

(b) If the Director of Inspection and Enforce-
ment or of the appropriate Regional
Omce determues that an inspection is
not warranted because the requirements
of | 19.16(a) have not been met, he shall
notify the complainant in writing of
such determination. Such determination
shall be without prejudice to the filing of
o new complaint meeting the require-

,ments of i 19.16(a),

fg 10.30 Violations.

( be obtained prohibiting any violation ofAn injunction or other court order may
as

' cny provision of the Act or Title II ofC
the Energy Reorganization Act of 1974,e

{or tny regulation or order issued there-
*

und;r,

~
A court

order may be obtained for the payment
of n civil penalty imposed pursuant to
section 234 of the Act for violation of sec-
tion 83, 57, 62, 63, 81, 82,101,103,104,
107, or 109 of the Act or any rule, regula-
tion, or order issued thereunder, or any
term, condition or limitation of any 11-
cense issued thereunder, or for any vio-
lation for which a license may be revoked
under section 186 of the Act. Any person

r- who willfully violates any provision of

6 the Act or any regulation or order issued
N thereunder may be guilty of a crime and,
[ upon conviction, may be punished by fine
g or imprisonment or both, as provided by

la >,

$ 10,31 Application foe esemptione.
The Commission may, upon applica.

tion by any licensee or upon its own in-
itiative, grant such exemptions from the
requirements of the regulations in this
part as it determines are authorized by

law and will not result in undue hazard
, to life or property.
~

5 10.32 Imcrimination prohibited.
Na person shall on the ground of sex

be excluded from participation in, be de-
nied the benefits of, or be subjected to
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UNITED STATES NUCLEAR REZULAT2RY CCMMISSIEN

RULES and REGULATIONS
TITLE 10, CHAPTER 1. CODE OF FEDERAL REGULATIONS-ENERGY

PART STANDARDS FOR PROTECTION AGAINST RADIATION
20

i XCE PTIONS AND ADDillON Al. HI'QUIRF-
%tt N TS

Gt Ni R AL PKuvisioNS ments set forth in this part, make every
20.501 Arrheatoms for esemptoms. reasonable effort to maintain radiation
20.502 AJJitional reqmrements.g exposurM. and releases of radioactive

materials in effluents to unrestricted20 2 smre. 6NiORCIMiNT
20.3 Def mit ion s. O areas, as lo I as is reasonably achievable.

term "as low as is reasonably20.4 Units or radutun J*e- 20.601 Violations gThe
!N r'rYet ArrenJn A q uewrseJ1 g ably achievable taking into account the

achievable" means as low as is reason-
i n-

20.7 Commu uatmnt AppenJim H-Contentrations in air anJ water w state of technology, and the economics ofabuse natural backgrounJ. e
rt RNilssisti r >st S. t F Vt i S. AN D gppenan C. improvements in relation to benefits tov

CONot NI R ATI ins Appenais D_ Cnited states Nuclear Regula- the pub!!c health and safety, and other
" h"" "d I "

20J06 6 spos .re of mJmdu4h to redis- f[, e "f"k[[i n societal and socioeconomic considera-
s tions, and in relation to the utilizationIno m reuruted aren,

Al' THO RI T Y . The riosmons of this Part 20 of atomic energy in the public interest.20.102 Deters sm4tn n of anumulated mued under sets. 53.63. 65.81.103,104.161.
Jin e ein stat. 9 30. 9 3 3. 9 3 5. 9 36. 9 3 7. 94 8, as

2 0.10 ) t spo hre of mdisiJuah to conten
er,tms of r4Jion hse material in Jrnendei 4 2 U SC. 2013. 2093. 209 5. 2111. 9M2 hpe.

f 3,3 213 orjh pur ojes of s 'f22 The regulations in this part apply torestruteJ arcat ,, 5
2 2 7 3. $ 120.40E 20 409 issueJ under sec. E all persons Who recetVe. Possess. use, or

s' r n i le e s a radutton in 0- ' **endei 4 2 U.S.C. " transfer material licensed pursuant to
'6' " " * " Si '' "o 2 '2 0unrestruteJ areas.

h 2,, g t{' 4 3,R. 8 8 f the regulations in Parts 30 though 35,2 *

20 loa H4Jmntisit y m ef fluents to unre. ,' o 40. or 70 of this chapter, including per-
|

urnted aren.
-% 2f).1 l'u e po.e. ' sons licensed to operate a production or'

20.107 MeJuai Jugnous and therarv.

ej,u npurnnNng of % eas The regulations in this part estab. utilization facility pursuant to l' art 502alon ud
, ,

lish standards for protection against ra. of this chapter.

PHI CAUlloN ANY Phot i DtINI s e diation hazards artsing out of activities 2
e under licenses issued by the Nuclear Heg. 5 20.3 tiefinition

!If 2 n et rnonnormg. "a ulatory CommLssion and are issued pur. fat As used in this part:
(1) "Act" means the Atornic Energy

20.203 Cauti. n urns. labeh. uanalt mod suant to the Atomic Energy Act of 1954*

w n t r" k. Act of 1954 (68 Stat. 919) including any
as amended, and the Energy Iteorganiza- amendments thereto:20 204 Nme : e s t e rt ,,,n s.

, y,ng p ry ,e+ ,,, tion Act of 1974. W "Altborne radioactive material *tkins u2a205 Pro t e ur es
n , means any radioactive material dispersed

20.206 Instrustmn ut personnel. (b) The use of radloactive material or in the alt in the form of dusta, fumes.
-

20.207 storage and control of inenwJ
materuh in unreurkted aren. other sources of radiation not licensed mists, vapors, or gases;

w AsIt Dispos AL by the Commission is not subject to the m Dyproduct material" means any
regulations in this part. However, it is radioactive material (except special nu.

20 30t t.cneral ruuirement. the purpose of the regulations in this clear materiall yielded in or made ra-20 302 Method for obtemms arprosal of
propowJ Jespen41 prosed ures. * part to control the possession, use, and dioactive by exposure to the radiation

20.303 Dnpoul by retene mio unitary $ transfer of lleensed material by any 11- incident to the process of producing or
" ** ' ' '' 'p",',','t |n so ,e

censee in such a manner that exposure"

$3o4 p"[[n'ent or Jnniul by' mimera- * to such material and to radiation from =util! zing special nuclear traterial;et

3o5 irc g such material. When added to exposurest ,o n ,
to un!! censed radioactive material and (4) " Calendar quarter" meana not less than

up coHDs. Ht roRis. AND Nolli tCA f foN to other unlicensed sources of radiation IL conecutive weeks nor more than 14 con-
in the possession of the licensee, and to e- necutive weeks. The first calendar quarter of

"Ye'n[. [nNihE ."""" '""" radiation therefrom, does not exceed the { each year shall begin in January and sub-
"'

20.402 He ports of t hell or lans of ht enwJ standards of radlatlOn protection pre * , nequent calendar quartern shall be such that no
m a t er ut. scribed in the regulations in this part. g day is .ncluded in more than one calendar quar-

* ter or omitted from inclusion within a ralendar

Nohf n ate")as of mtidento
~20A03

HeweseJ (c) In accordance with recommenda e quarter. No licensee shall change the method20.404
w y,7j,n|,7,ure$ T,tJmt ,, tions of the Federal Radiation Council. oberved by him of determirung calendar quar.

'2am n
,,,,

20406 i Newrsed l * approved by the President, persons en* tern except at the beginning of a calerular year,

Fersonnet emp.nure and monitorms | by the Nuclear Itegulatory Commissiongaged in activities under licenses lasued20.407
re vir t s, -

" -

[rINo$r$ rnpSik$c'it' " , , pursuant to the Atomic Energy Act of g Gimmmum" means the hicar Regu.
g 1954, as amended, and the Energy ite- latory Osmmmeon or its duly auliwerved.org.

20Xo9 N"hf k at a m' and re P''h I" moi- organization Act of 1974 should, in ad- ,,p,,,,,,,,,,,y
n J ua h. dition to Complying With the require.

December 26,1975 81



PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION
i6) *Oovernment agency" means any ulations in this part, any of the follow-a

Executive department. commission. inde- { weight one-tw entieth of one percent ing la considered to be equivalent to a
in 0 059 > or more of a. urantum, b tho-8pendent establishment, corporation, h M m m{ , ge !um or c. any combination thereof.rwholly or partly owned by the United gg g g,mmaa source material does not include specmlStates of America which is an instru-

Inintality of the United States, or any 5 '*Ck^' "'l" d (2) A dhe of 1 rad due to X , gamma,
board, bureau, division, service, ofBee, 8- or beta radlauon;
ofBeer, authority, administration, or (3) A dose of 0.1 rad due to neutrons
other establishment in the executive (Ith "special nuclear material" me ans ti) or high energy protons;
branch of the Government; , plutonium, uranium :tt, uranium ennchesi in (4) A dose of 0.05 rad due to particles

(7) " Individual" means any human g the isotope 001 or m the isotope $15, anil any heavier than protons and with sufBcient
other matenal w hich the Commision, pursuant energy to reach the lens of the eye;being:

".,mmthe pnnisions of wetion 51 of the act,ileter-
e to If it is more convenient to measure thet8) " Licensed material" means source

es to be special nuclear material. but <t""* neutron flux, or equivalent, than la de-material, special nuclear material, or by-,

g product material received, possessed. N not include wuree matenal; or tiil any matenal termine the neutron done in rada, as
- used, or transferred under a general or artdicially ennch.*l by any of the foregomg but provided in subparstraph (3) of this
E specific license issued by the Commission does not mctude cource matenal- paragraph, one tem of neutron radlauon

pursuant to the regulations in this may, for purposee of the regulations in
N chapter; this part, be assumed to be equlvelent~

W (17) " Unrestricted area" means any to 14 million neutrons per square centi-i3) " License" means a license issued
under the regulations in Part 30,40, or f, area access to which is not controlled by meter incident upon the body; or, if

70 of this chapter. " Licensee" means - the licensee for purposes of protection of there e xista sufBelent information to esti-
the holder of such license; $ individuals from exposure to radiation mate with reasonable accuracy the ap-

t10) " Occupational dose" includes ex- g and radioactive materials, and any area proximate distribution in energy of the
used for residential quarters. neutrons, the incident number of neu.

posure of an Individual to radiation i!) g ? trons per equare centimeter equivalentIn a restricted r rea; or ain in the course ,-

of employment in which the individual's % (18> " Administration means the En- 8 to one mn may be eeumsted fun theb

duties involve exposure to radiation. E ergy Research and Development Admin- } I0IIC'ID8 I"*
a Nacma rtes Does recmtarveprovided, that " occupational dose" shall e istration or its duly authorized repre-

not be deemed to include any exposure " sentatives. $of an individual to radiation for the pur- % Namter of Avenge
8= houLres per Hut topose of medical diagnosis or medical

- and phrases as used in this part are set
'

"tE* mEItherapy of such individual. (b) Definitions !.f certain other words Neutron enero tm')
equitswnt e n=rs

~ t11 " Person" means tis any indi- forth in other sections, including: '',o".$U 8 e$N3
vidual, corperation, partnership, firm. (1) "Afrborne radioactivity area" de- tra m an') l

association. trust, estate, public or prt- fined in i 20.203;
vate institution, group. Government (2) "Radlauan area * and "high rad 1- hunt irsm em

agency other than the Commission or the allon area"danut in i 30.203; $L- N,|$ "*
,

Administration (except that the Admin- (3) " Personnel monitoring equfpment* em . .m on ze
istration shall be considered a person defined ia l 20.202; 86- 3* * *

I within the meaning of the regulations in (4) "Burvey* defined in i 20.201; NT.:1. ",.~ "~~ NE !!
$ this part to the extent that its facilities (5) Units of measurement of does (rad, ss- non m

e and activities are subject to the licensing rem) definedin 120.4; 0; _. UU U
and related regulatory authority of the (6) Unita of measurement of radlo- m...... . .. saw 17'

* ~ "" "" ' * *8 Commission pursuant to section 202 of activity deSned in ( 20.5.
the Energy Reorganization Act of 1974 $ 30.4 Umsts of %diations does.
(88 Stat.1244i). any State, any foreign (d) For determining esposures to X or
government or nation or any political (a) * Dose,,, s' . sed in this part, is the gamma rays up to 3 ' fev, the dose limits
subdivision of any such government or quanuty of radiation absorbed, per unit spedfW in || 201 4 241% inclualve,

of mass, by the body or by any portion of y be ansumed to be equivalent to thenation or other entity; and (116 any
legal successor. representative, agent, or the body. h the regulauons in this ma,r dose". Por 121e purpose of this parto,

part specify a does during a period of " air dose" means that the done is mess.agency of the foregoing. .,

g time, the dose means the total quantity ured by a properly calibrated appropriate--

(121 " Radiation" means any or all of w of radiation absorbed, per unit of maas* Instrument in att st or near the body sur-
the following: alpha rays, beta rats. m by the body or by any portion of the face in the reston of highest dosase rate.

bodyduringsuchperiodof time. Several
,

*
3 gamma rays. X-rays. neutrons, high.

8 different units of done are in current use- $ 20.5 Units of endio.cti, ley,8 speed electrons, high-speed protons, and Dean!Uons M units as used in this part
} other atomic particles; but not sound are set forth in paragraphs (b) and (c) for purposes of the regulations in thts

(a) Radioactivity is commonly, and
or radio waves, or visible, infrared, orw

of th!s meeton,g ultravioletlight; part sha!! be. measured in terms of dis-
i13) " Radioactive material" includes (b) De rad, as used in th!s part. la a

{ integrations per unit time or in curtes.
af

measure of the drse of any innlaint rad!* One curte=3.7s10" distategrations perany such material whether or not subjecs a

to 11 censing control by the Commission; ation to body tleeuse in terms of the second (dps) = 2.2s 10* disintegrations
energy absorbed per unit maae of the i per minute (dpm). Commonly used sub-
tissue. One red is the does correspond. g multiples of the curie are the mittleurte(l 4) "Itestncte.1 area'' means any area access ing to the abe.)rption of 100 ergs per gram and the microcurte:

One mi,licurie 4 mcti S0 001 curien$Yt of tissue. Wue millired (mrad)=0.001 (1) l
t f i s en

b Ye$tnet all nit in In c) De rem, sJ used la this part, is ) Oe Ic arte 4C1) 60.000001
ar a measure of the dess of any icsslains cutte = 3.7 10* dps.*

$ umt as replential quartern, although a nepa. radiation to body tamue in terms of its "
rate rmm or rmms in a rmlential budding

eotheated blo40 steal effect relauve to amay be act apart as a re,tncteil area, dose of one reentgen f r) of X rays. (One
m1111 rem (arem) =0.001 rem.) De rela.-

uon of the run to other dor.e unita de* iirhevet.e poenible, the apprnpriate unit
~

#15) Source matertal" means (1,
uranium or thortum. or any combma. ponds upon the biological effect under shouse be written out na "curte(sp,* "mitti.

tion thereof,in any phyMeal or chemical conalderation and Upon the Conditions of eurte(s)," or "mlecoeuttsf e) * and the abbre-
form; or till ores whtch contain by irradiation. Por the purptme of the res- vtations should not be used.

N November 14,1915
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PART 20 0 STANDARDS FOR PROTECTION AGAINST RADIATION

Column I WiumnJsection, providrd:
(b) (Deleted 40 FR 50704.1 (1) During any calendar quarter the m wna

dose to the whole body from radioactive % en=mur,t esieure
P'*"*"i T '"g"ny ' '",3,',"jg'(c) (Deleted 39 FR 23990.1 material and other sources of radiation 8t

in the licensee's possession shall not ex " quarters ,emi. rs

E i *' " Winame 'nceed 3 rems: and "'* dn* i,$i'

(2) The dose to the whole body, when Nadded to the accumulated occupational
dose to the whole body, shall not exceed W hole ty

tw=l y,%1 bona.ts,rmtna5 iN-18) rems where "N" equals the in. acuve

dividual's age in years at his last birth. E*"o?,7 '"'' """"'
day: and _

,

The licensee has determined theg(3)
individual's accumulated occupational . (2) The licensee shall retain and pre-
dose to the whole tody on Form NRC-4, or serve records used in preparing Form-

E NRC-4 until the Commission authorizeson a clear and legible record cimtain-
ing all the information required in that,. their disposition.
form; and has otherwise complied with *
the recuirements of I 20,102. As used in fit calculation of the individual's ac.
paragraph tb)," Dose to the whole body" g cumulated occupational dose for all
shall be deemed to include any dose to g periods prior to January 1,1961 yields

g 20,6 Interpretation.. the whole body, gonads, active blood. - a result higher than the appheable ac.
forming organs, head and trunk, or lens E cumulated dose value for the individualExcept as specifically authorized by as of that date, as specified in paragraphOf 'Y''the Commission in writing, no interpreta. g ib) of | 20.101, the excess may be disre.

tion of the meaning of the regulations in 9 20.102 Determination of arrumulated
-

Laarded.this part by any ofncer or employee of do c.
the Commissicn other than a written in* ta) This section contains require. lmum M indiniduale to ron.

[",';',";'@,(",",1,"gh,'y['
terpretation by the General Counsel will ments which must be satisfied by "''''d'I'
be recognized to be binding upon the licensees who propose, pursuant to para.
Commission. graph (b) of I 20.101, to permit individ.

IC uals in a restricted area to receive ex. tal t t i No licensee shall possess, use,
or transfer licensed material in such a9 20,7 Communication . posure to radiat.on in excess of the limits
manner as to permit any individual in a

Except where otherwise specified in ,, specifled in paragraph tal of I 20.101.
- ib) Before permitting any individual restricted area to inhale a quantity ofi

this part, all communications and re.b in a restricted area to receive exposure radioactive material in any period of
ports concerning the regulations in this
part should be addressed to the Execu.z to radiation in excess of the limits spec.

ne calendar quarter greater than the

tive Director for Operations. U S. Nu." ined in paragraph tai of 120.101, each quantity which would result from inha.

g lation for 40 hours per week for 13 weeks
f clear Regulatory Commission, Washing.$ licensee shall:til obtain a certificate on Form NRC-4, or c. at uniform concentrations of radioactiveton, D C. 20555. Communications, re.

ports, and applications may be delivered on a dear and legible rea>rd y material in air spectf, led in Appendix B,able I. Column 1. , If the radioactive
in person at the Commission's* of5ces at containing all the information required u. material is of such form that intake by
IL7 II Street NW., Washington. D C.: or in that form, signed by the individus'

a orption through the skin is likely, in.1

at 7920 Norfolk Avenue, Bethesda, Mary. showina each period of time af ter th- idual exposures to radioactive mate.individual attained the age of 18 in which
the individual receis 'd an occupational rial shall be controlled so that the up.land'

- take of radfoactive material by any or.
Penannasets Donsa. I. avan ano dose of radiation; and~

C "C8" * * "* (2) Calculate on Form NRC 4 in aca>rd.
gan from either inhalation or absorption
or both routes of intake " in any calen.

6 20.101 Espo.ure of individuale to ra. ante with the instructons appear. dar quarter does not exceed that which
di: tion in restricted areas, ing therein, or on a clear and legible

would result from inha!!ng such radio.record containing all the information(a) Except as provided in paragraph required in that form, the previously ac. active material for 40 hours per week for
ibi of this section, no licensee shall cumulated occupational dose received by 13 weeks at uniform concentrations spec.
possess, use, or transfer licensed mate. the individual and the additional dose ified in Appendix D, Table I, Column 1.

ri:1 in such a manner as to cause any allowed for that Individual under (2) No licensee shall possess, use, or
individu:1 in a restricted area to receive transfer mixtures of U-234, U-233, and

i 201011b)'e preparation of Form NRC 4,in any period of one calendar quarter ic)Up in th
from radioactive material and other or a dear and legible record con-

e sources of radiation in the licensee's pos. tatning all the information required in , Since the concentratton spectned for trtt.
session a dose in excess of the limits that form, the licensee shall make a rea. lum ontd. vapor auumee equal intake byg

specifled in the following table: sonable effort to obtain reports of the skin absorption and Inhalation, the total-

Rems per colender nisert" individual's previously accumulated oc. intake permitted to twice that which would3
4

I, Whola body; head and trunk; active cupational dose, For each period for result from Inhalation alone at the concen.
blood. forming organs; lens of which the licensee obtains such reports, tratton spectned for II 3 5 in Appendts it,

eyes; or gona ds . . ... . . . . . .. . . .. . 14 the licensee shall use the dose shown in
Table I, column i for 40 hours per week for

2.H nd and forearms; feet and the report in preparing the form. In I 3,*'[,"8p tadioacttre matertato destenstedtp. any case where a licensee is unable to "8ub" in the "f antope" Column of the table.s.. ... .......... .....
T.... ~ . - - . obtain reports of the individual's occu* the concentration value speelfted ts based

ib) A licensee may permit an indi. pational dose for a previous complete upon exposure to the material as an enternal
vidu:1 in a restricted area to receive a calendar quarter, it shall be assumed raatation source individual exposures to
dose to the whole body greater than that that the individual has received the oc. the** matertals may he scenunted for as part

of the limitation on individual done in
permitted under paragraph tal of this cupational dose specified in whichever 8 Miol. These materiala shall be subject toof the following columns apply: the precautionary procedures required by

' I,I** AmenJed 36 I H 1466. t e enneentratton values speel.
fle<i in Appendia D. Table I, column I by
63 y 108 mi to obtain the quarterly quantity
timit.

|
' lontnotes 4 end S nn rese 20 4

* ^""" d 'd 4 8 ' H 2 " ' ' * - 83i April 28,1977



PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION
U-238 in soluble form in such a manner procedures, such as increased surveil- 12n.In: Esp...ure of minor *.
as to permit any individualin a restricted lance, limitation of working times, or

! area to inhale a quantity of such matertal provision of resptratory protecttve equip, ta n No itee wee shall possess. use or
in excess of the intake limits specified in ment, shall be used to maintain intake nansfer beenud material in such ai

Appendix B. Table I. Column 1 of this of radioactive material by any individ, manner as to cause any individual withm

part. lf such soluble uranium is of a form ual within any period of seven consec. a restricted area who is under 18 years |
j such that absorption through the skin is uttre days as far below that intake of of age, to receive in any pedod of one

likely. Individual exposures to such ma. radioactive material which would result calendar quarter from radioactive mn-

terial shall be controlled so that the up. from Inhalation of such material for 40 ,tertal and other sources of radiation in
take of such maternal by any organ from hours at the uniform concentrations the licensce's posse ssion a dose in excess
either inhalation or absorption or bcth spec 1Ded in Appendix U. Table 1. Col got 10 percent of the limits spectfted in
routes of intake * does not exceed that umn 1 as is reasonably achievabic. -the table in paragraph f a) of I 20.101'

I' which would result from Inhaling such Whenever the intake of radioactive ma- w tbl No licensee shall possess. use on
material at the limits specined in Ap- terial by any individual exceeds this 40- g ransfer licensed raatertal in such at
pendix B. Table !. Column 1 and footnote hour control measure, the Itcensee shall manner as to cause any individual
4 thereto. make such evaluations and take such within a restricted area, who is urder 18

(3) For purposes of determining com- actions as are necessary to as ure years of age to be esposed to altborne
, pliance with the requirements of this sec- against recurrence The licensee shall radioactive material possessed by the
j tion the licensee shall use suitable meas- maintain records of such occurrences. licensee in an average concentration in
: urements of concentrations of radioac. evaluations, and actions taken in a clear excess of the hmits specified in Appendix
j tive materials in air for detecting and and readily identifiable form suitable II. Table !! of this part. For purposes
'

evaluating airborne radioactivity in re- for summary review and evaluation. of this paragraph, cor.centrations may
stricted areas and in addition, as appro- beact When respiratory protective averaged over permis not greatera

priate. shall use measurements of radio- equipment is used to limit the inhala- than a wcek.
[ activity in the body. measurements of tion of airborne radioactive material r- (ci The provisions of 15 20.103(b)(2)radioactivity excreted from the body, or? of this Ipursuant to paragraph thit2p

any combination of such measurements section. the licensee tuay make allow- {and 20.103#ct shall app.y to exposures3

g and assessment of individual intakes ofas may be necessary for timely detectionance for such use in estimating exro evsubject to paragraph sb> of this section'

i c. sures of individuals to such matettals m except that the references in || 20.103
' e radioactivity by exposed individuals. It provided that such equipment is used g sbli21 and 20103ici to Appendix B.

g is assumed that an individual inhales as stipulated in Itegulatory Guide 815. _ Table 1. Column I shall be deemed to be i

* centration in which he is present unless NProteetton."'radioacthe material at the airborne con-8" Acceptable Programs for llespiratory *b*U b
references to Appendix B, Table II, Col.

' edi Notwithstanding tre provisions of 7 2n.103 l'ermi..ible lesel* uf cadiationrsuant t pa r h e of th sec
tion. When assessment of a particularmpara na W i b a M W 4hmh in unn.WM ana..

Individual's intake of radioactive ma N'trictionoC **U" 0"
"# " ** '" tat There may be included in any ap-

{ tertal is necessary. Intakes less than those re
heatiot. for a license or for amendment I

which would result from Inhalation for all On the extent to unich a licensee of a Itcense proposed hmits upon' levels
2 hours in any one day or for 10 hours may make allowance for use of resptra. of radiation in unrestrteted areas result-

'| in any one week at uniform concentra, tors in lieu of provtston of process, con. Ang from the applicant's possession ortions specif'ed in Appendix B. Table I. tainment, gentilat.cn, or other enalneer- use of radioactive maternal and otheri Column 1 need not be included in such ing enntrnis, if application of such con- 'sources of radiation Such applications
] assessrnent, provided that for any assess. trols la found to be practicable; and thould include information as to anticl+

ment in excess of these amounts the en. '26 As might be necewary to assure pated averase radtation lesels and an.
; tire amount la included. that the respiratory protective program ticipated occupancy times for each

a bt fle The licensee shall. as s precau. of the 11censee is adequate in ilmiting unrestrteted area involved The Com.
,

tionary procedure, use process or other exposures of personnel to altborne re- missnon will approve the proposed itmits
7

engineering controls. to the extent prac. dioactive materials- .f the apphcant demonstrates that the
ticable. to Itmit concentrations of radio. <et The beensee shall notify, in writ * < '

) active matertals in air to levels below ing. the Director of the appropriate Nu- "e proposed hmits are not likely to cause
those which deltmit an airborne radio. clear Itegulatory Commisalon Inspection | any individual to receive a dose to thewholebody in any period of one cakndaractivity area as defined in i 20 2038dii1) and Enforcement flestonal Omce listed,

in Appendix D at least 30 days before the * year in excess of 0 $ rema
1 ' lib eb) Except as authortred by the Com-
4 826 When it is impraetteable to apply date that respiratory protectige equip. g mission pursuant to paragraph tal of

process or other engineertng controls to ment is first used under the provtsions this section. no licensee shall possess, use
<

limit concentrations of radioactive ma. of this section or transfer licensed material in such aterial in air below those defined in als A lleensee sho was authortred to ma'mer as to create in any unrestrteted i
120 203 a di a n t ellt , other precautionary make allowance for use of respiratory aren from radioactive material and other

'

. protective toutrment prior to Decem* nources of radiation in his posacsalon:
L

l ber 29. 1976 sh*ll bring his respira. e g, itsdiation tevels which,1f an tndt. [j 'signifteant intake by ingestion or injee. tory protective program into conform * vidual were continuously present in the ition is presumed to occur only as a result of ance with the requirements of para * area could result in his receiving a dose '

circumstances such ae acetdent. tnadvertence- graph det of thta section within one its excess of two milhrems in any one ',
_ ooor procedure or similar speelai condittone
i such intakes must be evaluated and me. Star of that date, and is exempt from hour, or
'

counted for by techntques and procedures as the requirement of paragraph (e) of '2' Itadiation lenels whlch, if an indl.
j may be appropriate to the circumetances of this section. vidual were continuously present in the

the occurrence Esposures to etaluated shall area. could retult In hit recelVing a done-,

he inetuded in determining whether the Irt excess of 100 millitems in any setern -

itmitation on individual esposures in i 20 *
tott al f 1) has been onceeded rensecutive days

' -
* Reeulatory futdance on aes.asment of

! Indtytdual intaket of tadinactive material to f"H0.104 Ned6enetivity in effluente to un. !

"

rivert in Reeulatorv Gul4e t o "Accep'able 'This incornoratton by reference provl" E reettleted arena, ij Conroats. Etodele Fountions and Aneu mp. elon was saproved by the 11 rector of the Fed. I
tune for a Diossant Preeram? etngle enpleg etal Register on October 19. 1974 Minste ** ,

,

of which are available from the (We of e"pt*e of Regulatory flutete 815 are avattable ! f al A heennee shall not possess, use, ori

Mtandartig Deseinement tf M Pruelent Peets. from the omco of M'andards Devoloament. P transfer liceasel instertal no as to release to anlatory Commiseten. Wethtntten. D C 2n854 tf M Nuetear peeeulatory Commtmaton. Wash. ] unrestrictMi area radioactive fnalertal Iri con +upon written request inston, D C 30688. upon written request
I
a

I

,

3

l.
| 84 Decemhet 31,1976|
s
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PART 20 o STANDARDS FER PRSTECTIEN ACAINST RADIATION
centrations which exceed the limita speciSed in reduce the concentration of radionuclides
Appendis "B", Table II of this part, escept as in e!Duenta prior to their release.
authorized pursuant to 120.3tc or paragraph (d) For the purposes of this section

(b) of this section. For purposes of this section the concentration 11mits in Appendiz **It",

) concentrationa may be averaged over a period Table II of this part shall apply at the

not greater than one year. boundary of the reatdcted area. The
concentration of radioactive matertalC) An application for a license or

amendment may include proposed limita discharged through a stack, pipe or sim.
11ar conduit .may be determined withhigher than those specified in para.

graph (a) of this section. He Coenmla. respect to the point where the material
leaves the condult. If the conduit dia.sion will approve the proposed limita
charges within the restricted area, the

If the applicant demonstrates:
concentration at the boundary may be(1) That the applicant haa made a
determined by applying appropriatereasonable effort to minimite the radio,

activity contained in emuents to un. g factors for dilution, disperaton, or decay
between the point of discharge and the

Wat it la not likely that radio. 3restricted arena; and boundary,(2) .

active material discharged in the ef5uent { te) In addition to limiting concentrations in
g efduent streams, the Commission may limit

d n ent at ons o t
material in air or water exceeditar the quantities of ra4hoactive materials released in
limits specified in Appendiz ''B". Table air or water dunng a spectned perial of time if

It appears that the daily intake of radioactive
It of this part.

tc) An application for higher limita material from air, wster, or fmmt by a suitable

pursuant to paragraph (b) of this sec. sample of an exposed population group, aver-
tion shall include information demon. aged over a period not excccihng one year,
strating that the applicant has made a w ould otherwise exceed the daily intake result-

reasonable effort to minimise the ridio. ing from continuous exposure to air or water
activity discharged in emuents to unre. coritainmg one-thant the concentration of ranho-
strteted areas, and shall include, as sitive materials specided in Appendis "II",
pertanent: Table II of this part.

tin Information as to flow rstes, total (f) The provisions of this section do not apply
volume of ef5uent, peak concentration of to dwposal of rashoactive matenal into sanitary
each radionuclide in the emuent and con * sewerage systems, which is governed by
centration of each radionuellde in the g 3)n
emuent averaged over a per')d of one

-$ 20.107 Mederal disanmie and therapy,
.

year at the point where the emuent leaves
O stack, tube, pipe, or similar condult:

E (2) A description of the properties of Nothing in the regulations in this part
f the emuents. Including: 3 shall be interpreted as limiting the in.

til chemicalcomposition; g tentional exposure of patients to radia.ni i10 physical charactertauca. including a tion for the purpose of medical diagnoals
g suspended solida content in liq'ild emu. cr or medical therapy

{ ents, and nature of gas or aerosol for air *R | 20.108 Ordere requirins furni.hins of
emuenta:

flitt the hydrogen ton concentrations bin-seest mereirce,

tp") of liqukt emuents; and Where necessary or dratrable in order
tiv) the sine range of particulates in to aid in determining the extent of an

eeuents released into air.
(3) A desertption of the anticipated

human occupancy in the unrestrteted
area where the highest concentration of
radioactive material from the emuent is
espmted, and, in the case of a river or
stream, a description of water uses down.
stream from the point of release of the
emuent.

t41 Information as to the hisheet cou.
centration of each radionuclide in an
unrestricted area, including anticts* Lad
concentrations aversged over a perial of
one yesti

(D in air at any point of human oe.
enspancy; or

(11) In water at points of use down.
stream from the potal of releaad of the
emuent.

(6) *Ihe background concentration of
radionuclides in the receiving river or
stream prior to the release of 184tdd
emuent.

(6) A description of the environmental
monitoring equipment, includmg sensitivity of
the system, and procedures and calci, ations to
determine concentrations of ra.honuclides in
the unrestricted ares and possible reconcentra-
tions of radionuclidee.

Of A description of the waste treet.
ment facilitise and procciures used to

e
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PART 20 o STANDARDS F2R PROTECTION ACAINST RADIATICN
~

tndividual's exposure to concentrations <a) General (1) Except as otherwise quired with positive control over each
of radioactive material, the Commission authorized by the Commission, sym. Individual entry.
may incorporate appropriate provisions bois prescribed by this section shall use (3) The controls required by subpara.
in any license, directing the licensee to the conventional radiation caution colors graph (2) of this paragraph shall be
make availahle to the individual appro. (magenta or purple on yellow back. established in such a way that no indi-
priate bio assay services and to furnish ground). The symbol prescribed by this vidual vill be prevented from leaving a
o copy of the reports of such services to section is the conventional three. bladed high radiation area,
th) Commission. design,* 44) In the case of a high radiation

Pa:CAtTrioMAar Pnocswans RActanow Snssot, area established for a period of 30 days
or less, direct surveillance to prevent un.

I 20,201 Surveys. 1. Crose.bstched area is to be magenta o'e authorized entry may be substituted for
(a) As used in the regulations in this aB ground is to be yellow. h the controls required by subparagraph(2) of this paragraph.part, " survey" means an evaluation of

th3 radiation hazards incident to the pro. i (5) Any licensee, or applicant for a

duction, use, release, disposal, or pres. .[ *# g for approval of methods not included in
license, may apply to the Commission

/ence of radioactive materials or other
sources of radiation under a specific set s / subparagraphs (2) and (4) of this para.
cf conditions. When appropriate, such ""N #" " "##'** *

"*" " " " * " "evaluation includes a physical surve of approve the p'roposed alternatives if thethe Iocation of materials and equipment, g
a

and Inessurements of levels of radiation licensee or applicant demonstrates thats

the alternative methods of control willor concentrations of radioactive material prevent unauthorized entry into a high
present. radiation aren, and that the requirement

(b) Each licensee shall make or cause of subparagraph 13) of this paragraph isto be made such surveys as may be neces. l ,
i met.sary for him to comply with the regula- -4tions in this part. ' , , | (d) Airborne radioactivity areas. (1)*

$ 20.202 Personnel enonitoring, g i i
As used in the regulations in this part,

I(I
"ahne ramactW14 ana" mans m(a) Each licensee shall supply appro. I f ,

any room, enclosum, w pan a%priate personnel monitoring equipment ! i
in which airborne radioactive materialsJ13, and shall require the use of such I Ii. ,

composed wholly or partly of licensedequipment by: | g ,.
material, exist in concentrations in ex.til Each individual who enters a re. O I

1 stricted area under such circumstances ea.A cess of the amounts rpecifled in Appenc'9 th t he receives or is 11kely to receive' dix D Table I, Column 1 of this part; or|.- sa .
e a dose in any calendar quarter in excess (11) any room, enclosure, or operating
* of 25 percent of the applicable value area in which airborne radioactive mateW
f specified in parasraph ial of I 20.101 (2) In addition to the contents of signs rial composed wholly or partly of licensed

12) Each individual under 18 years of and labels prescritel in this section, u. material exists in concentrations which,j
ag3 who enters a restricted area under censees may provide on or near such averaged over the number of hours !!i

such circumstances that he receives or signs and labels any additional informa. any seek during which individuals are
is likely to receive, a dose in any calen. tion which may be appropriate in aiding in the area, exceed 25 percent of the

dar quarter in excess of S percent of individuals to minimize exposure to radi. amounts specifled in Appendix D. Table I
the applicable value specified in para, att n or to radioactive material. Column 1 of this part.
gr ph iai of I 20101. Ib) Radiation areas. Each radiation (2) Each airborne radioactivity area

43p Each individual who enters a high area shall be conspicuously posted with shall be conspicuously posted with a sign
radiation area. a sign or signs bearing the radiation cau. or signs bearing the radiation caution

tb) As used in this part, tion symbol and the words: symbol and the words:
(1) " Personnel monitoring equipment" CAttrioN o CAtr:10No

means devices designed to be worn or RADIATION AREA AtRNORNE MADIOACT!1VITY AREA
carried by an individual for the purpose (c) flich radiation areas. (1) Each (e) Addiffonalrequirements. (1) EachCf measuring the dose received (e. g.. hish radiation area shall be conspicu. area or room in which licensed materialfum badges, pocket chambers, pocket ously posted with a sign or signs bearing is used or stored and which contains any
dosimeters, film rings, etc.); the radiation caution symbol and the radioactive material tother than natural

(2) " Radiation area" means any area * words: uranium or thorium) in an amount ex-
accessible to personnel, in which there CAUT3ae creding 10 times the quantity of such
cnists radiation, originating in whole or IMI RADIATION ARsA material specifled in Apper. dix C of this
in part within licensed material at such - part shall be conspicuously posted witt

i ) Each entrance or access point to a sign or signs bearing the radiattor1;vels that a major portion of the body a hish radiation area shall be: caution symbol and the words:could receive in any one hour a dose in (1) Equfpped with a control Mvice
excess of 6 millitem, or in any 8 con. which shall cause the level of radiation

i

secutive days a dose in excess of 100 to be reduced below that at which an RADIOACTIVE MATERIAL (St
millirems: Individual misht receive a done of 100 (2) Each area or room in which nat<

(2) "H!sh radiation area" means any g millitems in I hout uptm entry into the ural urantum or thorium is used os
area, accessible to personnel, in which M ""(*til stored in an amount exceeding one.; 0'

there exists radiation originating in g Equipped with a control device hundred tirr.es the quantity specified 18Nchole or in part within 14 censed mate *
r[uAblea'la7msiaa 1N ac Appendix C of this part shall be con <

rial tt such levels that a major portion a
manner that the individual entering the spicuously posted with a sign or signe

cf the body could receive in any one hour high radiation area and the licensee or bearing the radiation caution symbo
o dose in excess of 100 millirem. a supervisor of the activity are made and the words
{ aware of the entry; or :". g3gfy,og ,(Illi Maintained locked except during

RADIOAC11VE MA1TMiALl8)a wMn access the area is n'8 20.3n3 Ceuilan olana, falwle, alsnels, (f) containers. (1) Except as pro.g onel ennerale, vided in subparagraph (as of this para.w

A . or o.,c r graph, each container of licensed mate.
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PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION

rial shall bear o durabl), clearly vtibli j patt:nts containing byproduct mittritt d;ys and o total quantity of no mors
label identifying the radioactiva con n provided that there are personnel in at- than 100 millicurien.

A label required pursuant to sub. $ tendance who will take the precautions
The monitoring shall be performed astents.

necessary to prevent the exposure of any soon as practicable after receipt, but no(2) g
paragraph (1) of this paragraph shall m individual to ra.liation or radioactive later than three hours after the pack.
bear the radiation cauuon symbol and g matertal in excess of the limits estau. age is received at the licensee's facility
the words " CAUTION, RADIOACTIVE Liished in the regulations in this part. !! received during the licensee's normal
MATERIAL" or " DANGER, ILADIOAC. working hours, or eighteen hours if re.
TIVE ILtATERIAL", It shall aiso provide

.

(c) Caution signs are not required tC ceived after normal working hours.
sufficient information * to permit in. be posted at areas or rooms containing (2) If removable radioactive contam!.
Cviduals hand!!ng or using the con * radioactive materials for periods of test nat,lon in excess of 0.01 microcuries
tainers, or working in the vicinity there af than eight hours provided that (1) the (22.000 disintegrauona per minute) 'per
(f, to take precautions to avoid or minl* g matertals are constantly attended during 100 squase cenumeters of package sur.

Notwithstanding the provisions of $ such periods by an individual who shall
mize cxposures. face is found on the enternal surfaces of

(3) take the ptecautions necessary to pre- the package, the !!censee shall immedt-
subparagraph (1) of this paragraph * c vent the exposure of any individual to ately notify the final delivering carrier
labeling is not required: r* radiation or radioactive materials in ex- and, by telephone and telegraph, madgram, or

(1) 1%r containers that do not con * cess of the limits established in the regu- facsimde,t the appropriate Nudcar Regulatory
tain licensed materials in quantlues lations in this part and; (2) such area or Commiannon inspection and Inforcement Re-
greater than the appilcable quantitles room is subject to the licensee's control gional Offke shown in Appendh D.
11:ted in Appendix C of this part. 2 Tass.s or Ensuer ano Tves A quamtas

(d) A room or other area is not re-(11) Pbr containers containing only quired to be posted with a caution sign, , 4% b i qua ld ,,anainatural uranium or thorium in quantitles and controlis not required for each en. Tramort srap i gouutt
no greater than 10 times the applicable 4 trance or access point to a room or other " " " ' ' " " " " "" "'

quantitles listed in Appendix C of this area which is a high radiation area solely ,,, , , ,,,,, , ,,

ji ytwcause d the presence of radbach
tain licenaeri materials in concentrations q materials prspared for transport and g,;o..

. . .(till For containers that do not con. w
gy ; ,4: ;, i m

| Jgreater than the applicable concentra. packaged and labeled in accordance with h-. - - -

tions listed in Column 2, Table I, Ap. regulations of the Department of p vil'."" Z:*.. : :s. au tan
* *pendix D of this part. Transportation. R**'"""-""*

Oy) For containers then they are at-
7~ ; ~(c)(1) Each licensee, upon receipt of a

tended by an individual who takes the $ 20.203 Prnerilures for picking up, re w
$ package containing c'sanuucs of radio-precautions necessary to prevent the eching. end epening pachase** active material in excess of the Type A

cej "f m" " " (al(1) Each Ilcensee who expecta to quanttues specified in paragraph (b) of
adt tiv m in
hmits ct:blished by the regulations in receive a package containing quantitles this section, other than those transported

of radioactive matettal in escess of the by eactusive une vehicle, shall monitor
this p rt'r containers when they are in Type A quanuties specified in paragraph the radiation levels enternal to the packa(v) Fo
tr:nsport and packaged and labeled in (bl of this section shall: age. 'Ihe package shall be monitored as

(t) If the packaga is to be delivered soon as practicable af ter recetpt, but noaccordance with regulauona of the *
to the licensee's facility by the $arrier, later than three hours after the package

Department of Transportation * make arrangements to receive the pack. la received at the licensee's facility if
Evil For containers which are acces. age aben it is offered for delivery by tha reevived during the lietrisee's normal

alblP only to indivHuals authorized to carrier; or working hours, or 18 hours if received
handle er use them, or to work in the (til If the packmas is to be picked up after normal working hours.
vicinity thrred, provided that the con * by the licensee at the carrier's terininal. (2) If radiation levels are found on the
tenta ar) tr'entified to such individuals snake arrangementa to receive nottftca- external surface of the packase in exceas
by o readm available written record. Lion froan the carrier of the arrival of the of 200 milltrem per hour, or at three feet

ivt!) For manufacturing or process package, at the time of arrival. from the external surface of the package
equipment, such a nuclear reactors, re. g2p Each licensee who picks up a _in excess of 10 milltrem per hour,
actor components, piping, and tanks. package of radioacute material frosa ay! the licensee
3 carrier's tevminal shall plck up the pack. a notify by telephone

p age expediticuals upon recM of noMal; shall immediatelysind telegraph. maugram, or facsimile,$ 20.20 % Name s escepe6,m..
g the director of the appropriate NI(C ite.of g eation from use carrier of its arrival.N:tSithstandmg the provtstons

- ents) EacN ucensee, upon receipt of * ulonal omce listed in Apperulix D. and
i 20 203.

A room or area is not required to * a package of radioacute material, shallI the final delivering carrier.
g

C) nwmatoe the enternal surfaces of the r"" di Each lleensee shall establish and
be posted with a caution sign because of R package for radioncuve contaminationR ma(intain procedurre fo* tafely opening
the presence of a sealed source provided cauned by leakage of the radioacuve con-R packages in which lleensed material is
the radiation level twelve inches from tenta, enceptt received, and shall aneure that auch pro ="

the surface of the source container or qu packages containhof no more than E cedures are fo!! owed trut that due con-
housing does not exceed five millirem the esempt quantitF apoc1Aed in the g sideration la given to specialinstructions

table in this paragraph'
more 8-= for the type of package being opened.$per h:ur- till Packases containing no

tb> Itooms or other areas in hospitals than to minucurtes of radioactive mate. {*
cre not required to be posted with cau* tlat consisting notely of triuum, eartman. 4 3 2a2Ne Instrurtlan of pmannd.
tt:n signs, and control of entrance or 14, sulfur.35. or nndine 124L 4 instructions required for individuals
access thereto pursuant to | 20 203tc) is nup Packages containing only radio * g working in or frequenting any portion of
not required, bscause of the presence of active material sa sanoa er in special m a restricted area are specifled in i 1912

Fackages containing rmly radio R of this chapter,form.
6tiv)

* As appropriate, the inforrnetten will ine attive Instertal til outer than Uquid foral
elude resnation levela, kLnde of matertal, esa tincluding hoo-99/Te Dem generatore)
limate of acustty, date fue which estivity la and not esteeding Une Type A spiantity
eeumated. rname enrichment, eta. Itmit spectfled in une table in tida para.

e por esemple, containere in l< rations such
gra,,ph; and, g.achanee contaltsing only fadio-, 3 3, e,%n,.., e -t,.n,pc sw' 4 wwsa neer. nit.: canata, esorage vauata or hot

" 818- nuclides wius half uves of lens than 30 wa .,. .w a.t ia l n e e
Arnenleil 14 i H Nt 44. 9,n na,,3 4 8 H 944 4.*
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! PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION
J

,_

j 120.207 Storage and control of licenned d1y does not exceed the larger of sub- which must be maintained pursuant ta
, materials in unrestricted areas, parastraphs (1) or (2) of this paragraph: the provisions of paragraph aa> of this
1 R - (1) The quantity which, if diluted by section and records of bloassays, includ-

""
nf the average daily quantity of sewage re- ing results of whole body counting ex-

'
k re et Iae sha1 e rif m

thorued removal from the place of storage' leased into the sewer by the licensee, aminations. made pursuant to i 20.108.
I E tb) Licensed materials ir; an unrestricted will result in an r.verage concentration shall be preserved until the Commission
I o area and not in storage shsll be tended under equal to the limits specifled in Appendix authorizes disposition.

I the constant oun edlance and immediate control B. Table I. Column 2 of this partl or (2> Itecords of the resulta of surveys
and monitoring which must be main-i of the ticensee. (2) Ten times the quantity of such tained pursuant to paragraph @ of Ws

| material spectfled in Appendix C of this
, section shall be preserved for two years

wasts DISPOsat. part; and
af ter completion of the survey except

(c The quantity of any !!ansed or that the following reccrds shall be main-8 20.301 Ceneral requirement * other radioactive mater 141 released in tanned until the Commission authortiesNo licensee shall dispose of !! censed any one month,1f diluted by the average their disposition: 6 t> records of the re-
material except: monthly quantity of water released b) sults of surveys to determine compit-

(Q) By transfer to an authorised re* the licensee, will not result in an average ance uith 6 20.103'a > ; i11i in the ab-
elplent as provided in the regulations in concentration exceeding the limits spec. sence of personnel monitormg data, rec-
Part 30,40 or 70 of this chapter, which-
ever may be app!!cablel or ifled in Appendix B. Table I, Column 2 ords of the results of surveys to deter-

of this l d mine external radiation dose; and O!!> -
(be As a u t h o ri e d pursuant to records of the results of surveys used to,

120.3021 or gfoss quantity of licensed and evaluate the release of radioactive emu.
tc) As p r o v i d e d in i 20 303 or other radloactive material released into O

I 20 304, applicable respectively to the the sewerage system by the licensm does g ,ts to the environment.en
3 6 Itecords of disposal of licensed ma-

, disposal of licensed material by release not exceed one curie per year. " terial made pursuant to il 20 302, 20.303.'
into sanitary sewerage systems or burial Excreta from individuals undergoing $ or 20 304 shall be maintained until thein soll or in i 20.106 ( Radioactivity in medical diasrnosis or therapy with radio. Commission authorties their disposition.<Efhents to Unrestricted Areaa), active insterial shall be exempt from * i4 i Itecords which must be maintained
5 20.302 Method for obtainins appreal any limitations contained in this pursuant to this part may be the orig-

inal or a reproduced copy or microformof proposed disposal procedures, section',
if such reproduced copy or microform ts'

g (a) Any licensee or app!! cant for ag
11canse may apply to the Commisalon for '$ 20.30t Disposal by burial in soil. duly authenticated by authortred person-'

-

z approval of proposed procedures to dis- No lleensee shall dispose of licensed net and the microform is capable of pro-
* Pose of lleensed materialin a manner not @ material by burial in sot! unleas:duch.g a e1 car amI legible copy afler

j
4 otherwtse authorized in the regulations $ f t) The total quantity of licensed and stornue for the period spectfled by Com-

,' in this chapter. Each application should gother radioactive materials buried at any *Ih"Iohreg
ton

, g , conflict between theInclude a desertption of the !! censed mm. one location and time does not exeeed, at Commission's regulations in this part.!! ternal and any other radloactive material the time of burial,1.000 times the amount
license e ndition, or technical specift-I involved, including the quantitles and specifled in Appendia C of this partl and

| kinds of such malettal and the levels of (b) Durial is at a mitumum depth of U"g'o[au
C 0 " "

, on ta tradioactivity involved, and the proposed four feetl and
menner nd conditions of disposal. The (c) Successive burials are separated by retention period for the same type of'

the retention period specified in
' app!! cation should also include an anal- distances of at least etz feet and not more record'gulations in thisthe re part for such

ysis and evaluation of pertinent 1nforn.a. than 12 burials are made in any year.'

recorda shall apply unless the Commis i
tion as to the nature of the environment, t 20.305 Treatsnent or dieposal by inein. ston pursuant to I 20 Sol, has granted a
including topographical, geological, tr.e. eretion, spectfte exemption from the record re-
teorotosteal, and hydrological character. No licensee shall treat or dispose of tention requirements specifled in the,

! latics! usage of ground and surface licensed material by incineration except regulations in this part.
'

w:ters in the general areal the nature as specifically approved by the Commis- ] pm g ,,, , , , g , g , ,, i,,,, ,,
e.nd location of other potentially affected alon pursuant to || 20.106sbi and 20 302 g o ,,,,,g . ,g g,
facilities: and procedures to be observed secosse, secosts, suo notresemon
to minimise the risk of unespected or ia) Each !!censt'e shall repott by
hazardous esposures. 5 20.401 Itecorde of euric .. endiation telephone and telegraph, mailgram, or facsim-.

i monitoring, and disiunn , de,t to the !)trettor of the appropr6ste Su-"

' [# (b) The Commisalon will not approve v , Each lleensee shall maintain rec. d"8 R'8"I'8"'y Commtes=>n inspettion and
g eny application for a license to receive ords showing the rartiation exposures of g I nfonement Res*>nal Of0(e lutal

licensed matertal from other persons for allIndividuals for whom personnel mon m in Apandix D. Immtdiately af ter its oc.( g
disposal on land not owned by the ttoring is required under i 20 202 of the X currence 1,ccremes known to the licensee,; w

| g Federal government or by a fitate regulat6ons 6n this part. buth retords shall any loss or thef t of heerned matenal in

! Lfov7rnment, be kept on f orm NHC $,in suord. such qunt!t;cs and under such circum.

ance with the instructions contamed in stances tl.at it appears to the Itcensee
> g f c) The Commission will not approve that form or on clear and legible ree- mat a auWnual hazard may result to
j g Any application for a license for disposal

ords containing all the information re D'*'ns m un .med areas.
,

g of licensed material at sea unless the quared by lorm NRC $. the doses entered ib> Each 11rensee who in required to
"a

| cppliennt shows that ses disposal offers on the forms or returJs shall be forg
j . less harm to man or the environment periods of time not exceeding one calen. *#' " "P"rt pursuant to pansgraph .
j g thin other practical alternative methods dar quarter' g van of Wm snuun shau wtWn thW

g_of disposal. 3. thef t, make a report in w riting to the
830s days af ter he lentna of the loss 01,1 -

7 20.303 IHeposal by release into unt. {he un '[a u i tIa shNrrt f appr priate NitC Itegional Omce listed
,

ht
4

a

monitorinir required by ll20 20Mh> and ,. In Appendix D with reples to the Diree ,
i lary *Nr*g* steum' -results of surveys required by 62agulth). .

j 2 N3 lleensee shall discharge licensed a kir of Ingnuon and Enforcement.11 fl.
' 8 miterialinto a sanitary sewerage system * 20 20he), and thspoaals rnade under ll2urJ. Nuclear Itenulatory Commlulon, Wash-
I ~ unleas: 20 mt. and 20 M4 inston. D C. 20555. setting forth the fol-

f (0) It is readily soluble or disperalb;e -

Itecords of Individual exposure
lowing inform.ition:

.

'

p' in caterl and feetil<

(b) The quantity of any licensed or to radiation and to radionettve material !'

) other radioactive material released into
i the system by the lleensee in any one M """d'd d l ' M l '"

| gg 'ksJmsneted M I N Illis.
i

|

I



PART 20 o STANDARDS FOR PRSTECTIEN AOAINST RADIAT12N
~

(1) A descriptian of the licensed
materit.1 involved. Including kind, quan.
tity, chemical, and physical form;

(2) A description of the circum.
t.tances under which the loss or theft
occurred;

(3) A statement of disposition or
probable dispceltion of the licensed
matenal involved;

(4) Radiation exposures to individ.
uals, circumstances under which the ex.
posures occurred, and the extent of pos-
sible hazard to peraons in unamtricted
cres.s;

( (5) Actions which have been taken, or
, wn! be taken, to recover the material;
g and
* (6) Procedures or measures which
2 hav3 been or will be adopted to prevent

a recurrence of the loss or Lieft of 11
censed material.

(c) Subsequent to niing the untten rep >rt
the licensee shall also report any substantive
additkinal informatan on the loss or theft w hich
becornes available to the beensee, within *)
days aft:r he learns of such information.

(d) Any rep.rt filal with the Commission
pursuant to this sectwn shall be so pre;mret
that names of truhviduals who may have re-
ceived empeure to rarhatan are stated in a
separate part gf the repet.

-

| 20. 403 Notincations of incidents.
(a) Immediate nott)tcation. Each ll*

* c:nsee shall immediately nottfy by tele.
E phone end telegraph, ma11 gram, or fac.
,. simili, the Director of the appropriate
i NRC Restonal Omce listed in Appendix

l

89May 21,1978
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PART 20 o STANDARDL FOR PROTECTION AGAINST RADIATION
D of any incident involving byproduct, diation or concentrr.tions of radioactive
source, or special r.uclear material pos. material (whether or not involving ex. activities c,overing the preceding calen.dar year,,sessed by him and which may have cessive exposure of any individual) in
caused or threatens to cause: an unrestricted area in excess of ten (1) A Mpwt of either (D the total

2 times any applicable limit set forth in number of Individuals for whom per.

of dia.
this part or in me llem. Each report [20vid aIto

"
2 r3 33 ) th ch p rIn 5 r ms or or

tion; exposure of the skin of the whole required under this paragraph shall de- during the calender year.or (!!) the total
body of any individual of 150 rems or e* scribe the extent of exposure of persons number of individuals for whom person.
more of radiation; or exposure of the g to radiation or to radioactive material, nel monitoring was provided during the

g feet, ankles, hands or forearms of any * including estimates of each individual's calendar year; Prockfed, that such total
3 individual to 375 rems or more of radta. includes at least the number of individ.=

e tion; or w exposure as required by paragraph (b>
g 12t The release of radioacJve mate. of this section; levels of radiation and uals requird to h m"ted under p

rial in concentrations t hach. If averaged concentrations of radioactive material graph (b)(1)(1) of this section. The re.*
4 over a period of 24 hours. would exceed involved; the cause of the exoosure, port shall indicate whether it la sub.

5.000 times the 11mits specified for such levels or concentrations; and corrective mitted in accordance with paragraph
mate rials in Appendix B, Table !!; or steps taken or planned to assure against (b)(1) (1) or (11) of this section.

83) A loss of one morkine meek or a recurrence. (2) A statist 1eal summary report of
more of the operation of any f acilittrs ~

tb) Any report filed with the Commis. the persesanel monitoring information
acceted; or recorded by the licensee for individuals845 Damare to pioperty in excess of D sion pursuant to this section shall in. for whorn personnel monitoring wasgg

n e, tal ity nu ber, d date either required or provided, as described"

{Each licensec shall within 24 hours no.' vidual's exposure. The report shall be;tb> 7 centy-four hour notificaffon.e of birth; and an estimate of the indi. in 12W@ W, indicaung me nurnber
I"di duals ' body

tify by telephone and telegraph mail.$ this p, ,,eord m revM g

, gram. or facsimile, the Director of the { prepared so that information is[ calendar year was in each of me follow.stated in a separate part of the report.gappropriate NRC Regional O!!!ce listed ing estimated exposure ranges:
E in Appendix D of any incident involving (c) | Deleted 38 FR 22220.)

w
p gattweated yrkote sody Number oflice'Ised material possessed by him and

which may have caused or threatens to g 20.406 [ Deleted 38 FR 22220.1 "M"s")'* "" '"d " 'd "*''e''(meni esc 4 rene
cause: $ 20.407 Pernesinel espesuee and mese. No menemm upoem_.. .._.

~ f!) Exposure of the thole body of any 088' Ins e* Peres, ,f,*e,sy,y em_
..

an -
,

Individual to 5 rems or more of radia. (s) Diis sectu>n apphes to each permn h- c 2s to 0 8.. .. .. . . .. . .. . . . . . . . ..' tion; exposure of the skin of the shole censed by the Commission or the Atomic En- o s to 0.7 5. .. .. . . ..... ... . ... . ....
! body of any individual to 30 reme or ergy CommissWn to: 0.78to1........................

more of radiation; or ex;>osure of the (1) Operate a nuclear reactor de. I te z.. _ ............

| 8 feet, ankles, hands, or forearms to 75 algned to produce electrical or heat s to s.._.~.... ..._ _..._...

$ rems or more of radiation; or energy pursuant to 9 60.21(b) or i 60.22 s j j ._ _ _.__. ._ _._ _ __
42) The release of radioactive mate. of this chapter or a testing facility as * " " - * * * - - - * =*

| E rtal in concentrations which, if ever. defined in I 50.2(r) of this chapter; etoy,,,,,,,,,,,;[""""""",
,go g

1 m ased over a period of 24 hours, would (2) Pammana or use byproduct matettal 7 to s..........................N
'

exceed 500 times the limits spectfled for for purposes of radiography pursuant to e to e............................,

such materials la Appendix D, Table II: Parte 30 and 34 of this chapter; e td 10................. ........

,

'' (3) Pnanass or use et any one time, 8 8 " 3 8 - ~ ~ - -- "--"-"---E3) A loss of one day or more of the
operation of any facilities afected; or for purposes of fuel processang, fabrits- | I h a . - - .~ .- +- . ~. ..a - . ~ ~ *

I* II*"""""-"""*"""*j

- *
'Darnage to property in excess of {Si4

g ,g ggg g,g, gg.
terialin a quantity oneceding 8.000 grama "The low exposure range data are re.

e of contained uranium 235. uranium.233. quired in order to obtain better informa.
*

r or plutonium or any comtunation thereof tion about the exposures actually re.
N c) Any report rited with the communion pur N pursuant to Part 70 of this chapter; or corded. 'this section does not requiret
$ suam to this sectson shall he prepared so that (4) Possess or use at agy one time, improved tnessurements.
E names of enJinJuals who have recerved esposure for processing or manufacturing for dis. -

* to radiation 4:11 rie stated on a separate part of tribution pursuaDt to Part 30,32, or 33 ~ $ 21).808 Heporte of per.onnel empo.R ehe report. of this chapter, byproduct material in sure on termination of ernployment
s quantitles exceeding anyone of the fot* oc work.

g 20.404 | Deleted 38 FR 22220.] lowing quantitles:
When an individual terminates em.~ g20.403 Repart of eierespneurce and Jtedtoaucitde ' 9mentifF 88 etet*8 ployment with a licensee subject to

esce i e letel. and eoncentratione. cent um.137 .. ....... .. .. ... I 1 20.407, or an individual assigned to

C",*'.j'""""7'""2~22'2~'* d , work in such a licen.ee's facility, but notg (a) In addition to any notification re.

todine.s aa 2'.._". . ."". "*."".".
" ***

o.
t E employed by the licensee, completes hisquired by 1 20.403, each licensee shall

E Irtenum.nos
.

to . work assignment in the licensee's facility,umake a report in writing within 30 days _._.o.___._.

L' to the appropriate unc nestonal ofrice **** *- .-"- .-". ..-...--" ' P 8h' *'"" 'hsa furna.e to the Duector ofPromethium.I47 .. ... . Inspection and I afurcement,t l'.S. NuclearQ listed in Appendiz D with a copy to the Techoeuum-ee m .......... ."..". 1,000.
Reguistory Commisem>n, washington, D.C.Director of Inspection and Enforcement. (b) Each person described in para. 20555, a report of the in-

U 8. Nuclear nesulatory Commission, graph (a) of this section shall, within dividual's exposure to radiation and ra._ Washington, D C. 20555, of; the first quarter of each calendar year, dioactive matettal, incurred during the~

(1) each exposure of an submit to the Director of Inspection and In-
individual to radiation in excess of the f rcement, U.S. Nuclear Reguistory Commis-

3applicable limits in il 20.101 or 20.104 '82n, %sahington, D.C. 20555.t the folloutng A hienue whose htense en pares of terma.
fat or the license; (2) each exposure t'Pqrts, appinable to the desenbed licensed ,"*'[|, P,',",',','y,"',gh,e ,ca st 1,he s aF

k of an individual to radioactive material
, p

ation or terminak in of the h enu, tovering
N in excess of the applicable limits in a The commteton may regetro, ne a steense that part of the 9 er Jurong whsth the hientee eDMd!%1on, or by rtde, raysentless ce ordee was en effect'c: || 20103(a)(1), 20.103f a)(2), 20.104 t b ' pursuant to e som reparu m tunases s"I "" '"I"** * *** * I ''3"*I I* I ** or the license; (3> levels of radiation or who are ucensed to une rameaunudse act om

'*I"** *' P"' * 8'* *h 8*g concentrations of radioactive matettal this stat, ta quanuues euskseat to cause
in a restricted area in excess of any comparable radieuon levets. , porud th er

, , ,'
other soplicable limit in the license; (4) t AmendeJ 41 t R 86449.
any incident for which notification is re-

outred by 120 403; and 451 levels of ra.

i

90 April 28,1977
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PART 20 o STANDARDS FOR PROTECTION ACAINST RADIATION
.-

APPENDIX A [ Reserved]
I period of employment or work assign.ment in the licensee's facility, contain-

,1 Ing information recorded by the licensee
* pursuant to I| 20.401(a) and 20.108. SuchN

1 report shall be furnished within 30 days
f E after the exposure of the individaal has

g been deterrained by the licensee or 90
days after the date of termint.tten of em-
ployment or work assignment, whichever

,ts cariner.
-

6 20,809 Noiivie.ii.no . net reports to
individuale.

(a) Requirements for notifications ,

and reports to individuals of exposure to <

g radiation or radioactive material are ,. i,
3

e, specified in I 19.13 of this chapter.
R (b) When a licensee is required pur-

suant to il 20.405 or 20.40s to report tog j
the Commission any exposure of an in- / ,w

g dividual to radiation or radioactive ma- ' * .
8

terial, the licensee shall also notify the

individual. Such notice shall be trans- '

mitted at a time not later than the
transmittal to the Commission. and shall
comply with the provisions of | 19.13(a)

,of this chapter. -

-

Excrefrons anD ADDITIONAL
'<

Ragtristmants

| 20.501 Applications fue esent ** ens, e
#

The Commission may, upon application
by g.ny licensee or upon its own initiative,
grint such exemptions from the require- ,

, ments of the regulations in this part as ?
#

g it determines are authorized by law and ,

will not result in undue hszard to life or <

$ property.
g $ 20.502 Adelitional requirements. <

The Ccwnission may, by rule, regula-
tion, or order, impose upon any licensee
ruch requirementa, in addition to those

g established in tre regulations in this
'

part, as it deems appropriate or necessary
to protect health or to minimize danger

_to life or property. I
~$ 20.601 Violatione,

An injunction or other court order .
may be obtained prohibiting any viola-
tion of any provision of the Atomk /

/Energy Act of 1954, as amended, or Title' - '
Lj / '

,

t11 of the Eherry Reorganization Act of 6 f
a f1974, or any regulation or order issued / ) -

thereunder. A court order may be ob- (g#
|t:ined for the payment of a civil penalty i

k imposed pursuant to section 234 of the J,
A

Q Act for violation of section $3,57,62,63, '.

m 81, 82,101,103.104,107, or 109 of the i
' '

* Act, or section 206 of the Energy Reorga. , - I
f nization Act of 1974, or any rule, regula-

tion, or order issued thereunder, or any ,

term, condition, or limitation of any
lictnse issued thereunder, or for any
violation for which a license may be re-
voked under section 186 of the Act. Any
person who willfully violates any pro-
vision of the Act or any regulation or
order issued thereunder may he guilty of
a crime and, upon conviction, may be
punished by fine or imprisonment or
both, as provided by law.

7 Note.-The reporting and record keeping
requirementa centsined to th> part have
been approved by the General Accounting
OWice under B-800230 tRo063h (hoo44), and
e 20004 b

e

$>

I 91 jMay 20,1977
t i
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N APPENotX B APP 8M(,tX S

N' Conce**,ori.no in Air .ad Weser Above Naturel Sedy.end C.acentreti.no in Air and Weew Anve Neturel Seder.und-Continued

(See footnotes on page 20-r5) (See footnotes on pag. 20-t5 )
m

L r.w.8 rewe n v.wei roue n i
>__

m
Siem.a. ( mi. .m.or) io . C.i.mn i C.i.ma 2 C ma i C.i.mn 2 nemen. (e mi. n.mber) is ..ei C.i.mn i C.i.mn 2 C.i.mn i C.i.ma 2 a

Air Weew Air We er Air Weser Air Waters

t (pci/mi)(pci/mi)(pci/mi)(per/mif . t.(pci/mi)(pci/m Q(g i/mi) (pct /mi) . ac
. { -- - m -

Actinium (89). Ac 227 5 2 x 1018 4 x10-a 3 x101* 2 x 10 * Bromine (35).. . . Br 82 5 1 x 10 -' 8 x10-8 i 4 x10'8 3 xId* d
,

3 3 x 10 '" 9 x 10 -8 9 x10 -is 3 X10 * I 2 x 10 1 1x10 8 6 x 10-' ' - 4 x10-s )
'

As 228 5 8 x10 s 3 v;o e 3 x 101 9 il0 8 Cadmium (48) . Cd 109 5 5 X10 * 5 x10-8 2 x 10 ' M x10' 2i

+ i 2 x 10 '' 3 x 10-8 exto " 9710 s g. . 7 QWe 5 x 10 ~ 8 3 x 10-* 2 x 10' Q
'

Amwiciva. 35).. . Am 241 5 6 x 10 '8 1 x 10 * 2 x101s 4 x 10 '' Cd 115m 5 4 x10-s 7 x 10' I X 10-' 3 x10-8 )*I lx)0-" 8 x 10 ' 4 x101: 3 x 10-s e 4 x to s 7 x 10 ~* 1 xt0 * 3 x10-8 g
Am 242m 5 e x t018 I XIO~4 2 x101s 4 x 10-* Cd 115 5 2 x109 3 x10-8 8 xio4 3 x10-s OI 3 x 10 " 3 xlO'8 9 x 10 - 9 x 10 -s 1 2 x109 1 X 10-s 4 x 10 -* 4 x10-s OAm 242 5 4 x 10 * 4 XIO-8 1 x 10 * I x to * C.fcium (20).. . . Ce45 5 3 x 10 ^* 3 x10-* I x 10 ' 9 x10-8

I 5 x101 4 x 10 a 2 X101 1x10* I IXIO~# 5 xlO'8 4 x 10-* 2 x 10 ' "Tl
Am 243 5 e x101: 1 x 10 * 2 x 1018 4 x 10-8 Ce 47 5 2 x 10 9 1 x10-s 6 x 10 '' 5 x10-s Q

l Ix10-# 8 x 10 ' * 4 x 10 8 3 x IO-s 1 2 x10-P 1 x 108 e x 10 4 3 x10-s y
Am 244 5 4 x 10 * I x 101 1 x 10- P 5 x 10 -8 C.tifornism (98) . .. Cf 249 5 2 x 10"8 1 x 10- * 5x10"* 4 x 10-*

I 2 x10-s g xgo i e xto9 3 x30-s I lx10~" 7 x10-* 3 x 10"8 2 x10-s i
Aneim.ny (51) . Sb 122 5 2 x 10 -7 8 x10' e x 10 ' 3 x 10 -s Cf250 5 5 x10"8 4 x,10'* 2 X IO ~'" 1 x 10-s 3
I I I x 10 0 8x10' 5 x 10 ^* 3 x10-s T I 1x10-" 7 x10~* 3 x10"8 3 x10-s Q

$b 124 5 2 x 101 7 x10' 5 x 10 ' 2 x10-s hh Cf 251 5 2 x1013 1 x 10 '* 6 x 10"* 4 X10-8 d
I 2 x 10 * 7 x 10 ' 7xIO-" 2 x10-8 g I Ivlo-" 8x10' 3 x10"8 3 x10-s ITIg

w Sb 125 5 5 x10-8 3 x10-8 2 x 10-* 1 x10-* a Cf252 s5 6x10-" 2 X10'* 2 x109: 7 x 10'' O
e 1 3 x 10 e 3 xgo1 9 x 10-" 1 x 10-* * 41 3 x 10'" 2 x10-* 1 x10"8 7 x 10-* d"
Arg.a (18) . A 37 Sub3 6 x to-s _ 1 x 10 * Cf253 5 8x104 4 x 10-8 3 x 10 -" lx10* hA 41 Sob 2 x10-* .... 4 x10 8 . .. I 8x10-" 4 x10-s 3 X 10 ~ " 1x10-* 2Arsenic (33) . As 73 5 2 x 10 '' I x 10 -8 7 x 10 e 5 x 10 * Cf254 5 5 x 10"8 4 x 10 * 2 x109 y xion

I 4 x 10 4 1 x 10 "8 1 X10 e 3 x10-* I 5 x101: 4 x go-* 2X109: I x 109 )
As 74 5 3 x10-F 2 x10-s 3x10e 3 x10-s Cerb.a(4). C 14 5 4 x 10-* 2 x 10-8 l x104 8x10' g

i I x 10 4 2 x 10 4 x go-o 5 x 10-s (CO2) Sub 5 x10-s ..,. g xto-e

As76 5 1x109 e x 10 * 4 x IO -' 2 x10-s Cwimm (58). . C.141 5 4 x109 3 x 10- 8 2 x 101 9 x 10 - s, ,,,,,,,
,_

8 1x104 6 x 10 * 3 x 10 * 2 x 10-s 1 2 x 10-7 3 x10-s 5x104 9 x10-s g
As 77 5 5 x109 2 x 10-s 2 x 10 * 8 x to-s Co143 5 3x109 1 x10-8 9 x 10 '' 4 x10-s g

I 4 x 10 9 2 x1p-8 3x10 ' 8 xt0-s I 2 X 109 1 x10-8 7 x10' 4 x10-s q
Asemein. (85) At 2tl 5 7 x 10 -* 3 x10-s 2 x 10 -" 2 x 10 '* Ce 144 5 l x 101 3 x10' 3 x 10-" 1 x t0-8

8 3 x101 2 x10-8 I x 10 '' 7 x10-s I e x 10 ' 3 x 10 * 2 X 10-" l x10-s 2
Ser6mm (56) . Se 131 5 I x 10 * 5x10-8 4 x 10 e 2 xto1 Cesive (55) . Co 131 5 I x10-s 7 y3o-3 4 x 109 2 x10~8 M

i 4 x 109 5 x 10-8 1 x 10 * 2 x 10 ^* I 3 x 10 -* 3 x 10 -8 1 x109 9 x 10-8 O
Be 140 5 1x10-F $x10-* 4 x 10 ' 3 x10' 8 Cs 134m 5 4 x10-s 2 x101 1 x 10 ~ * 6x10-s -

I 4 x 10 '' 7 xt0 * I x101 2 x10-s 1 6 x 10-* 3 x 10 ' 8 2 x104 1x108
Serhe86em (97) Sh249 5 9 x10'" 2 x10-s 3 x 10~" 6 x 10' Cs 134 5 4 x10 8 3 x 10 ~ * I x 10 -* 9 x 10 ~* d

I Ix104 2 x10~8 4 x 10 '* 6 x 10 ' I I x 10 * Ix10-s 4 x 10"8 4 x 10 -s O
Sk 250 5 1 x 109 6x101 5 x 10 ''' 2 x 10 * Co 135 5 5 x 10 * 3 x10-s 2 x 10 * I x 10-* g

i i x 10 * 6 x10-3 4 x 10 ' 2 x 10 ~ * I 9 x 10 e 7 x10'8 3 X 10 ~' 2 x 10-*
Seryllive (4) . Se 7 5 6 x 10 * 5 x10~8 2 x101 2 x10-8 Co13e 5 4 x 10 9 2 x10~8 1 x 10 ' 9 x10-s

I I x 10-* 5x108 4 x 101 2 x10-8 8 2 x109 2 x10-8 6 x 10 * 6 x10-s
Si Si 206 5 2 xlO9 1 x 101 6 x 10 -* 4 x10-s Cs 137 5 e x101 4 x 10' 2 x 10 '* 2 x10-s

f seveh (83) I I X 104 1 xio-s 5 x 10 * 4 x10-s I I x 10 ' I x10'8 5 X 10"' 4 x10-8
2. Si 207 5 2 x10-7 2 x10 '8 e x 10 -' 6 x10-s CMerine (17) . CI 36 5 4 x 109 2 x10'8 1x10-8 8 x10-s~

I I x 10 -* 2 x10-8 5x10~" 6 x 10-s 1 2 x 101 2 x 10 ~ 8 8 x 10-'8 e x10-s
Si 210 5 e x IO-* I xIO-s 2 x 10-" 4 x10-s CI 38 5 3 x 10 ~* I x 10'8 9 x10-e 4 y30 4

. I e x 10-* I x 10-8 2 x 10-8 4 x 10-s 4 2 x10'' I x 10-8 7 x10- 4 x 10 ' *
to Si212 5 1 x109 ix10-8 3 x 10-' a x 10-* Chr.mium (24).... Cr 51 5 1 x10-s 5 x10-8 4 x 109 2 x10'8
$ I 2 x10-7 1x10-8 7 x10~* 4 x 10-* I 2 x 10 -* 5 x10-8 8 x 101 2 x10-8
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Cov8entretiens in Air end Water Above Naturel Background-Continued Concentretiens in Air and Water Above Naturel 8echground-Continued*

(4 (see footnotes on page 20-15)
(see footnotes on page 20-15 )

.
$ Table 1 Table 11 Table i Table il

Z
N

Element (etemic number) Isotope ' Colven 1 Colven 2 Celven 1 Colven 2 Element (stemic numbe-) feetepe e Colven 1 Celven 2 Calven 1 Calven 2
M

Air Weter Air Water Air Water Air Wete, O

(pci/mi),(u i/mi);(pci/mi) (pci/ni) * It (pci/mi)(pci/mi)(pc1/mi)(a t/mi) t cc
m l

Cebelt (27) . . Ce57 5 3 x 10 ' * 2 x10-8 1x10 7 5 x10 * 7.ra'ivm (1co). .. . Fm 254 5 6 x10-8 4 x10-8 2 x10' 1 x10-* |

| 2 x 10 9 1 x 10- 8 6 x10' 4 x 10 '* I 7 x10-e 4 xyo-s 2 x10' 1 x 10-*

Ce58m 5 2 x10-s s xio-8 6 x10 4 3 x10-8 Fm 255 5 2 x 108 1 x10-8 6 x t0-" 3 x10-s 2
8 9 x 10 * 6 x 10 '8 3 x 104 2 x 10 -8 1 1 x10'' 1 x10-8 4 x 10-" 3 x10-s Q

Ce SS 5 8x10-7 4 x10-s 3xgo e 1 x 10-* Fm 256 5 3 x101 3 x10-s 1x10-M 9 x10-7 )
I 5 x 10 * 3 x10 8 2 N10'* 9 x10-s 1 2 x 10 -* 3 x10-s 6 x10-" 9 X10-7 %

Ce 60 5 3 x 10 4 1 x 108 1 x 101 5 x10-s Fluorine (9).. . F 18 5 5x10 8 2 x10-8 2 x10-F S x 10-* O
I 9 x101 1 x 10 -8 3 x 10 - * 3 x10-s 1 3 x 10 -* 1x1C- 9 x yo-a e xgo . g

Copper (29) Cu 64 5 2 x 10-* I x10-8 7 x10 e 3 x10-8 Gedefinium (64)_ .. Gd 153 5 2 x10-7 6 x10-s 8 X10' 2 x10-*
T

1 1 x 10 -8 6 x 10 -s 4 xio-o 2 x 10-* I 9 x 10 ' 6 x10~8 3 x10-' 2 x 10-*

Curive (96).. Cm 242 5 1x10-# 7 x 10 -* 4 x10 '8 2 x10-s Gd159 5 5 x 10 - 7 2 x10-8 2 x10 e 8 x10-s O
y1 2 x 1018 7 x 10-8 6 x 10 -" 2 x10-8 1 4 x104 2 x 10 s g xgo-o 8 x10-s %

Cm 243 5 6 x 10 -'8 1 x 10 -8 2 x 10 ' " 5 x 10-* Gallium (31). . . Ge72 5 2 x10-7 1 x10-8 8 x 10-' 4 x10-s .g

i 1x10-" 7 x10-8 3 x 10-u 2 x10-s 1 2 x 10 4 1 x10-s 6 x10" 4 x10-s y
* Cm 244 5 9X10'u 2 x 10 -* 3 x 10 -u 7 xio * ! Germenium (32).. Ge 71 5 1 x10-8 5 x 10 ~ 8 4 x10-7 2 x10-3 Q3 v10-s 1 6 x 10 '' 5 X 10 8 2 x 10 4 2 x10-s

1 1x10-" 8 x 10 * 3 x 10 -H
4 Plo-* $h

C I 1xio-m 8 x 10 '* 4 x1018 3 x 10 * [
. Au 196 5 1 x 10 * 5 x 10' 8 4 x10 8 2 x10-4 gyg |- Cm 245 5 5x10-" 1x10' 2x10-H Gold (79)..

l 6 x104 4 x 10 8 2 x 10 -* 1 x 10 ~ 4
'

|
Cm 246 5 5 x10-88 1 x 10 - * 2 vio* 4 x 10 * Av 198 5 3 x 10 4 2 x 10 - 8 1 x 10 ' * 5 x 10- s' e '

$ I 1x10-M 8x10 * 4 x10-u 3 x 10-s N I 2 x10-7 1x108 4x10" 5 x10-8 -

Cm 247 5 5 x 1G* 1 x 10 -* 2 x10"8 4 x 10-* Au 199 5 1 x 10-* 5 x10-s 4 xgo-s 2 x 10 * O,

4 1 3 x10-8 2 x 10 * 2I 1x10*H 6 XIO -* 4 x 10-" 2 x 10-s 1 8 x 10 4 4 x 10
8 1x10-* 7 x10-sCm 248 5 6 x10-u i x10's 2 x101* 4 x10-7 Hefnium (72). . . Mf181 5 4 x10-s 2 x10

i 1x10-" 4 x 10-s 4 x 10-H 1 x 10-* I y x10-8 2 x10'8 3 x 10 -' 7 x10-s )
,

|

Cm 249 5 1 x10 '8 6 X10-8 4 x101 2 x10-8 Helmium (67). . He 166 5 2 x104 9 x10-8 7 x10" 3 x10-s Q |

| 1 x10-s 4 x10-8 4 x104 2 x10-8 8 2 x10-7 9 x 10 -* 6 x 10' 3 x10-s ) |
Dyspresium (66) . Dy les 5 3 x101 1 x 108 9 x10 * 4 x10-8 Hydrogen (1). H3 5 5 x 10 - * 1x10' 2 x10-7 3 x10-8 - -

t 2 x10-8 1 x10-8 7 x10's 4 x10-8 1 5 x101 1 x 101 2 x104 3 x10-8 2 |

Sub 2 y 10 * . .. 4 x10-s ,,,. @
Dy 166 5 2 x104 1 x10-8 8 x 101 4 x10-s

.

In 113m 5 8 x10-8 ..4 x 10 - 8 3 x10-7 1x10-s H I

,4

1 2 x104 1x10-8 7 x10-' 4 x10-8 Indium (49)..

Einsteinium (99) - Es253 5 8x10-8 7 x 10 -8 3 x 10-" 2 x10-s I 7 x10-8 9 x 10 ' 8 2 x104 1 x10-8 y
I ex10'N 7 x10-* 2 x 10 -" 2 x10-s in 114m 5 1 x10-F 5 x 10 ' ' 4 x 10 ' 2 x10-8 p

Es 254m 5 5 x101 5 XIO-* 2 x10'8 2 x10-s 1 2 x10-e 5 x 10 -* 7 x10-# 2 x10-s
I 6 x101 5 x 10-* 2 x10-2 2 x10-s in 115m 5 2 x 10 * 1x10 8 8 x 101 4 x10-8

Es254 5 2 x 10 -" 4 x 10-4 6 x 10 '" 1 x10-s 1 2 x 10'* 1 x10-8 6 x 108 4 x 10 8 p
I 1x10-8 4 x10-8 4 x 10-" 1 x10-s In 115 5 2 x 104 3 x10-8 9 x 10" 9 x10-s q

is255 5 5x10-8 8 x 10 -* 2 x10-" 3 x10-s i 3 x 10 a 3 xgo-s 1 x 10'' 9 x10-s _

4 4 x 10 -s sxgo-" 2 x 104 Oi 4 x 10"* 8 x 10 * 1x10-" 3 x 10-s ledine (53) i 125 5 5x10

Erbium (68) F 169 5 6 x104 3 x 10 ' 8 2 x101 9 x10-s i 2 x10-7 6 x 10 s 6 x 10-' 2 x 10 -* 2
1 4 x10-7 3 x101 1 x10-e 9 x 10-8 1 126 5 8 x 10 * 5x10s 9x10 " 3 x 10 4

Er171 5 7 x 104 3 x10-8 2 X 10 e y x go-4 1 3 x 104 3 x 10- 8 1 x10-8 9 xio-s
I 6 x 10- 7 3 x10-8 2 x10-e 3 xio-a i129 5 2 x 10 ' 1 x 10 -s 2 x 10 ~ " 6 x 10-8

Europive (63) En 152 5 4 x 10 -7 2 x 10-8 1 x101 6 x10-8 I 7 x 10 - e 6 x10- 3 2 x 10" 2 x 10-'

(T/2 = 9.2 hre) 1 3 x 104 2 x10-8 1 x101 6 x10-8 1 131 5 9 x 10 * 6 x 10 s 1x10-# 3 x104
fv 152 5 1 x10-s 2 x10-3 4 x1o-a 8 xio-s 1 3 x 10 4 2 x 10 - 8 1 x10-8 6 x10-8

(T/2 = 13 yrs) I 2 x10-' 2 x10-8 6x10"* 8 x10-s i 132 5 2 x 104 2 x10-8 3 x 10 -' 8x10-* |

Fw 154 5 4 x10' 6 x10 8 1x10-2 2 x10-s I 9 x104 5 x10-8 3 x 101 2 x10-4 I

I 7 x104 6 x 10 * 2 x10"* 2 x10-s i133 5 3 x 10 8 2 x10-* 4 x10-8 1x10-* |
Ev 155 5 9 x10-8 6 x10-8 3 x 10-* 2 x10-* I 2 x104 1 x 10- 8 7 x10' 4 x10-8

0 1 7 x10-e 6 x10-8 3 x 10-' 2 x10'd i134 5 5 x 104 4 x 10-3 6 > 10 -* 2 x10-8
W
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APPEMDIX B e 8Mut le is), inwtuhle (!!a

, ;;;g,;;|=,2% |M","/Z",;",,t|a",';";"i?'" '" 'O Co.co.tretie.s i. Air e.d wet. 46e e net.rei saae,e..d-Co.ti..ed
'

(See footnotes on page 20-15 ) ~ e These radon concentrations are appropri-
ate for protection from radon-222 combined
with its short-lived daughters. Alternatively, g

Table I feble 11 the value in Table I may be replaced by one-
third (%) **worlLing level." (A " working

b evel" is defined as any combination of short- 2li

Element (etemic number) (setepe ' Colven I Colven 2 Calven I Colven 2 o lived redon-222 daugh ters, polonium-218. H
# lead-214, bismuth-214 and polonium-214. In g

Aer water Air wete, { one Itter of air, without regard to the degree o
,(pci/ml)(pCi/ml)(pCi/ml; (pci/nl)g of ee ,111b,rtum, that w111 result In the ulti-. qa O

. , ,,on of 1.3 s le u.V of alpha

j ~
- particle energy ) Tne Tm)le II value may be G)

Za 65 5 1 = 10 7 3 = 10 8 I 4 = 10 ' I = 10 * replaced by one-thirtieth (%) of a " working H
Im1 ne limit on rs on-222 conantrations p

I 6=108 5 = 10 8 2 *10 ' 2 = 10 * n rlct

In 69m 5 4 x 10 F 2 = 10 8 I > 10 * I T v 10 s 2
y, e.

, 1 3 > 10 P 2 = 10 8 1 *10 * j 6 w 10 s 7
j Zn 69 5 7 > 10 * 5 10 a 2 10 ' f 2 ,10 : "t 4 For soluble mixtures of U-238. U-234 p,

2 ,10 ' ' and U-236 in air chemical toxicity may be the y1 9 *10 * . 5=10 8 3 = 10 ' i

Zircee've (40) Zr93 5 1 *11 ' i 2 102 4 10 ' 8 w 10 * limiting factor. If the percent by weight (en- O' e 8 x 'O * richment) of U-236 is less than 6, the con-
gr 3 j 3 10 F 2 . 10 a j g y go '

6 = 10 : centration value for a 40-hour workweek, U)
Fr 95 5 | I a 10 F - 2 w 10 8 [ 4 = 10 '

Q
- i { 3 s 10 e 2 108 1 1 .10 ' 6 w 10 s Table 2, is 0.2 milligrams urantum per cubic 5l

E Zr97 5 1.10 F 5 w 10 * 4 w 10 ' 2 v 10 s
meter of air amage. M any enrichanent. Oi I

! the product of the average concentration and
I 9108 5 > 10 * 3 = to ' ? *10 s o*

time of exposure during a 40-hour workweeki

n Any sinese redseauslide Sub I 10 * . 3 w 10 e { shall not escoed 8x10 * SA
c C1-br/ml. where =g

.ee hated ebeve with ! N SA is the specific activity ofthe uranium in- y1
|

eecey mode other then ! ! ! [ baled. ne concentration value for Table II is O
!'

j * 0007 mullgrams uranium per cubic meter ofalphe emission er ,

speeteneeve Asseen | $ alr. De spec 1Sc activity for natural uranium
,

and with red 6eective | | 1s 6.77X 1&4 curtea per gram U. De spec 1Bc
helf-lete less them 2 | activity for other snistures of U-238, U-236
'*

| 9 30 s and m234, u not wwn. n.n v
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PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION
""

NOH 10 APPENDIX D 3. If any of the conditions spec 18ed below
~ Nors: In any case where there is a ehture in air or are met, the corresponding values specified

water of more than one radionucitde. the hmitms value, below may be used in lieu of those spec 1 Sed
for purposes of this Appendts should be determined as in paragraph 2 above,
fonows: a. If the identity of each radionuellde in

if ide ty and eo nmt ^
tu"o the mixture is known but the concentrationna

? shoukt tw derned as knows lietermine, br each re. of one or more of the radionuclides in the
dionuchde m the mature, the ratio het seen the quantity <c mixture is not known, the concentration

$ na in the misture and the hmit otherwise estah-311zr.it for the niisture is the limit specified
not in$ m rn ' " f"r = 1n Appendix "B" for the radionuclide in the*

ure h atg
radionucikles nn the mnture may not euced "B" d e.,*E mixture having the lowcat concentrationw
unity"). 11mit; or

N Esaisrts If radlonucHdes A, B. and C are present LD b. If the identity of each radionuclide in
in concentrations Ca. Ca, and Cc. and if the appixable#* the mixture la not known, but it la known
M PC's, are M PCa. and M PCs, and M PCc respec. that certain raetunuclides spec 1 Sed in Ap.
tive(y t the ntrat m shall tw hmited no that pendiz "B" are not present tn the mixture,

the concentration limit for the m!xture to
Ce Ce

M PC a, M PC s, M PC rfg the lowest conoentration limit specified in
Appendix "B* for any radionuclide which la

," not known to be absent from the mixture;2. If either the klentity or the concentration of any or5 reasonuclide in the misture is not known, the lunituis
3 vejues for purposes of Apjendis 11 shall be.
' a. For purposes of nble 1. Col.1-6 x 10-8
E b. For purposes of Table I. Col. 3-4 X 104
g c. For purposes of Table 11. Col.1-2 x 1048

d. For purposes of Table II. Col. 2- -3 X 104

-
.

Table 1 Table !!

et Element Wa-l* number) and lootope
Column 1 Column 2 Column 1 Column 3,

s Air (, Clin 1) D ater Air (,C1/ml) m ater
(eCuml) (eCLinks

!!18 Is known that $r90, 1 125. 1 126, 1 12o. 1 131, (1 133,
table 11 only), tab 210. Pe 210, At 211, ha 223, Ra rJ4
Ra 22a, Ae 227, ka 2A Th 2Ju, Pa 231. Th J32. Th-
naa Cm 24A, C1254 and Fm se are not present... ... 9X104 3X19-8

5 U 15 m knowa that Se eb.11 A 1126,11.1. <l 536,1133
en tabee 11 ordy). Pb 2ki, Po 210, Ra 223. Ha 22s, Rs 23i,
3 Pa 231. Th.aat, Ca 2es, Cf 254, and Fm 256 are not
""

present........................................... 4X1@4 2X1W4
C U it is known that se 90,1 la i1123,1126,1121 table II

enty1. PD 210, Ra 22e Rs 22n, Cm 24a, aM di D4 are*
w

b tie 13YNYabie 'INni' ira'' 55n1RiU is y 2

U st ts known that alpha *mitters and Sr 90,112o. Pb. . . . . . . . . . . . . .
3X1&4 IX1@42:s are mot present . . . . . . . . . . ... . . . .

210, Aa Z27. Ra 228, Pa 330,Pu M1, and Bt 249 are not

U kn5Es tiAt"nipEdmittais"iEPE 2io,"A't"25,~
Ra ra, and Pu 241 are not present. . . . . .. . . . . ... .... . . 4 x 10-8 IX10-u

If it is known that aaphs. emitters and At 222 are not

U tt is known that Ae 227. Th 230. Pa 23t. Pu 23H. Pu. . . . . . . . . . . . . . . . . . . .
8xHPe IX10-8present . . .. . . .. . . . . . . . . . . -

2:as. Pu 210 Pu 242, Pu 244, Cm 248, Cf 249 and Cl 2:1
are not prenant 3X194 IX19-8

-

[ 4. If a misture of radionucildes consists of
R uranium and its daughters in ore dust prior
o to chemical separation of the uranium from* the ore, the values spectaed below may be
[ tamed for uranium and its daughters through
@ radium-226,1nstead of those from paragraphe1,2,or3 above.
w

I a, For purposes of Table I. Col.1-1X10 W
k act/m1 gross alpha activity; or SX10-an act/
M m1 natural uranium", or 'f5 micrograme per
N cuble mater of air natural uranium,
E b. For purposes of Table II. Col 1-8 X 10-=
* aC1/ml gross alpha activity; or 2 X 10-88 ;scl/
@ m1 natural uranium: or 8 mkrograma per
L cubic meter of air natural uranium.
~

S. For purposes of thle eote, a radio.
nuclide may be conaldered as not present in
a mixture if (a) the ratto of the -*ntra.
tion of that radionuclide in the mixture

o. (Ca). to the concentration limit for that
g radionuc!1de spectaed in Table II of AP.
= penda B (AfrCa) does not escoed ha
2 Ca 1

(i.e. ggg) and (b) the etzm of such*

n ntlos for all the radionuendes considered as
not grement in the mixture does not exceed
%

_ o. h + [C; + * * * * In % ) *-

Q8- April 28,197

_ _ _ _ _ _ _ _ _ _ _ _ _ _



PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION
Any alpha emitting radionucitde. - ,

APPEND 13 C Meter (43 Mk'rocuries not listed above or mixturce of
Osmium- 191 m*......_. ..... ..~. 100 alpha emitters of unknown com.Material Microcuries
Os.ntu m-191 .................... 100 position ....... _............. .01

Ame um 2 41 . . . . . . . . . . . . . . . . . . .01 Osmium.193 100 Any radionuclide other than alpha....................
y .................. Palladi um- 103 . . .. ....... . . . . . .. . 100 emitting radionuclides, not listed

A ntimony.124 ... ..... . ..... .... . 10 Pall adium - 109 . .. . .... . . . . . . . . .. . 100 above or mixtures of beta emit.
t 125 ......_............ Phosphorus-32 . . . . .. . .. .... .. . .. . 10 ters of unknown composition... .1

Arsenic.74 10
................... 100....................... Platinum 191

Platinum.193m . .. . .. . . . . . ~. . . . . 100 NoTx: For purposes of 1I 20 203 and 20. 304.......................

Arsenic.76 . . ... ... .. . .. ..... ..._ . 10 Platinum-193 _.................. 100 where there is involved a combination of tao.
Arsenic.77 . . ... ... . .. . . . . . . . .. ... 100

Platinum.197m ... . .. .. .. .. .. .. . . 100 topes in known amounts the limit for thei

Barium.131 10 Platinum-197 ................... 100 d combination should be derived as follows:.....................

' Barium-13 3 10 Plutonium.239 . . . . . . .. .. . . .... . . .0. $ Determine. for each isotope in the combina.Barium-140 ........... Au O. I tion, the ratto between the quantity presentPolonium-210 ...................
10 u. In the combination and the limit otherwise

gBismuth.210 __ ....... . . ........ . 1 Potassium-42 . .. . .. . . ... . .. . . . . . .
Bromine-82 ..................... 10

$ established for the specific isotope when notPraseodymium 142 ............... 100
Cadmium.109 ................... 10 in corabination. 'Ihe sum of such rattos forPraseodymium.143 ............._ 100
Cadmium.115m ........ ...... ... 10 Promethium 147 ................. 10 all t,he isotopes in the combination may not
Cadmium.115 ..........__....... 100 Promethiu m.14 9 ..... ... . ..... .. . 10 exceed "1" (i.e., " unity"). Example: For pur.

Calcium-45 .. ... ..... ...... . .. .. . 10 poses of I 20.304, if a particular batch con.Radium.226 . .. . .. . . .. . ... . .. . .. . .01
tains f,0.000 uCit of Au 98 and 50,000 gCit

lCalcium-47 .... .... . ..._ ... ..... . 10
Rhentum 186 . .. . ... .. . .. . . . .... . 100 of Cl it may also include not more thanCarbon.14 ....................... 100
Rhenium-188 ........ ...._ ..... 100 300 pCit of [W. Ths hmit was determinedCertum.141 ..................... 100 odimn.103m .-.._ ~.---. W

Cerium-143 . .......... 100 ,, rogim :
Rhod ium-105 . ... .. ...... .. ... ~. 100

Cerium.144 ..... ..... ... . .. . .. ... 1 I gooao ct a."8, 50 000 fu ' , met _ Int , glRubidium -86 ..... .... ... .... .. . . 10
Cesium 131 __.................. 1,000

R ubidi um.87 . . . ...... . ....... . .. 10 100.000 >ct AM.0M da A.M0 46
Cesium.134m ........... 100

Ruthenium.97 . . . ...... .. ......_ _ 100 *Ito denominator in each of the above

fes
_ _ _ _ . .

Ruthenium 103 . . ...... .. . ... .... .' ration was obtained by multiplying the figure
Ruthenium 105 ........ .. ........ 10 in the table by 1,000 as provided in i 20.304......................

Ceslum.13 6 . . ... ..~... ..__.... 10 Ruthenium.106 .... ..... ........ . 1
Ceslum.137 ...........- 10 Samartum 151 - 10__.....Chlorine.36 _ .... 10 Samarium.153 _ _ . 100
Chlorine-38 ... .__... 10 Scandium.M _- ..... 100

_

10
Chromium.51
Cobalt.58m - .. - ...

1,000 Scandium-47 _

10
Cobalt.58 ..~. -

-- .. 10 Scandium '8 ...... ......
10 Sele nium 75 . ......... ... ..... ... 10

Cobalt-60 .... _ . ... 1 S111 con-31 ... .. ... ... .... . . .... 100
Copper-64 . .. . ... .......... .... 100 S117er-105 ....................... 10
Dyeprostum 165 ..- 1
Dysprostum.166

...... 10 S11ver-110m .- .........

100100 S11ver.111 _ - .............................

Erbium.169 ............_........ 100 Sodiu m-2 4 . .. ......... . . ... . . . 10 [
Elblum.171 ..................... 100 Strontium-85 . .... ...... . ._ _ .. ... 10 L
Europium.152 9 2 h.............. 100 S tronti um-89 . .. . ... . . . . .. .. ..... 1

b3
,

Europium.152 13 yr.............. I S tronti um-90 ... .. .... ... .. . .. .. . O.1
Europium-154 ....... . . ....... ... 1 E Strontium-91 . . ... .... ........_ _ . 10
Europium.155 ... ................ 10 a- St rontium.92 . . . . . . ... .._ . . . . . . .. 10
Fluorine.18 .................... 1,000 w Sul ph ur-35 . . . . . . . . . .. . .. . ..... .. 100
Gado11ntum.153 ... .. ....... ... .. 10 g Tantalum.182 . .. .. . . . ._. . . ... _ . 10

d Omdo11ntum.159 ..... ............ 100 Technetium-96 . . . _ _ . ... . ... .. . 10
Galli um.72 . . . ..... . ... .... ...... 10 Tec hne tium.9 7m . ...- . .. .. .. .. .. 100
Germanium.71 . ....... ......... . 100 Technettum.97 . .. . . . . ... . . . .. . . . 100
Gold - 198 . . . . . . . . . . . . . . . . . . . . .. . . 100 Technetium-99m ........ ...... .. 100
Gold.199 .............. ......... 100 Technet t um-99 . .. .... . . .. . .. . .. . 10,

Haf ni um.181 ... .. . .. .. _ .. ....... 10 Te11urtum.125m .... .... ...... . .. 10
Holmium.166 . .. ... . . . ... .... .. . . 100 Tellu rium.127m ......... ... ..... 10
Hydrogen-3 .................... 1,000 Tell urium 127 ... . . . . . . . . .. . .. . .. 100
Indi um.113m . .. .. .... . . .. . .. ... . 100 Tellurium.129m . . ....... .... . . 10
Indium.114m . .. . . ... .. . .. . .. .... 10 Tellurium.129 . .. . . .... ._ . .. . . . . . 100
Indi um.115m . .. ...... ....... ... . 100 Tell u rt um.131 m . .. .. . .. . .. . ... .. 10
Indium.115 ..................... 10 Te11urtum.13 2 .. .... .. ... . . ... . .. 10
Iodine.125 __ 1 Terblum.160 ..._................ 10
Iodine.126 ........ ........... 1 Tha111 urn-200 . . . .. . . .. .. . _ .. . . . .. 100........... ...

Iodine.129 ...................... 0.1 Tha111um-201 . . . ..._ . . .. .. . . . .. . . 100
Iodine.131 1 Tha lli um.202 . .. . .. . . .. . . . _.. . ... 100......................

Iodine-133 ...................... 10 Tha111 um .204 . . .. . . . _. . .. . . . .. . . . 10
Iodine.133 ...................... 1 **Ihor'um (natural)1...... - 100.

Iodine.134 10 Thu11um.170 . .. . . . .. . . . .. .. . ... . 10
Iodine.135 ......... ........... 10 Thu11um.171 ................_... 10.

Iridium.192 .......... .. 10 Tin.113 ......................... 10
Iridium.194 . .. ... ... .. ..... ... .. 100 T1n.125 ......................... 10
Iron.55 ......................... 100 Tung st en.181 . . . . . . . . . .. . .. . .. . . 10
Iron.59 ......................_ . 10 Tungsten.185 ....._.............

100
10

* *Tu ngste n.187 ..._................Krypton-85 100.........._..........

Urantum (natural)*...... ...... 100Krypton.87 ._......... 10
Lant h a n um.140 . ... .. .... ... ... . 10 U ranturn.233 . . . .. . . .. . . . . . .. . . . . .01
Lutetium-177 100 Uranium.234-Uranium-235 ...... .01...................

Manganese.52 . . ............ .. .. . 10 Vanaa t um.48 . . . ..... .. . . .. . ... . 10
Manganese.54 ...... ... ........ . . 10 Xenon.131m ................__. 1,000
Manganese.56 ..__ ....

_ 10 Xenon.133 .._................... 100
Mercury- 197m .... ..... .. . . .. . . .. 100 Xe no n .13 5 . . . . . . . . . . . . . . . . . . . . . . 100
Mercury.197 .. ........ .... ..... . . 100 Ytterbium-175 100...........__.....

Merc ury.203 ..... ...... . ... ..... . 10 Y t t ri um -90 . . . .. . . . .. . . _ _. . . . . . . 10
Molybde num.99 .... .. . .. . . . .. .. . 100 Yt trium.91 . . . . . . . .. . . . . . . . . . . . . . 10
Neodymium 147 . . . .. .. ... . .. . ... 100 Yttriu m.92 . . . .. . .. . . . . . . . .. . . ... 100
Neodymium.149 ... . .... ... . . . ... 100 Yttrium-93 . . . . . _. . . . . . . . ... . ._ . 100

8 Based on alpha disintegration rate of
Nic k el-59 .. . . . . . . . . . . . . . . .. . . . . . . 100 Zinc.65 ...................... .. 10

Nic k el .63 . . . . . . . . . . . . . . . . _ . . _ . . . 10 Zinc.69m ......_..._........__ . 100 Th-232 Th.230 and their daughter products.
100 Zinc.69 _ _ _ _.- 1,000 8 Based on alpha disintegration rate of

10 Zircont um-9 3 . . . . . .. . . . . . . . . . . . . . 10 U.238> U.234a and U-235.........................

Niobium.93m $. [.. [. 10 Zirconium-95 . . . . _ . . . . . . . . . . . . . . . 10 [, en ed 8Niobium-95 .
Niobi um-97 .. . ... .. . .. .. . .. ..... 10 Zirconium-97 . . . . . . . _ _ . . . . . . .. . . . 10 g g
Osmium.185 10....................

hpril 30,1975 99
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Appendiu O

t* NIT ED ST ATE S NUCLE AR RE GULATORY COMMISSION

INSPECTION AND ENF ORCF MENT REGION AL OFFICES

Telephone
Region Address

' # ODay time Ho h d'a y"s

i
Resoni USNRC

Connecticut, Delaware, De *rict of Co- Of fice al inspection and
lumbia, Maine, Marviar.d. Massachu- E n for cement (215)337 1150 (215 ) 3 3 7 -H5 0
setts, Ne w Hampshire, New Jersey, 6 3 6 Park Avenue
New Yor k, Pennsylvartia Rhode 1s- Kmg of Prussia, Pa, 19406
land, and vermont

il
R ion li, USNRC

* *
Ala bama, F lorada, Georgia, Kentucky, Of sce of inspection and

pe Panama ) 1- 03 H04)2214503M6ssess7one,, North CarolmaPuerto Rico, buth 2301 ach r St ., N. W.Ca nal
Suste 1217 *Carolina Tennessee, Virgima, Virgin

islands, and West Virgima Atlanta, Ga. 30303

Ill

Region lil, USNRC
Of fice of Inspection and

litmoss, Indiana, Iowa, Michigan, Minne. E n for cement (312) 458-2660 (312)854-2660
sota, Missours. Ohio, and Wisconsen 799 Roosevelt Road

Glen E llyn, III. 60137

Region IV, USNRC
Arkansas Colorado, Idaho, Kansas, Of fece of Inspection and

Louessana, Montana, Nebraska, New E n forcement
Me nsco North Dakota, Oklahoma, 611 Ryan Plaza Drive (.17 ) 3 3 4 2 3 g 3 (3 |7 ) 3 3 4 2 3 4 3
South E)akota, Texas, Utah, and Suste 1000
Wyommg Arlington, Texas 7 6 012

V Re son V, USNRCOf fice of inspection and
*

Alaska, ArJona, Calif orma, Ha waii. E prorcement
Nevada Oregon, Washington, and U.S. g990 N. Cabforma Blvd.

(4 f5 3 4 8 6 -3141 (415)486-3341territories and possesseons in the Suite 20 2
'P3C 8'6C Walnut Creek, Calsf.

945'46

'
10 FR 42557 '

' Amended 41 i R 9 5 M 51.

s

100 May 20,197

AU.S. GOvtsNMENT RtNTING OFFICf: 1978 O - 620-904
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1. Never pipette by mouth. Reminder of
I 2. No smoking or eating permitted in the work area.

Good Radionuclide3. Gloves and laboratory coat are required when using
' di ""c'
4. Presen! des. Laboratory Safetybed personnel monitors must be worn.
5. Hands, shoes and clothing should be frequently Practices
monitored.
6. Work with radioactive materials in an approved
hood or glove box, unless the safety of working on an
open bench can be demonstrated.

7. Radionuclide work should be conducted in an
impervious tray or pan, lined with absorbent paper.
8. Utilize shielding and distance whenever possible.
9. Dispose of liquid and solid radioactive waste in the
approved containers provided.
10. Refrigerators containing radionuclides shall not be
used for storing food.

11. Monitor radionuclide work areas at least once
daily for contamination and make notation of this
survey in laboratory records.

12. Thoroughlv wash hands after manipulating radio-

} nuclides, before eating or smoking, and on completion of
work.

13. Maintain records of receipt, use, transfer and
disposal of radioactive materials.

14. Report accidental inhalation, ingestion, injury or
spills to your supervisor and the Radiation Safety
Office.
15. Review pertinent safety practices frequently, es-
pecially before using a new radionuclide.
16. Assure compliance with NIH Radiation Safety
Guide and Title 10, Code of Federal Regulations,
Parts 19 and 20.

I

_
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