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l MATERIALE LICENSE Amendment No. 09 ;;g!( I

( Pursuant to the Atomic Energy Act of 1954, as amended, the linergy Reorganitation Act of 1974 (Public law 93-438), and Tale to, j1
(f Cale of Federal Regulations, Chapter I, P,trts 30,31,32,33,34,35. 39,40 arxt 70, and in reliance on statements and teprewntations heretofore {

,

d' made by pie brenee, a heense is hereby iw.,cd authonnny the hcensee to recene, acquire, poness, and transfer bypraluct, wurce, and special '

4 nuclear meterial designated below; to uw such material for the purimc(s) and at the place (s) de6ignated below; to dehver or trantfer such rnaterial | <

to persons auderued to recche it in xcerdance w ith the regulations of the apphcable Part(s). This hcenw shall tv deemed to coruain the conditiora j ,

y' specincalin Scaien 183 of the Atomic Enetry Act of 1954, as amended, and is subject to all applicable rules, regulatiorn and ordets of t% Nuclear! )
Regulatory Conurussien now or hereafter in effect are to any conditions specified below. I*

!
:I -_

1.kcensee
. -

-

f in accordance with application dated i

3. gnse numg"25,1991, ltemben ,

j 1- Department of Health and Human Services 19-00296-20 is amended in I

( National Institute of Health its entirety to read as follows: |
( * '
g 2. Building 21

"

4. Expiration date January 31, 1998
_| 9000 Rockville Pike - 7

4
Bethesda, Maryland 20892 ,_ p ' 3. Docket or v;;030-17872p ~,) Reference No 1

w, / 7. Chemical and/or physical 6. Maximum amount that !tcensee >d| 6. Byproduct, source, and/or
d special nudear material cO form ,may possess at any one time >;

under this license

| A. Cobalt 60 dLSealed sources (AECL$ A. 2, 00 curies [ '

q r Capsule Type C-IS1)7 y
,

P(
W 9. Authorized use q . v[, k 3 p. 'h- -

F( . n. , . : - , ,a
ForuseinAECLEldorad$78teletherapyunitto.performirradiationstudiesoncell I e4 A.

hi cultures and small) animalsf.
'

.p ;g .

| A,. si
. _

p.

q gS V7 CONDITIDNS k
s j ,

h4 , ;; i,
. ~ . .

' t

4 10. Licensed material shall be' used only at National ;Institue of liealth, Building '10, h -

4 Room B3-8440-1, 9000; Roc,kv111e Pike, Bethesda, Maryland.g
[6| '/ .(_

Licensed material s/ ll be used by individuals designated by the NIH Radiation y
'

hag 11. A. -

i g Safety Committee, Dr;./ Jacob Robbins, Chairman, p

k[
'

( g
._ , y

B. The Radiation Safety officer for ttlis license is William J. Walker, Ph.D.

12. Scaled sources or detector cells containing licensed material shall not be opened or h[|

sources removed from source holders or detector cells by the licensee.
I
;

W 13. A. Sealed sources and detector cells shall be tested for leakage and/or !
L W contamination at intervals not to exceed 6 months or at such other intervals as

'
,

4 are spectfied by the certificate of registration referred to in 10 CFR 32.210,,

I not to exceed 3 years, -

| 2
q $. Notwithstanding Paragraph A of this Condition, sealed sources designed to emit -

|
g e alpha particles shall be tested for leakage and/or contamination at intervals

'

N not to exceed 3 months.u
4 c:
| C. In the absence of a certificate from a transforor indicating that a test has

,

been made within six months prior to the transfer, a sealed source or detectori g
-

| 4 cell received from another person shall not be put into use until tested.
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,

4 (13. Continued) CONTINUED E.<|
4 q
$ 0. Each sealed source fabricated by the licensee shall be inspected and tested for hi
h construction defects, leakage, and contamination prior to any use or transfer as |d
4 a sealed source. j
i i

k E. Sealed sources and detector cells need not be leak tested if: j
s

f (i) they contain only hydrogen 3; or /

4

4 (ii) they contain only a gas; or
4 g

j (iii) the half-life of the^ isotope is 30 days or less; or
Wa

q (iv) they contain not more than 100 microcuries of betc and/or gamma emitting i,

i material orinot more than 10 microcurios of alpha emitting material; or
g p!F

4 (v) they are not designed to emit alpha particles, are-in storage, and are not -it
i being used. However;<when they are removed from storage for use or h|

j' transfer to another person,-and have not'been tested within the required h
4

leak test interval, they/shall be tested before use 'or transfer. No sealed y

4 source or detector cell shall;be storod?for a period of more than 10 years >
i

4 without-being, tested,forsleakage and/or contamination, la
4

d'
: !1 , N : ! ! , ' *. > ''

f. The test shall be capable .of'detectingt the presence of 0.005 microcurie of

|pf radioactive material ontthe test; var 6ple; tRecords'of leak test results shall be

p!
kept in units %fs microcuries and shalle be' maintained for. inspection by the

g Commission, if the test reveals the' presence.of 0.005 microcurie or more of W
4j removable contamination, a report 'shall be4 filed with~ the U.S. Nuclear 10

j Regulatory Commission and the source shall be remoyed from service and fp decontaminated, repaired, or disposed of in accordance with Commission pt
j regulations. The report shall be filed within 5' days of the date the leak test pf

result is known with the UeS.Juclear Regulatory Commission, Region 1, ATIN: W
%g Chief, Nuclear Materials Safety'Brinch,<475 Allendale Road, King of Prussia, E!

$ Pennsylvania 19406. The report shall specify the source involved, the test f
results, and corrective action taken, f

h G. The licensee is authorized to collect leak test samples for analysis by the
4 licensee. Alternatively, tests for leakage and/or contamination may be |

{%
performed by persons specifically licensed by the Commission or an Agreement |State to perform such services. |

f14. The licensee shall not perform repairs or alterations of the irradiator involving
W removal of shielding or access to the licensed material. Removal, replacement, and
k disposal of sealed sources in the irradiator shall be performed by a person specific- If
>4| ally licensed by the Commission or an Agreement State to perferm such services. f;N4

15. Licensed material shall not be used in or on human beings.

#mx
n
4 |F
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(Continued) CONDITIONS

y F.

j 16. Before initiation of irradiator operations or af ter eloading of sources in theirradiator and before restart of the ir'adiator, a radiation survey shall be conducted!p
i

,;

>@i/(4| to determine the maximum radiation levels in each area adjoining irradiation room with ;?j|the sources in the shielded position and in the exposed position The results of the
,'p survey shall be sent to the U.S. Nuclear Regulatory Commission, Region I, ATilh i

V Chief, Nuclear Materials Safety Branch, 475 Allendale Road, King of Prussia, t

,

Pennsylvania 19406, not more than thirty days after the survey is conducted. |p

k{ )
j4! 17. The licensee shall not acquire licensed material in a sealed source or in a device |>.

g4| thatcontainsasealedsourceunlessthesourceordevicehasbeenregisteredwiththe{
Nuclear Regulatory Commis(ion under 10 CfR 32.210 or with an Agreement State.

f 18. Except as specifically provided otherwise in this license, the licensee shall conduct h
y its prograni in accordance with the statements, representations, and procedures con- 3
|4; tained in the documents including any enclosures, listed below. The Nuclear Regula- :h;

jil tory Commission's regulations shall govern unless the statements, representations and bi

|% procedures in the licensee's application and correspondence are more restrictive than h
f the regulations. f
i !

W A. Application dated September 25, 1991 |
j4:

:

li :

f *
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for the U.S. Nuclear Regulatory Commission kj

ik DEC 221992 W"d Mad 4; h
h

-

By Dmma Wrda .gDate
NuclearFiaterfaTsTaTetFYrancfi :4

% Region I

Q
King of Prussia, Pennsylvania 19406 g
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License No. 19-00296-20
Docket No. 030 17872
Control No. I15574

Department of IIcalth & Iluman Services I

NationalInstitute of Health
ATTN: William J. Walker, Ph.D.

; - Radiation Safety Officer
9000 Rockville Pike Building 21 ;

11ethesda, Maryland 20892 j

Dear Dr. Walker:

Please find enclosed the renewal of your NRC Material License. ,

Please review the enclosed document carefully and be sure that you understand all conditions.
If there nic ar.y errors or questions, please notify the Region I Material Licensing Section,
(215) 337-5093, so that we can provide appropriate corrections and answers.

Please be advised that you must conduct your progmm involving licensed radioactive -

materials in accordance with the conditions of your NRC license, reptrsentations made in '

your lic;ense application, and NRC regulations. In particular, please note the items in the i

enclosed, " Requirements for Materials Licensees."

Since serious consequences to employees and the public can result from failure to comply
with NRC requirements, the NRC expects lleensees to pay meticulous attention to detail and
to achieve the high standani of compliance which the NRC expects of its licensees.

You will be periodically inspected by NRC. 'A fee may be charged for inspections in
accordance with 10 CFR Part 170. Failure to conduct your program safely and in
accordance with NRC regulations, license conditions, and representations made in your-

,

license application and supplemental correspondence with NRC will result in prompt and
' '

vigorous enforcement action against you. This could include issuance of a notiec of
violation, or in case of serious violations, an imposition of a cisil penalty or an order
suspending, modifying or revoking your license as specified in the General Policy and
Procedures for NRC Enforcement Actions,-10 CFR Part 2, Appendix C. .

'

.

|
'
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,

2-Dept. of IIcalth & Iluman Services +-

We wish you success in opemting a safe and effective licensed prognun. ;

Sincerely,
,

0;icinal Cbn d By: ;

Dunan Wh!to i

i
Duncan White

~

Nuclear Materials Safety Branch :
- Division of Radiation Safety :

and Safeguartis

Enclosures:
1. Amendment No. 09 ;

2. Requirements for Materials Licensees
3. NRC Fonus 3 and 313

,

:
;

;

;

:
H

,

3diSS:RI _ ;

White /geb
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OCT 111991

Docket No. 030-17872
License No. 19-00296-20
Control No. 115574

Department of Health & Human Services
ATTN: William J. Walker, Ph.D.

Radiation Safety Officer
9000 Rockville Pike
Building 21 R
Bethesda, Maryland 20892

1

Dear Mr. Walker:

SUBJECT: LICENSE RENEVAL APPLICATION

This is to acknowledge receipt of your application for renewal of material (s)
license identified above. Your application is deemed timely filed, and
accordingly, the license will not expire until final action has been taken
by this office.

Any correspondence regarding the renewal application should reference the
control number specified above.

Sincerely,

Originni Signed By:
Cheryl K. Buraker

\

hSherylVillar, Chief
Licensing Assistant Section
Division of Radiation Safety

and Safeguards

.

.
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! DEPARTMI'.NT Or IllLIII k IlUM AN St.RVICl3 . Public Health Service i

k ^ kl%g
(0 \

National Institutes of Health
Bethesda, Maryland 20892 '

21Building *

Room 110
(301) 400- 2254 i

Septerrher 25, 1991

i

U.S. Nuclear Regulatory Commission
Region I |
Nuclear Materials safety section A
Division of Radiation Safety and Safeguards-
475 Allendale Road
King of Prussia, PA 19406

Des License No. 19-00296-20

Dear Sir or Hat

-

Enc 1ceed in a completed NRC Form 313, " Application for Material License",
requenting renewal of Licence No. 19-00296-20 for the National Institutes of
Ileal th.

This renewal application is being submitted in duplicato in its entirety. If ,

clarification is needed or additional information in requirod, please contact
me.

i

sincerely, w
h

-

d/gfibk'd$1&
William J. Walkbr, Ph.D.

RadiatioqJSafdty Of ficor, Nill
,

Enclosure in duplicate

115574
.
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Attachment to NRC Form 313: Renewal of License No. 19-00296-20 i

September 25, 1991
Nationcl Institutes of Health
Dethesda, Maryland 20892

|

Item 5. Radioactive Haterial

a. Cobalt 60
b. Sealed source (AECL Capsule Type C-151)
c. Not to exceed 2,000 Curies

_ Item 6. Purpose (s) For Which Licen g d Haterial Will Be Used

To be used in an AECL Eldorado 78 Cobalt-60 Teletherapy unit to irradiate i

cell cultures and small animals only in radiobiology research program.
This irradiator will not be used to irradiate humans nor will it be used
as an industrial typo irradiator.

Jtem 7. Individualist Reononsible For Radiation Safety Prsgram and Their Training

ond EEECI1EDUt

The Nill Radiation Safety Organization is shown on the following charts.
The Radiation Safety Officer (RSO) La appointed by the Director of NIX.
A resume of the training and experience of the RSO is attached. Additional
information is presented in Item 10. Radiation Safety Procram. The daily
operation of this irradiator will be supervised by the Authorized Custodian
as described in the attached Radiation Safety Procedures Hanual for

Operation of Irradiator (Eldorado70), hereafter referred to as the Manual

(see Attachment 313-7). Training and experience requirements for the
Authorized Custodian are given in the Manual.

Item D. Trainina for Indiriduals Workina in or Frecuentina Restricted Areas

The irradiator shall be used only by or under the supervision of an
Authorized Custodian approved by the Chairperson, NIH Radiation Safety
Committee. Operators of the irradiator shall bo Designated Users approved
by the Authorized Custodian. Procedures for becoming an Authorized
Custodian or Designated User and the training requirements are detailed
in the attached Manual.

ILey 9. Facilities and Jauipment

The irradiator for which this license renewal is sought has been previously
evaluted and licenced by the NRC and has been approved for unattended
operation. A description of thu irradiator, including the interlock system
a.c' oiher safety features, is included in the Hrinual.

The physical location of this irradiator is NIH, Building 10, Room _B3-
B44C-1. This room also contains a megavoltage (4 HoV) X-ray unit used only
to irradiate-cell culturea and small animale in the radiobiology research j

program. A copy of the initial radiation survey performed in November 1989 1

to verify the shielding of this facility is included as Attachment 313- |
9.
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FATIQU1 IESTIWR$ OF IEM.Til Da!ATIO4 5AFETY OW.'(!ZATI0i(

Director, NIH
Or. Bernadine Healy

Radiation Safety Consittee
Dr. Jacob Robbins

Chairman

Office of Research
Services

Norman Hansfleid,

Associate Director for
Research Services

_

' Radioactive Drug
Research Committee

Dr. Loren Zech
Chairman

Division of Safety
Dr. Robert McKinney,

Directori
,

Radiation Safety Branch
Dr. William Walker, Jr.

Chief and
Radiation Safety Officer-
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RESUME
.

WILLIAM J. WALKER, JR., Ph.D., CHP ,

Chief, Radiation Safety Branch and
Radiation Safety Officer

Division of Safety
NationalInstitutes of Health

Bethesda, Maryland

EDUCATION

University of Florida
Gainesville, Florida
Doctor of Philosophy Degree - Environmental Engineering
(Radiological Health) 1971

University of Kansas
Lawrence, Kansas
Master of Science Degree - Radiation Biophysics 1964

Virginia Military Institute
12xington, Virginia
Bachelor of Science Degree - Civil Engineering 1958

CERTIFICATIONS AND LICENSES
*

Certified Health Ph~icist, American Board of Health Physics*

Registered Professional Engineer (Civil and Sanitary Engineering)-*

Qualified Expert as a Ra#v'n inspector, State of Virginia*

Qualified Expert as a RWea +tachine Inspector, State of Maryland*

AFFILIATIONS

Member, Health Physics Society*

Chairman, Board of Directors, Profound ' Paralysis Foundation*

Member, Society.of Sigma XI* -

Member and Officer, Lions Club International*

Member (inactive), American College of Nuclear Physicians*

Member (inactive), Amer can Association of Physicists in Medicine*

Member (inactive), American College of Medical Physics*

Member (inactive), Society of Nuclear Medicine*

1
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PROFESSIONM&'IVITIES

Secretary / Treasurer (1973 - 1975)*

Mid-Atlantic Chapter
.American Association of Physicists in Medicine

President (1976 - 1977)*

Mid-Atlantic Chapter
American ' Association of Physicists in Medicine

American College of Nuclear Physicians*
'

Committees (1989)
o Nuclear Medicine Science Committee
o Standardization of Nuclear Medicine Instrumentation Committee
o Government Affairs Committee
o Equipment Specifications and Performance Committee
o Subcommittee on Nuclear Medicine Technology

American Board of Health Physics Part 1 Cer'ification Exam Panel (Current)*

CURRENT.EOSUlOE

- the NIH Radiation Safety Officer and as Chief of the Radiation Safety Branch.<

3' w.uninistrator and technical director of the Branch. Conceives, plans, coordinates
arm m ects through the two subordinate section chie s, programs of education training,r

surveillance, risk assessment, technical assistance, and support services which collectively
serve to create a safe and healthful environment for the um of radiation sources by
employees, guest workers, patients, and visito'rs of the NIH. As the NIH-11adiation
Safety Officer is appointed by the Director of NIH and is responsible for the regulatory
aspects of the NIH Radiation Safety Program including licensing activities, compliance
with Federal regulations, and the implementation of an effective compliance and
enfoicement program for NIH workers.

The National Institutes of Health campus constitutes the world's largest-biomedical
research installation. The NIH Radiation. Safety Branch provides compliance oversight
and consulting services to over two thousand laboratories on the NIH campus and in four
remote locations. The Branch is staffed by 33 personnel, including 22 professional
Health Physicists. During the course of a year, the Branch provides radiation safety
training to approximately 5000 scientists and other NIH staff, makes about 66,000
radioactive waste pickups, receives, processes and redistributes over 34,000 shipments'
of radioisotopes, and performs over 10,000 surveys and inspections.

2
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WORK EXPERIENCE

1. U.S. Nuclear Regulatory Commission '

Washington, D.C.
May 1989 - August 1989 '

Consultant (full time) to the Director, State, Local and Indian Tribe Programs
(SLITP), Office of Government and Public Affairs. Participated in the
development and revision of Suggested State Regulations, review of proposed ~
Agreement State regulations and the revision of SLITP Internal Procedures.

>

2. The Institute for Radiological Imaging Sciences, Inc. (IRIS),
Germantown, Maryland '

(November 1988 - August 1989)

Senior Consultant in Radiological Physics. Provided consulting services in quality
assurance, imaging sciences and radiological health to a wide range of governmental and
industry clients.

3. Sacred Heart Hospital,
Allentown, Pennsylvania
(November 1984 - Present)

Consuiting Radiological Physicist. Provides radiation therapy physics support to the
Department of Radiotherapy. Acts as consultant to the hospital's Radiation Safety Officer
in radiation safety, regulatory compliance and other quality assurance program issues.

4. Radiopharmaceutical Management Services, Inc.,
Rockville, Maryland

.
(January - November 1988)

President and Chief operating officer of this one million dollar a year technical / sales
tirm. Responsible for restructuring and restoring client acceptance and establishing
corporate profitability. These goals were met and exceeded.

Managed a technical and administrative staff with two operating locations. Responsible
.

for all budgeting, long and short term plaming, personnel management, client relations,
regulatory (NRC, FDA and other state and local governments) relations, and business -
development. Provided professional health / medical physics support to clients.

L 3
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5. IIcalth Physics Services, Inc.,
Rockville, Maryland
(October 1985 - November 1988)

Senior Vice President and Chief Scientist. Duties of an executive managerial and
technical nature pertaining to the business and professional services of the Grm. Actively
involved in seeking and developing new business, development and negotiation of
proposals, maintaining high standards of quality control, development of computer
protocols and related technical procedures, enhancement of client relations, and
representing the firm at various scientinc and professional meetings.

Responsible for providing professional health / radiological physics support including
therapy physics, environmental science and engineering support, assisting in the
development of corporate policy including short term and long term strategy planning.
Assisted in the management of fourteen personnel and reported directly to the President
of the company.

6. RSO, Inc.,
Laurel, Maryland

(October 1983 - October 1984)

Vice President, Medical Division. Responsible for Medical Division operations,
planning, and development. Acted as principle corporate consultant in medical and health
physics. Implemented an internal corporate quality assurance program. Principle
investigator on DOE SBIR contract to study feasibility of a centralized facility for volume
reduction and disposal of low-level radioactive biomedical research waste. Consultant
to academic institutions, research and medical facilities, and industrial radiation users.

7. U.S. Nuclear Regulatory Commission
Washington, D.C.
(1978 - 1983)

Section 1.cader, Medical and Academic Licensing Section. Managed a high-level
technical staff involved in the review and processing of new applications, renewals, and
amendments to existing license for byproduct, source, and special nuclear materials
(10,000 active licenses; 5,000 - 6,000 license actions processed annually). Section staff
also conducted safety analyses, environmental impact assessments, and special projects.
Also served as Section Leader for Industrial Licensing section for an eight month period.

4
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Chaired 16 member intra-agency task force for revision of Part 35 regulation.
Coordinated 9 member Advisory Committee on the Medical Use of Isotopes, a panel of
experts from the medical community who provide advice and recommendations to the
NRC, Also acted as key NRC contact for the Veterans Administration and DOD
agencies in matters of medical licensing.

Completed NRC SES Candidate Development Program. As part of program, was
detailed to the Subcommittee on Nuclear Regulation of the U.S. Senate Committee on
Environment and Public Works for four months. Responsible for technical reviews of-
NRC, FEMA, and EPA 'oudgets, was staff coordinator for a major Subcommittee
hearing.

8. Malcolm Grow U.S. Air Force Medical Center
Andrew Air Force Base
Washington, D.C.

(1971 - 1978)

Chief of Medical Physics. Reorganized and directed health and medical physics programs
(included such activities and treatment planning for teletherapy patients, diagnostic x ray -
quality assurance programs, and licensing). Supervised staff. Served as Radiation Safety
Officer. Developed and conducted x-ray and Nuclear MedicineTechnology courses, and
annual medical physics review course for military and civilian radiology residents.
Developed and implemented a new format for the DOD's Radiology Uniform Chart of
Accounts (a resource accounting system). Provided technical advice on health physics
and nuclear mMical to Air force Headquarters Command and air Force Inspector
General.

Also served as Command Health Physicist, Headquarters Command, United States Air .
force; Instructor, Department of Biological and Physical Sciences, Prince Georges
Community College,12rgo, Maryland; and Consultant in Diagnostic Radiology, Nuclear
Medicine and Radiation Safety, Children's Hospital National Medical Center,
Washington, D.C.

9. Physics Control Incorporated (1973 - 1978)
Waldorf, Maryland
President, Principal Consultant

10. Air Force Weapons Laboratory, Kirtland Air Force Base (1964 - 1968)
Albuquerque, New Mexico
Research Health Physicist

5
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I 1. Headquarters, 7th Air Division (SAC) (1960 - 1962)
High Wycombe, England
Staff Environniental Engineer

12. Castle Air Force Base, California (1958 - 1960)
Base Sanitary and Industrial Hygiene Engineer

PUBLICATIONS

Walker, William J., Jr., " Grasshopper Embryos as a Biological Radiation Dosimeter, " Master-
of Science Thesis, University of Kansas,1964.

Walker, William J., Jr., and Edward I. Shaw, " Rearing of Qortophaga Viridifasciata for
-Biological Studies" Im01 actions of the Kansas Academy of Science, Vol. 67, No. 3,539-543,
1964.

Walker, William J. , Jr., and Jelle de Boer, " Development of a Shield for Partial Body Irradiation
by Pulsed Fission Spectrum Radiations", Air Force Weaoons Laboratory Technical Reoort No.
66-23, January 1967.

Mobley, Thomas S., William J. Walker, Jr., and Jelle de Boer, " Lethal Dose Studies on Sheep
Exposed to Pulsed Fission Spectrum Radiation (PRSR)", Air Force Weapons 12boratory
Technical Report No. 65-199, June 1967.

Hauver, R.C., Vincent T. Penikas, William J. Walker, Jr., Max M. Nold, and Thomas S.
Mobley, " Exposure of Sheep to Millisecond Verses Micro-second Fission Radiation", In the
Proceedings of the Symposium - Dose Rate in Mammalian Radiation Biology, ORNL CONF. -
680410.

Walker, William J., Jr., Francis J. Connolly, and Frank S. Dombek,
"A 5-Kilocurie Cobalt-60 Large Animal Irradiation Facility", Air Force Weapons Imboratory
Technical Report No. 68-16, July 1968.

Hauver, Robert C. and William J. Walker, Jr., Effects of Millisecond Versus Microsecond
Pulses of Fission Spectrum Radiation of Sheep: _" Lethality Studies", Air Force Weapons _
Laboratory Technical Reoort No. 68-94, October 1968.

Walker, William J., Jr., "The Nature and Control of External Sources of Variation in Whole
Body Counting", Doctoral Dissertation, University of Florida 1971.-

Walker, William J., Jr., J. L. Campbell, and R. J. Carella, " Cobalt-60 Teletherapy Simulation
Devise for Simple Treatment Fields", Ehys. Med. Biol. Vol.19, No. 2, March 1974
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. Walker, William J., Jr., Edward S. Barnes, and Hector Lopez, " Radium Leaks", ILS. Air Force
MedicaLService Digest, Vol. XXV, No ' 3, March 1974.

Walker, William J., Jr., John L. Campbell, and Richard J. Carella, "A Simple Beam Defining
and Localization System for Cobalt-60 Teletherapy", U.S. Air Force Medical Service Digest,
Vol. XXV, No. 4, April 1974.

Siegel, Michael E., William J. Walker, Jr., and John L. Ca mpbell, II, " Accumulation of Tc-99m
- Diphosphonate in Malignant Pleural Effusions: Detection and Verification", J. Nucicat
Medicine, Vol.16, No.10,
pp. 883-885, October 1975. '

Walker, William J., Jr., Billy Dunavant, Genevieve Roessler, Charles E. .Roessler, and W.
Emmett Bolch, "An Evaluation of Radon Daughters as a Cause of Background Variations in a
Whole Body Counter", presented at the AnnuaLMeetine - Heahh Physics Society,1974.

Walker, William J., Jr., " Program for Diagnostic X-ray Quality Assurance in the Hospital
Radiology Department", Apolication offptical Instrumentation in Medicine. IV, presented by
the Society of Photo-OpticalInstrumentation Engineers, Atlanta, September 25-27,1974. Invited
Paper.

Steinfeld, Alan D., and William J. Walker, Jr., " Radiation Hazards Around the Home",llji,.
Air Force Medical Service 3igc11, Vol. XXVII, No. 3. Summer,1977.

Walker, William J., Jr., " Nuclear Regulatory Commission Licensing Policies and Regulations
for Effective Radioactive Waste Management at Medical and Academic Institutions", presented
at the Annual Meetine - Health Physics Society,1981.
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Attachment to NRC Form 313: . Renewal of License No. 19-00296-20 -

September 25, 1991
National Institutes of Health
Bethesda, Maryland 20892

Jtem 9. continupA

This irradiator will not be moved from its present location withoJt the
permission of the U.S. Nuclear Regulatory Commission.

A description of radiation monitoring instrumentation available,

calibration procedu,;es, personnel monitoring and other program information
is included in J_ tem 10. Radiation Safety Procram.

Item 10. Radj.ation safety Proatam

The NIH Radiation Safety Program is described in the attached copy of the
NIH Radiation Safety Guide . ( Attachment 313-10). Additional supportive
information is as follows:

Radiation Safety Committee

The NIH Radiation Safety Comittee is appointed by the Director of ~ NIH and;
its membership is consistent with NRC guidelines. The Committee is
comprised of members representing major classes of users of radioactive
rmaterials and radiation sources, the nursing services, NIH management and ,

the NIH Radiation Sarety Officer with provision to allow additional members - ;

as needed or desirable. The functions and responsibilities of the NIH
Radiation Safety committee are presented on page 1 of the NIH Radietion
Safety Guide. Certain responsibilities and authorities of the Committae-
may be delegated to the Radiation. Safety Officer to - f acilitate ~ the
operation of the NIH Radiation Safety Program.

Radiation Safety Officer

The Radiation Safety Officer is appointed by the Director of NIH. His-
'

resume is provided under Item 7 of this application. The RSO is also Chief -
of the Radiation Safety Dranch which administers the NIH Radiation Safety
Program. The RSO is responsible for the direction-of the Radiation Safety
Program. These responsibilities are presented on page 2 of the HIH --
E.adiation safety cuide. The organizational chart provided in Item 7 shows
the relationship of the Radiation Safety Branch, Radiation Safety Officer,
Division of Safety,- Radiation Safety Committee and the Director of NIH.

N
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Attachment to NRC Form 313: Renewal of License No. 19-00296-20
September 25, 1991
National Institutes of Health
Bethesda, Maryland 20892

Item 10. continued

Personnel Monitoring Equipment

IrradLator users are required to be part of the personnel monitoring
program and are required to wear a wholo body exposure monitor when using
an irradiator. Tne personnel monitoring service is currently provided by
R. S. Landauer, Jr. and Co. The frequency of change for monitors is at
least monthly for film monitors and quarterly for TLDs. Investig1tions

are performed for radiation exposures, as reported by the contractor, which
are equal to or greater than 10% of the allowable limits for occupational
radiation workers. Corrective actions are implemented as warranted.

Radiation Detection Instruments

Instrumentation pertinent to irradiator radiation safety and available for
use by the Radiation Safety Branch includes numerous ion chamber type
instruments which can measure up to several hundred milllRoentgen/ hour.
Other instruments available include numerous GM survey meters, a number
of multi-detector survey kits issued to each Health Physicist, instrument
systems for laboratory analysis of samples, amonro, air samples, etc.,

including gamma counters, liquid scintillation counters and high-
resolution multichannel analyzers. Radiation Safety instrumentation is
updated frequently as new and better instruments become available.

Radiation monitoring instruments for use by Radiation Safety Branch Health
Physicists are calibrated annually and after servicing by qualified
contractors who are licensed by the NRC or an Agreement State. Calibration
is performed in compliance with procedures in Appendix B of Regulatory -

Guide 10.8 (Revision 2, August 1987). Instruments are calibrated so that
the readings are within i 20% of the actual values over the range of the
instrument. Calibration records are kept for a minimum of 3 years.

Leak Testing

Leak testing will be performed as deocribed in the attached Manual.

Operating and Emergency Procedures

Irradiator users will be provided with written operating and emergency
procedures. A copy of the Manual will be kept at the irradiator and
emergency procedures will be conspicuously posted in the area.

_ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _
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Attachment to NRC' Form 313: Renewal of Li;ense No. 19-00296-20

September-25, 1991
National Institutes of Health
Bethesda, Maryland 20892

Ltpqm 11. Haute.f_anaaement
No radioactive waste is expected to be generated by use of this irradiator.
The sealed source of cobalt-60, if replaced or otherwise not continued to
be used, will be returned to the manufacturer if possible or disposed as '

radioactive waste through our radioactive waste disposal contractor,
Radiation Service Organization, Inc., or their successor.

,
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D O-ATTACHMENT 313-7
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!

This page
revised: 9/91 |

. National Institutes of Health

Division of Safety >

Radiation Safety Branch

RADIATION SAFETY PROCEDURES MANUAL.

FOR

OPERATION OF IRRADIATOR
(ELDORADO 78)

IN CASE OF ANY EMERGENCY INVOLVING THIS IRRADIATOR. CALL RADIATION SAFETY ,

AT 496-5774 AFTER NORMAL WORKING HOURS, CALL 116 AND REQUEST RADIATION
SAFETY ASSISTANCE.

Manufacturer of Irradiator : Atomic EnerRY of

Canada Limited (AECL)

| Model : Eldorado 78
_

Radionuclide : Cobalt-60-

Rated Capacity : 2000 Curies

356 Curies on 9/10/91Source Activity :

Location of Irradiator : Building 10 Room B3-B44C-1

' Individual Responsibic for
Supervision of Use : Dr. James Mitchell
(Authorized Custodian) Name*

.

,

"Bu'ilding 10' 'R'oo'm' 'B3-B'69'~
Address

.

496-7511
Telephone

. U.S. Nuclear Regulatory Cocmission License Number: 19-00296-20.

-
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INTRODUCTION

The AECL Eldorado 78 cobalt-60 irradiator is a high activity sealed source
machine which is capable of producing uniform radiation' fields for
radiobiological research. This unit is licensed by the U.S. Nuclear
Regulatory Commission to contain up to 2000 C1 of cobalt-60 and is used to
irradiate cells and small animals for research purposet gnly. This irradiator
will never be used to irradiate humans and will not be-used as an jndustrial

type irradiator.

The irradiator is installed at the NIH, Building 10, Room B3-B44C-1. This

heavily shielded room is in the third subbasement of the' Clinical Center in
the Radiation Oncology Branch. This is a controlled access area that is
secured after normal working hours. Housekeeping, engineering and other
ancillary personnel are not perc*tted in the area after hours.

The cobalt-60 source supplied by AECL is doubly encapsulated in stainless
steel. A measurement certificate is supplied with the source, The source ic
pneumatically driven and, when not in use, is contained in.a heavily shielded
sourcehead. The source can be brought to the " Beam On" position only when the- ,

sourcehead'is directed at the floor or the west wallaof the irradiator room.
The sourcehead securely shields the cobalt-60 when the machine is not in use
and requires key controlled power activation to move the source to the "Deam
On" position. The key switch is mounted on the control. console '. located in B3-
B44 outside the irradiator. room. Safety interlocks and other protective
devices must be properly. engaged in order for the machine to emit radiation.
Emergency stop pushbuttons are located on the control console, the west wall
of B3-844C-1 and on either side of the main frame-of the unit. Interruption
of any safety device will return the source to the " Beam,0ff" position.

This irradiator has been approved for continuous use without the Authorir.ed-
Custodian or a Designated User present as long as the conditions of-this

.

manual are followed. Accesa controls and warning devices used during
unattended use are detailed in the section, Descrintion of Irradiator.- More-

specific details of operation are coverea in the manufacturer's operations
manual (Appendix C).

!
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EMEPGENCY PROCEDURES
r

Alarm conditions

An area radiation monitor is installed in the room housing the irradiator to
indicate hazardous exposures via audible and visual alarms which will be
activated if the door is opened and the cobalt-60 source retraction mechanism
has malfunctioned leaving the source in the unshielded position. Also, the.
large warning lights at the door entrances to B3-B44C and B3-B44c-1 and
inside B3-B44C-1, the red light on the control console and the red light on

the irradiator itself (seen via TV monitor) will remain lit if the source
remains in the " Beam on" position. See Drawing 1 for location of radiation
monitor and warning lights. Should any of these conditions exist, i.e.,

audible alarm sounds and/or warning lights remain lit when door to B3-B44C-1
is opened, the irradiator is to be taken out of service at once and the
following steps takent

(1) Do not enter the room.
Secure door to irradiator room. Secure keys to irradiator control
console. Doors to B3-B44c and B3-B44 should be locked.

(2) Notify the Radiation Safety Branch at 496-5774. If after normal
working hours, dial 116 to get the NIH Fire Department. The NIH
Fire Department will use the Emergency Call List to obtain
assistance from Radiation Safety Branch staff.

(3) Notify the Authorized Custodian shown on the cover of this manual.

(4) Do not attempt to repair the irradiator.

(5) Do not attempt to operate the irradiator without clearance from
the Radiation Safety Branch.

(6) Give a written description of the event in the uma log.

Contact the Radiation Safety Branch at 496-5774 if there are any questions
about the safety of the irradiator.

An emergency procedure sheet is posted at the control console and at the
irradiator.

For more information on safety systems see the section of the manual entitled
Description of Irradiator.

3
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PEQqgp_qRES FOR CAINING AUTHQPLtJ1LO,J TQ U1g_Ip2ApjATQB

Authorized Custodians

Irradiators shall be used under the supervision of individuals no
authorized by the Chairperson, Radiation Safety Committee; those
individuals shall be termed " Authorized Custodians".

An individual may become the Authorized Custodian by submitting a
memorandum applying to be so designated to the Chairperson, Radiation
Safety Committee, through the Radiation Safety Officer. In order to be
approved, the memorandum must contain the following:

(1) Evidence of meeting the " Training Requiremente" contained in
this manual.

(2) Specification of the irradiator for which the individual is
applying to be the Authorized Custodian including the
manufacturer, model, radionuclide in sealed source contained
in the irradiator and the activity, the building and room
number where the irradiator is located and the individual's
title, Institute, Center or Division (ICD) and
organizational subunit.

(3) A statement by the applicant that he/she will be
responsible for supervising the use of the irradiator in
accordance with the provisions of this manual.

Upon receipt of the application, the Radiation Safety Officer shall
review it to ensure compliance with applicable license conditions, NRC
regulations and Radiation Safety Committee requirements. The RSO shall
be responsible for making a recommendation to the Committee Chairperson
regarding approval / disapproval. Authority and responsibility for
control of the irradiator must be in accordance with provisions of this
manual and cannot be reassigned without the approval of the Radiation
Safety Committee Chairperson. Authorizations cannot be transferred to
other individuals. See the section of the manual entitled Changg of

Authorized CuntodinD-

Designated Users (operators)

Individuals may become Designated Users by completing the training
requirement described in this manual and by being so designated by the
Authorized custodian. This should be recorded in Appendix A, List of
Desionated Users.

|
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IFRADIATION PROCEDURES

The irradiator may be operated ONLY by:
the Authoriaed Custodian (individual responsible for supervision .-

of use, approved by the NIH Radiation Safety Committee).
a Designated User; see Appendix A for sample. form.used to list-

Designated. Users.

Users must be familiar with the operating instructiono and adequately trained-
in proper operation and emergency procedures.- -

Continuous irradiation is allowed without a. Designated User present ONLY after.

safety devices have been tested and when the restrictions on access and
warning devices detailed in the section pgagriotion of Irradiater have been
activated. The following safety devices must be tested prior to gagh.
unattended use

- door interlock (B3-B44C-1)
- warning lights at entrance to B3-B44c and inside B3-B44C
- infrared motion detector inside B3-B44C
- telephone alert
- area radiation monitor in-B3-B44C-1

Procedures

(1) obtain machine operating keys from secured location. All
individuals must wear personnel dosimeters before entering the
irradiator room.

(2) Visually check to make sure all persons are out of the irradiator
room.

(3) Test safety devices listed above if irradiator is to.be operated:
unattended. If any of these devices fail-to operate properly do
not proceed with irradiation. Secure the area- and notify the
-Radiation Safety Branch. If safety devices operate properly
continue with: irradiation procedure.

,

(4) Place samples to be irradiated-in desired geometry. If necessary,
consult manufacturer's operation manual (Appendix _C).

,

(5) Set conditions for irradiation on control console.

(6) Activate all restrictions on access and warning devices-if4.

irradiator is to be operated unattended.

(7) Begin irradiation.

.
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(8) The source is returned to the ' Beam Off" poaltions i

(4) at the end of the prodotermined time as set on the |
preact timer. ]

(b) by pushing the Emergency stop pushbutton on the - '

control' panel. ;

(c) by power inturruption. ,

'

(9) Deactivate keyewitch and remove key.

(10) Via th') TV monitor, check to see that the source rod has retracted
and that the warning lights on the irradiator are no longer lit.
Check warning lights outside the irradiator room.. If all lights
indicate the cource in no longer exposed, open the door to the
irradiator room and check the area monitor on the ceiling to
aneure safe entry. If any one monitor indicates unsafe
conditions, DO NOT E!!TER ROOHi! Consult Emergency Procedures,

d

(11) Record required data in use log (Appendix B).

(12) Ruturn keys to socured location.

,
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DF&CRLEIION OF IR.BADIATSR

Safety Systems

The room houning the cobalt-60 trradiator la posted with the appropriate
radiation rigns according to 10 CFR 20.203. An emergency procedure

i

sheet is posted at the control console and at the irradiator.

Many protective devices are incorporated into the unit. The source and
the source drawer will remain in the " Beam Off" position or return to
thn "Deam off" position whens

(1) Electrical power supply falls.

(2) The door interlock has been activated by means of the
irradiator room door being opened during irradiat'.on or by
detection of entry into the irradiator room by the infrared
detector.

(3) Air pressure in the pneumatic system falls below
35 psig.

(4) An Emergency Stop pushbutton is depressed on the west wall
of B3-B44C-1, either side of the main frame of the
irradiator or on the control consolo outside the room. The
Emergency Stop pushbuttons on the control console and the
irradiator, when depressed, will, in addition to returning
the sourco to a safe position, lock out all power to the
main power supply. These pushbuttons must be manually reset
to restore power to tne console.

(5) Failure of scarce drawer linkage. In this event, an
auxiliary source drawer retractor will return the source
drawer to a safe poaltion within 0.3 cm of the " Beam off"
ponition urtil the fault is corrected.

In addition to the protective devices described above, which are
incorporated into the irradiator (some automatic), there is also a .

system of restrictions on access and warning devices which will allow
safe operation without a Designated User in attendance. The following
is a description of that syctem.

(1) Restrictions to the Department in General

(a) After normal working hours the entire department is
locked.

(b) Housekeeping functions are performed during working
hours.

(c) Access to the key to the irradiator control console is
restricted to personnel who are authorized to use the
irradiator and to the Radiation Safety Branch. The
key to B3-D44 la not the general department key. (See
Drawing 1, Position A.)

7
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(2) Restrictions on Access and Warning Devices in

Console Area (B3-B44) ,

'

(a) Warning lights- A three panel, four segment lighted
warning sign is located next to the entrance door to
room B3-B44C (see Figure 1). Each panel contains two
incandescent bulbe wired in parallel. The panels are
labelled as follows:

(i) " Cobalt-60" -- Indicates power on
condition, (yellow panel).

.

,

(ii) " Safe" -- Indicates source in
retracted, no radiation in the area,-
(green panel).

(iii) " Caution-Radiation" -- Indicates
source is extended, radiation in the-
area, (red panel). NOTES-This
segment of the warning sign flashes '

when the source is exterded.

(iv) Radiation Symbol -- Indicates source
is extended, radiation in area,

(yellow panel, magenta symbol)'.
NOTE: This segment does.not flash.

(b) TV monitor- A television monitor is-located ac the
operator's' console (see Figure 2).- This is used to
view the irradiator and surrounding area using a'
camera equipped with a wide-angle: lens. 'The red
warning light on the irradiator (which when lit .

indicates " Beam On") as well as the source rod'can be.
seen with this monitor.

,

(c) Door to Room B3-B44C- The Entrance to Room B3-B44C is
equipped with the following warning signs and: access:
restrictions:

(i) Key lock, same key as main entrance
to consolo area (Drawing 1,

Positions A and B.)
(ii) Door has warning sign.(Figure 1).

-(111) Door has combination access lock.
,

! Knowledge of combination is
restricted to users of the
-irradiator. The combination lock is
programmable and_the Authorized,

l custodian can change it if~
necessary. The' Radiation Safety

L Branch will be notified of.
'

combination changes.

|
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(3) Restrictione on Accesa and Warning Devices in Room B3-B44C

(a) Warning' Lights- These warning lights are the same 1

design as those described in Section (2)(a). They are
located on the west wall, directly acrous-from the
entrance door (see Figure 3). They are wired in
parallel with the other warning signs..

(b) Intrusion Detector- A passive infrared motion detectcr
is mounted on the west wall, facing the room entrance. |

This detoctor is activated while the beam.is on and
'

issues a verbal warning when entry is ennsed. The
'

warning statement issued ist "WARHING, YOU ARE
ENTERING A SECURE AREA. PLEASE EXIT IMMEDIATELY."
This warning is issued twice, after which the detector
is reset.

(c) .The shielded door le the only entrance to the
irradiator room and is posted with a " caution High
Radiation Area" varning sign (see Figure 4). The door
is equipped with an interlock switch which 10 in
series with the circuit energizing the source tua the
" Beam On" position. The door must be closed (contact

mado betwoon door and interlock switch) before the-
sourco can be'placed in the " Beam on" position. If.the
door is opened while the source is in the " Beam on"
position, the intorlock c.treuit is broken and'the
source will retract to its shieldad poultion. Once
the door interlock is tripped, the irradiator-must be
inanually reset at the console to resume irradiation.

(4) Restrictions and Warning Devicus in the Irradiaticn Room (B3-

B44C-1)

!The entrance into-the irradiator room opens into a ccrridor
that is shielded from primary radiation. The radtation
levelo in this corridor are subotantin11y lower thanithose
in the room proper. Warning indicators are arranged,to be
viewad while in thic corridor.

.

(a) Warning Lights- These warning lights are the same as
those described in section (2)(a). .These lights are
on the north wall, f acing the entrance (see Figure 15) .
They are wired in parallel with the other warning
lights.

(b) Independent Radiation Monitor- An area radiation
monitor'is. mounted on the ceiling and.la visible from

~

the room entrance'(see Drawing 1 and Figuren 5 and 6).
Power supply to the conitor is connected to the

'

hospital. emergency power system so that the monitor
will continue to function in the event of a power-
failure. This monitor provides a visual indication of
a radiation hazard, using a flashing red light, and aa
audible warning tone if-the door is opened while the

9
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source is on. The monitor will alarm at 2 2 mR/ hour.
This alarm is calibrated annually.

(c) Intrusion Detector- A passive. infrared sensor is
mounted on the north wall facing the entrance (see
Drawing 1 and Figure 5). This detector is wired in-
series with the door interlock circuit and will
activate this interlock when entry is detected. Power-
to this sensor is also on the hospital emergency power
supply so that it will continue to operate in the-
event of a power failure.

(5) Alerts to the Authorized Custodian'or Designated User

(a) Telephone Alert System- A status monitor alarm is
installed to monitor several conditions and alert the.

,

Authorized Custodian or Designated User to potential
problems by a telephone message. The Authorized ,

Custodian or Designated User is responsible-for
'

informing the Radiation Safety Branch'if the telephone
alert system has been activated and a radiation hazard
exists. Location of this device is shown in Drawing 1
and Figures'1, 2 and 7. The followir.g conditions are

eensed by the telephone alert systems

(1) Irradiation interrupted
,

(ii) Temperature in irradiator room out
of set limits

(iii) Electrical power failure

Upon sensing any of the above conditions, a telephone
alert cycle is activated. The-alert can_be placed to
several different telephone numbers 11n rotary. fashion.

When a phone is answered, the device issues a verbal
status report. The.dovice must then befdeactivated by
a return phone call-or the alert cycle will continue.-
In addition, the device can be called at any_ time to
obtain a' status report. This device:is also equipped
with battery back-up so that it will continue to
function in the event of a power failure.

During periods of irradiation without a designated user present either
the Authorized Custodian or a Designated User is requirod to be
available to respond to a telephone alert. 'If a radiation-hazard exists
(i.e., fire) the actions outlined in the section Emeroency Procedures
must be taken. The Radiation Safety Branch must be notified as soon_as
possible.

.

Any changes in the above described system of restrictions on-access and
warning devices must have prior approval of the Chairperson, Radiation Safety _
Connittee.

10
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All entry controle will be tested quarterly by the Radiation Safety Branch. |

If entry controls are not functioning properly-the irradiator will be taken-
~

out of service immediately and-the defective control repaired or replaced.

A use log is to be maintained by the Authorized Custodien and should be
available for inspection by the Radiation Safety Branch staff. The use log
should record the information requested in Appendix B, UJe Log, along with'
information concerning maintenance, relocation, change of' Authorized
Custodian, removal and leak tests.

A copy of this document, Radiation Safety Procedures Manual For Operation of
Irradiator (Eldorado 78), and the manufacturer's operations manual shall be-
located at the control panel for review during use of irradiator by Designated
Users.

Refer to Appendix C, Specifications. Eldorado 78 Teletheraov Unit, for
additional information on the irradiator and operating procedures.

3

1

,

11

. -- _ - .-



__ . __ - .

'

o 0:.

RELOCATION

Relocation of this irradiator is not permitted unless approval has been
obtained from the NRC. If such action is contemplated, contact the RSO at
least 3 months in advance to enable appropriate actions to be taken, e.g.,
submission of an application to the NRC.

CHANGE OF AUTHORIZED CUSTODIAN

If transfer of responsibility for the irradiator is contemplated, the new user
must apply for authorization to the Chairperson, Radiation Safety Committee.
The application is to be routed through the Radiation Safety Officer (RSO) who
shall review it to insure compliance with applicable license conditions, NRC'
regulations, and Radiation Safety. committee requirements. The RSO shall be
responsible for making a recommendation to the Committee Chairperson regarding
approval / disapproval. Authority for and responsibility for control of-the
irradiator must be in accordance with provisions of this manual and cannot be
reassigned without the approval of the Radiation Safety Committee Chairperson.
See also the section'of this manual, Procedures for Gainina Authoritation to
Use Irradiator.

'l

REMOVAL

If removal or decommissioning of the irradiator is contemplated, contact the
RSO. The irradiator can only be transferred to another appropriately licensed
institution or individual; in the event that the sealed source is to be
disposed, the manufacturer or others who are appropriately licensed must be
involved in its removal and disposition.

MAINTENANCE

In the event of malfunction of the irradiator, the Authorized Custodian shall
be responsible for notifying the RSO.

Under no conditions shall operators or the Authorized-Custodian attempt-to
(a)-repair or modify source positioning mechanisms or shutters, interlocks,
shielding or other systems designed to maintain the irradiator in a safe
condition; (b) attempt to gain access to or remave the sealed sources.

Source replacement shall be performed by the manufacturer or other duly
licensed entity.

If maintenance of the above type is contemplated, the Authorized custodian
shall be responsible for notifying the RSO so that the necessary inspections
.and safety procedures can be performed.

12



'

O O.

QTHER SAFETY PROCEDURES

Leak Tests

The Radiation Safety Officer will be responsible for insuring that leak
tests are performed. To insure the integrity of the sealed source,
tests will be performed by Radiation Safety Branch staff at intervals
not to exceed 6 months. Paper swipes or cotton swabs are used to wipe
accessible surfaces of the irradiator where contamination might be
expected if the source is leaking. The samples will be counted in a
detection instrument capable of quantitatively measuring 0.005
microcurie or more activity. Any leak test indicating greater than
0.005 microcurie of removable contamination shall result in the
immediate removal from service of the irradiator. Notification will be
made to appropriate authorities as required by NRC regulations. The
performance of a leak test shall be recorded in the Use Log (Appendix

B).

fRoutine Compliance Surveys

The RSO will be responsible for insuring that the following surveys are
performed quarterly

(1) Insure proper operation of all interlocks on irradiator.

(2) Measure exposure rates at all accessible pointa around the
irradiator using a portable ionization chamber and inoure
tnat levels are within regulatory limits.

(3) Checks for compliance with provisions of thio manual
including adherence to Irradiation Procedures and proper

,

#training of operators.

(4) Verify tha^c the area radiation monitor will alarm at 2 2

mR/ hour.
(5) Document completion of survey in the Uce log ( Appendix B) .

_
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TRAINING REOUIREMENTS-

Training for.the Authorized custodian will includes

(1)- Attendance at the course, " Radiation Safety in the Laboratory",
presented by the Radiation Safety Branch.

A-schedule for this course is shown on the next page.

(2) Irradiator. safety training provided by the Radiation Safety Branch
to consist of at least the followings >

(a) Contento of this manual. ?

(b) Demonstration of the proper operation of the
irradiator. This will include inatructione for
testing safety devices before each. unattended
operation as described in the section IIradiation
Proceduren.

(c) Emergency procedures.
;

training for Designated Users will includes

(1) Designated Users (operatora) are requirod to completofthe above i

program. The Authoriaed. Custodian of the irradiator will be
responsible for accomplishing
item 2.

(2) The Authorized Custodian will enter the name of each Denignated
User on the List of Designated Uoers (Appendix A),-note the'date-
of his/her training, and sign the form to certify .that tho -
Designated User has been proporly. trained.,

1
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RESPONSIBILITIES

Authorized Custodian

(1) Maintain the irradiator in a clean and mechanically functional
condition.

(2) Notify the Radiation Safety Branch of any anticipated changes in
configuration, location, or operation in a timely manner (see
applicable sections of this manual).

(3) Insure that Designated Users receive training as required and wear
personnel monitoring devices when using the irradiator.

(4) Insure that the irradiator is operated in accordance with this
manual.

(5) List and certify Designated Users in Appendix A to this manual.

(6) Innure physical security of the key to the irradiator.
_

(7) Notify the Radiation Safety Branch immediately of any malfunctions
or problems with the irradiator (see Emeroency Procedures section

of this manual).
(8) Arrange for repairs or maintenance of the irradiator by

appropriate persons (see gaintenance section of this manual).

Designated User

(1) Operate the unit in accordance with this manual at all times and
wear personnel monitoring device when using irradiator.

(2) Motify the Authorized custodian Lmmediately of any malfunctions or
other problems with the irradiator.

(3) Insure that the key is returned to secure storage following use of
the Lrradiator.

Radiation Safety Branch

(1) Maintain irradiator license. _.

(2) Conduct leak tests as described in this manual. _

' (3) Provide training as described in this manual.

(4) Conduct inspections as stated in Other Safety Procedures section
of manual.

(5) Provide personnel monitoring devices to irradiator users.

!
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DESIGMATED USERS OF THIS IRRADIATOR

ONLV THE FOLLOWING INDIVIOUALS ARE PERJIITTED 70 CPEPATE THIS UNIT

DESIGNATED USER'S DATE APPROVED SIGNATURE OF
NAME OF
DESIGNATED USER RADI.ATION SAFFTY AND CERTIFIED AUTil0RIZED USER

REGISTRATION NUMBER _ BY AUTHORIZED USER |_-
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O On. a m ..-

APPENDIX B- '|

IRRADLATOR USE I.0G_ .;
,

NOTE: I. THIS 1RPA01ATOR b%V BE OPERATED ONLV BY DESIGNATEQ USERS
APPROVED BY THE AUTHOR 12E0 USER. .

2. THIS LOG MUST BE COMPLETE 0 EACH TIME THIS 1RPA01ATOR IS USED.
'

3. WRITE ANY C0k!MENTS OR NOTE ANV ASN0PJML OPERATING CONDITIONS *

CH THE LINE FOLLOWING YOUR USE ENTRY. ..
i

RADIATION
NAME OF USER S/JETY PROCEDURE CONDUCTED / START STOP

'

(PRINT SAME) NU)GER ITEM IRRADIATED JIME/DATE TIME /DATE
_

;

;

.

- -
_ . -

,
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A GENE */A *

ime:: hen tubia b:m::n The:::::.,730f 74f, '
; :.

The Eid:::do 75 Co::!!.50 _s e!:g. E!!.or:.d 75/75, :m! th:::py (Jmt it. . .

de:te .ed for f.xed field te hr.ic,ue:. in: scure:nes. 7,,,en..cn SO/60 :nd E!dE:!:ateduurcrs th: 1S &.
en'3.~ ity of :he unit is3"----''*d

:: :R'am - ICnU" (meaimum 67 Ci/R:nm -b) A compr:ned :!: driven,pis:sn inoves th: }.

'
-

minimum of -

12 .

ICRU) Hewever. for thes: units c:de::d with r.n sou::: dte.w:r synam betwe:n the iEAM ON -
AECL Cobel: 50 sour:: with ob:put e .ce: ding t25 and EEAM Ci:F politions. Actu::.t: posiden.
Rmra - ICRU, the unit will be provided with a Ing of th: sour:: is ensu :d by pide pies ct.

,'
*

gu:ranteed rainimtim c:p city of 200 Kmm - the EEAM ON r.nd EEAM OFF pesidens.
(C9' .U. at no :.dditione.1 ch: rte. The unh comel!:s

. . .

c) . The pneum:lle:lly op:::t:d sys: m ensureswith the tc amm:ndstions of1CRP.15.
~

*
I

thr.t the soute:
-

ts moved to th: BEAM OFF-,,

eMeasured c::ording to the lmernational Commission on position :t comel no: of th: c:::tment o::!:d ,

Jt:i.r tion Uniu andMe sunmems Repwt No.1**
~~ ions {sa:. event'of n numbei af uns:fe' site:.

a or in the . . ..

* e unit c "-sists of the followin*. basic component Sedon D)..
* >t. . '

. . . .

PMtSS
d) Source.u.::d swivel is provided through .360*.

-

* ', -
- '

Sour::he:d A sc:lc which c:n te :::.d from both side' of
.

s
the unit Indic:tts th: :.ngle of rott.:fon from ,,

Cot!!m: tor Assembly / 0* to 359*. Trave! tim: for 360* of swiv8;is'
'

'.

Base :nd M !n Fr:me approxim:t:ly 2.5 rninu::s. When the efntt:1.

uts of the bc:.m is pointing dow:, the se:! ,

Cont::1s re d!ng is 150*.. -

-
.

'

R:.dicu.en Source (se: c :n.on C. NO i c) - c) A pune! centtining indic::or lam:s :.nd illu.
-. e

min:.ted switches is lec:::d on rhe' front of th: I .
-

.

B. COM'PONENT PARTS- sour:ch::.d (se: Sedcn E.4.2).
,

g i%: f:c: of the scur:e may be p sition:dB.1 Sourcthe:d any vhe:: be:w::n 'i6 cm :nd 206 cm heve .
, th5 fmish:d f.cor.

The soute:hi:d censists, of a tend and depleted
*

I
.

uranium shield eneuse. in : cast sic:. she!t. -..~ a a'' ) Provision is m:.de on both sides of the
1

isour e d::.w:: usini; n pneum:n,e drive sy,st,.a to g g ggg . g gg g
move the source between the On .aneI. OF-e .

C:. . , , ,
-

',,,"_,.,MC","*,,,*.,me... D. ,, nce Ind.,,,",, , r'"'8",
2 .r.. - - C ", *, ' I...,", posmons. -

-'

is...
' . - - ~ , ,

) Tne sour:: is moun:cd in : br:ss-encued lead - .

soure: drawer, i ne sourc: deswer slides- 2.2 Colilumint Anembly '

-- * .

within the scu ::i. d :nd is : prir.cip:1 part
Ecum collima:icn is p cvid:d by en djust:ble 'of of the Ee:m Cont:ol Sys:c n. Tne scure:

. i

d: wc sts: f.:s in:: th: s: .nd::d AECL ship- c:P.ima:or mount:d wl:hin the scu:nhc:d. The
ping und t::nsft: container from which it cr.n callimator c:nsis:s of :. de:!::ed uranium hed
be re :dil shic!d: two p: irs of rnerarii:d. centir.uousiv .d-sou:::h :y loaded into, or removed from the. just .ble, interm::hing Ic.d leaves c:!'e!. pr$= :7d. The scu=h::d c:n alto be used

'

us a shipping centsin:r. Sour:: d :wcrs ::: de"ners hinged to the :!xed shield; :. d two pair 3',

of d:ple:cd ur:nium (:i,mmer b:rs had to thc
-

.

e .

-; g 4 I .

' ,i -
, +I,

( '.
,

; q

E4
_

( Nm, ae n.- gyg y y-e.geivuy 'g v- ( e imu- y vm'ywmyw C y -s W q ,rw,w p p.ii.si,y gvivge.9.- e ggg.,eiw.y9-c+- c.-7 y--yae;-z.-.gpc,my a..g.-s,.g. y e,,y- 9 9-s 9 y.,-w-
'

-M yry. . f< +-y s. r-v.Wg'a,ag
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?r::n .:r; N no. G::c::
, , .

-
.

.

atm:rt derm::s'at M cm 500 to Sert $: :ss2::nd- # C" * " I 'd "
'

w dehnen. Additional rem:v::1: trimmer r !
,v' ii-ble as steessories, on.: sc: to m:un: et .f),:em:

Th cdthn.; cr will st u n:E:d the c ud :. .i.d
, . . . .

~

'DD, ..d an0the* te rnot'a: St . C: . .ev e tm.3 s . . .......(.u...... . ..:. ct 2 , e , a , s, ni.
. .s . . . . -.

gjg., . ( y.g .a ,.: g g,

4yu.1 riel.! Sic:s ,

. .se :nux
V.''..h :he zum::.: fe:!n1 the ft:.nt of the

e .it th c:nu: p-i-lef edtima:: n :*!:n is 1W.1n centinuously -djus::ble d !.n n will Ek:
*:lds :s .::::h: t:ble bei:w:- E..* ! Optie ! Tm:::

.t Dit::n=e In:!!:::ar.

.

ritt: s ut s.e::: n 10 c' t3 i A . C : tic'd Tre::m:n: Dis::ne: Ind!=::: is ro. -
.

.

vid:d' with : sc:!: r: net of 53 cm to 100 cmWm M:"- ,

, '"2 * #

sour::.to.tkin di4cn:: (55Db'!.
~ .-

This is centrolled
fram the edi!==:ct ::nt:0! pun:

>
45 1.0 15.0 ..

.
..

-

* ~~ ..
53 / 45 34' 0 '' '.

.
, .

E.7.6 CoMimator *.: c5 3.5 23.0 .|
*

''.

.

The ceilim: tor !s e uio::d with en enend:ble ra,i!
"

The primer / defmers at: ,h.mst. r
2nd are set so that at me.ximum fic.;.:n the sour:: mech:nism. Thesi r!.iIs == equipped to ac=pt

a '

' -

wedge filters :nd beam shacin[e blecks at the sdme -|
,d st::, the f:ce .

of the define: ts on e,hne dr:wn from the e p of time. Thev at:
the soun:: to the msnmum field s;:e at 60 cm from .. or 65 cm ivedges to be used._ adjust:b!c to ilow 45 cm, 55 cm . ' .. .

.

r source face. "The hmge points at: f:c:ory ed. ;, u. .. . . . . . . -

.. .,

, 2 ., , ,, ,
,

j,. sed to suit differ:nt sourc: dem::::s. B. 7 Colltm: tor cont ol ?: net
, ,

'

,'l'",. - e,
,

Tne s[w
of the radi:t. ion neld s i ..st., ,,s on e

,

A Cont ct Pr.nt! is.moun: d on the frcnt of th:
. . . . .

Sr.si ome:ri: pneumbre line :t 30 cm from the
colh.m: tor (n:Se:u:n B.4 ).

-

2 ,

face of the source. The fle!d si:: for each SDD is ,
- ,g.> -

dispiuved divitally et the front of the collimator
.

when'the S150 is sete:::d by the.Tnmmer rec:or
B..> B:sc and ,nta!n c,,r m: ., b ,

.
.

Selector loc:ted nen: the re:dout. . -
.

B.3.1 Ease ', '

Reid Leesti-in System
.

n.2 2 -

best. The b:s: plied with : wc!d:d strue:u=1 ste !-an: umt is sup
rnounu in :he Fj. ld 1.oc: lim.ng Syst:7. censists of a h. h teom Acor and, on: diened, pit in the t:::tment

.

ei ig
tintensit/. .lon3. life, c.uut: .:.!c y:n h,gnt bulb.

position en:blint the ivhet: unit t'o b: rigidiv
_

c:n be cemented in
mount:0 on, en: c d of t..: scure: c::wc so th:.t

. t... b e,h, t s n t ne' t h ro u m., t.',.. c-it........ v. 5... .. t.$ . . rnoun::d. Oth: d. oen:ing methods are ;ossibief. j te
, -

ocr s too t tn c: week to su=::: the bcse.
,

sourc: is in the OFr pos,tten. in: mde, n,en ne!d ii
* - ,

set by the collimator c:n thus be visu:lly con. ,

B.3~, , h. - c -nrmed. The centre of the de!d is mnked v thi.
-

o m r ''"',

*

projenion of cro.*swires which :r: loc::cd in the'

collim: tor. The light is contr:lled by me:n* of :n .; Tite m:in fm= , whi:h is mounted pn the b:.sc.t

suopotu the scure he:d v:::!c:1 drive com;;o-illuminating push ~ utton switch (Fli!! D) lon d
on the he:d cover. nints, the m:in ci ,::ri=1 p:nel and en cir:

o '

compressor. -
. .

B.2 2 Red Accuracy
S :vic: =:ns to the me:hanic:1 nnd ele:: le:1

*

Ac: ar:ey of bulb slignmen: is such . h:.t the c:osi- components vn:hin -th: rnain imm: is throuch-

t 1

. ,re: :ra projer::d to within = 1 rnm :: the e:m re=cvable p:nels et th:::= of the m:!n fume. ~,

ntre, delir;ed e.s the :xis ofce
E0 cm froin the sou.. . V ..ilimster rout.'. ion :tD.s. ..a C . _......,.w.:e bly..

. non b.etwe:n' t.ne .. ..

optie:1 fie!d the radiation field. :nd the fic'.d size
' The sour eh::d is mounced on : enti:ue assembl*:

.
. .* *

- re:dout dues not c:c=d i? 5 mm at SO hm from which rides on tr:eks~ rnachincien ine vertic:6-
<

the soun::. ., . m:in frame structu :.
. .,

. ,- .
. ,

2, . . _ , . _ . _ -, n.__ .. _,._ ,. ... . . _ , .._~_ _ _. , m._ ,_.m.... _ .. _ . _ . - -
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B.4 Control Sprem
B. M T'v:Im ^t C m a14'

The Con:::p..Sys::m c:mp !ses : S t 'Jp Cent::t
1

. ~i . . . ... Conso! e:n:::.ns th, r3;g3y,;33. ,o w. . . c . i. i n u ..
. . . . . . . . .. . . . . . . . v . . : . u s d :. s : l s.1

. (...... ... . . . . . . . . . . .. . . .w.. .. .

und switet.cs on the unit. and c. t:::tment co'.. site
,

,

gg A p g.f.e p e , . ;a g .u. . ., ,. , r,~, s .m.. ,. .,.
<

. . . , s. . . . . > .. s.. ... ,
. O g , _ v.- -*.

. . . . . . . . . . . n a.sw!*,:h m.:,4cj Or
ON. and STA?.T whi:hr.

U.. . t Unir Stvun:cd Cunerals it:ntrob clJJ::i :1 p:we: to the~.2 .it.
-

An EMEF.GESCY STCP pushbun:n is !::ntd en b)
e::h side cithe m:.in ft:m:(se: S:::!:n D). A yeU:w REiET ind!:n::1:mp :n4. puch:' ut,

ten. This temp w!!; 1112 in=: wh: . the c:n.. '
.

B . .:. ': Suur:chwJ Muunnd Cumral.s (rels :.: incorr::::v s: cr when t . unsci:.

latuti:n e.u. . (s:: ,:::.:e n D ). .An: oper: or .3On a p:ne! moun::d on the seur::h::d :: th* sts 4

fo.IIn*ini * taust c ::in th situulon nd der:::4 the -
'rutten befcre tt:n: .::: cia be stt::ed.

'

:)'A thu. bwh::1 cen...tro w :. . .cn Loverns t :m.
.

.

s. eed and di::::!on of collimater rot: tion, c) C,tt .tt bre ki:- push to res:t type.
. .

, .
A % .

b) Two lights ind! cuing EEAM OF? and EEAM
ON d 't Indic: tor Lamos:., *

*
. * . .

'
' *

c) A light :o ind.:c:t: if the beam .is Orx.

B eAM o*m (cc... )
.r , ,;.

S HIE'!.D.
* -" ,

'

BEAM ON (Red) ;.'
m ...,

. -,

d) - An illumin: ting pushbutton whic,n cont: cts
.

- , , , ,
, , . -.. ..3.- , . . . . ,.

the fic!d lig t. e) EMERGENCY STOP pushbutton (Rch),, '.. -

< e,c. e n.
, u . . . on p.) . . . . -

s .<
D. .t.3 Colitrnasor Mounied Conirois .

. .

9 7p37ggg.;..;.;ggg ,, g. g,, . -

A p:nel en the front of the collirnator conte. ins the #

followin3** / h:ving a rans: of 0 to 55 minutes. calibh: d '
in minut:s :nd hund::dths of : minute /com.u) Two digital displ:ys for indict. ting f.cid sitt. pk:: with :. pushbut:on m1.d4cd TREAT and'

,

b)- A trimmer fac:cr sclemer..A thre:.pesition O U._
swstch, which is used to lte: both digitzt |

.

displays of 6 eld size to re:d cer:enly wn:n 35 NOTD A sycre prir.:ti cir:::!: $:.d Kit 1: h.
. cm or 65 cm trimmers cr: :tt:che. gg,g!

'
.

c) Cont:cis which sovern the speed :nd d!:::.
.

.
'

*-

, tien of estlimmer le:ves.
C.' RADIATION S?ECIFICATIONS &.- d) An Optic .1 Dist:,n:: Indiene: pushbunen. SOURCES -;

| .a.:.4 S,i.Up control
c) Tne Eidorr.do 7S m:::s the :::dm:::endui:n3

| A pornble Sc.Up Cntarolis stored on th: side of. of the Int::n tion:! Commission on Rad!: log. '

the unit. it h c:nne ::d to the m:.in it:m: :.nta.
,T

ic:t P:m::: ion. IC2P Public: tion 13. $u::::
'

'

:nta -bly by me:,ns of ne .ible c:ble, "

gmph [39 "Tet:the:py p.o;:f:(.ce S
.

,

The Cont:ct in !udes the following:. lic3 sing" and N F:::1 Ccun !! on ?.adini:n *,

a) - EMERGENCY STOP . p. r:d pushbu::en. P::tecian :nd Me:.sur:m:::s Re ::t b.
.. .

o4'|
.

*

I (Se: See::.en .)
.

:n s. to. 4 ( NJ,. . a. . act,. 3 . )..
.

. -
a a. .

-
'

b) HEAD S'.VIVEL . A pushbutun switch c:n. . b)- The :c:::.l' collimner de:t n:t ca::ed gc.a- tentting he :d swivel moti n. -

:::nsmissi:n of the usciul b:Lm er.::Su-: 22
c)- HEAD VERT . A pushbbiten switch cennel.| camp red to the 2A maximam :llo?*,- in

.
-

ling he:d vert!c:! motion.
- t:::mm:nditions c:nt:.in:d in ICR? li- >- .

.'
,f -. *

|. .t .
*

,

. m. e .. . +w, . . + - ue _m . -,E+% -%, 4, r. e- , v - + . . - , - +
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,1. . . . .. . .

. i%'!!)C.-t Tic 't ilo. G3:C:0 .
. .

. *
:

a '
"

ri
g

.

The Cobalt.60 r:diation sourcis, supplied by power to the hiain power Suoc!v. Tn~- -.g* . -

'-

AECL are doubly ene:psulatec in st::inless h u::c as rnu s t b - . .... v' 'e'se., to ''*e"s to re *
"

'

- - . . . rstWI und tre measuNd .in : measuttm:nt ec!! powe; to thC Console. |
*

to the s':ndards laid out in the Internaticn:1 '

Comminien of R:d!: tion Units :nd Me:.sur:.
' '

men:s (ICRU Rep::: No.15). tilled te en:
. out; ut ordered with a f.iling *::l:::n:: ci'

::: 10G. A \leasur:m:n: Cer::/.e::: is pre.'
.

vide ! with c ch seur:e.
,*

i..

NOTE: at il refs rrnces to "Rmm " cun::ined in 155 *) * **'tm dmwer link:g: f:lis. In g; ;g eyan: |
t net /ccrivn are beerd on recommend:. On suu.lia.f sours: dmwer re::::.:ct 5.jlg fe. *

Suns conte!nedin ! Cat./ /S. turn the sour:: dr:wer to a safe p,.sition
'

-

witnin 0.3 <:m cf the SEAM OFi posit on ut-

!) T9e. sources :re mounted ,n sourt: dr:.we rs
the end of treatment. The source will then

i '

whieh ere interchange:ble be weu:Theratron remain in the BEAM OFF position unti th-
'

780/765. Eldorudo 75/76. :nd the!: prede::s- f: ult is cer::::: 1.
~

sors. the The::. tron SO/60 and Elder do 8/6.
NO Tc...: In the m. . .ly unliitely event thct thepneu.

'y '

matic ystem or the auxillerv source' |.
. .

< rawn utrute should/cu, the soure, " . . '
0 P RO""' ECTIVE Df.YICrS .

- . . - dr:wer may also be returned to a .tc e'- . - - - '

j following pretective devices Orc incorpct:ted [[[' ## #c[#p. A T.bu h supplied, or
*

..

'I ,'n the unt::- ,

- -

The radI tion sour:: r.nd the sottre dtawer will
.

remain in the BcAM OF pos, tan or return to thei .e
BSAM OFF position under'the following condi- ', / iC 4 -

,
- -

: tons:. E. APPEARANCE r '..'*

.

) E!q::rieel puwer supply f:!1ure. E.1 Colour i

b) When the door interiock. which must be sup. St:ndard AECL calcun of brown and b>:!ue,
plied bv the customer. has be:n :::ivated bv ~

t
means'of the tre:tment rcom door bein'g * E.1 Covers

. . opened during tr::: ment.. '

M oi.lc. ;e. AS covers ::: provied for the ' 1
.r s

L c) Air pt:ssur: in the pneum: tic sys::m falls 3 Cur::~;::d. Sh::: me :1 ccvers are provid:d for
'

!

hs!ow 35 psig. the m:in fr.eme. ,'
;

L) An EMERGENCY STOP. pushbut:en is de.
d. -

pressed on either side of irradiator min F. WE!GHTS & LIMENSiCNS
fratte -or on control console outside of 'i

| ireadiator reors. F.1 0:31: ' Unit.
, ..

| Tnix . vill stop the unit. retract the sourve. :nd '

h. . ht - 3.0go kg '.6.500 lb) es:!r...:.:d.trigp. two audible 21.:rm systems:.
'

s

| :md ANu US s4m (W sc.M. !. h p.... . o n . h c r.. -in f.- ~m e -8 y y ...-t. .. s.,. - ~- ..

L inside the tre:tment recm. :nd Ficer I.c: ding .1.220 kg/sc.m (250 lb/sq.fd. '

un clarm :: the *Tre:tment Censole cut. F.2 Overull Unit Dime .sions
.,

side slic tt::tment room.
L:neth -140 crn (94.5 in).

'

~ .

The EVERGENCY STOP pushbuttons. lo .
H e. .:gnt - 270 cm ( 106.a. .in) bove the fim. hed ,'

| - e:ted on the sides pf the Main F :me. when s
I* f-

| * depressed. will, in :ddition to returning th: b-<. . ,-.

| + -- scurec 'to a 5:I: Fontion. LOCH'. OUT :11 .Wid:h 70 cm (17.5 ini :::ss m:in re-E .- '

o
,

i

_ . , , , ~ ----.,e.,--- - , - - - - n- r--" ~ - - * * " " " - - ^ - - - - - - - -
-
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!?!::MCA Ti:|||te. c.g ::g
'

!

, F.3 Finor ?it Dimensions
Iset:se Ch:rts (GD 010)

Le .;th . 2!9 em (102 in). Th: following sei of app:f.x!=:::!y g.:n ts 3c,,
Depth . 21.6 em ( 3.5 in), c :::s for f. .:d f. cit. te:.. nice:. is succiiad. wir

c:ch unit, p:pvided 0.n AECL Cob:!t M sour:: 5
Width .122 cm (43 in). pu .h sed with the unit. Ch:: s an "revid "~' c"-

whit: ope.u,ue, sh:i k.p :=f pa :7.
'

1.00 cm diumsar g g7 cg 3;
G. POWER REQUIR2 MENT 5 g@. . < c '".. K. ."..'. . . .

si.
. " . . ' . ( 5 Ch:r8;'

c ..,.

Elect-i=1 Eower t :u!::d is 10S or 2 0 V::. th:::. 1.75 cm dbmeur
(79 ch: :,.

.

phase. 2.5 kvA. 50 or 60 Mr. Fru:yency and mit. 2f 0 '~", d i ~" *" - ( 3 ch::.,3 ; *. .

D- + c t.ar s <.
" -

use must be spe:i".ed .bv the custom:r :: time of l.,. Beam Mou..fyin; Accesson.
.., . . ..

es .order. The Unit is c.o.oroved b th: Can:dian
. t .,

.-
.

Stznderds Assoc!: tion (C.S.A.).
. ..

..

Trimme.r Bars . 55 cm 500 (G20.o' 2A)9
-

A set of 4 r: movable trirnt::: bars. M::::i:1~

T. " 7*d' d*F d """I"C W'i h - 8 ku.. OPTIONS I- - ! B Fe~,,

. . ..' * '

H...-We:!ge Filter Interlock System (G22179D) --

-Trimmer Bars . 65 cm 500 (ct2 092A) * T:, *r 7 . .
.

.

~ ...' A f tetnry installed option which reducts the risk of A set of 4 remov ble trimmer bars. Ma'te,: Int . I-
: rt isue:tment with the wrong wedge. Tr :tment .Y D" " Y* '2 "" "#*" "U* WCI h! " 9 NI F ~ 881-3
is not possible until a thumbwhe:1 switch on the

*

- collimator has be:n set to a number which avrees
.

EEAM SHAPING TRAY'K11(G22.os7E)/ v

with the number of the wedge insened into' the "The Beam Shaping tr:y slides into t'.: coifi,$cor
'

rasis, and c:.n be ositioned :n.vwh:r: betw:en 54colh.mator r:ils. .c::h wcdte is cod,.a. uo.v the :c. ..,
.

ct r.

. cm en ,

tion,oi a r,etal cetuator. If tne v.:. .t ts used w. hout cm om t te : cur::. A se: of 21 tend
.

tt
wedges, th: thumbwheel switch must be se: at be:m sh::ing block: is provided. Tne blocks en~

be mounted bove or below this tr:v.The trzv c:n, cero, if ecd:d wedte is inserted when the switch be turned over with the blocks atsched and the'

is at zero, tretment is prevented' A w:rning li?ht t.iis adjusted for A & P tr::ts: ts. M::tirnum
*

indice.tes t. gat the sw te.. sen.ng d:es not cere: lose of blecks is 14 kr. Wedze filars .c:n be ,used
. -u. i

at the s:me tim: :s tee blocks, sn: k.t eclu. s a
-

. -

with the wedt: c:d. ins. Wedees to be used w. .itn
.

this option mest be medi5:d per G22197E. 1::v with heles end a t=y without.*

.

NOTW 7% s.v::em c::: ::::mmd::: up to n uc. ges Easm Sh: ping Tray (G22.UCC)
*

'

(9 et fJ cm. 9 et JJ em ad 9 c: 45 cen SSD). An alerninum tr:y with an :: :y of ho!cs enabling
the lead beam sh: ping blocks (012139) to be.

:tt:ched. (P::: of G22-097E).
- -

I* ACC""SO RIES
.

Ee:m S0:ing Tr:y . Plain (GII.if02)..

.

1.1, Ac:esor!cx kruvided with Unit at No Chr.rge An :c:ylie tt:.y which c:n b: used when the unit is
'

i . the vertic:! position only.(?:rt of Gal.09,,)..

;; :-..aa - nmynw.e . nz: .

Cesm Shae,ng Ele:A, s . Le1.d (G2 _, ,,,,,. . ..,
t_ . . , . _ . . . - . ,

,

_

..,.'._a. An asset ment of 11 lead blocks which c:n be*_. . . .

_.i........_...a. . . .

i i d b & M+r. W' (F1-~.", -
#
e4"J-n * * * :r+CO,

., . - . .-- - - ' . of B: m sh: ring Tr:y, Kit G22-097E)..
'

. .. .
.

I -. ' . .

, , ._ __ , _ ,
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!:.*F : t TiCN No G3:::: '
*

o

am Shacing 31c:ks (Set cf 7) . Uranium (G10.;.:?)
WM;2 FHtar !!:rtp Cah!..at ('GIL170}

is: e:n be used with G22 097E in vertie:I posi.
,

n only, or with G21 105. ~~ is c: bin:: will hold us to ($ AeC'~ wed** --
n ^

(we.ig:s a not includ h) ~ * ' " " ' * *. -
4

srs Sha:Ing Trey f.te:ile (G"".105) Eresst Tit ! map,t Trimtatt (G22 207A)
.

ils mobile t:ble is used to cosition : se: of b::m 8 n s collimut
..

r mount;d devie: is used i
E***^* 08 L'd hf:r.st, wh::: me..ime- . n th-::ing biceks ever thee tt:, c:n be us:d ab:pdier.: on th: s:::::h::. g,;y, .

ve c b:!:w the st::::he: 5 M *f d tn:
. . .

t~.mme: :".:.: hts to one cf td-d will su:::o:: : weich: cf 2'.O kr. "The t :v c:akw::. c:Nme.cr le:vn nd wei
position':h :n. .vhd: be: ween 07 cm er'.d 97 Ins:::: dons' .nd :n isodese :hu. :ghs enh 3,g [[':: ! e .jgg,.r -.

1 :bove the faer. '
*

Ereast Titatment set Up Davi: (G22.to73)
>dge Miteis

,

Tnis device ::::ches to cc: of the lower coltta..or
-

, ._ ,'
.e:ves and provides trimmine to 65 cm S$6"I

*

, we,g s (s : of thre: for us: at 45 cm 'SDD)*
includes a removable pol

, align the pauent with th ycar5cr.iate f: me used to
, ''-

be:m. '.
, ,

M wedres (se: of thr:: for use :t 55 cm SDD)*
,"

e.,22 17'O -m.n Field Cones (G 2167)
2 *. .. ,.

"
' ' ,

< s, wedges (se; of three for, use at 65 cm SDD)* * A se: of four cones for use at 45'or 55 c-* eDD
,

,

-

A p5 cm) ::...roximate field sizes (when cones tre h.cuntedI..
"

,

220 15l)
. . _ . . . . . _ . _ . . . ...

,

at .. . . .
. . . . . . . , . ..,..._.u-- -.

: <cdges (set of thr:: for use et 45 cm SDD)* 2 cm souare at 30 cm SSD #....-
.

',. .-h2-152)
- * *

,

3 cm soutre at 80 cm SSD'
'

..'. .

5, wedges (se: of thre: for use at 55 cm SDD)* 2 cm diame::: at 80 cm SSD '

-- I e,5 ) 3 cm diame::: at 80 cm SSD
' '

.-Q'.1, ,,j.
* .

5' wedges (se; of three for use t 65 cm SDD)* A $5 cm SDD Isodose Ch:n is providad fe''* e"- A , *.."
cone. "'

320-1$2) -. .
* *

3* wedges.(s:: of thre: for use at 45 cm SDD)= - 'At 33 cm SDD, JJ cm SDD trimmers (G20 092A) cre
"F r'd.

,

i
322 153) ,

-
.

30 wedges (se; of thre: for use at 55 cm SDD)*
I.3 Be m Postrioning Ac::ssories

G22-176) f.iechanics! Ezekpcinter (G22 C25)

0" wcdtes (se; of th::: for use at 65 cm SDD).
. - .

em: gent be:y is used to indimte th: cen::: of the
*ms at::ssor

G 22. I 5'3 ) - m after.c:5.stee throu.gh the .c: tie..c, .

In this co-tc.- "45. JJ. cnd 65 cm SD0" mece.: thet
Pin & Are Lc::li:er .0* to SO4 (GESC2')he weJgrs cre muunted below th: 45 cm dif. tning at:tance

_

e the JJ cn: cnd 6J cm reimmerr. B:s:a- on the on. .gmal Manchester desi:n the Pin .
.

.,

& Arc is used to alien the c:nti of the tumour ;~

inch se:is supplied with 12 isodose charts.
*with the be:m c .:::~line wh:n th: tumeur de th

If the is, edge Filter Interlock System (G22 is known for soJne :nele oth: than the tre::=hnt<OTc:.

-t -

| 79D) is purcha:cd. ull wedges dhicis are to be ' " * ~ ~~
.

sued with the sy: tem mu:t be modifed c: rr-
G22 179E. or CaWng viounteo. PosWoning Ug$t (GNSS)

,

'

Cetign:d fer mounting on the w:ll or ceiling of tb.c'fications fcr Wdge Fiitar:(G2s1795)
,tre:tment room, the positioning light projet:5 :

.

stodification of wedps for use w,ith G22-1790 be:m cflight onto the p::i:st's skin permimnt the,

, sets of 3 wedges). .c:tient to be alient.d with th: be: axis.~in: TVat! J'.
.

Lights cr: desig'ned so th t the light be:ta c:n be "', ,

.,
. 9, g

, . . e, e
.

. 4

_. . . , _ . . . _ _ __ ,
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5.*!::ncmc.V Na. c.nc :
.

,

adjus::d 4F ficm ei:h:: sid: ciceptr:. *i~h: ligh:s. A ::d w:: ing litht on the meni:sr is.
,

wnteh ure sold sing!y. :re : Iso equipped w,ith :h:!: illumin::::d:
'

. .

own tr:nsformer and line c: d which c:n be c n.
nee:ed : eny conveni:nt i10 or ISO V:.: succiv. ^ ~: I mp o' ihc i:mo: war..in; d:vic: i

. .
*

s.

ne:tveted ::0.5 sc: nd in::; :!s.- - *

. .

iiey.e):.nt 1.:ser (G 2e. .) An audi':!: :!::m is ele::rie:'.!v c:n..::::d
.

.

g.. . ., . . . , g. . . . . . , g., ., ., .,._. ., .,, s ,w, , ; . , , , 3 ) Vd-. . . , .. . . . . . . .

Sinete ILcCO tes:r wl:h ref.e::!ve in:::!cek whi:h ...

t.a:*ptent r::= d:,, in:::ie:k qich to th:~

c:.. b used to sto: t::::m:nt should th: p :i:nt C nim um*. :nu .enetcns c,nly in :';: :vcn*-
.move. et ..: d :: be:nt c. en:d w, ie : hizn r.t.n:,r. ,

,m ,

-.

t:en .n.:3.:.
.

e.us:s. .in monitor su:om:t:::!!v
-

1sevyil:nt t.asu system (G22 2401-) shuts itself off when the r:.dition level re:::..'s .

to the pred:termined !cv:!.15 mR/hr i5
Consists of three isovigliant lin:/ spot la8: 3. a * R / "' "- .

sinMsuit:al plane line lasci and a remote control Power requir:d is 115 V ac. 50/60 Hz[25 W. A
*

censole. 'Used to monitor patient movem:nt during , continuously chr.rged battery autom:tiently pro.

. .

tre:tment. Can be int:rlocked with the unit to stop vides power for a minimurn of 30 m!nutes undertr:ct:ne .:if the patient in ve:. -

the pre:: ding cenditions in th: event of a pcwer
...

.

,

. line failure.The bette:y will automatic:ll' be fu!,1y
.

.

1..! Controi &. P:.tlent Comfort Accessories re:h:rred 16 hours afterpowe:is reste:: . -
,

-
.

' . . . 4

. . . , . .

Tete +"ua;:y Room Moniter (G? 135) Patient immobi!!:Ing Str:p (G22147C) ~~ * " '
'' , . . _ _ . . . . . _ . - - '"' ' *

- .* *
* ~ " .

Consists of two strr.:s. on'e .:i cm long end one.10 ! '
*

ie

The telether:oy rcom menitor is a wall'. mounted ,.

cm long. Streps cin be joined togt:h r to wr:p
r:diation w:riuns devic: for use in a beam the::py - completely around the stretcher to restrain a.'

tre:tment ' room.'(It can also be used'With other .p ate nt. -

-,

- "j

. types of high energy eeuipment.) The two.p:rj
T:.e ens Heb. Inst Sink:e Dese Suds F.ul:(G22 224) -

. .f ,
.

device consisu of a morutor which ts wall rnount:
inside th: tre:tment room and a remote wr.rning

The Slide Ru!: fr.:". lit:tes racid c:!culation of thedevie:. :lso wull.cneunt:d. outside the tr:mment
room. When the r: diction field ex:::ds a pr:de::i. ,dese per fr:cion using the NSD cencept der.,ved

by DR.' F. ELLIS. ref. BJR. Vol.*c., pg. 101 103.r.in=d level of 15 mR/hr 6 5 mR/hr at the meni- The Slide Ru!:is fu. n!shed with a deuiicd instru:-
*

ter position, a thr::.way warning system is :::i. tien manual c:nt:dning c:bles and grnpas wruchw..t.s.. . a:: ::qu: red for its full unh:: ton..
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S?!:: FICA tic.V No. G3.*CCO
,

* '

,, .

.

J. STANDARD UNIT LISTING Inst:ll: tion of the unit shalt ; e.c, ,., ;
, .

.

C a ..w.' 1) Er:stion of th'e e..it in a suit 'Monenp,gn, i .-

sf. c[nG2000A ELDORADO 7S. Ver:tet.1 St:nd i uri
*

"""*~I" 0' '

uit'en te : suitehteCc' alt.60 U..it (in:!udes s 'e ---- sdre: o r ei .L .tr :- c
' " '

Frinted C!::uit Ecurd Kit G[9 purch:n . '""'' PO*C' pr;vided by the
Ih,C).

c r!: [th'..*:f.*.*I f al ten of the unit ..d
'

.

' " ~ ' " ' "
h' . INSTALLATION OF COBALT-40

TELETF.ERAPY UNITS a) i. -m.h. .' '.-

ariz: tion of c!!nic p :enne,* with 'li *-
asciens ci the fur ~'

.

d
Tne Cobalt 60 unit sh:ll be installed in the "~o. '*""I'-'

-

4 1
. -

{oiaje.d location by Atornie E. :rgy of Canccs ' ! antes whe:: the sour:: la shiceedr tel f

s "n s:i tfI the sour:: head, the instill:.imited personnel. or by personnel sopoint:d by do.

*'* "I CI * 50 m *un ue:redited agent or repres:ntativ'e of Atomic into th
'

Enct. y orc:nsda Limited. s

Prove AECL source transre:cer,:nine,.,f oure:..e:d of the unit frorn an j.
g -

.
* * -

. .

.

- '... .
-

.. .
,

. +
. . ,, ,

-

, , __ _;, .,-.. .. _. .. . . . . . . . . . . ._ .. . _ . . ,,

-
. . . .

. . . , . . . .
. .

. . ..
. s. ..,,..

,

. .. . ..
. .

. ~
. . . .

. . .
/ t

*
.

*

L,The 2|t !fectlens contained herein were in efec*c
' *

ct th' h* * */Pr n!!n .'
-

:stry of Can:.dc L.!mit. d has a Iofic' o "'i^"i^3 t?'!###'"' #"d ''t.
Atomi: -

rigitt to dhcontinue medelt et aZ,st*' *' 'h""I' '?"'.I''='cas ce de:i ns wu'.k.'t
''''' 'h'

'

n= rice and withn incurring obi; i, t
'

.
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.

e

.

. *

'

*
. .

*..- .

- . .
.

. . =
,

e

t -

.

.

.

e

e '.

. * 4
,

. .ay.. '; * ' ; } c
,

. ** e ,,

*- .. . . . , ; 7, , ,. . c . 7
,

. .. . . , . . . ..

.

. f. _

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



_. - _ ~ - . . - - . . . . . ..- -_-- -- . - . ...- - .. . _ . . . - . . - . . - .. . -. - .- -

..
< .

.,*
*

,

. .

'
~

. ..

.

.

.

*

1! C9 - 43 Cu ,'

f k ,

M t D u Off ta''P' {fluti ~1&lktt0!!* Dit:

\ mu .3 uu, /
'

,,. o . .
..

] |
-

J {' ,-
-

. . .

t.-\ ., . . . . .

.| .f(';m*
...*.:,'

.

'
*7] -<m.:.

{ 4 I ,' l

L' j- %d 948 i iul)Ci*.tf i

.M 't ;7 i
* ,

i ,,

i. t ,{
.- - ,, i

fy -.-

d, ,, '? N - t
l!.1q ,g c .d w .3 g

'' '

'. t; .*ii .

sn47
I ,/)L t ' ' ' !

,

g+m.=: - =.w,y & -~_=.=d q-' -

. .
. .

_

f. '\ , * A isuu un*-
'

.,

'(tsC';ti 8 At!.t1R 11tfM!CM Elsti .'
* * ** .* * .

. .
,

.. ,

. . ...4-

.
.

. . .
.

' '
' '*.' CONTROL CONSOLE PANEL *
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h 1. Deam U itet;gns for L:Youtt.c ** '. :: Showr.F tourttMsg $.,ht, , go. It la t,. .
.

..* .

b e t w e t a. !! gr gag thtChtts watt
[ (3hiett! EC.. '

.
.

.

[ I
/ $ .. I. Thitidhg!stignCr{tclg:.

*

;. *. e

. i i . , y. - = ,
' 4) ine Tatte teto., dit:its was:, , , .

, . * 4, ( (M;h*t*1 re uire is regn=3
f g, . . '') 4 o til . &#c*::t 2:te r:tes te ! r.A/*.

.'"
{l

J -'
,W hr. 3t.: :: 0.! n A/hr f:r n.a,*

d *

E r m. far varicus seur:a-..

::t a a. ph s..

. :- W. QQ ,
, b) C: .: rats Censity .147 t):feu,,., *

|/. , (. ft. (2.2! g/ce), il c:ncrete, .

y'[. carsk la test than 147 f tf c .
. /_.

.

k ,__
*

. [..j' .,]*.k*
,. , ;* -; T' . [ g %.;, {15inOil " I/CE). IUC#838 8 W1ll

* * * '

. * ** , g *

- / ' l, ,* {.5 7. $ .
,s*

thickness by t.*.e density f ac.,.' , *'. . -

' . ' ./ i.i . ; *. .

vr. ../.i. ,,,. ; * ; .' ' / tor, ett il 16 In (41 cm) of *

conc;, , ;, 3, gwn ang ,,,;j,, -

| ''

" Q tt CUl tJe concrete censity is 138 Ih/ '

4 g C2. ft. (2.21 g/c:). well thid..
' ,

17 f t (5181 - ness recuired is: 15(41) x
147(2.3 5)/132(2.n)* * . .

17(c3).
*

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

,

c) Maalmum dose rates will. let
* *.

tenertf. ke higher thsn E mR/.* .
* hr. but will only be encourt... .

.. ,- '

. g .. a .g.3 _ s.t.- .:......*9' tered unif ar extreme candl.
. . . . . . . "

**-j'

tions of unit and pat!ent sete<
.;: .. *: . .. ,.

y,, p g+-

am . <. .

. . .
' ,

(%;
' / . "| d) Winitvr Otr ensions . 3 in. x's ,..

C
., 44'- ) In. a 6 In. thie. GO c:n a 17 'l. h

. I''
's. *r, f~ ! _ ., .

_ cm 15 cen),. . ..
,

"

n
#h 5 e) Window Density . E.2 g/cc.g .

.D.h - | { r (other densities anc thich..'* . *

$. i ,M **

nesses may be required if 11-

3, 8 @*. -: .

,4 q, , . * , 4 , i source ti:ts Cletate).

'

:--%* * .. .,gi Ifr''s.0 % * * * * . -T
~

censing regulations arid /or** .
,

'4 . ' * , * " ' 'V
,,

Ms;." [. , * J,.. . = . (. ;* * . f) Wing:w Loe:t!on ..On the

. . . , * .. . . .

. *,
*** ,,

O 3""8 "3 centre line of heat! swivel.
.

(Appres!mately 4 ft . abo're
t.* e (!cor.)

Ietert *nent(W :it ternsts s e.r.r. 's -
| ..us:: nas :: si .tt'.i.t. g) (tad Ur.td Coor . $ r . t letd.w.m nir n t - . m

I t-. . I m . l .-. . l ..: ., n. ,. l .. . . ., 3. Shielding Design A;;rovat . Firss!
*'e. .

.. l .. l .. ! I .. ! l .. l I'i3dI*.3 . |] Cf3 8;|r. toom C: sign must ha ao;rnved by....is . . . .

t
c;u .!ifl:1. pnysicist htfore 1 tstalia..

a is as it p is at tr o to a :t to i tion of the unit. Vltiert !ktnsirst
a ts n tr 41 :s u ia na is e u es t reret:tions recuire. room desi;rt

.e it *s t: 34 la u la w is e :4 gi g must also be accreved by the lcc !,,,

i e se n is na is as it si , is e rt ts i
t n as a $t is o o t:a se 4 o i:: g -

headh Sulhordy.
t tr lt 63 33 4 34 4% 3a *: r 13 11 33t

,*at s:6 as ies se tir ag its is t u g 3r gg6
.

. $.e ,e ..% a.e8 $( M CR t S$ 4% nwg . .a..e b. .. M I$ N % w Ne

.
.

4

.. YPICAL ROOM LAYOOTT *

.
, . .. ., . .

. , - _. ,

..t e
... ,

,
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.p_



' N

/ - ATTAClutENT 313-9

da 4.43* <1
yw 9

n ..] $t ' ,e J ~

4.gs p w e 6
3 ex 4 V V

. wM 'Hs 43v

** ,
' N.

'O N m
d.( t. ~ ~a

Os1 al y$ 's$ 4ee pgs x

.wk y ,d d,h, Dk $u
. e s -.

%t g s
.

-

')MI,g 20 4 4
.s

v. ,

fjjj N P A- m-

_

4e a,~

.Wu M m.sj
(%q.

-

,

m a c
'%

s ) b yf yd, h8 } 'y,
'' '

.

0 % ,"m k
. a1ye b q'd h)

m

[,
..

4. 9% a

.il3,Mgg'4{,Njwp1[p' 4
43c.3

.$4m

]e H 3
g

d'
%1-u .m

31g
wa t

-

se]&$,
.m . -n *

w*%p'
.

%.q ?* ? G'

h*@@jANM,34'$4d"dik,S" % iskI
'

%y m g%
'

4 8

%wejy'jsthj%%5%g.jyl3
.

I D b $ 1 k,. m$k l % l l N f' $ww{} |y
'

jls $l L@
s j

L ; e ggg.
cm$$5,%

-

H N.n.a 4 w|$ ( k. h*2 | NN a1 3'L p,
E.k h

y';4 . ..

k Yh }k kc k8h 0
te eessseeg a e-

. . . - - _ _ - - .. - . . - . -. .- . - - __ -



;1 | 9\e , i ,ii|t|; |f .i t;' il * {;|. g !tlh;

_

~

| _ 0.

.c ,

.

p
f'.2;

. $$a a 3%i|$ -

s 6
7. ii '?

s s ~i$%'a 5 ;%??5 ii -

W
.

- :%i%. -?
i3 k; $i3?;! -

n,\ (s

f%% K#%?5:2 :
-

;i5E
S2%;3Mi;i;1%n%%5%

.
. )

'

{? 3.: . :i' ::. :; ?

3 ;%; J:2;3S7 b.ii<:$:fgi i .$
-jQ

' .

ii' 1;fX:;Si$%:.
;33 .: %i%iT n%53 5?5:52i s* :M -

.
N5 .i

;;%%r7%35i%|%L. :. %K5
%%i%$ i

ii%%3 i % .7:3 .;
-

:li;%
:

:%% S: T7% ' %G
:%ib > i;2$

.

. %1T) : -

3%%i " ?. 5:.
;%5: 533 53| -

::K:#3$ii;' 15 3':~
3 :3 ' -

'

S* :.3;@U1
: .

5t; 1:

- 33%miZ' :: i|3 S:211::;' ' 52: i si3:::|;y:;
:~ G :% -

- . : :%'5: - :
-

_ :kj 2 -.

j3 ._ :A -i!.=5_ ;: :-
-y

-f'

:3"
in J% -

..
g .$

~.:

_-
.

i .
:,Si _ s

Q,tV
i ?:t ni

. 3y :$s 3s ahg ;i;
WUp -

7 .S

yC ~Nsc:
i-

s _

Y-

i

't Y. . y-
.3: ' x :'._ ~-

2% c:
.,iT 1 b( %:

T' 1 "

a 4 .$i
.M ^ a t :|

- ;i

'n '4 r L. XE:3 7 hi%);?
|, ; e 7a f :l -k2d e :i -

/ /2
_

t 'n .- r -
- -

:.. e

._Ps.
..is; e N .

~

;ft p o. i: -

~-

' 4
.

hk
.

:|
|

:i;.b;- d .i.?r

M
ji:~ i. f J'i:

N.

|
-

.B
- i. ?.

s%:%9
:?~ ' :% - -
..

j%: ~
;

.

.hs5m'
r7 ;yj5 ;'.s o

a f
1 : ;

;2" ;K
; 5

p$;;; f%1:B
; .:

%;9 *M
.

D ..K
.

:?~-

' , 1|-4 ..:~ t;G

n .. '; 3 _ C 3 - oj

,-
"U $' . Ur :$?$t:

.|;?: * :. .i
k. E* 'f

.

a ::- .SS%' -)57: . t.
,

: ;$13
::%:'u.3 5;L333i .n;:

;|.h

1% .2:
;; -: %%2:c || B/ %;3:.3 3''

:
,5.._ X) : : :

a
: ; ;

/ 3::3%.
: .

:b ::i::i" . 25:t5%/:;% :1. :
:2 :'

b F t ; .ie
a t %* Si3i::: P ii: . ;b5b;5: ;i

W ' .:..
h^

.E B .%;i;.3ii Z3;$:|:a:;2'-t :f

' % s:$"3
:

i; .i< S% . :.
- i :i.

.H. :: %t
: :

j3% . i i ,2: .

;' .
N #;5:!. ];S 3 :.%'%

'

u
-

'

:r ::;
'

k

|/
v G ,

:: :;;, l. i:1 .

|93:5333i5:

A
j ;' .i53i"

:;ic % i %5:5n .

.' ';

c.)i T31:553::%1
.|:

a
;

.cj|%:: S1: :25 c:::3; :S ~|5.# | :: 3 .-

~
*

%$:f% :.;:::. 3:5 5;
: ri2. _ :

%4 %: O O $
5j%n.j

1;y.%2 ii= 2~t
y: 2: .. $- - ; S5%:i :in :: $. ' I: ~ -

n ' %::.%s 1'.2: ;: ^ $3
[ O? .

|4 2 S;. : i1 1 -
i

-

:

< %ti..h.

m r

&u
j' = O)':. 0C=

;.f, 'j;;X _ f g../gy:. O:X.
| g m O -?. n ,3:- -n! o C

s 3 o )m / M ,t s.- -

mh R A ,4w o
'n.i;-

r:
j g 4
~- ;; WU

YZ
s -4 4e

;

h
| d

a ' ~ $A. _
! g g r g

, c <-
ji' z

-a

Wi *(L
r 3

|

9s ' .Tp 3' 1: o 8 s0 .

C& n. ; g-i ;- t 5t

j?: . Ng % c.9
y% S h
? 1 t

4 ./, . :1b' .,.
WU,

|?
}? ,|

g ::i .
) ;

a5F :::3:
,;

i. 3';' :5f
:

::5ic.3+;:%%;;%'';2ii
5i * ii i

2c %G;;s?}
.

:5i7; :fA:3 ;5T : :
ii. 5i 3c' :

:
.TC

;5F%:Q. 5i%i3 2
: 1; FS: 4 : ?-;) :1 >

.b :!.;~ T:.2.;% s4

.

: h 7%' ya"7Tb3 :%5t %5
~ V

: ::EE: j ;%5:j i9

%?1|K%5G
:1 :2 3i%..Y;<:f :

_C3
;

- 1. ?.g n.1:x %% f1:n' :1 ;i% %%iUi

5 f731M?$| . T ::| :3'1?3i257: : $i; ;

.i.. ...m3 . :' .3 s7 ., ;B35 ; i; 1 T5i32i$c -

4
'

D ' ,, \$ 4-
:

-co . aewm *n

$~ .

-
- *

;4 !- j Y |- L -|,Iis '1)r|.|: .j.t ' ; i

. .

j*.,$s!! b1 +' * ' 11h ' ki s '

.' j 1 ' , i; 0 ,t' , ' |- < ; .iIi :1! 4! j



__ - -_

. _ _ _ . _ . . . _ . m ., .. . _ . _ . _ . . = _ ~..
,,

!

""| E .<%24 tit k7L 77Cxamc,yxg 77g ,jgg,( &.sxa, xu
,

'
&

,

:
t

B-2 Level (animal facility)
. . , - ..-~. e8o ::9:--

_ . . , .

4 .: :
:-

: :.:. ...-:g. . ^Y.. ::y'.: -

. .- '

:&'
,

' ..

6 dead &<4 9
"

e,

| @ g f* #R&dMbis Unoccupied Space at

NEGsc 54-857 a*c/ the B2.5 Level (83M) 1:.m: $ <( * ' N 2 M e n ui %-f|Aff AEM NMaSLT *
E< at-Sv6),

s . . . .s y,t- g g $ d2f'.edgge 4 7j*
:3

* 0: . $ (63hi-disk usf.

w
.. [ gshz(ea-ac)

. . .

'

-::s;:-

,

^
::3:.;:n:. --

: :.

f f ,Jk..| ------

#

'Q.;., /f d5-88fd-/
.

.,
.

.: .:
*

%'R dccr -

::^8:-:: Cobalt
-

5.e %60 i ' Nv:+::
<:.2:1 ' ' ' * '

::5:- _

_
:1;::.. .A;;y::: -

--a . %-.q,3:.. - qaw ~

, . . ,-- ;:>:.
- ,

;?: g:5 ,?;$::: -:]b 'le,. . - :: .-
. . . . , .:. e. . ,
.

.-..
_

3

@

e.

9



. - - .

...

O O-

,s n a a r 3 dean, atandscutat.
hussy

x
vhuaL (5)

f(Tf
/F Andiubbatik9O.Im2 /cus -

( WQ"' :h exsu. pia %d)a/> tat,act

~ T - h-[o.hP vfout ' ~

d/^ e'un act "&
n

,

'

M
0

.47aa t O<

B.S'mR/4nL et26nt2tcw(Axw&,)
~

N/, a/ sat /aco47W edtirka~thiD

X$al ficf asi duccaleb 6772incu%.ru2L
////7/96Pa

REM Ndt4auff 7f 60 Alaa%atcL
&dedkg /0 Row 63- 8pM-/

4-
c'?Al Snaalt) Ahnuca'' 40. 05,~u didernofallc.

U?dv7xuanhP. lypesale Ja;6 suasalciuxfs .anade
axtL AetWicx, eAndel . (h/ sayh,(ctal' b!b.iskt| ccbs 4 Mutcete

^

.

said" lad,Aed ad$f g%d
schfun

. a e u a /u eaad faa%u//n
4 vle. 9 cid a d k g ,s L p a l -y

k 4 4 Ac,%|sspAL couk n ibba wad 115574
s s os,G; Ci d h n f.M > M ff : g -
b I o$ di N . /av/ [*' 'c ,



O O
..

-

Attachment 313-10

0 ,

EXCERPTS FROM:

! THE
NATIONAL

INSTITUTES OF
'

. HEALTH
RADIATION F

SAFETY
GUIDE

i

e
,

1$E8)I$~l$2$i'r.a.)5
"

e u

P!8ii% E E

hkb** "S*yg?C:P"*"
B'%'2 "E 2' N L .,

"'^YEx"oEExr"m" "orv
JULY 1988

O
OFFICIAL RECORD COPY ML 10 115574

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ L



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

O O
_ _ _ _ _ _ _ _ _ _ _ _ _ _ . . . . _ . _ _ _ _ . _ _ _ . ,

1

The 1979 edition of the NIH Radiation Safety Foreword
Guide 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,
under a specific license of broad scope issued by the -

U.S Nuclear Regulatory Commission. Possession of,

this license has greatly reduced the detailed problems
of radionuchde procurement, but carries strict respon-
sibilities governing use and ultimate disposal. NIH
considers the NRC regulations as minimum require- (
ments, and has broadened local controls to include

radiation sources not under NRC surveillance.
Recommendations in the 197C Guide have devel-

oped from years of experience in adapting general
principles of radiation safety to the NIH environment.
The procedures outhned 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_
dures could result in a senous radiation overexposure,
and a suspension or revocation of our hcense. All
personnel using radiation suurces are expected to
become famihar with the NIH radiation safety require-
ments and to conduct their operations in accordance
with them.

h Donald S. Fredrickson, M.D.
Director
National Institutes of Health

L
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|ntrOduClion T h ' " " "*' ' "5''' * 5 ' 'PEulahons inued by the Db
Health is authorized to pro- rector, NIH, upon recommen-
cure and use radioactive ma- dation of the Radiation Com-
tenals on the Bethesda reser. mittee Non.bcense sources
vation under a "tpecif n, include x ray machine., high
hcense of broad scope" is. voltage accelerators, electron
sued by the Division o! Mate- microscopes, 6nd radioactive
rials Licensing of the Nuclear matenals from sources o'her
Regulatory Commission. This than reactor by products.
hcense is contingent upon This Guide describes rules
the enstence of a Radiation and procedures required of
Committee and a Radiation blH under the terms of NRC
Safety organization which* bcensure, and for the use of
among other requirements non licensed iontring radia-
must; tion sources as set forth by

|

! 1, Assure that any mvesti. NIH regulations.

gator using radioachve ma'9- In total, the 1979 revision'

tials is quahtied by traininE of the NIH Radiation Safety --

and expenence, has the f acib Guide represents several dec-i

ities to handle the matenals ade of intramural experbt

saiely, and proposes a use ence. Additionally, it reflects
which is saf e to all coH- authontative standards, guide-
cerned knes, recommendations and

research data concerninE2. Assure observante of all
safety standards estaDhshed physical aspects and bioef-
by the Nuclear Regulatory fe;ts of ionizing radiation ob.

tamed from the scientific ht.-Comm:ssion, National Coun.
etature_cil on Radiation Protection

and Measurements, and other Previous echtions of this
r?gulatory or standards set- Guide included a reasonably
ting agencies comprehensive bibliography

of the most important of
3. Keep records of the re- these souttrs; the literature

ceipt, storage, use, transfer' s now so extensive, however,
and ultimate disposal of all that it is not feasible to in-
radionuchdes used at NIH. Ciude even a highly sel*ctive

4. Kaep records of the bibbography. Therefore, read-
monitonog of personnel and ers who desire documentation
areas involved in the use of for any particular pobcy, pro-

cedure or quantitutive datatadionuchdes and othef '

sources of ionizing radiation- contained in these pages are
NIH is sublect to periodic invited to communicate di.

inspections by the Division of rectly with the NIH Radiation
Regulaten Operations of the Safety Office.
Nuclear Regulatory Commis.
sice to insure that all rcquire-
ments of the hcense ate
being met. These inspections
are very the'ough, mcluding
monitoring checks of labora-
tory areas, inyection of pro-
curement and dispositiun rec-
ords, records of ttle quale

fications of individual usert
and records of admimstra.
tions to patients. Wolations
of license requirements can
result in a loss of the license.

All sources of ionizing ra-
diation are not covered by the

- Nuclear Regulatory Commis.,

t i sion license. These sources

{
are, however, controlled by

i _ . _ _ _ _ _ . . _ .

;

_
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lonizing radiation is among the most versatile ard ,

useful tools of modern medicine and biomedical re.
'
,

search. Uke many other insimmentakties of medicme
and research, ionizmg radiahon is potentially hatard. +

ous unless used with strict adherence to safety rules
and procedures,

The nsk of unguarded exposure to iomtmg radiation
mcludes the posstuhty of damage to future genera. ,

tions, Thus the safety rules which govern all uses of g{ q '

ioniting-f adiatson are as concerned with preventing -!

, genetic damage as with protectmg the health of the hC[p[pM@@
.

i

exposed thdtvidual When followed faithfully, these
rules hmit exposures of rad 6ation workers to levels far ROSponSibility j
below those which might cause any adserse somatic ';
or geneht effects.

( lhe rules and procedures set forth m this Guide The Raciation Committee is composed of ten mem-
have one smgle, straightforward purpose-to protett bers appointed by the Director, NIH. The membership

L NIH pahents and employees agamst unnecessary and consists of one group of five phpicians who are .

. potentially harmful radiation exprmre nominated by the Medical Doard and, in conformity ;
~

'four stages of group and indnndual responsibihty with NRC recommendatmns, is made up of one hema-

|
are involved in the radiation safety propram All are tolt. gist, one radiofogist, one pathologist, one miernist. ._ ;

W te physician with broad background m the use '

,
equally important;

| Hadiation Committee: Ina is a high level group of ionuchdet A second greup of tour scentists is'

phyWians and scientists aopointed by the NIH Direc. n minakd by the Scientihe Dire; tors At least one of
se smbsts is to be a radiation physsent withtor to establish pohcies and regulations governing the ,

training and experience m health proWct on; Theuse of tonizing radiabon in NIH intramural programs, Chairman of the Radiabon Comm,ttee, the Radiabon
.

Radiation Safety Office: an operatrng group of tramed Safe,y Of t cer, and a representatsve of the Office of -
health physicists and techmcians which is responsib!e the Director are appoinNd by the Director,- NIH.1he

( for NIH. wide comphance with these polic es and Committee shall have junsdiction over radiation +

i regulations; it also provides a vanety of technical sources and achvities m areas under NIH control, <

services necessary to achievmg such compliance. mcludmg mttamural program off. site use. j,

! Individual Users physicians, noenhsts, other profes- functwns '

| Sionals, as well as technical and other workers engaged (a) Recommend pohcies regardmg pahent and plant
in patient care, chmcal and fabratory _ research, and radiation safety to the Director, NIH.
research support activities which myolve actual use

P nd anice to the Radiabon Safetyand handhng of matenals and devices prouucing
i ionirmg radiation. These personnel usuaHy work under Othcer on mattets regardmg radiation safety.,

| the immediate supervision of Authorized Users. - (cf Receive, review, and act on all apphcahor s for [
Authorized Users: phystcians and laboratory scientists the use of radiahon sources in any a eas used-by

whose trainmg and experience are such that they have NIH personnel. These sources include radionuchdes

been authonzed by the Radiation Committee to use to be used m human subjects,'

! ioniimg radiation m their clinical care, chnical re. (d) Receive and review benodic reports from the
_ search, and laboratory research achvities. Rachation Safety Of f cer on monitoring, contamina-

i

tion. and personnel exposure.

In the followmg pages detailed desmptions are (e) Penodically revien the overall we of radiation ^

given of the responsibihties of each of these four snurces at NIH frorn the standpoint of eperational
L categones. Informahon is also provided on polices, hazards.

rules and procedures for var ous particular aspects of (f) Review aH irstances of aneged infraction of uw
i. ~ ioniting radiation source procurement and usage. Care. and safety rules mth the Radiation Safety Officer
i

. ful observance of responsibihtres, rules and procedures and the responsible Chrutal and Soenbhc Drectors
i set forth m this Guide will msure adequate protect on before submittmg reports or recommendahons to
| against unnecessary esposure to ioniz!ng radiation, the Director, NIH. *

!

! 1

1.
- -

.i
;

i-
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Radiation Individual User
Safety Office Responsibility
ResponsibHity

dThe Rad.at@t h ntety Cf ht e. U'ider tne dif eCt$n n (.ach itid!VidV31 at IJIH Aho h35 Ody cof tdCt with
the IIIH Ndat|On hsi ty Of f K t f , ih reSponhilde iN raibattive mat (riJs 15 rMponsib c for:f

1. Generai mrvemanc e of all t e Ah phy-e s n t:o- 1.. Keeping his v:sposure to radiation as low as
to s mdultg i o'h p' ",onrel and enmonmenta: non- possib;e and ;peofgally belo A the maumum petmis-
donog sible esp'nute as hsted m the f ollomng tab'e.

2 f urnGhJm |onsu!Orf teroces 10 per!OPM at all , - - . - - - -

levels Of rMp%sikhly on iiil aspr: cts Gt r3d at!On IM.M3AMMMAl'118
protMSon Wusle t>cdys bea1 and t tunk;

active talmi-f ormin g cruns '3 fieC*Mf f, dt' hier'r% and shipp't g all f dMCilVt j ,, n o g q ,3 ; a po j, ... g g

inatefQ b m,ry tu or |tWrt the IIIH teSe1*abOn
4 A%ar Dg and DU!f ntming f aiOnbCildiC PU'ity reet anl brkler --------- 16,75

tt'em v au ratoactive matenals to f;e used m
nin or mie tair --- 7t

hunans to' therapNbc purpor ----

Also ne a1]itioM1 galdelines
$ f/Ornlnnng ad Ku lt'ratCr' anO Ol.h D malhlrM ror raxipes, eermirmitle dM es,

capab!O Of prDducmg peDf.lf atmg raiab0ns btDia$
I the' ret o en#''rII'

I # t I' "I*' *^d'9 8

4 b51,
ng the uutput d these recnines as reunted t

k D stribut,nn and proceu mg d personnel monitc'- Laboratery air and wrec concentrations shall be
ing equipment mcluing the keepmg of tKom o' mamta ned below the le<ds hsted m the Code of
mternal aod etternal pets innel enpasure, and notrtyme federal Regulabons, Title 10 Part 23 (10 CFR 20)
mdiv. duals and tLea superwsors of exposures ap- .. Standards for Protection Agamst Radiation," (See
pu ich ng the mmmum permissible amounts and A pendix)
recommendmg appropnate remedial attson

7. !nstrutbn2 pemonnel m pmpu pmtedurn Mt 2 Wearmg the presuMd monitoring equipment
such as film badges ai d pocket dosimetets m radiation

the use of radioacNe n'ahnak areas Per',ennel who work only with pure alpha
& Superusion and coordmahon of the uste d+ amitters or only with pure beta ermttus havmg a

pcmal pmgra*n mcludmg the keepire et waste storage manmum energy of less than 01 MeV wdl nct be
and desposal records required to wear fdm badges.

9. Operation of and the allocaban nf space in the 3 Surveying his hands, shoes, and body fc: radio-
Ratanuchde LaboWory, Buddmg 21. This taberatory activity, and removmg all loose contamination bebre
is eqmpped fcr Ibe haachng of high leveh of activity. leaung the Wratm to smoke, eat, etc.
Space is andabie m this laboratory to an NIH workers ,

on an anocation basis Nowace leve! rad.couchde timg an appmpnate protectwe rneasures sodi
o5-ork wiH t;e done in this buddmg unless the Radiation

Commitee grants approval 13 do the work ebewhem.
ination is possitAe, and not weanng such clothing

10. Storage of au radioactive matenals not ni outside of the laboratory area.
current use"

(b) Weanng gioves and respoatory protechc1 when
11. Performing leak test on all sealed sources' necessary,
12 Ma ntammg a periodic mventory of all mdioac- (c) Using protective barners and other shields

bye matenais on the NIH reservaton- whenever possible.
13. Superosmg decontammation m (Mes of cco- (d) Using mechanical d2v;r,es whenever their airi

tammatmg accidenti wiU mitt m reducmg exposure-
14, Mamtaming a contmucus progtam of environ- (e) Us og pipette fdhng deoces. Never pepette

mental raavation haystd evaluat on and hazard ehmi'
rac oachve soMions Oy mouth (natron '(f) Performmg radioact va woa withm confmes of
an approved hood or glove bot unless senous
consideration has indicated the safety of working
m the open. !

_ ___ _ __ i
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5. nvoiding smokirig or eatmE in radionuclide labo-
rators it is recominended that eating be done in the
cafetuas whenever pr; v % Smoking or eatmg may
be perrnitted in an oft " wea of a laboratory that has
been demonstrated to be tree of contammation. Reing- Authorized User
gagngnot be used lomtly for foods and rad'oac- ggggg ,

6. Mamtaming good personal hygiene.
(a) Keep fmgernails short and clean.

;

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

(c) Wash hands and arms thoroughly before han. Authunzed users are responsible for insurmg thit
dhng any object which goes to the moutn, nose. the precedmg individual responsibiht es are discharged
or eyes by those under theif "ontrol, and are f urther responsi-

7. Checkmg the immediate areas, e g., hoods, ble for: i
benches, etc., m which radioactive matenals are bemg 1. Adequate plannmg. Before an experiment is
used, at least once daily for contammation. A log perf ormed, the supervisor should determme the types
record should be maintamed of these surveys mcludmg and amount of radiation or radioactive matenal to beresults which are entirely negative. Any contamination used This will generally give a good indication of theobserved should be clearly marked and the Radiation
Safety Othce nohfied. prctection required. The procedure must be well out.

lined in many cases, before the procedure is actually
8. Keepmg the laboratc y neat and clean The work performed with radiation, it snould be rehearsed so as

arer should be free from equipment and matenals not to preclude shp-ups of unenpected circumstances. In ,

required for the immediate procedure, Keep or trans- any situation where inere is appreciable radiation
port matenals m such a manner as to prevent breakage hazard, the Radiation Safety Office shall be consulted.

or spillage (double contamer), and to m3ure adequate befoie proceedmg
shieldmg Wherever practicab keep work surfaces cov-
cred with absorbent material, preferably en a stamless 2. Instructing those employees f or whom they are

,

responsible m the use of safe techniqu5 and in the !steel tray or pan, tn kmit tnd co! lect spillage m case
of accident, 3ppy,.abon of approved radiation safety practices and i

insonng attendance in required radiation saf ety
9. Labehng and isolatmg raotoactive waste and

,

courses.
!equtpment, such as glassware. used m laboratones for

1 radioactive matenals. Once used for radioactive sub-
3. Furnishmg the Radiation Safety othce with mfor-

stances, equipment should not be used for other mation concerning mdividuals and activities m their ;

work, and shall not bo sent from the area to central areas-particularly, pertinent changes in their person. j
nel rosters. '

cleaning facdities, repar shops, or to surplus, untd
demonstrated to be free of contam;nabon C Contactmg the Rad!atico Safety Office whenever !

{ 10. Requesting Radiahon Safety othce supervision major changes m operational procedures, new tech- )
of any emergency repair of contammated equament niques, alterations in physical plant (e g., the removal j

in the laboratory by shop personnel or by commercial of radiochemical fume hood), or when new operat.ons ;
which might lead to personnel exposure are ant.ci- !service contractors. At no time shall servicing person-

nel be permitted to work on equipment in radiation p' .d. I

areas without the presence of a member of the Complymg with the regulations governo,g the use
laboratory staff to prowde specihc informahon. of radioactive materials, as estabhshed by the NRC

R& W b @ tfm11. Reportmg accidental inhalation, mgestion or
inpry involymg rachoachve materials to his supers sor (a) Correct procedure t0r the procurement nf )
and the Radiation Safety Office, and carrying out their radioactive matenals by purchase or transfer. (See
recommended corrective measures. The individual P P e of RaNbon Mumet)
shall cooperate m any and all attempts to eva'uate his (b) Postmg treas where radionuchdes are kept or
exposure. used, or where radiation fields may exist.

12 Carrying out decontaminat.on procedures when (c) Seemg that each sign carries the name of the
necessary, and for taking the necessary steps to personnel currently usponsible for the assorjated
prevent the spiead of contammaton to other areas. area.

13. Complying with requests from the Radiation (d) Recording the receipt, transfet, and disposal
Safety Office for body burden measuremem m the of radioact ve materials in his area. This mcludes
whole body counter and the submission of urine sealed sources such as son sources in gas chro-
samples for radioassay Requests for these tests wol matographs and static chmmators. The authorized
be made m tne case of workers using significant user must be prepared to submit semiannually
quantities of both y and # emitters (5e required inventory data upon request.

3
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(e) Assunng that all radioactive waste materials are transported or stored shall bear a durable,
are consigned to the Radiation Safety Office for clearly visible label bearing the radiation caution
disposal. symbol and the words "CAU110N RADIOACTIVE

M ATERI ALS. This label shall also s'ett the(f) Taking steps to prevent the transfer of radioac.
tive matenals to unauthonzed individuals. This quantities and kmds of radioactive r% im

ofthe contamers and the date of meat <~includes the proper disposition of radioactive
materials possessed by terminating workers. the quantity.

6. Keeping stocks of stored radioactive matenals to (c) Radiahon areas in the laboratory, i4, araas

a mmimum withm laboratory areas. Authonzed users where radiation levels might expose mdividuals to

should employ the storage f acihties of the Radionu- 5 milhrem in any one hour; or in any five
,

consecutive days. a dose in excess of 100 mrem,chde Laboratory, Buildmg 21, for shipments not shall be posted with the sign " CAUTION RADI A. ,needed m current research
TION AREA.

7. Complymg with proper procedure for termination
of employment of termmation of any experonent using

; g E
.

radioactive materials. The authorized user is femmdedt

that, under the terrrs and conditions of the NRC-NIH other conspicuous means. Labeling shall not be ' *

required for laboratory containers such as beakers.
1 iicense, he must return to the Radiation Safety Ofhce fla% and test tt bes, used transiently in labora-I all radioactive materials. inc'udmg waste, assigned to
! him under the hcense. Particular care should also be tory p m edures dunng the presence of the user.

exercised to see that speciahted equipment seth as (e) A ll s gns referred to in this part are available
personne! monitoong devices (e g.. film badges), sur- from N Radiation Safety Othce, Buildmg 21.
vey instruments, and shieldmg materiab are returned 2. Shieldmg of Sources
to the Radiation Safety Othce. A hnal termmation

(a) Radioactive sources or stock solut ons m thesurvey should also be requested by telephone' laboratory shall be shielded m such a manner
that the ladiation levels in any occupied area wdl
not expose individuals in the area to more than
100 mrem n any ine consecutive days.
(b) Various shieldmg materials are available 9n
loan f>om the Radiation Safety Ofhce.

3. Aerosols, Dusts, and Gaseous Products

Procedures for (a) e,0cedu,es invosmg ee,osois, dust or gaseous;

ggggg products. or procedures which migh' 7toduce
airborne contaminahon shall be conducted in a

Areas hood, dry box, or othes suitable closed system.

(b) All releases from such systems shah not
exceed the maximum permissible concentration
in air for thc nuchde in question. See Appendix

in addition to the Code of Federai Regulat ons. Title , Table H of 10 CF R 20 for uppropnate values.10 Parts 19 and 20, as appended to the Guide, the "' * P'"* h T *# # '"#
fonowmg pohcies and procedures wdl apply to the p rated in the experimental set-up to insure that

, NIH hcense: envirorimental releases are as low as possible,'

1. Proper Marking of Laboratones, Areas, and Equip- (c) Radioattive gases or materials with radioac'we
**"

! gaseous daughters must be stored in gas-tight
ta) A " CAUTION RADt0 ACTIVE MATERI ALS" sign contamers and Inust be hpt m areas iiaving
must be conspicuously posted on tht doors to approved ventdation.;

laboratory areas wnere radioactive materials are
(d) Hoods to be used for radionuclide work shouldbe ng used or stored. The name rid home phone be tested by the Environmental S3rvices Branch,;

number of the mdnndual responsible for the DRS to insure that they meet the minimum t
,

posted area shall be shown m the designated requiremenu for air veloaty at the face of - the
place un the sign m order to f acihtate contact m hood.
case of emergency. The supervisor shall be re-
sponsible for seemg that the posted information 4. Scaled Radioactive Sources
is current. The signs must not be removed from (a) AH ceated radioactive sources aust be shipped
any room except by Radiation Safety personnel to: Radiation Safety Officer, National Institutes of
folinwing an inspection survey. Health. Bailding 21, Radionuchde Laboratory,
(b) Storage areas shall be conspicuously marked Bethesda, Maryland 20014. Each source must be
with a " CAUTION RADIOACTIVE MATERI ALS- registered with this offde.
s:gn, in addition, contamers m which materials,

4
4
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io) for those sources which may charge location (e g , "Kimpak", available from the Central Sture- i
frequently, the Radiation safety Office in cooper- room) wdt be satisfactory. However, if such paper is
ation with individual users shall estabbsh stnct used, it should be discarded frequently to prevent
accountabihty procedures radioactive materials from dusting off the surf ace.
(c) Scaled sources shall be ieak tested by Radia. A Penodic Surveys of Radiation Areas
hon Sa'ety personnel prior to initial use and at The immediate areas (e g , hoods, bench tops) mleast every su months thereaf ter. which rad.oactive materials are bemg used should

5 Radioattne Matenals m Gas Chromatography be checked for contammation at least once daily by
Equipment the radiation workers m that laboratory. In addition.

All gas chromatography units m which radioactive these areas should be mspected each and every
rnaterials ae to be used are regulated as follows. time there is reason to suspect a contamination . j
(a > As !s true with other radioactive shipments- mcident. Records shall be kept on both posttive and '

!nega!we survey results in the authonzed user's labo-
radica' O.e uds to be used m gas chromatographyr

tafory logscells omt be shipped to: Radstion Safety Of ficer,
National institutes of Health, Building 21, Ra. 8 Laboratmy Momtms !

|- dionuchde Laboratory, Dethesda, Maryland 20014. Each laboratory or area (other than those where 'H !L Each foil must be registered by number with this is used edusively or where cnly exempt quantitles !
of fic e. of other radionuchdes are hand!* shall be .
(b) In addit on, each cell contammg a rad;0 active equipped wth a portable or sermportable monitormg |
fod must have a label shomng, device to he used for personnel and area monitoring. ;

The radiation caution symbol w!!h the words Laboratory morutors of this type are avadable on
"CAUT(ON RADIOACTIVE MATERI AL' and loan bn the Ramation Safety Office '

The identity and activity of the radioactive 9. Removal of Equipment from the Laboratory

{ matenal Once used for radioactive substances, equipment
The radioactive toit shall not be removed from its shall not be used for other work, or sent from the
idenbtymg cen except for cleanmg and shall not area to central cleanmg f acihties, repair shops,
be transf erred to other ceils. surplus, or returned to the source of supply, untd {
(c) The follomng notice shall appear m a conspic. e d coMamMoR h

ment to be removed from the Radionuchde Labora-uous location on the outMde of each gas chroma.
tory, Building 21, must be cleared through thetagraphy unit. tus equipment contros a rcim
RaWaton Safety Othce.achve source rey,tered mth the NIH Raciaton

Safety Othce at eq r r e<! b3 hceme from the 10. Repair and Maintenance ci Equipment m the
_ Nuclear Regubtory Comrm i m Natity the Ra:La Laboratory

.

hon Safety Othce hefme removmg the soume
Equipment to be repaired by shop and maintenancehnm trus room or am or upon any change m

custodM responsibit, lhese notihcation tags personnel, or by commercial service contractors,
are available from the Radiation Safety Office, shall be demonstrated to be free of contammation ;

dq 2 L prior to servicmg. If it becomes necessary to make
emergency repairs on contaminated equipment, the

-

(a) Individuals usu g raoicactue components m work wdl be supervised by a member of the Radia.
gas chrcmatography equipmenf must vent the tion Safety O'hce staff, who will assure that the

,
celhexhaust through plasbc tubmg into a hood, necessary safeguards are taken. It is the responsibd,

j room exhaust. or Radiation Safety approvea trap, ity of the laboratory personnel to request this super-
j to avoid contamination et work areas from the vision from the Radiation Safety Of fice.

reiease of radioactive tagged simpies introduced<

i
- into the system or from the accidental overheating
j of radioactive fods m the ceUs.

| (e) The Ramaton %fety Othee wal pettorm pen.
_ { odic leak tests, store rad oactive fods when not m

'
_ use. and maintah the necessary records on such
(. | tests and storage.
i' ! & Work Surfaces

All work areas (bench teps, hood floors, etc ) as
I well as stolap areas and areas atacent to perma.

nent set ups and sinks should be (oveted at all- .;
i times with stainless steel or plashc trays, uncracked
i glass plats, or other impervious matenals. For
{ some purposes a plastic backed absorbent paper

< !
e !
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11. House Vacuum Lines 15. Prophylactic Thyroid Blocking Agents in Labo-
House vacuum knes are vulnerable to contamma- ratories Usmg Radiciodine
tion _ If house vacuum knes are to be used, the Individuals utili2mg greater than 10 mci radiciodme - -

..

withdrawn gas must be demonstrated to the Radia. should consult with and follow the recommendations
,

tion Safety Office to be free of radioactivity It is of the Occupational Medical Service prior to the ;

advisable to use a separate vacuum system whenever use of prophylactic thyroid blocking agents. Such !
possible, such as a separate vacuum pump exhaust- indmduals are remmded that the use of these

;
mg mto a hood. blocking agents in no way reduces the need to take

all other precautions in the safe handhng of ra-
12 Radioactive Contammation of Areas e,o,od me.

'
~

In general, no radioactive contammation can be
j tolerated. Exceptions to this will include certain
; hood trays, dry bones, stainless steel trays, Kimpak ,

cove'ed suriaces, or other equipment which is used'

j
j frequently for active work and which will be clearfy

marked with the standard radiation caution signs or
j stickers. Any contam nation that is not confined to
i protected surfaces should be reported immediately

| to the Radiation Safety Office. The Radiation Safety
staff will supervise the decontammation of such j,

areas or equipment. ;
i,

j 13. Decontamination of Areas Contamiruted with
i Radioactmty |

{ Preparations for decontammation shoulo be begun Radioactivepromptly. Determme the extent and hazard of con-i

; tam nation. The Radiation Safety Office staff will Waste
! assist in this evaluation. The individual responsible j

; for the contammation will be expected to do most !

j of the cleanup under the supervision of the Radia-
tion Safety staff. Af ter decontammation, the area or No radioactive wastes shall be disposed of by i,

! equipment shall be considered contaminated until conventional methods. Ihts means particularly that
proved otherwise by the Radiation Safety Othce. sohd wastes may not be placed in the standard waste

contamers to be collected by housekeeping personnel,
j 14. Decontarmnation of Personnel Contaminated and that liqLid wastes may not be discharged into the |

with Radioactmty sewer. Animals must not be meinerated in the general
(a) Notify supervisor immediately af ter contami- purpoue incmerator.

nahng accident. No radioactive waste shall be released from a
(b) Wash body area involved thoroughly for 2 or 3 laboratory area fo pickup and disposal prior to auto-
minutes, repeatedly "soapmg" and rinsmg Con, clav ng or otherwise suitable deactivation of infectious

,

I sideration should be given to the cnem!stry of the agenMs). Radioactive waste disposal procedures in the i
I contaminant and an attempt made to find a waste handimg area of the Radionuchde Laboratory, j

suitable agent for dissolv ng it. Any cleansing Building 21, involve crushing and compacting of dry j

agent may be used, but synthetic detergents are wasia by compaction devices and poohng of liquids !

preferred to soaps Avoid prolonged use of any in approved shipping contamers for disposal by a j
i

one decontamination procedure Imtation of the licensed contractor. These procedures are not compat- -

,

sk!n may imnede the tuccess of more suitable ible with the proper handhng of infectious agents.
i procedures. Avoid the use of organic solvents, Similar considerations shall also be given 'o other

They may make the skin more permeable to highly toxic or hazardous substances. (See Section 3)
i radioactive contammants. 1. Waste Containers

4 (c) If this procedure is not immediately and To msure that solid and hauid wastes are kept
| completely effective, notify the Radiation Safety separate, each laboratory having radioactive waste

Of fice and proceed at once to the Medical Othcer must be equ:pped with at least one container fori

| in charge of the Buildmg 10 Health Unit, Occu- solid dry waste and one for hquid waste. Due to the
| pational Medicine Service. Special decontammat- methods of ultimate disposal of waste by the Radia.

ing agents such as "Versene". "Radiacwash", tion Safety Office, short half-hfe (less than 30-days)4

etc. may be usecl under the direction of the waste must be kept separate from long half-life
Medical Officer. waste. Additional waste containers shall be re-

6
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quested for this purpose and marked as to the
radionuchdes bemg 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, q'S
(b) Liquid waste contamers. Plastic carboys. glass
jars, or bottles are suitable for storage of hquid ResponsibMty ;

,

wastes. If the hauid waste container is glass or g ;
ceramic, then it must be kept in such a manner i

that if accidentally broken, the contents will be
iretained m a small area, e g., havmg it set in a i

large pan. These hquid containers must possess In carrymg out the responsibihties and duties as-
securely fitting covers or corks, and must be kept signed it by the NRC under the Broad License and by
closed. In addition. they shall be conspicuously the Director, NIH, the Radiation Committee requires

3marked with appropnate radiation signs comphance with the follomng policies and procedures:
; (c) Animal carcas' es, Small radioactive animais 1. Experience and Traming of Applicants
; should be placed in the standard polyethylene The Committee is bound by the requirements of
| bags Larger animals (dogs, etc ) should be placed i

NRC for trainmg and expenence of physicians m |
4 in large polyethylene bags which will in turn be

the use of radioactive matenals, These requirements !
i placed in a cardboard container (NIH Stock No

are listed in " Nuclear Regulatory Commission Licen-
; 4-0870). Each unit must be conspicuously smg Guide Medical Programs." Copies of this re-
j marked mth a " CAUTION RADIOACTIVE MATE port are available for reference from both the Radia-
| R!AL' sign and in addition, the radionuchde(s) tion Committee office and the Radiation Safety I

,} and amount remaming in the carcass shall be Of fice. !posted on the b3g of label. If pickup cannot be :

arranged withm 4 hours of sacrifice of animals, 2. Procedures for Making Apphcation to the Com-
|mmee isuch animal carcasses must be refngerated or

preferably f rozen A separate apphcation is required for each project !
! (d) Liquid scmttlation vials. All hqu.d scintillation which contemplates the use of radioactive materials I

vials must be disposed of as radioactwe waste in humans This apphcation must include: j
Prior to removal, all hauid sc niillation v!als must (a) Form NIH-88-23 : A self-explanatory form |be tightly capped and returned to the ongmal available trom the Cnairman. RadiationCommittee.,

shippmg trays'

(b) Narrative description of project which shall !
2. Waste Pickup mciude: {
Request fo removal of hauid and dry waste may be (1) Title of the project. I

h made by telephone to the Radiation Safety Ofhce.
At the time of the telephone request and at the time (2) A statement of the purpose and justification

for the use of radionuchdes,of pickup. the investigator must be able to estimate,
with a f air degree of accuracy, the amount of (3) Description of the project includmg meth-

.

radioactive waste m each contamer. ods, characteristics of radioactive matenals

3. Unusual Waste D.sposal Prob' ems (half-hfe, nature and energy of emissions, ,
'

modes of decay), details of doses (single and
Plans for proper disposal of mfectious agents or total) and the anticipated results. Reference to
highly tout or hazardous substances sha!! be made previous work pubhshed by the applicant or
early m the design stage of the expenment others concerning animal expenmentation or

!Proposed procedures mvolvmg unusual waste des- h aman use (mcludmg doses) should be carefully
posal oroblems mil be considered md vidually by documented. The Committee requires a clear,

; the Radiation Committee or the Raiatmo Safety concise calculation of the anticipated whole
Officer and staff body and critical organ absorbed dose m rads, !'

statmg the penod of such exposure and radia- I

tion hazards, if any. Include uptake and excre- |

tion data The formula used for such calculation |
should be clear, all terms defined, and the |

Source and estimated rehabihty of the formula
indicated. Assumptions used fu estimates 4

should be stated Assay methods and estimated
1

efficiencies should be given.

1
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(4) Methods of waste disposal, particularly with
respect to unne, stools, exhaled an, and calcu-
fation of the daily amounts of radioactivity to
be disposed of mto the sewer or air, if any

| (5) Safety precautions wtuch *di be mitiated to
' protect the patient, other patients in the ocmrty

of the radioactive patient, and the patient-care
staff and adjunct personnel.

!

(6) If the use of the radioactive matenal is clearly state that this is an appbcation for renewal of i
planned f or normal human subjects, the appb the previous authonzation without modification, and
cotion must specif y mimmum ages of these should mclude the number of the onginal authon2ation
subjects, the f act that they are volunteers, and date.
cogmzant of the possible radiation hazards. If an investigator has no positne plans for the useand the status of such normal subjects with g .

respect to ciner contacts with radiation, and ig gcumulatwe expu3ure in addition, the Radabon bookkeepmg m the Radiation Committee, RadiationComm>ttee requaes a short statement f rom the Saf ety and Radiopharmacy offices Such a retired 4mvestigator regeding the mformation he wnuRI
supply to the voiunteer puisuant to obtammg authontahon can usually be reactwated by the Chair- i

man, Radiation Committee, m one day should needh's consent f or it develop.
(c) %th the first apphcahon from each mvestiga-
tor, a complete descopbon N his traming and ~

expenence statmp periods, locatinn and supervi tenewal and which reflects frequent patient use may

sien m the use of radionuchdes (f orm NIH&. be r%ed W NMM M a mM M M PM !

:n the chnician and patient by the Department ofNIH M M) Nuclear Medicme. Decision to provide this service wdl
Upon completion, this apphcation shouki be f oF res,de with the Chief. Department of Nuclear Mede I

warded through the Branch Chief, and the ChmCal one hs service considerahon wouid aiso be apphed jDirector of the apphcant's Institutmn to the Chanman m the situation where several simdar aathonzations by
of tne Radiabon Committee Action of the Committee marate apphcants reflect an overall need for patient
wdl be returned through channels to the apphtant and ,"vice from Vanous areas of the Chnical Cente,.

icopies wdl be terwarded to the Radiation Saf ety
SilP' 'eceivmg the approved form NIH P&23, theOthcer and to the Chief. Radmpharmaceutical Sechon

The signed approved ongmal wdl constitute the mves ntestigator should comply with the procedures " Pro-
tigator's authontation under the Broad NRC License wnent of Radiation Sources" hsted elsewhere m

% Gmhto procure and use the matenals Physinans may
obtam mformation on current approved mvesbgators 3. Responsibihty
and specific medicai uses at NIH f rom the Radiation The authonzed mvestigator nas pnmary responsibd.
Comm.ttee othce sty for the use of the radioactive matenal, for the

Should questions anse m the Committee regardmg orctection of the patient, and for the safe handhng
detads of an apphcation, the mveshgator wdl tm of any matenal removed for study. The Radiation
mvited to meet with the Conumttee and discuss the Saf ety staff is responsible f or the protection of the
detads of his proposal Shou:0 the Comrmttee hnally patient-care staff, for mstructmns needed to insure
disapprose the apphcation on the basis of conf hcl radiation-safe condihons, and for the handhng of
with restnctions of the NRC or Duetter. NIH, or contaminated matenals. equipment, and waste, Av
Committee pohcies. the apphcat on nevertheless wih delegahon of woA does not sho responsibWy
be f orwarded to NRC f or its review and action upa" Special nstructions regarding patient treatmentfurther recommendation of the mvestigator and h s shall be on Clinical Record SF-508. Radiological
Chmcal Dnector. s#ety precautions wdl be recorded on Form NIH-

Each authonzabon wdl be marked with an expuahor gg 7 ,
date which wdl usually be tne last day of the month,
one year af ter the month ct the approvat Authon/ed & Justihcation
invesbgators should anticipate the expiration of their The widely accepted pohcy for medical uses of
approvals by at least one nionth and app!y f or renewal rad 2onuchdes is that radioactwe substances should
of the authanzation For tms purpose it is necessary never be used m humans except when the investi-
to subm:t only the f orm NIH-176 (without narratNe gabon or treatment justif es the risk mvolved. It is
destnphun) and a " Summary of Use of Radioactwe NIH pohcy to encourage use of the most sensitive
Matenals/ Form NIH 88 25 Tne mvestigator should mstrumentation and assay proceoutes avadable, and

8
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6. Cahbration and Nuchdic Punty Tests
Poor to admmistration, all radionuchdes are to be
cabbrated and tested for nuchdic pursty by the
Radiopharmaceutical Section. Indicated pyrogen
and stenhty testmg is to be arranged by the Radio-
pharmaceuticai Section. i

7. Notificahon of Nursmg Statt
to promote progressively better techniques aimed at in order that the nursing staff may prepare ior
reducing radiation doses. All research and diagnostic therapeutic radionuchde admmistrabon, the head '

procedures should bn designed with these policies in nurse of the nursmg unit which wdl care for the i

mind, pahents should be nohtied as far m advance as
;

The therapeutic uses of radiation m other than maid possible, preferably 24 hours or rnore Those con- |
. ,

'nected with the admmistration of the radionochdenant disease should be well tustified. Applications for should become famihar uth nursmg procedures to 1therapeutic uses of radiation will be reve.ed by thei

Radiation Committee in accordance with mstructans
insure uniformity of precautions.

f rom the Directar, NIH, and the i tedical Board. 8 Area 06:gnation ,

|
S. Dosage Considerations H is not ndessary to isolate pabents with rootme j

degnost>c doses nor to post the.r rooms Patients
As a general guide to the rnaxi num permissible dose with therapeutic doses shoulo be conf med to theirfor normal volunteers and for atients, the Radiation mdwidual rooms, as distant from the nursmg station
Committee follows the recem nendations of the Na- as f easible, and the room posted with a "Radiother.
tional Council on Radiation Datection and Measure- apy Precautmos" sign (available from the Radiat on
ments Rcport No. 39, " Bas : Radiation Protection Saf ety staf f). The Radiation Safety staf f mil conduct'; Criteria" and Code of Federt Regulations. Title 21. dady sun,eys of the patient area fonoung tnerapeu.
(Food and Drugs) Part 361. Ins >far as is practical, the tic doses. removmg contammaSd matenals such as
Committee considers that the de to normal subjects unne. soded beddmg. etc , when necessary, and,

and patients should be limited 13.0 rerns to any mstitutmg controls so that the patient-care staf f,
' tissue within a 13 week period or 5 rerrs annually, sdjunct personnel, and visitors are not exposed to
! when diagnostic and expenmental p irposes permit. radiat on Iwels m excess of apphcable guides The
I When it is necessary to exceed this < asac,e for the physician m charge is responsible f or requestmg
| purposes of research or diagnosis becat ie instrumen- assistance from the Raiatmn Safety staff m the
| tation of the required sensitivity is not available, the event of contammating accidents, and pnor to
i applicant vall be required to prowde lushfication for removal of the patient from therapy precautions.
{ doses higher than these galues. For all normal volun' 9 Record of Patient Dosesteers under the age of 15 years, and patients undert

! the age of 18 years, and all pregnant women, this hmit The authontation number and any dose of a radio-
! is reduced to 10% of the above values. nuchde admimstered to a pahent together with the

Other required data shall be recorded immediately
! Larger doses will be considered by the Comm.ttee fori on the pahent's chart using form PHS-412. " Radio-
| use in patients with hmited life expectancy (two years active isotope Exposure Record?
- or less) when the app!ication adequately justifies the
i procedure and the importance of the contribution 10. Raicact ve Waste and Disposal

which is anticipated by the use of such doses. Raioactwe conta,mnation of room air and sewerage

When considenng the uhhzation of raicactive ma. should not exceed the hm:ts approved by the NRC
4

as stated in 10 CFR 20 (found elsewhere m thistenals for human research and diagncsis, the mves'
Guide) When wastes exceed these hmits. they shailtigator is urged to carefully consider the f olloung

factom be disposed of mth the assistance of the Radial on
Safety staff.

(a) Body retention of the raicactwe matenals.
11. Radioactwe Contaminated Equipment

(b) Accumulabon m critical tissues
The authonzed physician is responyble for arrangmg

(c) Size of cntical organ for the safe disposal of an raicactive solutions ano
(d) Raiosensihvity of the bssue contammated equipment such as synnges, ett This

'

(e) Biological half'hf e. may be accomphshed by removal to the indwidual s,

(f) Ef f ectwe half-hfe
laboratory for proper deconta'r nation or storage for
decay, nr by contactmg the Raiation Safety staff

(g) Type and energy of the radiahons. for disposai Under no cacumstances should such
(h) Accumutat on of ef fects of combmed or srp solut ons or equipment be !Mt on the nursmg und
quenhaHy admm:stered raicachy materia!5 or the responsitehty for isposai of these matenals
p) Concomitant use of traiatmn. be delegated to the nursmg staff _ The Radiancn

Safety Othcer strongly recommends the use of
9
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disposable synnyes and needles for the admirustra.
tion of radionuchdes. Disposable syringes containmg ,

only the usual residual fluid may be disposed ci in 'i

! the regular d'y radioactive waste contamers available
on the nursmg units. Disposable need'es may also
be put mto the regular dry radioactive waste con-
tainers ONLY af ter they have been capped of af ter .,

! the needle po nt has been inserted m a small cork,
j This is necessary in order to preserve the mtegnty -

| of the plastic bag knmg the contamer and to protect
; personnel handhng these kners.

( 12. Laboratory Specimens

There edsts a danger that highly radioactive tissue I,

j specimens, blood, asot c fluid, excreta, or cadavers Drf0Cedures for |i may be dehvered to the laboratory or pathology
| servces, without bemg adequately labeled To mini- Nursinn and |mize this possibihty, a;! Specimens from such pa- a'

tients which are 'o be sent to a laboratory must be Pat.ient Care Staff
labeled " Radio! :tive." Pref erably, the laboratory i

! should be called m advance to give them additional 5

| information, such as the amount of activity and
special handling techniques required, if any. This
includes tissue specimens, ascitic fluid, blood, u- 1. Diagnostic Procedures
rine, feces, emesis, etc.

Smce there is minin.al extetnat hazard to rthers
| Exemptions: from routine diagnostic doses of radionuchdes, there
j (a) When the time elapsed between the adminis. are no restrictors on the patient's activities or his
! tration of the radionut!ide and the time of obtain. contacts with other people. Nursmg personnel are not

ing the specimen is such as to render the spect. required to wear personnel monttormg devices
men (in the opinion of the physician in charge of The followmg procedures apply when a patient

i the patient or in the opinion of the Radiation receives radioactive material for diagnostic purposes:
Safety Officer) no longer a hazard from either a (a) The Chief Nurse of the unit should request a,

health or a contammation standpoint''

Ge!ger counter and dry radioactive waste can from ?

| tb) When the radionuchde is administered in such the Radiation Safety staff to be kept m the utihty f
a way that it remams locahzed and does not enter room . j

; significantly mto the general circulation (such as p g
. colloidal gold injectec mio the prostate), and the

gloves to handle items suspected of contammahon.specimen is excreta or a tissue removed at a site
sufficiently distant from the injection site so that Particular care should be exercised in the handhng

it is unkkely to contain any of the radioactive ut vomitus and excreta during the first 24 hours
following administration of - the radionuclide. Usematerial. the Geiger counter to check for contamination.

13. Cacavers Contaminated linen should be placed in a yellow
if a patient who has received a therapeutic dose of laundry bag which is kept in the patient's room,
any radionuchde dies m the hospital within a three Other contaminated items should be placed in the
(3) week period af ter that dose, the authorized radioactive waste container. Call the Radiation
physician is requested to do the followmg: Safety Othce for removal of such contaminated

hnen and waste.
| (a) Tie a radoactive hazard sign to the body
; woting on it the specific radionuchde amount (c) Laboratory samples taken dunng the first days
j given, and the date of administration. post administration should be labeled " Radioactive,"

| (b) Place the Form PHS-412 as the top sheet in as per physicians orders
; the chart and write across the face of this sheet td) 57ecial diagnostic procedures will be evaluated

" Radioactive Body." on an individual basis and appropriate wntten in-
(c) Notify the Radiation Safety Of hcer. During structions may be issued.
off duty hours the Guard Office in Builciag 31 (e) Should questions anse concerning the use of
should be requested to notify one of the persons radionuchdes on a unit, call the Radiation Safety
on the call hst maintained for such emergencies. staff for assistance.
The Radiation Safety Officer must be notified as

! he is responsible for givmg the pathologist suitable 2. Therapy Procedures
I safety instructions and for giving the required The followmg procedures apply when patiets re-

information to the funeral director. ceive radionuchdes other than sealed sources oi Colloi-
I

i 10
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;

i

dal suspensions, in milhcune amounts for therapeutit 2. Urine shall be saved in stoppered bottles and i

purposes; if the radionuchde is a gamma emitter, the bottles ji

(a) Special Radiation Safety Procedures (Form NIH- shall be kept in a shielded storage container
88 7) wdl be issued to the Chief Nurse of the unit at provided by the Radiation Saf ety statt. Urine

contamer, urinals, specimen bottles. Ett , should
.

the time the rad;onuchde is given or at the time the
! patient is returned from the operating room. This be handled only by the patient if at a!! presible
! form mil mdicate precautions to be taken on a daily (i) Housekeeping Pasunnel
{ basis and mil be reviewed each day by Radiation Housekeep ng personnel shall not enter the room
( Srf ety personnel urJess md:cated on the form NIHM7.

(b) A ' Radiotherapy Precautions" sign shall be (j) Arodents !

placed at the patient's door. Radiation Safety per. In case of an acc;aent which might produce a j
j sonnel will ind.cate whr n it may be removed radiation hazard (e g , the spillage of contaminated
; (c) The patient should be put m a room by himself. unne on the floor).
1 for patients recemng gamma emittmg rn.chdes. this i

| ruom should be as distant from the nursing station '

: as feasible. Excephon Patients receeving radiation
,

| source implants (radiurn or iridium needies) or i

'
.I colloida! suspensions may be placed in a rmm witu

! another pahent ptovidmg this second patient is
j receiving external beam therapy. |

f (d) Handkng of Pabent
1 When mdicated on the f orm NIH 83-7, the

| g g t 37 opep
pahent-care staff should wear disposable gloves

I whde handhng the patient. Used gloves should be Weekdays, 7am-5pm -
placed in the radioactive waste can for disposal- Physician in Charge*

2 Wash hands thoroughly with smp and runn.ng * Radiation Safety Br. (496-5774)

,

water af ter gloves are removed. * Chief of Nursing Service

{ 3. Af ter handhrg the patient, patient-care person' Evenings, weekends, holidays --
nel should monitor themselves tnorough!y using * Nursing Supervisor in Charge
the Geiger counter provideo for this purpose physician in Chargs,

(e) Food service * Radiation Safety Br. (dial 116)

| if feasible, paper plates and disposabia utensils
1 should be used by the patient dunng therapy precau-
- tions. It found contammated atter use. they should I

| be placed m the waste container proeded for this j
j pur pose. =

(f) Patient's Lmeni

A!! knen, t.e , bedclothew paiamas, towels. etc , 1 Colloidal Suspens!cns and Sealed Sources ;
used dur ng the penod of tnerapy precautions must The follosng apply when patients receive therapy ,

be placed m a yellow laundty bag to be kept m the ubbling codc,dal su! pensions or sealed sources, such
patient's room, and must not be sent to the laur' dry as needles, tube? and plaques contammg iridium.
until monitored by Radiation Safety personnel. 192, cobalt.60, radium, radco, etc.:

.,

| (g) Removal of Objects and Matenals From Pahent's (a) A!! dressmgs, bedclothes, sanitary napkins, bed-
'

Room pans, etc., or any material removed from the vicinity -

Al! objects or materials to be removed from the of the treatment site shad be carefully monitored to
therapy precautions area shall be checked for con _ assure that the source has nct been removed or
taminaben. It may be necessary te remove these displaced.

articles temporanly to the uhlity room for monitor- (b) The above mentioned items (a), (1), (c), and (i)
ing, due to the radiation leveis in the vicinity cf the of Part 2 shall also apply.
patient. (c) lte.ns (d). (e), (f). (g), and (h) do not app!y to

I (h) Disposal of Radioactive Excreta these cases smce there is httle if any chance of
_

1. Feces should be passed m the todet whenever co tamination.
possible. If a bedpan is used. it must be handled (d) The nursing staff should be alert h any sealed
with disposab!c gloves. The same bedpan should sources which may have moved from their original
be used untd treatment is completed and its use pshons. Should an implantad source become sep-,

restricted to that particular rabent. aiated from the patient, proceed as in 2-(j) .above.'

11
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' to radiation
Radiation

, ;1. Keeping the unit d6 connected or locked when o

ProducincJ non aauai ese,
,

. .

Equipment - :
,

Operator's !
.

Responsibility
.

-

. .

i

The opGatos nt any ra6a' ion prodacmg eqmpment 5
''

I i*r., responsible fon

L Nantymg the Ramati , sa ety othee when ther; policies for .:. - -e

is any cnange in tne setup, i e. :,cw eqmpmen.
mstaded. cnanges m stueidow. chance in output o' RadialiOn '

radiation, of cha,yy in u:aga of the unit. -

2 Requesting and weanng appropnate monitenng (O UC41P)t
devic es Always wear the nsigned n ondonny, dewt' WCMes !

(e p. him badge) when wop ng with the unit When.
evet protective lead aprons are worn, the body memtor and Areas

,

should be worn on the cutside of the aprto at the

neckhoe in a idition. wrist mor. tors are to he worn <f 1 All o eratmg personne and personnel m thethe unpmtected hands and forearms must come in .M be WM N w a W Mpclose proum.ty to the beam
or Mher persennet monitonng dewce.

3, Keepmg exposure as low as possible. The operat ' Au m Me When moducmg machmes are
must never expose himst|t *o the d rec * beam. and located U are being used shah be posted mth themust not stand mthin one meter of the tube or hamtshc "CAU TION RADI AllON" sign. In addt-irradiated target vwhde the t.mt is in operaban uniew

tion, the controls shah bear a decF. with the statement:
adequattly sh'e'ded. Make lad use 61 protectw twr. . CAUTION RAD!ATION This egmpment produces tatiers. lead aproi.s. glows, and goggles. dat<an when anerg, zed ' Labels and decals am avad. i

4. Cleanng the area of au nonessential persmnel able trom the Radiatmo Safety Othce
''

The operator shodd mstst that ad roaessenbal peu
_

nel lease the expcsute ared before oper3tmg the urnt. }'Egplip.n : Diagnostit: aind
and that all essential perconnel be adequa'ely pati mt treatment areas need not
shielded 1:6. so marked, provided that a

S Oosernng any restn-t<ons on the use of the unit person la charged with the
recommended by the Rad.ahon Safet, staff. responsibility ter protection of

employees, patients, and author-6. Adequate dark adaptation. T he eyes of the W d visitors against radiation |fluoroscopist thould be well dark adapted bef ore he injuries, and for the execution of ,

uses a liuotoscope w<thout image mtensifymg equ>p- Radiation Safety recommendations.
ment _ is mexcusah:c to mcreash the output of the
unit tv compensate for poor dyk adxptahon 3. The structury.! sh:eldmg reqwrements of any new ,

7. 8Jsmg mm4rrom esposure f actors. Fluorescopic instaHation, or an existmg one m whah changes ere |
wo4 shah be performed in ;he mmarr,um ame possible contemplated, shah be discussed mth the Ramation*

using the lowest dose rate and smaHest aperture Safety statt
cons 6 tent mth chr. cal requirements 4. An annuai. scheduled survey of all radiation

8. %suaMy momformg tube prent and petanha! of Of0d"cmg equipmem und on patients shall be made
tiuoroxopc eqwpment eth ,mne mtensibers at fre. by riauration Solety personnel in ad@ tion, radiation'

<

quent mtervals. because under automatK boghtness tarveys wdl be made of all riew nstal!ahons and all
! control these vanautes can rise to high values existmg mstaHations af ter every change that might

1
-

mcrease the radiahon huard (e g., replacement of x.
9. Recordmg data of fluoroscopic and cmcrade ray tube. changes m fdtrabon of beam)

'

craphic studies on pahents on form NIH-378. "Ra' 5. Unless meastsements m@cate that they are not
diation boosure Record. and mamiammg this fctm needed, protecbve aprons snarl be wom by the physi.
m the pabent record csn, mrse, techniciar, and ah other persons within

10, riotifymg tne snperwsor and the RaWation the room or area who are frequently or haNtually
Safety Of f:cer imme@ ate!y of any accidenta| esroosures exposed to radiation

12
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6. Dose rates for the beam shall be determined for 14, in cmeradiography, tube curfents and potentials
aH units used on human subjr. cts and all be reposted are of ten higher than those used in fluoroscopy. Thus,

} to the opera *or m mill roertgens per milhampere-sec- special care should be taLen to hmit pahent esposure.
{ ond or miH.rcentgens per minute. The ' fiadiation The exposure rates on these cmeradiography uruts
i E posure Record." Form NIH-378. shan be reapleted shau be det- mined donng the annual survey.
| for fluoroscopic and cmeradiographic dudies and }g L,4 Mraction equipment can be particulady
j mamtained in the patient's record. ha2atuous because of high exposure rates in the !

L in the opsation of mobile and dental units- primary beam (e go m excess of 500.000 roentgens !

| fa) The operator should stand as f ar as possible per mmute at the x ray tube port)

j from the tube and pate nt dormg esposwe, and ta) A radiatmn survey shaU be made by the
;. should wear a protective apron, or step behind an Radiatron Safety staff before a new instahahon is i
i adequ-te shield placed m routine operation and whenever changes

| (b) An operator, standmg at least 6 feet from the are made wnich could adverseiy aff ect rahtion
tube and p3tient, should not make more than protection. The eampment shall be frequentlyI

5,000 imLamoere-seconds of exposure dormg inspected for radiation leakage and a radiation i

any one week Rotation of cperators or the use cf survey shall be niade at least annually by Radia-
portable shields is recommended for greater work. tron Safety persor. net . '.

,

loads. (b) Appropnate operatmg procedures and safety ,

S. lhe hand of the fluoroscopist 51ould never b9 mawes approved by the Radiahol Committee
.

,

placed m the useful beam unless the beam is atten. Shall be estabhshed and todowed for these units. j .

e

uated by the patient and a protectne giove of at least 16. Personnel specif:cahy responsible f or such }
~

g
i 0.25 mm lead equwatent is worn equipment shall inune that au workers m the area are j - 6

! 9= No person shall be regularly ernployed to hold monitored n accordince with the requiternents for the !

-| patients donng exposure, nar shah anyone from the specif n. Unit - ',

| Diagnoshc fiadiology Department ever be permstted to 17 f or farger, mdmduaMy bcensed trrad,ators and {
perform such seruce The person holdmg the patient accebrators, specihc cperating and emergency proce. j

#shall wear protective gloves and a protective apren da:es shall be estabhshed anr1 posted AH users of>

I No part of this person's hcdy should be in the tms equipment sh3H operate it m comphance with j 9

| unattenuated useful beam. these posted mstructions, j ; , , . ,

i 10. U safe use of the instaHation depends Jpan 18. AH interlocks, usual and audible .varnmg de- i i . ..
.( mechanical restriction of the onentahon of the radia- vices. and monitonng equipment sh-lh be mspected

'
tion be3m, or upSu limitations (voltage, current. hme, for proper operation at su nonth intewals by Radiation f.

,

permanent hiter, and maximum aperture) m the output Saf tiy personnel j ,,
of tte unit, then !nese restnchons shall ue rigidly t

!Ic . red.
''

11. Shutter mechantsms and mterlocking devices - - i

should ont be tampered wdh and sh3H be inspected
at frequent mtervals to imure proper operation

i 12 All protective devices that may becortte defective

{ due to use or abuse, such as prutective lead aprons or ;

| gloves, should be inspected for radiation leakage at
'

i

le.jst nery sa months, or whentver the mtegnty of
; the equipment is saspect
I 13. A manuany reset cumulahve timmg device ~nali

be used which w ll edher m;hcate elapsed time at [

turn off the appara'us when the total esposure reaches j
; a certam preucusly determmed hmit. j

i

|
1

i

i !
i
s

i
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a - - _- _ -- -__.- _ - - - ,

.

- _ - _ _ _ _ _ . _ . _ _ _ _ . _ _ _ . - _ _ _ _ _ _ _ _ _ _ _ _ ____m___ __-__---____-.mm____________m. - _ . _ . _ . _ _ _ . _ - . _
-



-_- _-_ - _ - - - _ _

O O

7.._
.

- - .

I
| hvidng 21, Radionocwc Laboratory. Bethesda, Mary-

Procurement oft riand - Ine requisition and accomPanyme orm -

! . NIHS81 ave routed through Radiation Saf ety, Bktg
: Radiation Sources 2uo ine worement seumn. me a

6. The purchase order wdl then be prepared by thei

! ! Procurement Section, Matenal Management, and
routed through the Radiahon Safety Of fice for final ;
approval. The Radiaison Sauty Of ficer wat md:cate ,

,

The tonowmg proc edures f or the piocurement of appeal and place the NRC hanse number on the
radia!mn vurce< are miended to insure comphanc e pmhaw order and forward it to the supphe'
uth the terms and condit ons e t the Kense issimi by

7
,

~ N _ and the regulations imposed by the Oirector. g
will make the actual dehvery to the ordenng mveshga-

l . 7'ie Ratbahon Saf ety Othcer mast be nobbed m toi. Any changes m the nogmal shippmg mstructions
ahance of the procurement of au rediahon sources should be fumshed to this of fice by the investigator '

/;

,

Ahew mm/mg rmiution producmg machines NRC or the institute ordering othce servmg him. Shipping ,

hceraable or acceleiator produced radionuchde rad mtormation received from the seppher by the Procure-i

win or othe rad o.4ct ,e materials ment Secbon und the Rf ceiving Control Reports Seu
7 When the use of rad.ahon sources is planned tion. Btdg. 13, wiH be furrnshed immediately to the i

the ovest. gator must mdicate to the Radiat on Com Raiation Safety Othce wtnch in turn wdl keep the |
mittee bis tIammg and expenence m this area. Thq is ordenng mveshgator properly mformed ;
done bj submittmg one copy of the Form NIH 83 2 8, in the case of ionit ng radiation producmg I
"Apphcabun f or Use of Rascasohyes at the Nabonal machmes sich as xaay umts, hoear accelerau,rs,,

lostdutes of Health" to the Radiaten Safety Othce etc. the notihcation is' made on Form NIH-8&D
i When the m<eshgtitor maws apphtaben to the Com " Request for Anthonzahon to Purchase and Use Racha-

mittee, it is understood that M accepts the respona hon Producmg Mach nery Equipmentf The hhng
bety for comptyrng with the regula'ons governing the of Tra nmg and Expenence f orrn NIH 88 2 rnay or i

sa'e use of sources in NIH controled areas may not be required by the Radiahon Committee
3 Upon nchficahon of approval of his quahncahons, depend ng on the device (s), its complexity and the

i

the mveshgator then submits form NIH J8-l," Request prCDosed uses, Consul! With the Radiation Safety i
for Purchase and Use of Radionuchdes, to the Oth ce( concernmg this Trainmg and Expenence re- i,'

Radwhon Safety Othce The form covers omy the quirement. The equipment is then requisiboned m tre
~ ,

quantities specihed on a smgle reqwsition. The form usaat manner usmg Form PHS-402-1. ~

i

must be compMed regarcless of the method of acquo
,

sdson. In cases other than purchase, the form ser es iv

as the requ red unhct to the Radiahcn Safety Othce -

that the receipt of radioactive materials is contem
; p|ated through gif ts or transfers from any source. ;

' 4. Estabbshed uters of the NIH I cense may procure i
radionuchdes under the leiephone Charge Order (TCO) Shipping i

system. provided aH cond!hons of the Smau Purcnasc !

Radioactive iProcedures Manual (NIH Manual Handbeck 2600-
, 103-26 9) are met. Authonted investgators are re- , OO

!

.

! mmded that; the dullar bmit for rad,cnuchdes is $500
! and for radionuchoes tiemg used under the idlH Bfoad f
| License dehvery must be rnade within ten tlO) days !

'
i to Radation Safety Otucer. NanonalInstitutes of Hea:th,

SMding 21, Rachonuchde laboratory, Bethesda. Mary- $
'

land 2MN See Smau Purchase Procedures Manual !

fot step-by-step mstructions fer obtammg radionu- 1. When radioachv6 maMial is to be shipped fromclides by TCO and for hst of TCO Account Supphers NIH. the shipper must nobfy the Radiahon Safety
5. Purchase orders exceeding $S00 wdl be requim Office mstead of the Shippmg and Receivmg Section. I

honed in the usual manner by using Form PH5-402- The Radiation Safety Staff wtll pick up these shipments
1, "Requisihon for Equipment and Supphes/ which on telephone request The usual NIH shrppmg request
shall be clearly labe!ed "Radionuchde Order ~ The f orm NIH 1884 is to be prepared and wif t acccmpany
regtnsition must be completed m ah normal respects the container. Under item 7 of this form the descrip-
and. m addibon, specify that dehvery be made to the tion of articles must include rachonuchde, chemical
RaaaDon Safety O!bcer. Natonal Insuutes of Health foim, and actmty tm pCs or mci)'

14
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2. Tne recipient of any materiai to de shipped from Off-Site Use
Nm must provide evidence of an NRC (or agreement

Of Radionuclidesstate') htense by furmshmg a copy of his hcense to
the Radiation Safety Othce before shipment can be by NIH Staffmade. Noncomphance with this requirement is a
violation of the Atomic Energy Act and is subjec; to {
criminal prosecution as well as denial to NIH of

|further NRC controlled radionuchdes. Check best with
the Radiation Safety staff by phone tc see if the As specihed m NIH Manual Issuance 1344, NIH
recipient's hcense is already on file. If not, then mvesbrators workmg with radioactive tratenals and
request a copy from the rec!pierit in order to fulf h radation prodacing devices will comply with the fol-
this requirement, mwmg- i

1. All off-sitet uses et radmnuchdes, domesht oi
3. The mvestigator is remmded that the Nirl specific foreign, under " generally hcensed quanhbes" (10 ,

hcense of broad scope covers only the Bethesda CF R 31.100) or mdividual NRC er agreement state
reservahon. Aubum Ba.idmg and the Danac Butc,.ngs hcense should be subject to the same tcienhhc review

-

a

(4 and S) in HocAville. Materials transported by the and approval by the Rad:at on Committee as prevaiis
investigator to ottier mstallations seust be transferred f or in-house use.
to the respective hcensees m that area as m paragraph

2 Of f site domestic use under various lotms of i2 abrae and in a manner complying mth appbcat>ie
NRC and!nr Department of Iransportaten regulabons. NRC or agreement state hcense of an NIH scienhst !

may be perm:tted This requires approval of the same
4. When an empty radionuchde contamer is to be type of apphcation as is required for NIH use. plus t

returned to tne suppher, the ordering inveshgatof approval of the apphcation form as submitted to NRC |
,f must notdy the Rad 4abon Safety Oth e, who will or the agreement state, mcluding specific data with| *

~

certify that it is free ci contammation. The contamer recpect to proposed methods of comphance mth 10
i may then be returned through normal channels. CFR, Parts 19 and 20 or similar agreement state

Promptness in returnmg the contamer is urged. Con- regulations _ The NIH Padiation Safety Office will
,

dations of purchase usual!y require that such con- provide assistance with these appbcations and requires
-

[ tainers wTil be returned withm a specibed period of copses of all relevant correspondence, of the hnal
! time. hcenses, of renewals. and of subsequent amendmentst

i -
to the hcenses. ;

I wo st.+, %., e m.c w ene mio we~ns en u oc 3. Oh-site foreign use may be authonzed followingw ~ * * *w- ww ,

comphance with paragraph (1) and receipt by the
Radiation Committee of an acceptable statement ndi-

{ catmg the full knowledge and agreemen: of an appro.
; priate authonty in the host country.
{ 4 All NIH scientists using radionuchdes under any

-

! circumstances in oft site locations, domestic or for-
,

e:gn, must use NIH personnet moratonng devices
'when indicated or be under an equivalent monitormg

g program acceptable to and report >ng to the NIH
; Radiatmn Safety Othce.
.

5. The NIH Radiation Cornmittee and Radiation
Safetj Ofhce are authorized to intervene and apply
the apphcable NIH regulatmns to utt site uses of other

I

sou;ces of ionizmg radiations employed by NIH person- i
nel .

I
6. Users o! radronuchdes authorized and procured

under the NIH Broad NRC License are remmded ttut
this hcende is specific for the NIH Bethesda reserva-
t>on, Aubum Budding. Danac Buddmgs 4 ora 5. and
other baidsngs spccd:ca!!y mennoned in amendments
to tne N/H Broad bcome This means that the transfer
of radionuchdes from these locations to off. site prem-
ises regwres clearance through the NIH Radiat on
Safety Othce. Transfers of radionuchdes from off site

-

locatinns to NIH must be made in accordance with
. [/$[NCc C fMC!i $ the requirements of " Procurement of Radiation
r- a mrneo Sources '

15
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| AP%0HSED D050 The amount of eneyr mpeted CARRIER FREL An Myctme apphed to one or i
~

W rrWter ta icreg salat un per et ruis Lt more ra6cnuchdes of an element in mmute quan j
,, ,

inaaama n aler a: !See Rc t tv essentiaHy undluted with statJe isotope car- -r
,

*ABSORPTION. The pneot enon ta ^Nh rada
t.cn inmarts see o. au of its e urgy to any COUNT (Radiation Measurernentsh the esterna: i

- -

{ mfenat tNougn wtuch :( paws dcaben et a device des gned to enumerate f
'

! ACTlWTY: ine rumb;r nt no4 ear det entions 'C " # 9 " *"h U *4 #" h * ""U' **#
~ '

i

occu rmg m a gmen quan;4 at natena! pe' i nt event c< ta the letal ret;Wed m a gwen peed of !
-

1 r
.g

tmw (See Cuie) ' '

nate a esmttpahon, ran ng event, or voltage , 4ALPHA PARTICLE: A grorp ion img NetSe pgg-

emittisd hem the nudeus dag ratoattme oecay 4

havmg a tran and ti a<ge egal m n aptode to CRITICAL ORGAN; That organ or tinue, the irra- I

Wabon of a ch ed result in the greadst hazarda nehe nudeus (msbry of 2 prators aad 2
neons win a dxt:e ;osit.be chrf e to &e headn d W m1vwaal or his descendants.

.

}CURIE: .be quanbry of any raicactwe matenal iALPHA RAY A stream of f ast-movmg he%m in *h cn the namber of esmtegratens 6 3 700 !

naciei a'pha part:cMt a spong9 enwrg and 10 * per second /.% reded C4.

weauy i e,*atmg rasatan M,lm une One-thousanath of a curie (3 7 -

ANNIHit ATION (Electront An interacbur, teneen 10 d.smtegrations rer second) Abbreviare
a pasm ? are negatue ele trert their ene'gy. mCo M.cmcu'e. One maonth of a cune 03
ermdmg est enern t emg romerted mto rectra. 10' dsnbrgrations per second) Abtweviated-

magnetn adation (annmdatan radat,on) pCi Picocune- One miltonth of a m-crncune
ATOM. G ianest parncie et an element atoch a O 7 * 10 ' denteptsorn per second or 2 22
capable t entenng nto a chem-ca! reaction d*nteptens per mmute) Abbrev.ated pCi

DFCAY, RADIOACTIVE: Dertegrafic". c' me nw
AUTORADIOGRAPR Record ci rasabon fmm ra e @@ pie spontaneousd c.acb.e matenal m an ctyea made by placmg

emession ni charged parteks andwr photons.
the etwt m close provn% to a photographic DOSE: A general term &nctmg the quanbty of
""" #

rad ation or energy absorted m a soecified mass
3

BACKGROUND R ADIATION: ionmng ra6abon f e, 5.pecial purposes it must be appropnately !,

ansmg team ahntne mater.ai ether than tne ) qua!;ted, e g , absorbed cose !.
cre daectry u der cormderaboo Background ra ! DOSE, A5$0RDED The energy impaeted to truitter i
dahen due to ( wmic raps and natural raucactety tg songing ra6ation per unit man of graeated ;is aMag preSen. here me also tw background matenal at the piace of interest. The un I of i
rac.aton Oe ta the prewnce of raecactwe wb- abscrbed dose is the rai which is 100 e gstram-
stances m other pyh of the bmkhng, m the DOSE EQUIVALENT: A genbty used m radiaten
buMrg rratenal it3e t. ettr

protect an eipressmg all raiation on a common
j

BETA PARTICLE Cha gM particle em!!ted from scate far calculat.og the effectwe absorbed dose.
tre nurbs of an atam. harmg a rnass and charge The unit of dose equwalent is the rem, which is ;

eqaal m reagmtade to that o' the electron numencaly equal to the absorbed dose m rads j

i SET A R AY: A bream e' ngh speed electrons or Upbed by cer!+n modyng factors such asm

patrys of nuc ear crgm more penetratmg but wabty ptor, the distnbotton factor, ett
EFFICIENG (Countersh A meas #e of the prob +ten enwrg tnan a:cha rays
bd.'ty that a count wm be recorded when ra6ahon j' BREMSST R AHLUNG: Electromagnenc 0 rap ra. ,s incdent on a detector. Usage vanes consider- j.caban ancciated uth the deceleratun ci charged ably so it is well to make sure .nh6ch facters *

part:cles paneg tmough matte Usuahy assoc'- (*mdow transmission, sens,tive volume, energy
| ated 0 energenc beta emittern e g . phosphu dependence, etc ) are encluded m a given case. |iu m ELECTRON: Negatwely charged elementary parte [

CAllBRATION: Determmahon of vanation f rom cle which is a constituent of every neutrai atom.,

; standed, or accuracy, of a measonrg mtiument its unit of negatwe electncny equals 4.8 x 10 "
{ to ascerta,n necessary ccreect.on ta .ters coulombs its mass is 0,00549 atormc mass umts.
I CONTAMINATION. RA010 ACTIVE: Depost:en of
\ '

i'
rascartse matenat m any p! ace where it is not
deed and particulady m any pace where its
preser e may Le h3rmtut Tne harm rvy be

i vtong the vaidly of an experiment cr a proce-
| dse, nr m actuah temp a sostce of e_scessive
! emesare to personnet

,

l
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ELECTHON CAPTURO A node of ramtw de HUiTH PHY$1C$ A term m common we for i.
tay m<cMeg tu capwe of an ortrtM elet tccu to that bran (h of reMopral u.ence deahrt *,th j
it3 nwn Qtate imm the parteule e:es tmn the potet ton of persennel hun herr %f elfe(t>
theil 4 deyhated M ' E eie;t?on '.aptuttS' ' 'l Of r?ti@rf ta$ Ahon .

'

Nethan tapteef etr INVER$E SQUARf LAW: T he is,terndy of vasaten ,i

ELECTRON VOLf: A orut 9f energy eqc. Ment tc of any Miana hon a punt worte men nverwey

the a%unt of energ, pr ed by ,m vintron .n n the wuare of that d,stanu f u e, amp:e ifthe ' -

port inecup a ytent d d,tferm e ut I vof t rasatwo espowe a 100 R:hr at 1 m m fryr, a j,

| AtbreviMed e/ t ypr mdhple omt; vi tM ra t scura , the opovite mil be 0 01 k ta at 100 '

j tron et freq +ntly uwi are be V for sto.usewl or .ticle *
,

[ * ,%er h on voit s., WV b;r mm on eWiror, v%K 10N. Atorn , put;cie. atmi. ce ee rxM ryu.a;

I red Bel fm teon elettnn voits hearam an elette rharge. e the negatue or !

''

! EXP05URE: A rr+x>ure of tne ionntoi prward pw twe

f m e t , a o 90% rataher it , 'he um of 10Nf2 Ail 0N- The prM ess by wtm h a neutrai , .

{ the ciet t4 K M (twm r o an .ons M one 9gn a4 n or me ecue repres ca er a postae r.t a >r

: en.wis ed m e r ** au certmns t.t;erMed ty rghe rbsge
I ;tmte n a Wome eernera of a-r are comusd, IONilATION CHAMDER- An mstmment dewnen

shoved m #r. th&1 % ine man of an m the to meewe (Ne gaantay of iormng rediaton in

the w w m u a of o g %re n twns of the chwp (4 ehK1rcts asech1 with .; vm.rae semer,t r

W receten m pecuced *,ttun a def t ed voiumei.

{ f tLM UADGE. A poet ce pharaptw. tam ed IONIZATION, SPEC:FIC; The r umt+r (A mn r,dm
for ne arnr& mat < tw a u v erre nt of rad 1anen om un.t egth of patn 9 mesum raMhon in a

'

! es sue W prwnel munt%ng purpers ihr nM un; e g per centreter of 3,r or per nmron
t.adge nu e (nniam t o or m n hirm of d,Hera g of teut*

sene sy an 1 a rrm (antam tmer euh shMd IONIZING R ADIATION: An, e tettr&qnent er
pets at !Ne * .m trorn certam t Ms of raNhun parb:utate rad ation c aru Nr* cf produc mg ions .

t

FILTER (Rachology). PRIMARY < A tut cf mMe- duecpy u Mvh m ts pmp thrQ rut
*

r4 nsu g rvtA p!xed m a beam Gf rahtmn sre

to rewa .o tv c p s ue. the less p r e N n g ISOTOPES Nathaes hawmg the sime number of
. , .,

compnents t% the barn SECONDARY. A sheet potes m me r ruclet and herre unng the

of rnMer ai et iower atwn c immt er reta%e t _3 we Atav humbw, but it'emg n the number
that of the pranpy f atn F a mi n the b'temi of neutron and tomfore m the r%tu number

i beam j reatem to remove thawernte saa Mmost dental ( be eM popedes erst t+t ween p

tgm prufuced by the roma<y f L!!er Mign c4 a art cuar rumenti

GAMMA RAY; very per+ rat-r.g Wt temnyeta LADELED COMPOUNO A ppWnd (cristmg6

j raoun of nadear c,re n t scept for own. m pet, d labeted moietutes By eMerwtmns ni

| denhc M lo rray f amoatbvoy or notep . comrcution this com

; GEIGER-MUELLLR (G M) COUNTER- %w wn- pound er its bgments nas t;c tohed th%e
ut ye p iM detnt >r and movared cuat<y phywM. cr.cmgM or b+10pM pm(MW
Wd for rMahon deterta,n ed measuremet MAXIMUM PERMlb$lBLE DOSE (MPDh 4-
GENETIC EFFL'.T OF R ADIATION. inr entse mom av.e of tao.aMn *hrh n,y t e mmd h

changes th<eN mutamm pc@ced t.y the a$ pecsm wM et with ion +ng unaben eb-cn *m - .-

wephon et eneng .917 ens On t* a tasa n! podme rv * tert 4t,ie caoup e tra nonW
pment bewiede inese ett&ts am pu%, an hf e spe
be. ed the*e 4 no ream'V MILLIROENTGEN tmRb A submcpe vt the
HALF LIK, BIOLOGICAL The tme rmred f a' rgn mM tu c,r e one th0umith (l'lGOOth:
tr.e body to en+ mate one hait ct an admmetmed g , u,q,g ipe menem)
dxe of any wbstance t>y the regMar processes of ! MON 110 RING. N AO!OLOGICAL: Pwbc cr un

fFh M7hJhGn Ihri IMO 6 appf CNNtely TFP %We Uf. boo's iklYTmiCJhon Lt U t jmount (3 MMg
ny un oave no mouues et a p.vtwar , ,,ygn a, , cs, mn%nMm gew, t ,n

1

an CCCupted reg On ili a M!tiV med5 de IW MN

; H ALFalFE, EF FECitvE: Tn equad f ar a to y g rgen etnn
I xb.e nuc & m a system to be derwihed T W hacro g Root,ne rnamtareg M the +rd;

f percent n a resni! d tre c6 min %d a 1 d g ggqng g g .4 %.bve r ont3" 9 a004 4

radmrt.,e dnav and tw@rM ohm'r aW- i g g4cs, f ea. t;N eg. reem or eqmp
- fJ1 utter # Me | n.wt

f b m N calh Mf M e e fu h t.ve1.M1 Me | PerumN her-eg Vuc&n-ng a9 Mrt of an
j ILwwcM baif ete P410x twe hMt Me ; mmedn M _ 4 l*eath enret " ' . Or d'y pH d

HALF-LIFE, RADICACTIVE: Tm+ rqu red ter a t% chthmg da % % ivc 4S4me0
3

i rad cetne suMtante to low 50 puent of i

J1Vit y t'y det tg IE n ralD<DK hde hd3 J Um @e
haa hie

| HALF VALUE LAe ER (Half thektwSs) ine tre
new of an, speoted m.vene recemry M red &

the ICtE % f| (t att n th y 'A g1mlk% raf lMam 10

| one t-Mf as or gmat de
t

i

f1/
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. RE LATIVE BIOLOGCAL f3FECTivtNES$ (RBE): .

I f or a partn uiar hv.ng organ 6m or part of an
.. .s

f
..

nr y am sm , the rabo at ti.e absorted dose of a j
'

ratc*ent.c embem the pob es a gefd bg> ! ~-i

,! Iwy ai c'tect to the atr,ortorf Su m the rad at:en ,
i

i ) of int re.t that pn-%ces Inc ume bmh>gicalNEUTRON.l+n+ntry wtaic with anm m.
'

,, n,, ,
pus:4+atef, the ,anie as that of a hyt ger Mmv ' ' 'MM I d Me @wdW IMn , f'' ;
amiemtma,toout !! tun a h e Mi m to ,

i dme ewent in rem', is nu wrdy e:pa! to . ''.'/utes sm1 decan m a bee stale mi a p <..h .in i gg gg g ,g g
an & troo i '

i fxtar. d smtmtion f actar, and any other nm ewiry . . .

NUCLlDE- A woes H a m r u rt w ed r3 m !

t mulhmgfaam
m v.s m,mben ar e twnt et and cor gy s t.m

! ROENTGEN (Rh he qmhty of , 91 p mmaof its t .. deut N eded tut tw atom n c apath i
edabon suth that the a mwted mpuscular

Of t's6t,f g i H J M.r el5ut abY tifDe *

g g. 3
( .,

PROTECTIVE BARRIERS ttroen M ra 1 aban at,
i m aa. .ons carryog ree ese( tr astabt una of

. .

VKbifif W.d ef Id? ath a $ lej'j, t e*M M r e t t' , ( d j 'at (4 ,
,

t ,

3

wt pusm trot ove o el to redure <rtabon - - - -
.

"* " j is the sp.eal mut M enosore . . ,

SCtNiittATION COUNTEH. A tramter m wvh
or #r b . e. , uf %eH } - 'Prota tur Hymts s

l.ght flashes umbred ir. a sonhtrahs by mrw ong
tu artswh tu metut teern to the req.wed

ras 4 hon are converted mto Mertni.# pulses by a '

D* . . [|.
photoma!tipM tubehotet 1 ve Barntrs W wdry herien suit ' r-. ,j!

rient to atte ro, ate sNr nr i,cattered ratahm t,. $HIEL DING Ml?ERI AL Any roaterut which 6_

''

" MS N 'O U "'" dDd P IM '

tv reque t d-Wee '

"d" M I"" ''" * fY d 'd M ">n, and m soneR ADI ATION 1 Ihe eni en .in i yuptstan of
.

EN O *#"W d ( N. conatie. alummum.energy thmugh mn e 6t t h r oi .gh a materust n+ *,- .g

o ,a pastic art enampes of tesmmordy uwd '. ,jAm m the f orm of ami l u< mst a r u.e . the . . . -

* MONemasmo and popwt on d ciet tromagnetic
'

na,es u of soont1 and emhc w es 2 hr SMEAR ($mear or $mpe Testh A procedse m
, E. i

energt proNuted tDmue .: matenal nuitum n wwh a wto e g , a arcle of fdier pper, is ' '

j waves. hw ta impe. energy m (ne foem of eW tm ruht on a Moa and ds u Jamhvity incasured ' *
; . J

magn @ r waves it d eW.!K wms Trie term IO d"k'** 't the surix e n contamsuted mth
,

' *a l non ' or "o13nt energy," whe n %ncpanhec W raWhe matena! ' ' ( - 1

i uw@ ie'ers to emc9pmcignern rdanon Such SPECIFIC ACTIVITY: 'f utal rahrtety cf a even -

,

nud-de per gram of a rompound, i:lement ur ~ $j rahta,n commordy 6 dasut.ed arloramg ta fre ' ii ,,

{ yaen ., as Hertbarn mfrred, vMle toght), ultra raliceve nunde j s
- ' - J.

1 %Ie t . n ray. and pmma se 3 By es t e nsmn . T R AC E R, 1501CPIC: he notnpe tv nonnatural a'+.'.' , .'-.1 - . .

' cm; Jwuw em%ons. such as ar,)ha And bet 3 nnahare of i%%>-n M an eternent whth rnay t;e
,, .) ,

| rad Won. at ta6 of maec or urkncwn typ, a, mcorpouu d mto a wsmfu ta rMae p.90le obser '

ar,mmsn abo, vahon of the course of that slenwt. None or m . . . .> .',.
I R ADIOLOGICAL SURVEY [ enon of the o 1a conenahan, tnrough a chem,oi. biettgic.at, or ! ''''}
j tan haf vh m@r t to t% pr@ v R c. ose or phyMM pnnu Ihe obsemhons may be made '

, ,,

ess,t w e of s& ink.hve r% b n3h or othef sourtes try meawrement of r as ca c hvr t/ cr of iso'opic | .; ' f *

d ubb m un4' a y eibc *' af r on4 bum d*d4"O I, .

kb m aabon coWn an9 wie a physa ai THERMOLUMINESCENT DO51 METER: A domme I

wr cy of the d6prshon of nere and erpp ter made of cretain crystathrre rnatenal Math a ;

runt. me.nutemecu or emmMn o' the %eh of cgable of tmth stoong a fratt on of at6orbM ' ;', '',

; k nowktge cA pw.smes owng or af f M bt g these fo'm of vmble photcm en heated The amount
{

' ;,' . .#6 tahon that my be mM erri and a wff oern 60numg radubon aas releasmg th6 energy in the
.

1,

! matenah to pe1.rt haut resu!t ng froin en of h@t remased can te uwd as a measure ut 1..' r,i

pected or swhie u ages m matenes or epp rJdiahon empenure to these crystals. ,,;, .

"' C M X+AYS. Per.etratmg efechonugnenc radunons ' ' ,,

RADt0NUCUDE- A cchde w!M an oostath iabo hwmg ,, eve pengns storta than the,e of vmble
{ cf neutroen to prctons pte.org the norteus m a hght They re usually poduced by liombardmg a

~

} ttate of stms in an attempt to twspwe to a meteht tsget mth fnf eltstrons m a hq,5 vat-,

3 .more stMk state- it m,y und% vanom types d uum in noctear rs'actmra d n custarf ary to ref er L -|
.

g fes4Nement that snydse the telene 08 ra6atm" to photons ongmatmg an the nutien in pmma - "

{ RADIO 10KlCITY Term itlernry to the pctent.d r ty 3 and t':r,e ongmahng in the estranudear
of an arAe f a taas9 danuge to hwng tmue by part of the atom as x rap 'hese rays are scme j g /. i;

; aowntion ne energy fmm the o smbyut,on e ene nmes ces ,,q,n ,ys atm tne,, dwer, F c- ' ~-

rahectue inationi mtttwi.fced into the tyAy w C gg q en { f -

!

h " . -[18
.
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GUIDEUNES FOR MAXIMUM PERMISSIBLE DOSES FOR NIH PERSONNEL;

i

i
!

l Dose in miem
"

| Year Quarter Month Week

!
) wwr tu, oviang GmA t m u t ym
I w Bone uvw 5.000 L2so 400 100

{
f oerms, H.wh ! eet n1 AnMn 75.000 18.150 6.250 1.500

i %na wh* u%. 30 000 /.500 2 500 050
i e v toe Age Women- 3.000 250 f4

I P.er. ant Even rv E mptow s Under 18 Ye-rs
'- d Ac 500 12 ', 40 10
!

{ f or mfumatu on .s+ atc nig a uses not I stel tomt o th R41.ahon Curmmee y
}

H.riec > satey c% rr.

! ' b NaW (bon ( d m Ra.l abon httM t on and Menemenh m Hgm Na R recoinmends
n mwmem pet nus , ble dw,e of .' la 3 et m per yo, at ar e.,i o r Me Aho see U S Naoes

i It < gaMg Commwon Gmde M 13 m tne Appenda

s

1J ,i

i
;

CLAS$1FICATION OF HADIONUCLIDES ACCORDING TO RELATIVE
RADIOACTIVITY PER UNIT ACTIVITY

(Based on Published Data and NIH User Experience)

|
J

Ch ss 1 (wry huh toxic;ty)
j

Sr-90 Y-90, 'Pb 210 . R 210(Ra D + E), Po 210, At 211
"Ha 226 55% *adughter pmducts, Ac.227, 'U.233, Fu-239,

I i 'Am 241, Cm 242, plus other transurarourn noMpes.
.. . . - . . . -

Clan 2 Ough toucity) y.L..,,.
; .

Ca 4 5, 'Ca 4 7, *f e 59, *st 85 Sr 89. Y.91. "Ru 106 - Rh iO6. -(...: .' N

'Pr.144, Sm.151. ' ' , \J-'l .125, *1 131. * Ba.140 + *La- 140, Ce- 144 .

*Eu.154. *Tm 170. 'Hg.203, 'Th 234 "Pa-234, ' natural uranium L. ! '# y ? , ..
, ;,.4 , : y .. <.,

Claw 3 (modeote toncity) J...Q < y/ , 'f. '

7 'Isx " ''Na 22. *Na.24, P.32, P-33 S 35, C:.36, *K.42, *Sc 46. "Sc 4 7, i
"

*Sc.4 8, *V 48 *M n >>2, * M n-54, 'Mn- 56, Fe 55, 'Co S7, *Co 58, i f".M .4
' ~"

! 'Co f>0, Ni 59. 'Cu 64, 'Cu 67, "Zn-65, 'Ga 67, 'Ga. 72, ' As 74, |
j "-'As 76, *0t-82 W85. *Rb 84, *Rb 86, *lr.95 + 'Nt2 95. 'Nb 95,' ' ,

*Mo 99. Tc.98, *Rh-lOS, Pd 103 + Rh.103, *Ag 105 'Ag.111, Cd 109 n.,' ' . . . '? g,
'

*Aw lO9, *Sn 1.13, 'Te.127, 'Te.129. *l 132, *xe-133, "Cs 137 < . e.c.'Mi * .,

h l 3 7. "La 140, Pr- 14 3, Pm-Id 7, 'Ha l66. * tu-l ? 7, *Ta IS2. E" V,'J. . "'
4,

l *W- 18 ! . 'Pe- 183, f r 190, *ir.192, Pt- 191. *Pt 193, " Au.196 Mi
! , " Au-19S * Au.199. Il 200. Tl.202, TI 204, 'Pb-203, 'Hg.197. a;? ;.>??.'.'.y%>.e.

;

i Class 4 (shght toccity) | f Ul.' *. :. , 7.

H 3. Be 7, C- 14, *r 18, 'Cr.51, Ge 71, *Sr 87m. *1c 99m *iL201. j D.-

. ./.0 .: , ,;

"Garruna etnitter and:ot assoaated photon enutter. [,'.{.,.-' -

,

i v.s : u
j ' . * , .: , . ,f .

O. 'h o'j. ,
|

19 g,. . . ,

c . ; .y:, , ,_ . _ _ . . . _ _ _ _ _ _ . _ . . _ . . . . _ - . . _ . . _ _ _ _ - _ . _ _ . . - _ _ _ _ _ _ . _ _ _ _ _ . - -

$ s e.- o,.,s s..
,

jj:).;' r ,> + .0'.V{ .

3.;i - t G. . :.1
1, .V - O ,6.",7

,
* ',b .

'
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. GUIDELINES FOR MAXIMUM ACTIViltES IN NIH LABORATORICS
! _ . . _

-

: vr, mum
" ' * "I' #

j P ,s t ut g. : i t y Sptcut ir cal N;H

Of N O Unof' ides ( id '!!'t y a bi-f it t t,1 y Rwidirig .1 (1)
,

U t'htee,

Ve*y h ph 01 e '. 10 uC, er ess 4 0 uC.-10 tr O
H gh L10 100 gC aleu, 100 pCilOOrnO

' *Mc& rate 10 u C. I mci ce less 1 mCrl C,

So g+.t 100 ou 10 n- r r le.(s 10 m D-10 Qa

MM 'crg f ad::rs sha c.) t>e ai.pi-e] '' t% aua :'.! es a,;N ated in tt'e Lnt 2 columns of the above
id! ' ' t' . Mi O d h[ 13 !be tp'en d , (?T the O'f(P hec % 19 t>e f 6'C AP'i Ihe t .llOW' nf, f '. t:4 5 Af f'I i d

S t :( E ('.? fdj IAf t due f epdf d h?'Suld le [ 3"! (J The (if C;"T'ddniP$ dif ect 4g, :-nde edval ('45f $v

?f 0(VOLl?V Nh*yOQ fd(ICf .

Storage (sta v.i.a ans 100-

ver, s:,pe wet operan ::s 10.

N ''/' fN I them t Al Oper d'ini 4, I
C.M[WE W81 Opt rdt:Or e th t@ i f sp lig * OI3

S&pe d'y ryevote r s OI.

Dry and dust, opmot ens O O!

4@ E 'Lpet d 3cu me nt,tt, n s' e t Ft" " -J V ( r ''M and mth a p;'r e. a t of Ibe Ra%two'
e

'

;
'."#'7' i f t r(', ('', Pt.I'{ d! J8 % {T.d y ( y pff ?}.ii't d it t a e ** * e y ma r t* * *a l . 9 N H la r= tai d of !M m' < , tle

b s 'Id "f 2I W !b YPh;& d;ium p ;'3 t rf , 3 (- 4 , g pg pg(pjj qg (geS e gr,dn < TGU f1T QUd Nit!'e) Mdy
t;e a,.r ved f or use in Bdeng 21 : 4,

;

i

l

i

5

4

,

.

.

1

1

!

!

*' |
,

a

:

i 20
e
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SELECTED PROPERTIES OF MOST FREQUENTLY ORDERED RADiONUCt.10ES

hmw Mbg _, ,,
- Deu - Cnt-ce WB i

| r1 *" @' b h her
'

)

~ g2000 12 26, 12vt 0 01 % %df
}it5o81

-

!

, "1% h4 16.0 5730, 12 ;

Fe

m 1m 1J69 1 34 tus 14 W 11
|

''

< ! o') 6,@ '
>

2 754
,

4 00 e ;

o 1 710 see 3 14 283 1155 j
p a 248 8-:, e 32 24 4d 11M

-S ;IP Test s O 18 M '+a 623 >

tes
Bacf 400

t
0 0329 % 0 016 TetM i100 |,

i og aN 610
| | -

"| sm 0 07 in c e,d O 57 60 |, d 138
a z erog+

'
,

il43w
{ _ . _ . _ . . . . . _ _ ~ - - --

i '1 0 000 0 6T/ O ?? In coni C Ole e C50 133
! (b eN'

o 3c4
, M2%

- -

:

i
!

!

i
! Column (4), l> Milbroentgers per hour at 1 meter from 1 miliicurie.

| Column (5), Critical organ. The organ tnat recemi the hm:tmg dose equivalent
'

ham a sut statned burcen (see discussion of Column 6). These organs are chosen
based on the way n which the radioactNe matenal is distributed ethin the body

;

allt'r intake. '

!

; Column (6). Maiumum Permissible Burden (MPB). The amount of a radionuchde |

} m an org3n which, when sustained in that organ continuously, would produce the '

; rnanmum perminbie dme equwalent. The correspond:ng madmum permissible
I dose equWalents tof the ygans above are; body fat and thyroid,15 rem /yr; and all
j cthers 5 remcyr.

( Column (7L Radioactwe Hait. Life. Present best value, obtained from " Table et
j isotopes fath Edition" by C. M. Lederer, J. M Hollander, and I. Perlman, John
1 Wiley & Sons, New York,1967. The abbreve.itions used here are ;, second- m, >

| minute, h, hour; d, day; and y, year. 1

! Cch,mn (8), Biological Half Life The time required for one half of the stable
i element to be removed from the critical organ by brological processes as hsted by
i the ICRP. The actua! half hfe of enmination depends also on the half hfe of the
! isotope. The "ettectwe half.hf e" in the tritical crgan (T,n) ss given by T,,,

T .T '

T,+H, where T,is the radicactive half-hfe and T .is the biological half life
~-

i

1s

i

|

|
,

. , -. .,

. . ,
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Rules of Thumb

:

i

Deta Particles
a. Beia particles of at least 70 kev energy are cisintegration in MeV, and 5 is the density

requved to penetrate the nommal protective of the medium. At the surface of a large'

layer of the skin (7 mg/cm or 0.07 mm). body, the dose rate is about half of this,
;

b. The average erprgy cf a beta-ray spectrum is x. Ray
aporeximate!y one-third the maximum i

a. The exposure rate at 2 feet from diagnostic
energy.

x ray equipment operated at 100 kVp and
c. The range of beta parteles in air is - 12 100 milliamperes is approximately 2.3

ft/MeV. (Maximum range of 'P beta is 1.71 i roentgens /second.
MeV x 12 ft/Mes a 20 ft).

| b. Exposure rate at the fluoroscopy table with
d. The dose rate in rads per hour in a sobtion tube potential at 80 kVp and tube current of

by a beta emitter is 1.12 EC/,, wnere E is the 1 milliampere should not exceed 2.1
average beta energy per disintegration in ! roentgens / minute.
MeV C is the concentratior in mictocuries

i htM Mm m W n pMW nper cubic centimeter, and a is the density of
{the medium in grams per cubic centimeter, 1

the pdm h
The cose rate at the surf ace of the solution ! X Ray Diffraction
is one ha:f the value given by this relation. a. The Fray beam intensities from the primary !

(For "P average energy of approximptely 0.7 beam can be as much as 400,000 R/ min.
!

MeV the dose rate from 1 Ci/cm' On water) .

b. Sc?ttered radiation 10 cm from the points ofis 138 rads / hr). |
scatter about the x ray tube head has been !

e. The surface dose rate through the nominal measured in the crder of 150 R/hr.protective layer of sk n (7 mg/cm-) frcm a
c. The 10'eshold dose suff. ient to produce sk.

.

ic muniform thin deposition of 1 Ci/cm'is about i
*P thema is 300 to 400 roentgens.9 rads / hour for energies above about 0.6 ! /

MeV. Note that in a thin layer, the beta dose | d. The minimum cataractogenic singie dose is
rate exceedt the gamma dose rate, for coual | 200 rads, while a dose of 750 rads exhibits
energies released, by about a factor of 100. j a high incidence of cataract formatiert

f. For a point source of beta radiation (neg!ect' j Miscellaneous
ing, self and air absorption) of strength mci '

a. The activity of any radionociide is reduced tomilhcuries, the dose rate at 1 cm is approxi' less than 1% af ter 7 half lives (i.e., 2" = !
,

matety equal to 200 x mC: rads, hour and '

0.8 %)'varies oniy slawly with beta energy. Dose
rate for 1 mci 'P at 1 cm is approximately b. For material with a half-life greater than six !
200 rads / hour. days, the change in activity in 24 hours will !

be less than 10%. !,

| Gamma Rays !
' a. For a point sourte Ramrna emitter with en-

ergies between 0.07 and 4 MeV. the expo-
sure rate (mR!br) withm = .20% at I foot is ;

| 6 x mci : E7 n. where mci is the number j
of millicuries: E. the energy in MeV; and n.i

>

the number of gammas per disintegration. !
' b. Tbc dose rate to tissue iri rads per hour in an i

infinite medium umformly contaminated by,

{ a gamma emitter is 2.12 EC/,. where C is
the number of microcuries por cubic centi-

j
j meter, E is the average gamma enercy per i

i

|| n
i

_.__ _ _ _ _ _ _._ _ _ . _.a
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10 CFR Ch I {1-157 Edmon) %;.o, e.g.ge,,y com;o; g g,,ii

id ' "lJce ise" means a licenae twed quied by the Papersorft Medact.lon*
! (i .

.MEmes of see M3. 58 Mat Ess ;
I hroug h 35.40.60.61.70 cr Part 72 of OMB has approved the information j
Grder the regulaMens in Parts 30 .'.ct of 19M t o4 tLS C. 3S01 et seg 7. !h 1

jW7 in
se u, ended i n t' 8 c d3'. 3 I a s 11. a t i r , M chapter,17.clutng licennes to op- roucetion requirementa contained in j

i < d . ard c ara 1611 ar+ med w1-r mec j

' leic et m.at 649 as amenvd .c P s c j erste a prodo -tton or utilizatten fact!1- this pan under antrol number 31$o-
-i

Ris s ar:d it !& 13 ar.d ?819 4 2 are med
* t y purmant to Paitrt 50 of this chapter 0044

m er w :alu 65 ma: 6W e reca3ed*42 and I!cetues to teess power reacter (b$ The approved trtform& Mon codec-

M C DW
,

Spent fuel in an ind-pendent Apent tion reqdrementa contained in this
|"W ve 38 'R 2'217 Aug 17. 1973. LrJeae idel etcrage installauct: (ISFSI ) pur- part appear in i1913.

4

suant to Part 72 of this tnapter. Li
- "Ichme rmeet

remee" rneans th# holder Cf such a U
5 IV 1 l'u r pose # " *

T he reguisticns in this pr.rt es t.a t. Restricted area" means any area
act'eu to t hfch is controUed cy 'h& ib ta) Each beenee shall post rurrent

t!!sh reqwrementh for noucN. Instruc-
t!a% and reports by htemen to indi cerare for purposes of protectiert of 00DI*S Of th* ICUU*tng documer-te

(I' The r*gulations in this part and (
nh:n participhtm2 in lic*nsed actM- indddua's from esposure to rad:ation
1:+s. arm opt!ons ataMabl* to such int and radioa.cthe muertals * Restricted in Part 20 of this chapter; j

wtu- ts in certnertion alt h Commision area" ar's.ll not inc!ude any areas used (2) The Dcese. Ucerwe condjtlons, er I
|documen*.s incorporated int,o a heenre.

impectom of Mrrnt.eo to ave rt h!r as residentf rJ quarters. althmagh a sep.
arate room or rtems in a resMenttal by referena and amer 4ments there- j

compnam e a!!n the prminions c f the
I bunding may be set apart as a rntrfet- LA

Aterme Eaergy Art of IM4 a.a arnend (3) The opersting procedures appu-
el T;rle II of the Energy Reorganize. I ed area. cable to licensed activilles; i

t!on Act of 1974 and re gulat tens !
'

[f Ih,*[*3. ggh[f6$'d$d#h'' 14' Any noticc of via:ation involvingI
or de rs, and beenses t here under re radiological merking condnions, pro-
gartimg rad:dagical w or k st g cord ' 2.ust C FH m m Dec K usM posed trnpcattJon of ctv2 penalty, or

| order tsataed pursuant to Subpa*t B oftions
5 #N# I""'rPretabona

to Fu on. Mar. 3 19?51 Part 2 ef this chapter, and any re-
! Excepi e specif!cmMy authorir,ed by "D * *I' " th' HC'5'''
j the Commisswn in writins. no :nter- (b> If p attria of a trument spact.PART 19-NOTICES. W57tVCT10^ii, 8192 5mper pretation of the meantr.s of the regu. a 2 o'

lations in this part py any efficer or g{ap -AND REPORTS TO WORKER 1; IN- The regu:aMons in this part appy ta I

SPECilONS all derenA s ho re ene. pusess, use.
or transfer rr.aterfal Jicrued by the !

cr W cyee of the ( cmm!.ssion other . a nottce which de-censee rr.my post
| than s written interpretation by the scribes the document and stat +s where

M Nuclear Reg *;iatery Cornmisaton pur. General Counsel wt!1 be r-cognir,cd to it may be examird
19 1 fant"* cuant to the regulations in Parts 30 be binding upor: the Commtemon (c) Each licensee and appHcant sha319 2 & ** through 35,40.,60.61.70 or Part 72 of
19 3 IM:n:uar.s this ch apter, inriucHng perwns u- Form NRC-3. tRevtston M2 or;

! # C later) "Nottee to Employees " as re-19 4 werpretm.:.no cerded to opera'.e a production or utth.
Encept where others1*? spM1 fled in Quired by Parts 30. 40. 50, 60. 70. 72.Is 5 comm wescons ration factDty pursuant to Pa-t 50 c.t

this chapter and persona hcens*d to . this part. EM communications and re- and ISO of this chapter'!s a tr formaum ecliccum rewren-ema
porta concerning the regu!ations inOM M c oros al

is 11 twims of rctices to mie-3 ponaeas pot-er reacter spent fuel in an ,
this part should be sodressed to the Norr Car @s of Pbrm NRC.3 trsy be ce>

16 12 Iratrucuans to aortern independent spent furt storage instab ;

u a Nourvatians ud reports to tnd:nd lation (Iml) pursuant to Pitrt 72 Of j Director. Of fice of Insp.ction and En. .atned by ertuns to th+ Director af the as-
propste U S Mrar Reswatwy Cemis-

' forcernent. U .S . Nuclear Regulate,ry
I P' " **d E f* ***'"'8'""*#* this chapter Cnnanission Washingwn. D C. 20555- o''"r g"g,,"*333 ,'a "g"e App,u''g3,"~p ."Part 20 ofis 14 Presence of rem.cntathee of lacen* (*A P7t 58:;62. Dec t.1981 as amemted at 41 Nmmauw. wm W apca- ttus casapter. or the Directe. O!'sce of in-ees and ac there .wms inspettor.s N M84 U*c 27. mn Lions may be delivered in person at the spertion and Enferrement. US NcIcarte is constaur>n witn sotact. dartr.s in

COMmiMDn's of fit fB at 1717 H Street. Refutatory Cornmiss: ort. Wash!nston. D C,g,.,p, I II 3 Ud*H 3*#819 !6 Refpsta by morters for trumpemons . NW . , W ashington. D C; or at 7S20 205S 1,

19 17 inspectmm not warrame t. !nforma.! Aa ured in this part Norfolk Avenua. Bethesda, Maryland (d) Documents, notices. or forms
" ' ' t a) "Act'' means the Atomic Energy

2 protecum Act of 1954. (68 Stat. 919) includtng t40 FR 8783, Mar. 3.1915) posted pursuant to this section shall
$3 appect in a sufficient number ofany a.mendmen'a thereto- I |9 8 lhformetken tel}eftton Mquire. laces to pertn!t Indlv1 duals fruraged in!s si Anaranon for nernottor, t bi " Commission" means the Unltedi *aents N appmat Heereed activttles to observe them enT 39 32 Descrimination prohibited. States Nue; ear Regdamry Cemis-

l!"""tr # fTY Ms 53. 43. 81.103.104 161. (al The Nuclear Regulatory Cornml> the way to or from any particular 11
(c) " Worker." means an individual r,lon has subruttted t)*e info.mstion censed activit/ locattCn to which the"

148. 65 Stat. 930. 933, 935. 934. 937. 948. 969.
as amended. oce 234. 83 8f at 444 as amend engaged in activities licensed by the

.

Cohection recutrements contained in document appHes, shall be conspicu-
ed 42 U S c 2073. 2093. 2111 2133. 2134. Commission and controned by a licent j thts part to the offace of Manasement oas. and shall be replaced if defand or

a 2201. 223e. na2 s see 2nt as stat. 1242. as and suerget <cMa> for approsal as re- aJtered
e arnenned w re t. se to. es stat du e42 ee, but does not inetwie the ucensee. .
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{ 19 17 10 CFR Ch.1 (1-147 E& tion) %dem R egv!atory Commision { 19.15 j
l

t e 'e Co nm t .s .:n d w um e r. ta posted measurefments. armM set ud ralrula . 'e * At t he re ;aev of a a er ker w ho ts of an :nTect!.:n If there is no reVttr g |

tern nating empe mett tn a gnen inter f er r nre alth 'he cor.d act of the (
po rm r q to paraaraoh ra n ei ri t hi. Innu of rad on< tise mat ensi depmned f

i rCerer qwter w!!b the br ens + e in i m per t i o n lies eter. only one s orkers
ert ion d au 5r post ed a f t h m 2 s c r k r.r ref amed in t he bo d y o f an in m :d

ng dass af&r rece!r t of the dacu uaL sha3 be r+ p .rthi to t he indn tdus] J w erk uC Mg ra ta!!en d.ne or of E repr ewr t at he at a Lt * may accompa ,

!
m*ms f rom the Cornm tw on. the it au me:f ted in tb ts *,er tion T he in f r..r i m ot h er s ho. s hde ern p lo> ed by an ny ' he Inspectors

(ernee s re porme !! kry 9ha!! t# mation repneted shC! Include data anc1 | other pe rs o n t termin at in g aw g n If) Wit h the approval of the bremee
f
j PNed a:t rin 2 mof kmg das s n!!er da res ults obt a:ned purwant to Cor mts merit to m ora tru oh ing reat mn d.. e and the morkers representat % e an in-

pef < h tw t he If re ndee S uth dwtirner% sinn regulattom orders rr Weme ror j ni t he lh ermeel f artht) m that raien da. dual s ho is not routtnely engaged
g Ahad re rnain p ated for a r.m:m um of d !! !n t t( an a b r,W n in records Tr a:n - i dar quarter, carh liref tsee shCl pro in brensed in-!:Vlt!*5 under control of.

ille to each such m or ker, or to t he the !!rerne, f or example. a consultant$ scrking day s or unf f! act ton corrert- tainm1 ty the heensee p ursu ant to
ing f ra s tMa? !On has be-n comple ted. commgg,n retrulations Eac h notifi !

ha rkor 5 des t ern ee, at t e rminat 6cn. a g ,

u rttien reWrt rMardmg t he rad.a t ion resentathe, shan be afforded the ops h tr bes er 15 !ater ratWn and report shal] be in w r!!!ng
dose r ere h ed b) t h at acrker from op-

I n t'H 222:7, A ug 17 1973 an amewd se imlude at,propne e identlf > mg data er anons of the brenser dunw t hat
4c FH Pin 3 M ar 3.1975 47 tm .m4 $4 Jan s uc h as t he name of the hrenee. the in3per t e rs during the inspection of

mheaW ident!Ded ra:endar quarter
-14 !M2] narne of the ind s tdaal, the indMd |

un.!s ar<!al securtt y number; inclu*
' or f ract ion t hereof, or prot ide a a rti *

ten Weste of that W d tM imany 88) MuMWWW W MW MM
61912 Innervenone tm =ce bers t he t idM1dua! s ettmure inf ormat o,n' AloM of t his wrWn. Commisalo t in-
E tod:douta s orking in or fre and ronta|n the f o! lowing staternent j de t e rnuned pe rsonnel mon:torma re.

m.e r t :r.g any porton of a restrh ted
' suns are not asa;!sble at that time b spectnes are aut hrartred to refuse to

l ' h '# # * ***d " W "d" t he tirnated doses shau be clearf y indicat- permit acccmpar.! ment by any individ
arcs ahn:t tv kept inf o*med of the ual t ho des;berately interferen a tth aW** 3 " ** *! 8**W N ed ks such

or u.c of rdu.actiu rm3= wr. rem m ua M L1H Part 19 Ycm fk!r and orderly impaction Wit h1j storage. t ran J,errestertCs or c. radiatier to such por ,% . g.y,se ttua erm t ' * f urt her rv i in FH 22217 A us 17 173 e amerwied at W" " " " ' "WM ""*"
t:oM of the restricted area shad be in e ren, e'

'

49 FH 4783 Mar J 197$. 44 FTl 3DS: Jore c;ast fled by an agency of the US
e.1979;structed in t he heCin pratertion prob Gmernrnent in the interest of nation#DP At the req uot of any w or k er.lems sa.r.wia t ed alt h e x poe u re t o such

radmset n e materta!$ or raint! m. Ir: wh luce shan adme such worker
81914 Presence of repee ectatoe* of h- al security. an individual w ho arrem

annual!y cf the tcr h er s expmure to reneces and w or k er= dorsat la= Pe pantes an inspector may have access to
prev aut:ons or precedures t o mmm re
e tImire irid in the pu rpises and radm mn or ra$oart h e mate rial as tinn a such inferrnation only if authortred to

AhC% n in rWrtis fDkinlained by the ! ta) Ehrh heeMer shall af fbrd tC the do no Wit h regard to any ar ea con
f wlten.x of p rn! cr! 'v e deners em
Iloyed. shall be i utwted ir, md In cemee purraut to 125) 4?lla) kndac'

,

Corm.w.lon at au reuoratb times op- taming propriet a"y information. the
!

a.t ruct ed to oMe rs e. to the e x t ent dc) At the rmuest of rn worker f or port un y to inspect innt enals. art h i markerf represer'tathe for that a rea:

wH htn t he u nrk er's contrf4 the appli ine rl y engaged in Mt enwd arth1 ties Det f ar! Hum premim. and retoris shaU be an indnidual previously au
raide p rodions of Comm!ss:on reguia. contro!!cd by the Hrensee. each bcens pu m ant to the regulaticns in t his thortyrd by the licensee to enter that
tiMus knd licenses f ar the protectlon of ee nuaH f uewsh to the worker a rel.or* t hapter are a
g crs mnel from ex posures ta radiation of the worker's exposure to radiation ;bi Dunr4 an inspact ica, Commts
or radioact ! e materials occurring in or radtnact h e matertal Such report swn traper tors mar coruult prb ately $ 39 55 fenauhatuan with weekers durfes
suc h a.rea.s. sham be tristructed of their sha!! be f urntyhed atthin ?O days from I w it h w ork en a.s s p+-c!Ded in i 19 IS. Anepeetkea.

respons;bt tty to report promptly to the time the request is made, or a1 thin T he licenvc or Deerder s reprewnta- t1) Cornretssion innpecten msy con.
the hcemee any conition u hich may 30 days af ter the esposcre of the inab tive Tr.a y accompan y Commwlon in- M Mia o't woners cowrnmg

lead to or rau.*e a violation of Cemmis vidual nas tren determ!ned by the 11- spectors dur:NI ether phrases of an in' 'm M wmhM Math prm
s:en regulations and itcenses or unrec- cenmee, a hk hever 1r later, shrJ! cove!. spa tion # * J
cuary exponure to radiation or to rm- u-ithin the pertad of time spec!rled in sc) If at the time of insp*cticn. En . "

I* * ' # "#
curthe materiut shall be tmtructed the request, each cadendar quar'.cr in indudual has teen authorued by the redaba W WWa M the MW ]
in the appropriate response to s ftrn- s hich the scrker'a activf tles invohed w or k e rs to repreent them during the inspactoru deern necessary for thes

ings made !n the esent cf kny unusual exposure to raintier: ! rom radioactive Corr.mtulon inspect:ons the 1:cer.see conduct of ari effective and thorough
cccurrence or malfunction thst may matettais licensed by the Commission. sham nctif y tbc inspectors of such au- lupertion
inwhe ex pmure to radiation or radio- and shsJ1 include the dates and loch t hortz.&tlon and shall ghe the sorkers'

ibs Dur1ng the course of an trwpec-i

a<the maternal and shall be sdvtsed na tions of !! censed acthttles in which the rep re w ntat h e an opporturuty to ac. tion any acrker may bring private!y to
tu the r adatio n ex posure reporta u orker participated dur1ng this per1od. company t he inspectors during tne in. the attention of the inapactors, either
shich sorkers may request pursuant idi When a iteerve is requirec pur- spection cf ph3 sical w or ktng cond1

orally or in n r9t mg. any past or
to i 1913 The ettent of these instruo suant to i 20 405 or i 20 40a of this tion.s

tinns shall be commensura!c with po- en&pter ta report to the Comtniulon !
ide Each s or k ers' representat h e present cond! tion uhleh he has reason

shall be routinely engaged in licens.ed to beheve may have co*ttributed to er
h tential radNogical health protect:on any exposure of an indhidual to radi- i

*A problems in the restrteted arch. atton or radioacthe material the 11-
' arthit!*s under contrcl of the hcensee caused any etolatlon of the act. the

O cenace shall also proside the Indwid and sha!! hate received instructiora y regulations in th!.2 chapter, or license'

i 19 13 Soufkeuene and reports to inJs- ual a report on him ergxmure dMa in ; specified in i 1912 cond!!!cn. cr any unnecessary ento

Nduata c!uded therein Buch report aba.M be l de) D!f ferent reprerentat h es of it sure of an individual to radiation frorn
aan Itadiation exposure data for an transtn!!ted at a time not later than I censees and workers may accompany 11rensed radoncthe ma tertal under

! SQ
{ 3 tndi vid u al. and the resulta of any the transmitta! to the Cornmhalon. ! the 1:upectors during af ferer:t phases the license (s centrol. Any such notice
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Pect 20
j 19M6 10 CFR Ch. I (1-l 87 Ed: tion) Nocieer Regieutory Conwe6ssion

in wrtimg than comply sith the re- t il 17 Inspwoone not =arranted. anfor. ,

new com platnt meeting the require- alon wiu be enforews through agency
ments of I 19164 at pronstens and rules simi;ar to those

autrement.s cf I IS lin st ms! mee . already established.* with respect to
te) The procstoru cf paragraph (b2 tat if the Director of the Office of t3a FH 2:217. Aug 17. It?). as muere at rsetal and other diRrtminmuon. under40 FM St81. Mar 119?$1 T! tie VI of the Civil Rights Act ofof this e,ecuori ahAM not ce interpreted Ines.ecticn and Enforcement or the

e 19 20 Emp*oyee prweco et 1964- This remedy is not esclusive.as authorization tu cisressrd tr.strue- Ad:ninistrator of the appropriate fte- |

Cons pursuant to 519.12- g'.onal Office determines. with respect i how"Ter, and s13 not prejudice or cut
i fruploy*nent d!serimlnanon Dy a D. off any other legal remedies avaUmbleto a (OfDptaint under j 19 I6. that an

91516 Reg m e h omm for innem inspection is not marranted be(Ause tensee er a contractar or ubcontrac. W a scrimhatettor of a Ucensee agamst an emp}oye,
**- there are f,o ressenable grounds to be fer ens e@'ig in protected activ!tles tes FR s?t3. War. 3. Isi41

ta) Any worker or representauve of Dese that a vtalatton exists or has oc- under this part or Parts 30.40.50.60.
workers sho bebeves that a stolaisen curred. he shaU notify the complain. 70. 72. or 150 of this chapter is prohib' PART 20-STANDARD $ FOR
of the Art. the regulst: ens in th!.s ant in artting of such determinatloc, ited' PROTECTION AGAINST RADtATSONThe complainant may obtain T-s1es ofchapter, or ucense condttions ekists or such determination by submitting a 147 FR IntSe Ny 14.19:21
has occurred in heense activities alth sTitten statement of position with tre
regard to raiological sorkmg conde Executhe Director for Operation, U A e 19.34 WI uona. Orwemu Pacnsmwetions in which the worker is engagg

Mckar Re N atory Commission. An injunction or other court order
may riquest an inspection by 2tung %'avangton, D C. 20S55. sho will pr> may be obtained prehlb! ting any etola- see
nouce of the afleged uolanon to the vde the Ikertsee tith a copy of such tion of any prortsfon of tne Act or 20 1 Pumese

iDirector ' of Inspection and Enf orce- statement by certUted mail. excluding, Tttle !! of the Energy Reorganization 30.2 Scope
|ment, to the Administrator of the ap, at the request of the tortplainant, the Act of 1974. or any regulauon or order ze.3 De rwtions

pretrlate Conmtusen Regior.al Of fice. nam of the cocainant. The Deennee issued thereunder. A court oroer rnay 2e 4 Unism of rearson eme i

**FW an W M en sN be obtained h tN paymeM M a cw M5 Um M No |or to Commissar * inspectors. Any such
neuce shaJl be in writing sham ut of position stth the Executive I gwna:ty imposed pursuant to section 20 a Interpretauenr. |

ment MT ccmmunseatensforth the specific counds for the Director fer Operatiorts who stil pro- I 234 of the Act for violanon of sections so e Ir;formauan conocoon reautrementa
nottee, and shall be Urned by the vide the ecmplainant with a copy of I S3.ST.62.43,81.83.101.103,104.107. N""'
marker or representathe of workers A such staternent by certified tnaa. Upon or 109 of thf Act or any rule, regula-
ropy sha!! be proddeft the beensee by the request of the comp!alnant. the j uon or order Lasued thereunder, or ruammersts Doses.1svuu aws
the Director of Inspection and En- 1.xect tzse Director for Operauons or i any terrn. cortdJtion or limitation of comeswraenown

forcement. Regiona! Ofhce Adminis- his de4: ghee may held an informal | any licensed Lasued thereunder, or for 20 Ital Radlauen dame Wandards for indt
any violation for which a 1kense may nom in renrwted areestrator. or the inspector no later than conference in which the complainant >

tw revoked under acetion 186 of the 30 ac2 Determinauan of orter enseat the tirr.e of inspection etrept that. and the beensee may o*alh present j Act. Any person who millfully violates 20.103 Dr.wre of todinduals to eencevo |
upon the request of the worker giving their views. An informal conference ;

such notice, his name and the name of may also be held at the ;ccuest cf the |
any prension of the Act or any regula- trucme of radioacthe matenats en ear in
tion or order issued theretmder may rectret.d areas.

mdhtduals referred to therein shal! heersee. t>ut disclosure of the identity ;

be guilty of a crime and, upon convic- 20 164 Empesure of m:nsrs
not appear in such copy or on any of the compla;nant e-til be made only
record pubhshed released or made ftdoming receipt of irritten authorita i Uon. may be puntahed by fine or im- 30105 Permissible lewis of radiation in err

etedpruonment or both, as provided by
ava!3abJe by the Comnnssion, except tson from the comp!ainant. After con- 8 8'- gu .
for gvod cause shown sidertrig aH rrttien and oral viess p*e- ; 29 107 Nedrn3 dtarnemis and therapy(b) !!. upon receipt of such nottre. seated the Executive Director for Ok ! (36 Fut 22217. Aus 17.19?1. as amended at

ao tcs Oceers rentrtna rumarans o'f two-
tne Director of Inspection and En crattens shad affirrs modifying. or re- to FR 3783. Mar. 3 1r751

i .

assay sernces.
rerne the dete-mmati=n of the DL*forcement or Regiona.1 Offre Admin 2s. 8 19.31 Appuceen for esemptaons.

; ter of the Office of Inspection s.nd En- ; Pawmemman Paccawnss
j trator determines that the complaint

meets the requirements set forth in forcement of the A nmistrator of the
' The Commission may upon applics-

tion by any beensee or upon its ouTt 20.20s Bureers.

|' paragraph t al of this section, and that nish the ecmpla:nsnt and the ItMnsee
apprtrpriate Regional Office and fur- ''

initiat!ve. grant such emetnptions from 30.292 Personce! mecatortna

| a arritten nottf;catwn of h!s dectslon the requirements of the regit.lauens in 20 203 Cauten etsna tabele strnals and
'

there are reasonable g*ounds to be,
*"N,38-

1: eve that the alleged violation exists and the reason therffer. this part as it determines are author-
f er hu occurred. he shall cacse an in_ W !! the Director of the Ofhce of tsed by law and stII not result in 20 sar-e

,

| specten to be made as soon as practb Wpection and Enfo tement w& d e W W to & M m y. and openms partneen
7

I cable. to determine if such alleged vio, Admi strator of the apprt priate Re- c p InswM et
2e Per eter.,. and ewt ot e" t!*-s=d n81 - ' *lation ex;sts or has occurred Inspec- skmaj Off:ce determenes that an in. ,

T tions pu-suant to this section need not spection is n t warranted because the |
No pe-ses =hsM 'm 1** E , ef m tms m c.:restrod a-.ma

U be limited to matters refe-red to in the requirements of 51916c at have not . be exch2 dad f*?'= p=.rt+~:-=h ". N L'"E""*"
C""* PI** ' been met, he shall notify the cof9 denied the beneffi. 0* cr be st:W- JO

g f aa FM 22211. Aus it 1971. aa amered at plainant in Ertting of such deterrnina
to d:scr'.rnination tm4=r may prog w; 2C TM Sor-9 w AC

mar eme for eeen t r asreval of
,

40 FR 8793. Mar 3.1915. 41 FR 30et. My tion. Such determinatJon shaR be or activity Ucermed by the Nucicar =20 v= e
rp 14.39s21 without prejudice to the filing of a Regulatory Ctemission. Thm provi- prepewd dss 7=al m m'a-' c

<
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i 20.1 10 CFR Ch. I O-1-87 Edition) Nnlear Regdetory Commisslan { 20.3

'* Gr'fEPM Pkovtstons (2$ rFt 109t e. Nr. 17. 1960, as amended at board, bur eau. divtsfon. service, offlee.

20 303 Dispmal ty relesw int o annit u r to PH 8183. Mar 3 197$ 40 Fh Sh847. IW of ficer. authorit y, administration, or

20 3 $ T*c at rnent or 4t:sprmal by rnr tner -
,

19.1975. 44 FH 323$2 Jurw 6.1979) etner cerab:ishment in the executivesea Made artermr- 8200 Purpo.c.

(7) " Individual" means any humantabush standards for protection am b h p gph M20Ne Dmpoaal of apecific mastes

20 311 Traraf er f ar disixma! a.nd snaNf rats against raiation hazards ath!ng out kIl ersons aho receive, pt.wiess, use
(8) ..IJecrused material" meansof activities ur< der 11 ceres lasued by or transfer material heensed pursuant surce ma cdal specW nuclear mawHaroana. Hmare aan NeurnaTma the Nuclear Regulatory Commlas%n to the regulations in Parts 30 throuwh r~ial, or by product material received.

20 406 Herors of surveys. ramation ras and a.re 1.uued pursuant to the Atomic 35, 40, 60. 61. 70 or Part 72 of this posacssed, und. or transferred under a
tortnd. and dissman Energy Act of 11854, nr amended, and chapter including persons licerned to general or spectfie licerw inisued by20 402 Heports or enert or inne of swreed the Energy Reorganization Act of operate a p%ct4an or utilization fa- the Comrnission pursuant to the regd i

** **' ncations of incider"*
cility pursuant to Part 50 of this chap-I874

lations in this chapter. |Wu 8bi The use of Iadioactive mater!O ter and persons licensed to poshess20 403 13' ''IJcense" means a lletnse issued d

20 4u4 mene w or other sources of ratation not 1:- pes +r rea.ctor spent f uel in an inde. under the regulations in Parts 30
cer. sed by the Conunission is not sub- pendent grent fuel storage installation*^

ject to the regulations in this part q !SFS! s purusant to Part 72 of this through 35. 40, 64 61. 'f0;'or Part 72 0f ,e toan c

20 446 a Remers ed ) this c hapter. "1Jeennee means the
Homn. It is the pMw of the regu. c h apt er. holder of such license,20 407 Peenannel montfortng reperta.
lations in this part to contrnt the poe g pg gg . , p (10) Occupational dose inciudes20 408 Report.t of perscnw! men:toring ori seu;on, use, and transfer of !! censed FR 5'MM' IW 211982) exposure of an individual to radiation rterrnmation of emptorment or wrrtL

00 409 Notifientions as.d reperta m trend material by any licensee in such a
(D in a restricted area' or (if1 in the

teals manner that the total dase to an indl- 8203 Ikfit etwas utse of employment in ahich the in-
vidual 4 including exposures to 11rensed

} (a) As used in this Dart dividual's duties involve exposure toEscurnows aso Anemowat Rsenrnswrwis and unikensed radmactive material (1) ''M''m m W M M h m radiation, provided, that ' occupational
t

' 20 501 ApNreations fu caemptions and to other unlicensed sources of ra | Art of 1954 (68 Stat. 919) includmg """ " I"#I

| 20 5C 2 Admtional rectiremerea d:ation, w hether in the possession of f any amendments thereto. any exp sure of an Individual to radt-
! (21 " A!rborne radfonctne materta!.. ation for the purpose of medical dlagthe hcensee or any other pere:m. but

not including exposures to rad!ation rneans any radicact h e mater 1ai dis-#
nosis r mad! cal therapy of such inde

20 601 ViciaCor* from natural background sources or persed in the a!r in the form of dusta. ridual,

Arrrwors A -PaowTmw Fuv.se com Hrs- medical diagnosis and therap)) does fumes, mists. Vapors. or gases; t il j " Person" recans. (1) Any individ-
c r e a tom s not exceed the standards of radiation (31 "Hyproduct material" rocans any ual corpMatim partnnship firm, as-

AmwMu A Comcrwvemons rp Ate pD prote tion prescribed in the regula- radioptive material (except special
sociation. trust, estate public or pri-c

nuclear material; yielded in or madeWaru Ames Narnaat Bacummo tions tn tht.s part. vate institution, group. Government
^"''C tc) In accordance with recommenda. radioactive by exposure to the radj.

i ation incident to the process of pro, agency other than the Commission or
Amwmu D-UerTn 5rares Nwuru Race tions cf the Federal Radiation Coun_ the Department (except that the De-

ci ap ro d by the President, perMns -
during or utilizing spec:al nuclear mm.L4 tony Commisstow ktc,roern Orprcus

'

partment shall be considered a pemon
A nnas try- Een $3.63,45 41.103 104 |

'ertaj
within the meaning of the regulatlons

181. as Stat 9 40 933 935, 916. 931. 64R as ; (4 Cajendar Quarter" means not
in this part to the extent that its f a-u y g less than 12 consecutive week.s nora;nended. 42 U S C 2073. 2093. 2091 2111.

CommisMon pursuant to the Atomic rnore than 14 consecutive seeks. The cilities and methities are subject to the2133. 2134. 2201 s. mecs 201. as amended. 202.
206 Pur, L 63-433 68 Stat 1242.1244 1246, Energy Act of 1954, as emended, and first calendar quarter of each year licensing and related regulatory mu-
Pub L 34-W Ps Stat 413 542 U M C 584:. the Energy Recrganization Act of 1974 shall begin in .f anuary and subacquent thority of the Commission pursuant to
5842. $440 should, in addition to comp!}ing with cslendae quarters shall be such that section 202 of the Energy Reorgantza-

tion Act of 1974 (88 Stat. 1244 D, anyPor t.he purpmes of sec 223. 88 StM 9$8. the requirements set forth in this no day is included in more than one
as am+nded. 442 USL 2213). Il 20101- part, make every reasonable effort to calendar quarter or ornttted from in. State, any foreign government or

tain radf ahn exposes, and re clusjon sithin a calendar quarter. No nation or any political subdh-iston of
b 2b 05b. 2 ide tot ~ 20 202 les e a ni s in ef licensee shan change the method ob. any tuch government or nation, or

20 h0? 20 207 20 301, 20 303, 20 304 any uents to west &ted arena, as low as served by him of determining calendar other entity; and (ii) any legal succes-
is reasonably achtes able. The term "as ; qug,t,rs except at the beginning of a mor. reprearnt.ative, agent. or agency of20 304 are insuco under acc 1415. 68 Stat.

948 u amend-d. 4 4 2 U 8 C. 220li b a and the foregotlig.low as is tratonably achievable" means
| calendar year.3 4 20102. 20103<< r. 20 401-20 407 20 404 b>aM 20 et are issued under sec. leto. se as low e.s is reasonably achievabic t 51 "Commiselon" mest s the Nuclear (12) "Ractation" means any or all of
l

Ptat 650. ma amerated. < 42 tLE C 2201'on taking into account the state of tech' I Regulatory Commissicn or its duly au. the followins' alpha rays beta rays.

noingy, and the economics of improve- i thorized representatives. Jamn.a rsys. X-rays, neutrons, h!sh-

$'
wem n en tests. im n.19eo. uruen ments in relation to benefits to the |

< s > " Government agency" means any speed elect rons, hish-speed protons.
otner.ise r.oted executive department. commission, in- and other atomic particles; but notpublic hee.!th and safety, and other so-O r2frnm u Nora Por nomendat ure eter at and suctoeconomic consider- dependent estabibhment, corporation, sound or radio uaves, or visible infra.
cr uwe to uus part. see 4u rn sis 3 Mar. 3.

attons, and in relation to the uttiiza shoHy c,r partly owned by the Unsted red. or ultravlotet light-

} tsis. es re i42* Mar s. tono
tion of atomic energy in the public an' States of America which is an instru (13) "Radtoncthe material"' includes
terest- mentahty of the United Statea, or any any such material shether or not sub-a

to

"m 248 249

i

'

. _ _ _ _ - -- - ~ _ -
-

,



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

j 20A 10 Cf t Ch.1 (1 1-87 EdiHen) Nclear Regde4ery Comminien $ 201

Ject to heensing control by the Com- (Pub L 95 91. 91 Stat. 565 at 577-578. (c) The rem. as used in this part, !s a <d) For determinmg exposures to X

mLwon; 42 USC. 72511 measure of the doec or any icntztng rm- or gamma rays up to 1 Mev. the dose
<14) " Restricted ares" means any (IG) - Termination" means the end diation to body tissues in te ms of its limits sped.Vd in il 20.101 to 20104,.

area accers to whtch is controlled by of employment with the 12eensee or. in estimated biological effect relative to a inclustve. ma> be assumed to be equiv-
the 11rensee for purposes of protection the case of individuals not employed dose of one roentgen dry of X rayL alent to the "a? dose". For the pur-

of Indwiduals from exposure to radt- by the incensee, the end of a work as. t One m111trem t mrem)= 0 001 re'n 3 pose of this part Yr dose" means that
atton and radioactive materials. "Re- signment in the 11censee's restrteted The relation of the rem to other dose the dose is measuref by a protw.-*v
stncted area" shall not include any a.reas Ln a ghen calendar qua.rter, units depends upon the bioloocal em:1brated appropriate h strument (Li

arens used as residenta! quarters. n!- without expectation or specific sched effect under consideration and t.pon air at or ricar the body surface in the

though a separate room or rooms in a uling of reentry into the licensee s re- the conditions of irradiatiert For the reston of highest dosage rate.
residential bu!!dmg rray be set apart stricted areas during the remainder of purpose of the regulations in this part,
as a restricted area. that taMndar quarter- any of the following is considered to 9203 l'ntts e( rameertMay-

415) " Source matettal" means: (1) (b) Definitions of certain other be equivalent to a doe * of one mm- (a) Radioactivity is commonly, and
Uranium or thortum. or any combina- aords and phrases as used in this part (1) A dose of I r due to X- or for pw of the reguladons in this
tion therect in any physical or chem!" are set forth in other sections. includ- gamma radiation: part shall be. measured in terms of dis-
cal form. or 11) ores uhich contain bY ing' (26 A dose of 1 rad due to X . integrations per unit time or in curtes
setsht one twentieth of one percent (1) "Atrborne radioactivity area'' de- gamrna. or beta radiation. One curte- 3.7 w 10 '' disinteIrations
(0 OS%) or more of (al uranium. (61 fined in i 20 P3- #thortum or (c) any combination there-

adon am,iation stem" and *high radi-42) ** Rad of h!gh energy protons. tiens per minute edpm) Co:rmordy
of. Saurce traternal doca not indude defiried in i 20 202. (4) A dose of 0 05 rad due to particles used submultiples of the curie are the
spectal nusar mater 1d
(16) "Spedal nuclear material" .[ Personnel mon (toring equip- heavier than protons and with sufft- millicurte and the microcurte:

cient energy to reach the ler.s of the (1) One millieurte (mC1) % 0 001
t4 Survey defined' in i 20 201. cye; If it is more convenient to meas' curte (C1) % 3.7 w 10' dgemeans: W Plutontum, trantum 233.

uramum enriched in the isr> tope 233 or (5s Units of measurement of dose ure the neutron flux. or equivalent * (2) One microcurie 4Ct) % 0000001in the isntope 235 and any other mm. f rad. remt defined in i 20 4- than to determine the neutron dose in curie 2 3 7 x 3 0* dvs.tertal a hkh the Commisston, pursuant
de) UnJts of measurement of radioac- rads as provided in paragraph (cM31to the provtssons of section 51 of the

act. determines to be special nuclear tivtty defined in i 20.5 of this scetten. one tem of neutron ra- 125 m toe 14. Nov.17. Ipeo. as ameneed at

***" **^ # WIW".ssumed to be
W*

lations in this part, be a June 9. 4. 4 m di . . 31. 9751matertal, but does not include sourer (29 F>t 10914. Nov 17,1940, as arnended at
material, or 4!!6 any material artificia.l- 2$ m 13653. Dec. 30.1960. 21 m 3:01, June
N enriched by any of the foregoing 22.1952. 38 m 22467. Aua. 21.1973. 40 FH equhalent to le mlilion neutrons per , ,
but does not inclade source matena]; 8783. Mar. 3.19'I6. 40 Fit 42558. Sept 15. square centimeter incident upon the
117) "l'nrestricted stea" means any 19tS. 44 m 32352. June 6 1979 (S FH body; of. if there exists sufficient in- Except as specifically authortred by

area access to whrh la not controPed 14m Man i leR 44 m SE232. Dec !~ formation to estimate with reasonab!c the Commission in writing. no teter-
1sst 47 m 61479. W 27. Ip21 accuracy the approximate distributiot pr*tation of the meaning of the regu-t.y the licenwe for purposes of protec- in energy of the Deutrons. the incident lations in this part by any officer ortion of individuah from esposure to I . number of neutrons per square centi- employee of the Commtssion otherradrailon and radioac t h e materials.

i and any aree used for residenul quar. (a) "D0sc." as used in this part. is meter equivalent to one rem may be than a written interpretation by thei

the quantity of radiation ebsorbed. per estimated from the followins table: General Counsel will be recognized to
ters
118) " Department" means the De. unit of mass, by the body or by any be bindir4 upon the Commisatort|

' partment of Energy establisi.ed by the . portion of the body. When the regula- Ns:/tmow hus Ocss Ecumatwsi

Department cf Energy Organtzation tio.'s in t his part specify a dose bwtna _
8 20.7 Gaumanicetnome.

! D Wre otMree spe@d inArt Wu'u L 95- 91. 91 Stat. 565. 42 a pes *od of time. the dose means the j ,s

%
y

f.* j fg**81" S C 7161 el se;) to the extent that total quantity of radiation absorbed, g W s and re-
the Departm+nt, or its duly authorized per unit of tnasm. by tne tmdy or by j . = = so , g

representat hes, exercises functions an7 bortion of tne t.ody dt' ring such I ,g| P"f1 g, ,,
i

forrr.erl) vested in the U.S. Atomic period of time. Several different unfts |
' ae '

w,-. i Executive Director for Operations.
Ener g) Commitsion it.s Chefrtnan, of dose are in current use. De!*n!!W

I U.S. Nuclear Regulatory Commission,
members. off;c+rs and componenn and of units as used in this peet are set i

transferred to the US Energy Re- fcrth in paragraphs ED) and (c) of this | 7 ~l Q$ ] Washington. D C. 20555. Ccemunics-8

acech and Desciopment Aentnistra. section.
' 7. tions, reports, and ap@auona may &

, eae .c- sm del!vered in person at the Commis-
non and to the Ad -im.=trator thereof (b) The red. as used *,n this part. is a o or -

== 5e* i reo
ston's offices at 1717 H Street NWM *| *C* * -

$ purwant to sections 104 @ tr t and measure of the dese of any sonizing ra.
M id1 of the Energy Reorzar.t .2Wn Act diatbn to hody thes in tertna of the 'j- - 1 M| [ Washington, D C.; or at TR20 Norfolk
O of 1974 (Put. L 9M33. ge oat.1233 energy absorbed per unit masa at the , , T_ fj n. m ( a Avenue. Detheada. Maryland

j at 1237, 42 UE C 581tI and retrans- tissue. One rad is the dose carreFpond- s1.- | 1 t4o pgggyg ga7 g gg.ggp-- yg ferred to the Seeratary of Enarry pur. ing to the absorption of 100 ergs,irad
, ocr , , ,

gr am of tissue (One mu w,i u. .e. f .,
a suant to section 3t 1(al of the txpart-

!

3 ment of Energy Orgtntution Act c:nrad? -0 001 rad.)
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Flevision 2

p''"% U.S. NUCLEAR hut,ATORY COMMISSION $ December 1987

! M. a) REGULATORYGUIDE
,
.,

'

*a ee* OFFICE OF NUCLEAR REGULATORY RESEARCH'' *

HEGULATOllY GUIDE 8,13

(Task OP 0314)

INSTRUCTION CONCERNING PRENATAL RADIATION EXPOSURE

A, INTHODUCTION basis for tha ruide. T he information odlection
req uate rne nti in 10 Cl R Parts 19 and 20 have been

Section 19.12, " Instructions to Workers," of 10 CI:k (le a red under OMB Clearance Not 3150-0044 and
Part 19, " Notates, Instructions, and Reports to Workers, 3150-0014, respettnely.

i

It,6pections," requurs that all individuals working in or
l be instructed D. DISCUS $10Nfrequentirig any portion of a restrated area

in the health protection problerns atsociated with eng+
sure to radioactive snaterials or radiation, in precautions it has been known unce 1906 that ulh that are divid-
or procedures to ininimue exposure, and in the strul4 ing very rapidly and are undtfierentiated in their structufe
tions that they are ex pec te d to observe. T he prewnt and f unction are tenerally rnote sensitive to radiation. In
10 Cl: R Part 20, " Standards for Proiettiun Agairat the ein bryo stare, (c1h rocet both these triteria and
Radiation," has no special brnst for e x pmure of the thus would be expected to be hiddy sensitive to radia-

.

enibr ynife t us. 3 'l bts guide describes the instructioris an tion. I urthern. ore, there is direct eviderne that the
ernployer should provide to w or ke rs and su perynors enbryo/lctus is radiosenutne. T here as also evidente
concerning biolor.nal risks to the embryo / fetus exposed that it u esprually sensitne to certain radiation cliccts
to radiation, a dow luntt for the enebryo/ fetus that a during certain periods after conception, particularly
under (onuderation, and surse,tions for reducing radia- during the first 2 to 3 months af ter conception when a
tion exposure, woman snay not be aw are that she is preynant.

Thu rrgulat or y ruiJe tan into conuderation a section 20 104 of 10 CI'R l' art 20 plates dif ferent
propowd revision to 10 Cl R Part 20, whhh intorporates radiation dose hnuts on workers who are inmors than
the radiation protestion rundarne for the embry o!!ctus on adult workers Workers under the age of 18 are

approved by the Preudent m January 19k7 t Ref.1) hnuted to orie tenth of the adult radiation dow lunits.
Thu rnuion to Part 20 was usurd in Jinuary im for llowever, the prewtt NRC regulations do not estabbsh
cornment as a proposed rule. Comments on the runde as dow hmits speafnally for the embryo /letus
11 pertains to the proposed Part 20 a:e entourand.11
the new Part 20 is (odified, this regulatory guide * w ill l he NRC's prcsent hnnt on the radiation dose that
be revned to conform to the ne w tNulation and will tan be retelved on the job a 1,250 rndhre rns per
incorporate approprute pubbt (onuncots quarter (3 ruonths).3 Working minors (those under 18)

are lunited to a dose equal to one tenth that of adults,
Any in f or m atum c ollei. tio n at tsu tie s mentioned in 125 mdhrems per quarter. (See { 20.101 of 10 Cl R

this st rulatory ruide aic tontained as rtquirements m Part 20 )
10 CI R Parts 19 or 20, whnh proude the terulatory

bec.iuw of the wnutivity of the unburn (hud, the
~ ~ ~ ~ ~ National Council on Radiation Protection and Measure.

iRestrkted area means any sies that has c.ontrolleJ auena to ment % M.Rh has recornmended that the dme equivalentprotect inJunduate from being es puted to radiation and f ailloscthe
snatartals. - __ . , _ . _

Iln conformity with the proposed reviaton to 10 Ci R hst 20, lhe knut is 3,000 rnilbrems per quarter it the workef's occupa-
the term "emterpo/retus" la used throughout thts docurnent to tional dose history ta known arid the average done does not esteed
reprewnt aD stages or pregnancy, 5,060 milhrend per year.

-

USNnC n eGULAT OR Y GUlr4$ r he guides are issued in the f allowin0 ten broad divisions.

Regulatory Guides are Ismed to oestime and make available to the
putenc rnet h ods suontabre to the NRC st af f of im plemen tin g 1. power Heattors 6. Products
speelfit parts of the commisoon's revuietions, to denne te tech- 2. Research ano T est peactors 7. T ranmortation
naawas used by the staff in evaluating satif.c protnems or posto. 3. F uels and Marenais F umues a. Ou ucational Heaitn

to provios guidarne to apphs ents Hegulator y 4. I nvironmental and sittrig 9. Antitrust arid * 6narsial Reviewlated ac ciden ts orGuides are nol substitutes for regutauoris, and compi. ants wit h S. Materials and esant Notection 10. General
trem is not required. Methods and solutions different from those set
put in the guiaes wm tw accostable if inay provide a basis for the
tinmngs requisne to the essaance or continuante of a permit or Copies of issued guines inay oe purchased f rom the Government
later se by the Commnston, hirsting of nce at u.e turrent Goo prite. Informanon on current

G oo pocos may t e otsalned t,y contacung the Supeontendent of
This guida was issued af ter Consideration of comments receive +1 from D ot um ent s, LL$. G ov e r n me n t Printing Of bce, Nst OrfKe 65 a m
the pubi6c. Comments and suggestions n . Prements sn thne 3 ros2, Wavungton, DC 20013 7082, telepnor:e (207)2 75-2000 or

i guides are encouraged at att times, and gulaes wiin t,e revised, as (20212 rS 2171.
appropriate, in ac<ommodsta comments arid to reflect new informe
tion or empatienca, Issued guides may also t>e Durchased from the Nationai Technican
Written comments may be submitted to the Hules and Proc edures I n f or tna oo n $ervKe on a stanm ny order baos. DetaHs on then

15 t a nch, DHR A r> M , U.S. Nutiv.ar n eg ulat or y C orn meist on, servue may 1,e otstained by notiros N Tit, 62 8b Port hoyal Hoad.
| Washinctors Od 20s55 treringfield, V A 22161,

l

I
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to the unborn child from apationid esposurt of the tions abo te risks of radiation exposure to the
expectant mother be hmited to 500 milhrems for the e mbryo/ fetus.
entire pregnancy (Ref 2). The 1987 Presidential guidance

i (Ref,1) specifies an effective dose equivalent limit of The instructions should be presented both orally and
500 nulhrems to the uriborn duld if the pregnancy has in printed form, and the instructions should include, as
been declared by the rnother; the guidance also recone a mtnimum, the ir.forrnation prceided in Appendia A
rnends that substantial uriations in the rate of exposure (Instructor's Guide) to this guide. Individuals should be
be noided. The NRC (in ) 20 :08 of its proposed revi- g;ve n thc opportunity to ask questions and in turn
won to Part 20) has proposed adophon of Ll.e above should be questioned to deterrnine whether they under.
hrnits on dow and rate of exposure. stand the instructions. An acceptable snethod of ensuring

that the information is understood is to give a simple
in 1971, the NCRP commented on the occupational written test covering the material included in Appen-

exposure of fertde wornen (Ref. 2) and sugested that dix B (Pregnant Worker's Guide) This approach should
ferlde women should be employed only where the annual highhght for instructors those parts of the instructiorts
dose would be unhkely to exceed 2 or 3 rems and would be that cause 6fficulties and thereby lead to appropriate
a,curnula'ed at a more or less steady rate. In 1977, the rnodifications in the in.structiona] curriculum.
ICRPren nended that, when pregnancy has been diag-
nosed, rbe woman work only where it u utdAely that the D, IMPLEMENTATION
annual done would euce j 030 of the dosc-equivalent limit
of 5 rems (Hrf 3) in other woids, the ICRP has recorn- The purpose of this $(: tion is to provide information
rnended thit pregnant w omen not work w here the annual to appbcants and licensees regardir.g the NRC staff's
dose mght exceed 1.5 rem. plans for using this regulatory guide.

C. REGULATORY POSITION ixcept in those c ases in w hich an applicant or
hc ensee proposes an acceptable alternative snethod for

Instructions on radiation risk s thould be prosided complying with specified portions of the Commission's
to workers, iuludtag su pe rv tso rs, in accordance with regulations. the NRC will use the material described

Q 1912 of 10 CFR Part 19 before they are allowed to in this guide .c eva|uate the instructional program
work ma restncted area in providing instructions on presented to individuals, includmg supervisors, working
radiation riski, employ ers should include specific instruc- in or frequenting any portion of a restricted area.

.

8.13 2
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APPENDIX A

INSTRUCTOR'S GUlOE

EFFECTS ON THE EMBRYO |5 ETUS OF EXPOSURE TO RADIATION
AND OTHER EN\tRONMENTAl. HAZAROS

in or d er to decide w het her to continue work ing excess cases of small he46 sue was 5 per thousand, at 8

while e xpond to landing radiation during her prep to 11 weeks, it was 9 per thouund (Ref 7).

nancy, a woman should understand the potential effects
on an ernbryo/f etut. Includmg thov that may be pro- In another study, the highest rak of mentil retarda-
duced by various envuonmental risks such as smokmt tion occurred durmg the 8 to 15 weet period, after
and drmking. This will allow her to cornpare these riski concepten (Ref. B). A recent II'A study (Ref.16) has
with those produced by exposure to ionding radiation. calculated that excess cases of meMal retarcation per

live birth he between 0.5 and 4 per thausand per rad.
Table i proudes informetwn on the potential effectu

' resulting from exposure of an embryo!!etus to radiation 1.3 Genetic Effects
and nonradiation rnks T he second column gives the
rate at which the effect is produced by natural causes Radiation-induced genetic effects have not been observed

in terms of the nurnber per thousand cases lhe fourth to date in humans. The largest source of matettat for
colu mn give s the number of ad.ht to nal effects per genetic studies involves the sunnors of litroshima and
thousand cases beheved to be produced by exposure to Nagasaki, but the 77,000 baths that occurred among
the specified amount of the rak factor. the survivors showed no evidence of genetic effects. For

doses received by the pregnant worker in the course of

T he f ollowing section d ncunes the st udies from employ ment considered in this guide, the dose received

w hich the infor mation in Table I w as derived The by the embryo / fetus apparently would have a negbsible
results of exposure of the em bry o/fet u s to the risk effect on descendants (Refs.17 and 18).
factors and the dependence on the amount of the
exposure are explamed. 2. NONR ADIATION RISK *

1. R ADI ATION RISKS 2.1 Occupation

1.1 Childhood Cancer A recent study tref. 9) involving the birth records of
130,000 chMren m the State of Washington indicates

Numerous studies of radiation-induced childhood cancer that the rak of death to the unborn child is related to
have been performed, but a number of them are con- the occu pation of the mother. Workers in the metal
troversial. The National Academy of Science (NAS) DEIR industry, the chemical mdustry, medical technology, the
report teevaluated the data from these studies and even wood mdustry, the textde industry, and farms exhibited
reanalyred the results. Some of the strongest support for sttilbtrths or spontaneous abortions at a rate of 90 per
a causal relationship is provtded by twin data from the thousand above that of workers m the control group,
Oxford survey (Ref. 4). l'or maternal radiation doses of w hich consisted of workers in seseral other industries,
1,000 milhrems, the excess number of deaths (above those
occurring from natural causes) was found to be 0.6 2.2 Alcohol
death per thousand ctuldren (Ref. 4).

It has been recognized since anciert times that alco-

1.2 Mental Retardation and Abnormal Smallness of the hol consumption had an effect on the unborn child. Car-
llend (Microcephaly) thagiruan law forbade the consumptJon of wine on the

wedding night so that a defectac child might not be
Studies of Japanese children who were exposed while in conceived. Recent studies have indicated that small

the womb to tl.e atomic bomb radiation at Ilitcshima and amounts of alcohol consumption have naly the minor
Nagasaki have shown evidence of both small head size and effect of reducing the birth weight Alightly, but when
mental retardation, Most of the children were exprsed to conrumption increases to 2 to 4 drinks per day, a pat-
radiation doses in the range of 1 to 50 rads. The impor- tern of abnormalities called the fetal alcohol syndiome
tance of the most recent study lies in the fact that (FAS) begins to appen (Ref.11) This syndome consists
investigators were able to show that the gestational age of reduced growth in the unborn child, faulty brain func-
(age of the embryoffetus after conception) at the time the tion, and abnormal facial features. There is a syndrome
children were exposed was a cntical factor (Ref. 7). The that has the same symptoms as full blown FAS that
approximate rtsk of small head size as a function of occurs in children born to mothers who have not
gestational age is shown in Table 1. For a radiation dose consumed alcohol. This natural]y occurring syndrome
of 1,000 millitems at 4 to 7 weeks after conception, the occurs in about I to 2 cases per thousand (Ref.10).
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TABLE 1

i EFFECTS OF HISK FACTORS ON PREGNANCY OUTCOME

Nun.Ser Occurring 1.xcess Occur?cnces
Effect from Natural Causes Risk Factor from Risk Factor

R ADI ATION RISKS

Childhood Canter

Cancer death in chihlren 1.4 per thousand Radiation done of 1000 milhrem. 0.6 per thousand
(Ref. 5) received before birth (Ref. 4)

Abnormahties

Radiation Jose of 1000 :nilltrads
rettived during specific periods
after conception:

Small head sue 40 per thousarid 4-7 w eeks after conception 5 per thousand
(Ref. 6) (Ref 7)

Small head site 40 per thousand 811 weeks aftrr conception 9 per thousand
(Ref 6) (R ef. 7)

Ments! etarJation 4 per thouund R adiatic n dose of 1000 milhrads 4 per thouund
(Ref 8) teceived 8 to 15 weeks af ter (Ref. 8)

conc eption

NONR ADIATION RISKS

Occupation

Stillbtrth or spontaneous 200 per thou und Work in high-risk occupations 90 pit thousand
abortion (I(cf 9) (see text) (R ef. 9)

Alcohol Consumption (see test)

Fe tal ulcohol syndrome i to 2 per thouund 2-4 drmks per day 100 per thousand
(Ref.10) (Ref. I1),

f etal alcohol syndrome I in 2 per thousand More than 4 drinks per day 200 per thousand
(Ref.10) (Ref.1I)

Fetal alcohol syndrome I to 2 per thouund Chronic alcohohc (more th.an 350 per thousand
(Ref.10) 10 drink per day) (R ef.12)

Perinatalinfant death 23 per thousand Chronic alcoholic (morejhan 170 per thousand
(around the time of birth) (Ref: 13,14) 10 drinks per day) (Ref.15)

Str%ing

Fertnatalinfant desth 23 per thousand Less than i pack per day 5 per thousand
(Refs.13,14) (Ref.13)

Perinatallnfant death 23 per thousind One pack or more per day 10 per thousand
(Refs.13, ! 4) (Ref.13)
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For mothers who consume 2 to 4 ^ per day, thouaand for rnothen wt ioke one or rnore yacks
i

' the excess occurrences nutnber about 10 thousand; per day (Ref.13). -

and for those who consume more than 4 drinks per
day, excess occurtences number 200 per thousand. 2A Mheellaneous
The most senaitive period for this effect of Licohol,

appears to be the first few weeks after conception, Numerous other risks affect the embryo / fetus, orily a
before the mother 4o be realizes she is pregnant (Refs.10 few of which are touched upon here. Most people are
and 11). Also,17% or 170 per thousand of the embryo / ismiliar with the drug thabdomide (a sedative given to
fetuses of chronic alcohobcs develop FAS and die before some pregnant wornen), which causes children to be

birth (Ref.15). FAS was first identified in 1973 in the born with inissiris limbs, and the more recent use of the

United States where less than fuu-blown effects of the drug diethylstiltestrol (DES), a synthetic estrogen given
syndrome are now referred to as fetal alcohol effects to some wornen to treat menstrust disorders, which

(FA E) (Ref.12). Produced vaginal cancers in the daughters born to
women who took the drug. Living at high altitudes also

2.3 Smoking gives rise to an increase in the numbet t,f low-birth-weight
ctdidten born, wh21e an increase in Down's Syndrome

Smoking d uring pr egnancy causes reduced barth (mongobsm) occurs in children born to mothers who are
weights in t abies amounting to 5 to 9 ounces on the over 35 years of age. The rapid growth in the use of
everage. In addition, there is an increased risk of 5 ultrasound in recent t sats has spark ed an ongoing
infant deaths per thousand for mothers w ho smok e investig,ation into the risks of unng ulttasound for
less than one pack per day and 10 infant deaths per diagnostic procedures (Ref.19).
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O O.
APPENDlX B

PREGNANT WORKER'S GUIDE
I
I POS3IBLE HE ALTH RISKS TO CHILDREN OF WOMEN WHO ARE

EXPOSED TO RADIATION DURING PREGN ANCY

Durmg pregnancy, yo J should be aware of tid.rgs iri LRay procedure Average Dose *
y out surroundir gs or in your style of hfe that could

l affect your unborn child. l'or those of you who work Normal chest examination 10 millirtm
in or visit areas desuinat d as Restruted Areas (where Normal dental examination 13 milhrem
acceu n controlled to protect indmduals from being Rib cage exarnination 140 millirem
e x posed to radiation and radioactive materiale. it is Gall bladder examination 170 milhrem
desirable that you underst and the tiological rnks of Banum enema examination 500 millirem
radiation to your anborn child. Pelvic examination 600 milbrem

beryone a empowd daily to various kinds of radia- ~~ Mens by Um M 3 Nw and bebw) ere not unusual.
tion. he at, hght, ultraviolet, inicrow nse, ioninng. and so
on, l'or the purposes of this guide, only ioniting radia+
tion (such as x rays, gamena rays. neutrons, an-! other
hig h4 pee d atomic particles) n considered. A c t ually, NRC POSITION
evet> thmg n radmac.tne and all human actmties mvolve
exposure tu radiation people are exposed to different NRC reguhtions and g ui.la nc e are based on the
a nounts of natural "backgreund" ionuing radiation conservatne assumption that any amount of radiation,
depending on where they hve Radon gas in homa is a no matter how small, can have a harmful effect on an

problem of growmg concern. liackpound radt tion comes adult. chdd, or unborn child. Tha r,ssumption is said to
from three sources; be conservative because thete are no data showing ill

Aserage effects from r,m all doret. the National Academy of
Annual Dow Sciences recent'.y expressed " uncertainty as to whether a

Terrestrial- radiation from soil dose of, say, 1 r?d would have any effect at all "

and rocks 50 mdhrem Although it is known that the unborn (hild is more

Cosmic radution trom outer sensitis e to radiation than adults, particulady during
space 50 milhrrm certain stages of development, the NRC has not estab-

Radioactmty riormally found hshed a special dese hmit for protection of the unborn
withm the human body 25 rmilitem child. Such a hmit could result in job discrimination for

- women of child bearing age and perhaps in the invasion
125 milkrem' of privacy (tf pregnancy tests were required) if a sepa-

Douge rang (geographic and late regulatory dose bmit were specified for the unborn
o'he. factors) 75 to 5.000 mtllisem child. Therefore, the NRC has taken the position that

special protection of the unborn child should be solun-
The first two of then muises expose the body frorn tory and shouid be based on Jecisions made by workers

thc outside, and the last one exposes it from the mude. and employers who are well informed about the risks
The averate person is thus exposed to a total dose of insolved.
about 125 nuthnms per year from natual backgrounj
radiation. 1'or the NRC position to be effective, it is important

that both the ernployee and the employer understand
in addition to enosure from normal background the risk to the unborn child from radiation received as

radiation, medical procedures may contribute to the a resu of the occupational egosure of the mother,r

dose people receive. The following table bats the userage This document tries to explain the risk as clearly as
doses receiveJ by the bons marrow (the blood-forming pomble and to compare it with other risks to the
cell 0 frotn different medial applications. unborn child during pregnancy. It is hoped this will

* Radiation doses in thiaEument kre described in two differer.t help pregnant employees balance the risk to the unborn
units. The 1:3 is a measure or tric amount of eneray absorted in a child agaiint the benefits of emplogment to decide if
certain amount of maletial (loo ergs per parn). I quM smounts of
energy abemt4d from different types or radiation rney lead to the risk is worth taking. This document also discusses
darferect Hologust effects. The tem is s unit that renects the methods of keeping the dose, and therefcre the risk, tot40togical damage done to the body. The rnCht:0 and enchrern rarer
to aflooo of a ud and a rem, rupectivcty. the unborn chil1 as low as is reasonably achievable.
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dures to hmit the dose to thhmilusem recomrnendedRADIATION DOSE LIMITS
hmit.

The NRC's present lunit on the radiation dose that can
,

| be received on the job b 1,250 milhiems per quater (3 it is tmportant that the emnloyee inform the

I months)? Working minors (those under 18) are hmited to e employer of her condition as soon s the rethres the ss
i dose equal to one-tenth that of adults,125 millitems per pregnant if the d ose to the unborn child is to be

quarter. (See Q 20.101 of 10 CFR Past 20.) minimiz e d.

Because of the sensittyny of the unborn child,the National INTERN AL HAZARDS2

Councd on Radiation Protection and Measurements (NCRP)
has recommended that the dose equivalent to the unborn 1 hts document has been directed primanly toward a -

child fiorn ucupational exposure of the espectant mother discussion of radiation doses received from sources outside ,

be hrnited to 500 mdhrems for the cutire pregnancy (Ref. 2), the body. Workers thould also be aware that there is a
The 1987 Presidential guidance (Ref.1)specshes an cffective risk of radioactive matenci entenng the body in work-
dose equivalent limit of .'00 millirems to the unborn chdd if places 9here unsealed raductive rnatenal is used. Nuclear
the pregnancy has been declared by the rnother;the guidance medici e clinits, laboratones, and certain rnanufacturers

also recommends that substantial variations in the rate of use tad onctive matreial in bulk form, of ten as a liquid or a

exposure be avoided, lhe NRC(m % 20.208 0f its proposed gas. A 'ist of the cominonly used rnaterials and safety
revision to Part 20) has proposed adoption of the above precautio>s for each is beyond the scope of this document,
hmits on dose and rate c.f exposure. but certain teneral precautions might include the following.

ADVICE FOR EMPLOYEE AND EMPLOYER 1. Do not smoke, eat, drink, or pply cosmetics
around radioactive material.

Although the rnks to the unborn child are small under
normal working conditions, it is still adiisable to ltrnit the 2. Do not pipette solutions by m auth.
radiation dore from occupational exposure to no more than
500 millitems for the total pregnancy. Employee and 3. Use disposable giove s w hile handlmg radioactive
employer should work together to decide the best method material when femble,

for accomplahtrig this goal. Some methods that ruight be
used include reducmg the ttme sperit in radiation areas, 4. Wash hands alter working around radioattive
wearing some shieldtr g over the abdomtral area, and keeping matettal
an extra datance from radiation sources when por.sible. The
employer or health physicist wdl be able to estimate the 5. Wear lab wats or other protective clothmg when-
probable dose to the unborn child during the norrnal nine- ever there is a possibthly of spills.
rnonth piegnancy period and to inform the en.plo)ec of the
amount. If the predictcJ dose excceds 500 milhrerns, the Re memtie r that the employer is required to have
employce and employer should work out uhedules or proce- demonstrated that it w ill have safe procedures and

practices before the NRC issues it a hcense to use
radioactive rnatenal Workers are urged to follow estatw

_. _ . . _ _ . _ lished procedures and co-sult the employer's radiation
The timit 6s 3,000 mit16 rems r.er quarter tr the workee's wcussa- Safety officer or health physicist whenever problems or
gehg known and the averese dose does not eaceed g
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1. Never pipette by mouth. ]g g{
i2. No smoking or eating permitted in the work area

GOOD Radionuclide3. Gloves and laboratory coat ar^ requireo when using

l..aboralOry Safetyradionuclides.
:4. Prescribed personnel monitors must be worn.
!

5. Hands, shoes and clothing should be frequently {{gg{|Cgg
monitored.
6, Work with radiolsetive materials in an approved
hood or glove bon, unless the safety of working on an
open tienth 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 hquid and sohd radioactive waste in the
approved containers provided.

10. Refrigerators ccntaining radionuclides shall not be
used for stormg food.

11. Monitor radionuclide work areas at least once
daily for contamination and make notation of this
survey in latxwatory records.
12. Thoroughly wash hands af ter manipulating radio- .

nuchdes, before eating or smoking, and on completion of |
|work. '

13. Maintain records of receipt, use, transfer and I
disposal of radioactive materials.
14. Report accidental mhalation, ingestion, irilury or
spills to your supervisor and the Radiation Saf ety
Othee.
15. Renew pertinent safety practica< frequently, es-
pecially before using a new radionuclide. j

!16. Assure comphance with NIH Radiation Safety
!Guir:e and Title 10. Code of Federal Regulations, '

Parts 19 and 20.

!
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