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EMERGENCY PROCEDURES FOR RARIOISQTOPE LABORATORIES
IN CASE OF FIRE:
1. EVACUATE THE AREA.
2. CALL THE FIRE DEPARTMENT IMMEDIATELY.
3. CALL THE RADIATION SAFETY OFFICER.
4. USE THE PROPER FIRE EXTINGUISHER TO PUT OUT SMALL FIRES.

5. FIGHT FIRE WHILE SEEKING TO MINIMIZE POSSIBILITY OF
SPREADING CONTAMINATION.

6. DECONTAMINATE IF NECESSARY AFTER FIRE HAS BEEN
EXTINGUISHED.

IN CASE OF INJURY:

1. GIVE NECESSARY MEDICAL AID IMMEDIATELY, WHILE TRYING TO
MINIMIZE THE SPREAD OF ANY POSSIBLE CONTAMINATION.

2. 1IF REQUIRED, CALL FOR MEDICAL ASSISTANCE AT ONCE.

3. CALL THE RADIATION SAFETY CFFICER.

EMERGENCY PHONE NUMBERS:
FIRE DEPARTMENT: (201) 329-4646
MEDICAL AID: (201) 329-4646
RADIATION SAFETY OFFICER, Mark R. Schaitt

WORK: (201) 422-0400
HOME: (609) 394-3661

IF RADIATION SAFETY OFFICER UNAVAILABLE CALL SAFETY
COORDINATOR, John P. Sinisi
WORK: (201) 422-0400
HOME: (201) 563-1767







V.

U.S. Nuclear Regulatory Commission Regulations
10 CFR 20
10 CFR 19
Regulatory Guide 8.10
Regulatory Guide 8.13
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ANTRODUCTION

All uses ol radioactive material at the EniChem Americas
Research Laboratories (EniChem) are controlled by the radiation
protection program,

NO WORK WITH SOURCES OF IONIZING RADIATION
CAN BE INITIATED UNLESS PRIOR AUTHORIZATION HAS
BEEN OBTAINED FROM THE RADIATION SAFETY OFFICER.

All uses of ionizing radiation (except ultraviolet radiation) in
New Jersey are controlled and regulated by either the U.S.
Nuclear Regulatory Commission (NRC) or the State of New Jersey
Department of Environmental Protection Bureau of Radiation
Protection (DEP). EniChem has received a license from the NRC to
use limited amounts of radiocactive material in biological
research. We have estabiished a radistion safety program to give
the necessary assurances to the NRC as well as to the company
management that all potentially hazardous scurces of radiation
will be used safely.

This guide describes the organization of the program and
specifies the regulations, policies, procedures and practices
which are to be followed in using radiation sources at EniChem.
The guide was presented to the NRC as describing the EniChem
radiation safety program. It was accepted as such a- so
referenced in the license subsequently issued. Consequently, the
guide is a legal document governing all uses of radiation at the
EniChem Research Facility.

It is EniChem’'s policy to encourage the use of rudiation
where appropriate, but always with the insistence that there be
ne unwarranted radiation exposure; thuc, due regard must always
be given to the safety and welfare of the radiation workers and
the general population as well as to the protection of EniChem
property and liability. The EniChem operational policy places
ultimate responsibility of the person whe is supervising the use
of radiation sources (Supervisors). [rhese persois can satisfy
their responsibilities by adhering to this guide and by
requesting assistance from the Raiiation Safety Officer (RSO)
when there are questions or suspected problems.

This guide is organized in the following manner:
Section 1. General Description of the EniChem
Radiation Safety Program, Organization and

Responsibilities.

Section 2. Detailed Procedures and Practices.




RESCRIPTION OF RADIATION SAFETY PROGRAM

Thate are four levels of radiation safety responsibility in
the EniChem Radiation Safety Program:

A. The Radiation Safety Officer (RSO), The RSO together with
the EniChem Radiation Safety Committee (RSC) establishes the
radiation safety policy such that:

1. Unwarranted radi.tion safety exposures of EniChem
employees and the general public are avoided.

2. Couwpliance with all federal, state, and local
regulations is assured.

3. EniChem property and liability are protected.

Specifically, the RSO meets his responsibilities by routinely
monitoring all uses of radiocactive material to ensure that a)
each use is by or under the supervision of a properly authorized
supervisor; b) that the appropriate personnel and environmental
monitoring equipment is being used; and c) that radicactive
material is properly secured against unauthorized removal when
not in use.

B. The Radiation Safety Committee. The EniChem Radiation Safety

Committes shall consist of a Research, Principal or Senior
Scientist (who shall Chair the committee), a Research Associate
or Senior Research Associate, and a Research Assistant, all of
wvhom have practical experience in labcratory use of
radioisotopes. Additional members shall include a representative
of Laboratory Management and the Site Safety and Environmental
Coordinator.

The RSC is responsible with the RSO for setting the
Radiation Safety Policy of the Laboratory and for approving
applications for Supervised User status. In addition, the
Committee will review the records of occupational exposure of
radlation workers at the laboratory on a quarterly basis.

C. The Supervisor. The supervisor is a person permitted by the
RSO and the NRC to use radiation sources. He has primary
responsibility for the radiation safety associated with each
source under his control. He must verify that each person under
his supervision using these sources is properly tlained and aware
of the attendant hazards (see training requirements). He must
also supervise the use ol the sources to ensure conformation to
all the safety conditions of his authorization and those of this
guide.

D. The fupervised User, These individuals must use the sources
of radiation only under the direction of a supervisor. They must
follew those procedures and practices established by the RSO and
RSC. All users are required to attend a Radiation Safety
Orientation lecture before they begin work with radiaoctive
materials (sce training requirements).







4. Health Physics Society (HPS).
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APPENDIX 1
Authorization to Use Scurces of Radia®ion,

An individual can use or possess a source of radiation only
after authorization. To be authorized, =a supervisor must present
evidence of proper training and submit an application to the
RSO. After approval by the RSO and the RSC, the application will
be forwarded to the NRC. The RSO, RSC and the NRC must approve
the application to supervise work with radioactive materials
before work with radioisotopes can begin. Permission to use
radioactive materials under the authorization of a Supervisor
must also be obtained befors a supervised worker may begin
working with radioisotopes, Potential supervised users must
submit an application including a summary of training and
experience in the use of radioactive materials to the RSO who
will then forward the application to the RSC. The EniChem RSC
will consider the application and any recommendation of the RSO
in determining whether to grant the applicant permission to use
radiocactive materials.

The authorization of a Supervisor will be reviewed and
updated when the company NRC license is submitted for renewal.
1f the Supervisor wishes to use sources of radiation different
from those for which he has been authorized, if he wishes to
increase the possession limits or change the experimentel
conditions, he must receive an amendment to his authorization
before the change can be put into effect. The RSO wiil evalaute
requasts for amendment and as necessary inform and request
approval from the NRC for amendments to the company license.

A copy of the application for authorization is on the next
page.




APPLICATION FOR USE OF RADIO

ISOTOPES

I

nstructions: Complete application form;
Authorization requires comp

submit it to RSO.
liance with the

| Chemical symbol and | Chemical/Physical Form | Pocsession
| mass Number of each | of material(s)
|

I

|

|

| EniChem Radiation Safety Guide.

|

|1. Name of Applicant |3. Location(s) where isotopes
| | will be used,

| |

| |

|2. Group of Applicant |4. Location(s) where isotopes
| | will be stored

I I

| |

|5. Name of person supervising radioisotope usage.

I

|

|

|

|6. Radioactive material(s).

1 Limit (mCi)

!
I
I
|

7

. How the material will be used. Give
concerning the use to provide a basis :.r
the health hazards and possible building
should include a description of the exper
and physical fates of the radioisotope, t
radiocactivity to be ured per experimental
mation pertinent to radiation safety. At
as necessary.

. ufficient detail

the evaluation of
contamination. This |
iment, the chemical |
he maximum amounts of |
run and other infor-|
tach separate sheets |

I
I
|
I
l
l
I
I
]
I
I
I
|
|
I
I
I
1
I
|
l
I
!
l
|
|
I

I
I
I
|
I
I
1

8. Radiation Detection Instruments Used.
Liquid Scintillacion Counter

GM survey meter |
Other (specify)|

|
|

Special Restrictions

Special Monitering Required

Approved By RSO Date
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APPENDIX 11
Iraining of Vorkers

Individuals using radioisotopes under a NRC license have
certain rights as prescribed in 10 CFR 19 "Notices, Instructions
and Reports to Workers: Inspections" (see Appendix IV). In
accordance with Part 19, a copy of the EniChem license and a copy
of the Notice is posted in radioisotope areas to advise persons
in those areas that work is being done and to describe the
documents and regulations pertinent to that work.

EniChem has designed its training program to ensure that all
persons working in or frequenting areas of -adioisotope use are
aware of the attendent hazards. All persons using radioisolopes
or frequenting areas where radioisotopes are used must attend an
EniChem Radiation Safety lecture consisting of material as shown
in the outline appearing in this appendix before beginning work
with radioactive materials. The RSO shall keep records of
attendence at these orientations.

The RSO shall determine at the time of application for
authorization amendment or renewal if the training and experience
of the user is adequate or if additional training or experience
s required.
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10.

1.

OUTLINE FOR RADIATION SAFETY ORIENTATION LECTURE

Why are we here?
a, Regulations
b. Orientation to EniChem Radiation Safety Program

All uses of radiation in New Jersey require a license
Description of EniChem license

Licenses require EniChem to ensure safe use through:
a. Organization

b. Facilities and Equipment

c¢. Evaluation

d. Control

e Services

Radioactivity and Radioactive Decay
Interaction of radiation with matter

Dosimetry
a. The Roentgen, the Rad, and the Rem
b. Methods of Measurement

Biological Effects
a. Somatic
b. Genetic

Reguiations - based on ICRP and NCRP recommendations
a. 1C °FR 20
b. 10 CFR 19
c¢. Radiation Protection Guides
1. 8.10 As Low As Reasonably Achievable
2. 8.13 Pregnant Women
d. Postin-~
e. Privacy Act; NRC Forms 4 and 5

EniChem Radiation Safety Program

a. Management responsibility

b. Radiation Safety Officer/Radiation Safety Committee
c¢. Evaluation

d. Compliance

e Services

Laboratory Practices
8. External hazards, including X-rays
b. Internal hazards
c. Surveys

d. Instrumentation
e. Records

f. Waste Disposal
g. Labelling and marking

12




b

Storage

Restriction of access

ALARA - As low as reasonably achievable
Posted Emergency Procedures

12, Specific Problems

Kl T Mmoo QAN O

Izitium (“H)
Carbon
32p
Concept of MPC and regulatory requirements
Radiation Exposure Artifacts
Care of Personnel Badges
Ordering Radioisotopes
Marking of waste containers

Changes i~ ‘perimental procedure
Hesitanc ask for help/Where to get help
Rules f -.e of radioisotopes
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CAUTION

Work with sources of radiation is being carried out in this
area.

In accordance with the United States Nuclear Regulatory
Commission Regulation 10 CFR 19.11, the following documents
relating to the work are available to you from the Radiation
Safety Officer:

1. 10 CFR 20 - which describes the Nuclear Regulatory
Commission Standards for Radiacion Protection which
must be adhered to in the use of sources of radiation.

2. 10 CFR 19 - which describes the Nuclear Regulatory
Commission Regulations pertaining to notices,
instructions, and reports to workers and inspections of
radiation activities.

3. Regulatory License and Applications - which specify the
special conditiuns under which radiation work must be
carried out.

4. EniChem Radiation Safety Guide - which specifies
laboratory radiation safety policies and procedures,

5. EniChem Authorization - under which the work in this
area is being performed.

14



MAINTENANCE STAFF

PROCEDURES FOR DZALING WITH EQUIPMENT

IN LABOPATORIES USING RADIOACTIVE MATERIALS

1. Any device or area in our facility which has a radiation
symbol on it might be contaminated with radioactive material.
Before you work on or around such a device contact the Radiation
Safety Officer (RSO) so that the device may be checked for
safety.

2. Equipment within or servicing a radioisotope laboratory which
may be contaminated by radioactive material includes hoods,
exhaust blower motors, pumps, drain pipes, ventillation ducts,
etc. Call tne RSO to check before beginning work on such
equipment.

3. If you think you may have gotten some radioactive material on
your skin or clothing, wash it off as soon as possible, and then
call the RSO so that he can assure you that all the contamination
has been removed. Do not leave the general area until you have
been checked. Do not panic. The risk is quite low.

4. If you have questions, call the RSO.




CUSTODIAL STAFF
WHAT TO DO ABOUT RADIOACTIVE MATERIALS

1. Rooms which have the radiation symbol shown on doors or on
equipment may contain radioactive materials. You should be
careful when working in these rooms. You can sweep, mop, and wax
the floors and remove the waste which is not labelled with the
radiation symbol, just as in any other room.

2. Any container (box, bottle, carton, etc.) which has
radiocactive material in it will have the radietion symbel on it
also. You should not touch these containers. If the contents of
these containers are spilled, DO NOT TOUCH THEM OR ATTEMPT TO
CLEAN THEM UP. Tell your supervisor or the Radiation Safety
Officer (RSO) rigut away.

3. DO NOT empty any waste container which has the radiation
symbol on it.

4. DO NOT empty any waste container which has waste material,
such as boxes or bottles, which are labelled with the radiation
symbol. Tell your supervisor about it,

5. DO NOT eat, drink, smoke, take medication or apply cosmetics
in any room which has the radiation symbol on its door.

6. In an emergency, or if you have any questions, ask your
supervisor or the RSO for help.
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APPENDIX III

Use of Radiojsotopes

The Authorized Supervisor is responsible for seeing that the
users of radioisotopes under his authorization comply with all
the governmental regulations, the specific conditions and
limitations of his authorization and the procedures and practices
outlined in this Appendix. He verifies that all persons who use
radioisotopes under the coverage of his authorization are
supervised, properly trained and experienced, aware of the
attendent hazards and observe the procedures of this guide.

1. Training and experience. See Appendix II of this guide.
2. Receipt, Transfer and Disposal of Radioactive Material.

The RSO must approve all purchases, receipts anc subsequent
transfers of radioisotopes. All requests to purches-»
radioisotopes must be submitted to the RSO. Purchase requests
sent to the purchasing department without RSO approval will not
be processed. A purchase requisition cannot be used to confirm a
radioisotope order unless the authorized user ohtains prior
written approval from the RSO. Blanket orders for radioisotopes
must be approved by the RSO before the order is placed.

All radioisotopes arz checked for contamination and their
receipt is recorded for legal purposes by the RSO. The
radioisotope is then delivered to the authorized supervisor. Cfee
Appendix IV for procedures and forms.

If an authorized supervisor wants to either a) move the
radioisotope to a location other than those specified on his
authorization, or b) transfer the isotope to another authorized
person, he must first obtain approval from the RSO.

All radiocactive material must be disposed of through the
RSO. No radioactive waste may be disposed down the drain or into
the normal non-radioactive waste receptacles. Liquid waste must
be placed in a properly labelled container. Solid waste must be
placed in a properly labelled contalner lined with a plastic
bag. Liquid scintillation vials should be kept separate. All
radioactive waste will be packaged according to the specification
of waste-removal vendors for removal to a disposal site.

3. Radiation Surveys.

The RSO supervises routine radiation and contamination
surveys of all laboratories. The user must supplement these
routine surveys as specified below. These user-conducted
radiation surveys are not optional but are a required, integral
part of the EniChem Rudiation Safety Program.
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RADIATION SURVEYS ARE TO BE MADE AFTER EACH
EXPERIMENTAL RUN OR AT THE END OF EACH DAY
RADIOISOTOPES ARE USED IN ORDER TO DETERMINE
THE EXTENT OF RADIOACTIVE CONTAMINATION AND TO
ASCERTAIN THAT ALL WASTE AND STOCK MATERIAL HAS
BEEN STORED OR PROPERLY DISPOSED OF.

When material is known to have been spilled or become
airborne, wipe test surveys of the affected areas should be
made. Such tests can be made with filter paper or squares of any
absorbant paper, and the wipes counted with an appropriate
counting instrument. The RSO should be called if the
experimenter has reason to believe his work has resulted in gross
contamination or constitutes an emergency situation (See
emergency procedures below).

4., Storage of Radioisotopes.

Radioisotopes must be stored to permit access only to the
authorized user and those whom he designates. Each area and room
where radioisotopes are stored must be posted with a Radioactive
Material sign. Radiation levels around storage and useage areas
should be measured and, if radiation doses could exceed five (5)
millirems per hour in an occupied area, be posted with a
Radiation Area sign. Proper signs are available from the RSO.

See Appendix IV for Radioisotope Inventory Forms.
5. Records.

Fach user shall maintain a radioisotope log to record the
receipt, use and disposal of all radioisotopes he receives. This
is not optional but is a governmental regulation. The log should
also be used to record the date and results cf radiation and
contamination surveys, even when the results show no radiation or
contamination. This log is subject to inspection by the RSO and
the NRC. See Appendix IV for examples of these logs.

6. Restriction of Radioisotope Areas.
Access to areas where radioisotopes are stored or used must
be restricted to those persons cognizant of the associated
hazards. This is a federal regulation.

7. Radioactive Waste.
Radioactive waste must be disposed of through the RSO. No
waste is to be discarded through the drains or any other
means without prior approval from the RSO. A copy of the
waste inventory log is in Appendix IV.

8. Movement of Radioisotopes.
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Padioisotopes are not to be moved from authorized places of
s.orage and use witiout the prior approval of the RSO.

Under no circumstances is any radioac.ivs material or
equipment contaminated with radiocactive material to be
removed from the laboratory site by any method including but
not limited to the mails, UPS or other contract carrier or
personal or company vehicle without prior approval of the
RSO.

9. Emergency Procedures.

A radiation emergency occurs when r set of circumstances
results in hazardous radiation levels, hazardous
concentrations of airhorne radioisotopes, or gross
contamination of property. Examples of radiation
emergencies and actions tc be taken are:

a. Personnel Contamination
1) Remove contaminated clothing.
2) Wash contaminated skin with mild soap and water.
Do not use abrasives.
3) Call the RSO.

b. Spill of radioisotope where radioisotope does not become
airborne.
1) Wipe up spill with absorbant paper using a blotting
motion so you do not spread the contamination.
2) Dispose of the contaminated paper in a radiocactive
waste container.
3) Call the RSO

c¢. Volatilization of liquid or dispersal of solid
radioisotope outside a ventillated enclosure.
1) 1If possible, keep contamination localized by
closing doors and restricting access to area.
2) Leave the area.
3) Call the RSO,

d. Fire in a radioisotope area.
1) Treat the fire in the normal manner.
2) Call the RSO,

ALWAYS USE COMMON SENSE IN HANDLING RADIATION
EMERGENCIES, AND CALL THE RSO AS SOON AS PRACTICAL.
DO NOT TRACK OR OTHERWISE PERMIT RADIOISOTOPES TO BE
SPREAD INTO CLEAN AREAS.

10. Personnel monitoring.

The RSO determines the need for personnel dosimetry during
the authorization evaluation or evaluation of amendment requests,

19




The authorized Supervisor has the responsibility to assure
that all persons who use radioisotopes or work in his area wear
appropriate radiation dosimeters when required. The details are
shown in Appendix IV,

11. Radioisotope laboratory design.

The design and furnishings of a laboratory must be
commensurate with the hazards presented by the radioi-otope and
its condition of use. Each laboratory must therefore be
evaluated individually by the RSO in light of its intended use.
In practical terms, some possible requirements are that:

a. Bench tops or other surfaces on which radioisotopes will
be used should be stainless steel or covered with an
impervious surface.

b. Floors must be covered with an impervious material;
properly waxed, vinyl asbestos tiles are normally
acceptable.

c. Walls must have a smooth, crack- and hole-free surface.

d. Proper room ventillation and adequate radioisotope
storage must be provided.

12. Rules for working with radioactive materials.

A set of laboratory rules found to be very useful in
reminding laboratory workers of good radiation safety practices
is found below. Copies of these pages should be posted in each
laboratory the by RSO. Each authorized supervisor should ensure
that these instructions are kept prominently displayed in work
areas.

Special procedures for working with millicurie amounts of
32p.1abelled compounds are in Appendix IV,
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RULES FOR WORKING WITH RADIOACTIVE MATERIALS

ROUTINE PROCEDURES

Eating, drinking, 1. Eating, drinking, smoking, chewing

smoking, etc. gum, taking medication, applying
cosmetics are not permitted in thi-
laboratory.

Wash hands 2. Wash hands after handli , any
radiocactive material  fore going
about other work. Always wash
before handling objects which go
into the mouth, nose, or eyes.
Keep fingernails short and clean.

Pipetting 3. Never pipette anything, even water,
by mouth,

b

Protective clothing Always wear rubber or plastic gloves
and lab coats when handling
radioisotopes Lab coats and
gloves should only be worn in the
laboratory and should be removed

when leaving the lab.

Confiic the activity 5. Always work over trays lined with
absorbant material. Keep and
transport radioactive materials in
double containers.

Spills 6. Notify the Radiation Safety Officer
of all spills except those of a

very minor nature.

Labelling 7. Using radioactive labelling tape,
label radioactive materials with
your name, date, isotope and
quantity of isotope.

Before leaving 8. Before leaving the laboratory, clean
up and monitor your work area as
well as yourself.

Dispose of liquid 9. Liquid radiocactive materials should

radicactive waste be disposed of through the RSO.
They should be held in plastic
containers or in metal containers
if the material is incompatable
with plastic. The quantity of
isotope, the isoiope name, the
date, and the user’'s name should be
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recorded in a log kept with the
container. No radioactive materjial
v

should be disposed of via the sink.
Dispose of golid 10, Solid radioactive waste should be
radioactive waste placed in plastic-lined boxes or

containers. The quantity being
disposed of, the date, the user,
and the isctope should be recorded
in the waste log kept with the
container,

Hoods 11. Materiais which could become
airborne must be stored and used in
a hood. Hood ven-illation should
be left on at all cimes.

Food 12. Never keep or store food or
beverages in radioisotope labs, or
ir refrigerators or freezers in

which radivisotopes are or have

been stered.
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RULES FOR WORKING WITH RADIOACTIVE MATERIALS
EMERGENCY PROCEDURES
Be prepared for an emergency by mentally rehersing the following:

EXTREME HAZARDS

Hazards such as high radiation levels or the possibility of
airborne contamination from dry or volatile radioactive
materials.

EVACUATE 1. Evacuate the laboratory immediately;
secure the doors to prevent
reentry.

CALL RSO 2. Call the RSO immediately. If you

have to leave the area to do so,
remove your shoes if you suspect
contamination and do not touch
anything unnecessarily.

OTHER HAZARDS

Hazards such as spills or suspected spills of radioactive
material where the material does not become airborne

Keep Calm 1. Keep calm, use common sense, protect
people, do not spread contamination
(always assume you are contaminated
until a survey proves otherwise).

Confine Contamination 2. Localize the spill. Right tipped
containers; drop absorbant material
onto the spill. Damp down a dry
spill.

Do not track contamination about
the laboratory.

Call, don't go for help if
possible,

Close door and where possible
adjust the ventillation to prevent
spread of airborne materials,

Check shoes before leaving the area
of a "cleaned" spill.

Protect Personnel 3. Remove contaminated clothing and

wash contaminated parts of the body
with a mild detergent.

23




Be especially thorough in flushing
out wounds.

Warn other workers.

Decontaminate 4, 1If thorough washing with detergent
does not remove contamination from
body, consult the RSO.

You will be expected to perform the
major work of decontamination of
the area of your spill. The RSO
will survey for contamination and
advise on procedures and assist as
necessary.

All suspected contaminated persons
and areas must be monitored after
decontamination and before work is
resumed.

IN ALL EMERGENCIES, EXCEPT VERY MINOR SPILLS OF
RADIOACTIVE MATERIALS, THE RSO SHOULD BE CALLED
AS SOON AS POSSIBLE.

DO NOT TRACK OR OTHERWISE PERMIT RADIOISOTOPES
TO BE SPREAD INTO CLEAN AREAS.
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APPENDIX IV

SPECIAL FROCEDURES AND FORMS

Radioactive Material Receipt and Delivery Procedure and
Forms

Laboratory Survey Procedure and Form

Radioactive Material Inventory Form

Radioactive Material Waste Form

Procedures for Use of 32P in Quantities above 1 mCi

|
|
|
Personnel Monitoring Details

-



RADIOACTIVE MATERIAL RECEIPT AND OPENING PROCEDURE

I. Rackage Receipt
A. Do not accept a radioisotope shipment that is damaged.

B. A contamination survey must be made within three (3)
hours after receipt of a radiocactive material shipment
(within 18 hours if the delivery is made after hours).

C. Radioactive material shipments should be separated from
the non-radinactive shipments upon receipt. The RSO
should be notified immediately.

D. The date and time of the receipt should be recorded on
the delivery form,

IT1. Package opening

A. Wear gloves and protective clothing when opening the
package.

B. Wipe the outside shipping container surface and count
the wipes to check for contamination (see note below).
Record the results.

C. Using the G.M. survey meter, measure the radiation
levels at the surface of the container and, {f
necessary, at one meter from the surface. Record the
results,

D. Open the package, and take a wipe of the successive
layers of containment, down to the vial containing the
radioisotope (or the outside of the package if it is
sterile-wrapped). Count these and record the results.

E. Record and signs cf damage to the package or the vial.

F. If there is contamination or an excessive radiation
lavel check the NRC regulations (10 CFR 20.205) to see
of the NRC or the shipper must be notified.

G. See 10 CFR 20.205 for circumstances in which some of
these steps may be eliminated or reduced.

H. The wipes should be counted in the Liquid Scintillation
Counter.

I71. Delivery of Radioisotopes to user.

A. Do not leave the package unattended; deliver it
immediately to the user so that it may be stored
correctly.




RADIOISOTOPE RECEIPT AND DELIVERY

Radioactive Material

P.0. No.

Activity

Date of receipt

Location of use

Contamination Survey (counts per minute)
Package surface
Final source container

Background

Radiation Llevels (mR/hr)
Package suriace
Three feet
Background

Date and Time of
Delivery to user

User signature




LABORATORY SURVEY PROCEDURE

1. Laboratory contamination surveys should be done on a routine
periodic basis with the period determined by the level of
activity. They should be done often enough so that
possibility of contamination is minimized.

Surveys should be done by anyone using radioactive material
immediately after the completion of an experimental
procedure.

2. The survey date, consisting of layouts of the laboratories
indicating the locations at which the wipes were made and
the results of the counting of the wipes must be kept for
inspection by the RSO and the NRC. If contamination is
found, it should be removed immediately and the area
resurveyed. The results of the resurvey should be recorded.

3. Wipes are made using filter paper moistened with water or, if
necessary, another appropriate solvent for the material in
use. Approximately 100 em® (10 em x 10 cm; 20 em x 5 cm;
100 cm x 1 cm; etc.) of surface should be wiped.

32p.

4. Penetrating radiation, e.g. can be monitored with the

G.M. survey meter.




LABORATORY SURVEY RECORD

Room Supervisor

Radioisotope used

(See room plan on reverse side for key to locacions.)

survey Date Surveyor Contamjination Radiation Field
Loc. apm/wipe Loc. mR/hr mR/hr

1. On the reverse side sketch a plan of the lab indicating by number the
locations at which the wipes are taken.

2. Contamination surveys shall be done using absorbant filter paper
(moistened with an appropriate solvent if necessary). Wipe approximately
100 cm“ of surface area. Count the wipes in the liquid scintillation
counter. An activity of 200 dpm/wipe or greater indicates significant
contamination. Contaminated areas must be clcaned immediately and the

area resurveyed,

3. Radiation surveys (if necessary) should be performed with a properly
operating, calibrated G.M. survey instrument. An exposure rate in excess
of 0.1 mR/hr in areas frequently occupied by humans should be shielded.
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RADIOACTIVE MATERIAL INVENTORY

Material User
Initial amount Date received PO No.
Date _ Activity used Activity remaining ~ Used by:

Disposed of empty container
Date: User




RADIOACTIVE WASTE INVENTORY

Rate Radiojsotope Activity User

Totals: (To be completed when the radioactive waste is shipped.)

Radioisotope Total Activity (mCi)

Signature Date___
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HANDLING PROCEDURES FOR MILLICURIE QUANTITIES OF 32p

Phosphorus-32 emits a distribution of energetic beta
particles up to a maximum energy of 1.7 MeV, which can travel as
far as 7 meters in air. The absorbed dgse rate close to
containers of millicurie quantities °§ P is on the order of
rads/min. A significant fraction of 2p entering the body is
deposited in the bone structure. The maximum permissible bone
burden is 6 microcuries.

The fo %oving procedures should offer a guide to using
sources of ““P in excess of one millicurie.

1. Prepare a written set of procedures and submit them to the
RSO for approval prior to the run,

2. Avoid handling the vial directly. Use remote handling tools,
such as tongs or special holders when handling the source
containers,

3. Use low density shielding (e.g. a minimum of 0.25 in. of
plexiglas) to absorb the beta particles without generating
significant amounts of X-rays due to Bremsstrahlung. Heavy
materials (high atomic number) should not be used close to
the source because the Bremsstrahlung process results in
much greater X-ray production in high density material than
in low density shielding material. However, a small amount
of lead on the outside of a plastic shield will absorb the
Bremsstrahlung X-rays efficiently.

4. Wear Safety Glasses to protect eyes from splashes and
unnecessary radiation.

5. Wear two sets of gloves; strip off the outer pair and replace
if they become contaminated. Keep the inner pair clean at
all times.

6. Have immediately available a properly operating G.M. survey
meter for use in detecting contamination and radiation
fields.

7. Wear finger dosimeters in addition to lapel film badges. The
finger dosimeters are important because they will monitor
the dose given to the fingers which will not be seen by the
lapel badge.

8. Have your supervisor or the RSO observe you during a dry run
of the procedure or the first time you perform the
procedure,

9. After each procedure, survey the area with both the G.M. and
wipes to enable removal of any contamination.
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PERSONNEL MONITORING

Personnel badges 3511 be worn by all persons using
millicurie amounts of ““P to assure that all exposures are
minimized. It i{s unlikely that anyone will be exposed to levels
which will result in doses above the limits of 10 CFR 20.202 so
badges will be worn to establish good radiation safety

practices, Finger dosimeters will be required for millicurie
quantity 32P users.

Urine analysis or other appropriate biocassays will be done
in the event of a suspected accidental intake of : radionuclide.
The standard procedure for urine analysis is to count a one (1)
ml sample of the individual's urine by liquid scintillation
counting. The minimum detectable body burdens for the isotopes
of Item 8 are caiculated below.

Tritium: The MDL is 50 dpm/ml - 2.2 x 1077 uCi/ml
2.22 x 107 dpm/uCi

which corresponds to a whole body water burden of approximately
0.095 uCi. This threshold is wcil below the Maximum Permissible
Body Burden of 1000 uCi (ICRP 10). Analysis of other organ
burdens of Tritium will be done using the latest reference data,
e.g. NCRP or ICRP documents.

Carbon-14:

Sulfur-35: The MDL is 100 dpn/m] «0.05 x 10°3 uCi/ml
2.22 x 107 dpm/uCi

Phosphorus-32:

which corresponds to whole body burdens in excess Yf the Hggimum
Permissible Bodx Burde:s (ICRP 10) of 400 uCi for C and )

and 30 uCi for 2P. Because of the relatively high threshold

of the urine assay for these radionuclides and the small
probability that a significant fraction of the Maximum
Permissible Body Burdens would be taken into the body of a
radiation worker in situations other than accidents, urine assays
for these isotopes will be done only is there is a suspicion that
accidental intake may have occurred.
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U.S. NUCLEAR REGUL’ORV COMMISSION

REGULATORY GUIDE

OFFICE OF STANDARDS DEVELOPMENT

‘ November 1975
Revision 1

REGULATORY GUIDE 8.13
INSTRUCTION CONCERNING PRENATAL RADIATION EXPOSURE

A. INTRODUCTION

Section 19.12 of 10 CFR Part 19 states that all
individuals working in or frequenting any portion of a
restricted area must be instructed in the health protec-
tion problems associated with exposure to radioactive
materials or radiation. This guide describes the instruc-
tion that should be provided concerning biological risks
to embry 0s or fetuses resulting from prenatal exposure.®

B. DISCUSSION

Since the L:w of Bergonie and Tribondeau was
published in 1906%* it has been known that the
sensitivity of cells 1o radiation damage is related to their
reproductive activity and inversely related to their
degree of differentiation. It follows that children could
be expected to be more radiosensitive than adults,
fetuses more radiosensitive than children, and embryos
even more radiosensitive.

This principle has long been a factor in the
development of radiation exposure standards. Section
20.104 of 10 CFR Part 20 places different limits on
minors than on adult workers. Specifically, it limits
anyone under the ags of 18 to exposures not exceeding
10% of the limits for adult workers. However, §20.104
dnes not relate to embryos or fetuses.

A speciai situation anses when an occupationally
exposed woman is pregnant. Exposure of the abdomen
of such s worker to penetrating radiation from either
external or internal sources would also involve exposure
of the embryo or fetus. Because a nuinber of studies
have indicated that the embryo or fetus is more sensitive

*This revision of the guide includes mmor changss of a
clarifying nature incorporated as a result of public comments
No substantive changes have been made

s*Comptes Rendus des Seances de |'Academie dex Sciences, Vol
143, pp 983985, 1906

than an adult, particularly during the first three months
after conception, when a woman may not be aware that
she is pregnant, the National Council on Radiation
Protection and Measurements (NCR?) recommended in
its Report No. 39 that special precautions be taken to
limit exposure when an occupationaly exposed woman
could be pregnant.

C. REGULATORY POSITION

Instruction to workers performed under §19.12
sho:ld be given prior to assignment to work in a
restricted area. In providing instruction about health
protection problems associated with. radiation exposure,
famale workers and those who may supervise or work
with them should be given specific instruction alout
rrenatal exposure risks to the Jeveloping embryo and

us.

The instruction should ensure that the employees
understand

1. That the NCRP has recommended that, during
the entire gestation period, the maximum permissible
dose equivalent to the fetus from occupational exposure
of the expectant mother should not exceed 0.5 rem and

2. The reasons for this recommendation.

The instruction should include the information
provided in the Appendix to this guide. It should be
presented to the employee, her supervisors, and her
coworkers both orally and in written form. Each
individual should be given an opportunity to ask
questions, and each individual should be asked to
acknowledge in writing that the instruction has been
received.

D. IMPLEMENTATION

The purpose of this section is to provide informa-
tion to licensees regarding the use of this guide
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Excep' in those cases in which the licensee chooses
10 propuse «.) alternative method for complying with the
portion of the Commission's regulations previously
specified, the methods described herein should be used
immediately to instruct female emgloy€es working in or

frequenting any portion of a restricted area. and those
who may supervisc of work with such employees,
concerning the health protection problems associated
with prenatal radiation exposure.
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APPENDIX TO REGULATORY GUIDE 8.13

POSSIBLE HEALTH RISKS TO CHILDREN OF WOMEN
WHO ARE EXPOSED TO RADIATION DURING PREGNANCY

Some recent studies have shown that the risk of
Jeukemia and other cancers in children increases if the
mother is exposed to a significant amount of radiation
during pregnancy. According to a report by the National
Academy of Sciences, the incidence of leukemia among
children from birth to 10 years of age in the United
States could rise from 3.7 cases in 10,000 children to 5.6
cases in 10,000 children if the children were exposed to
1 rem of radiation before birth (a “rem"” is a measure of
radiation). The Academy has also estimated that an
equal number of other types of cancers could result
fromn this level of radiation. Although other scientific
studies have shown a much smaller effect from radiation,
the Nuclear Regulatory Commission wants women em-
ployees of its licensees to be aware of any possible risk
5o that the women can take steps they think appropnate
to protect their offsprine.

As an employee of a Nuclear Regulatory Commis-
sion licensee, you may be exposed to more radiation
than the general public. However, the Nuclear Regula-
tory Commis ion has established a basic exposure Limit
for all occums ¢ ..ally exposed adults of 1.25 rems per
calendar quarie,, 15 rems per year. No clinical e idence
of harm wo '4 be .xpected ir an adu)* working within
these levels or a lifelime. Because the risks of undesir-
able effects may be grea’ « for young people, individuals
under 18 years of age are permitted to be exposed to
only 10 percent of the adult occupational limits. (This
lower limit is also applied to members of the general
public.)

The scientific organization called the National
Council on Radiation Protection and Measurements has
.ecommended that because unborn babies may be more
sensitive to radiation than adults, their radiation dose as
a result of occupational exposure of the mother shoula
not exceed 0.5 rem Other scientific groups, including
the Intemnational Commission on Radiation P-otection,
have also stressed the need to keep radiation Goses to
unborn children as Jow as is reasonably achievable

Ali Nuclear Regulatory Commission licensees are
now required® to inform all individuals who work in a
restricted area of the health protection problems asso-
ciated with radiation exposure. This instruction would in
many cases include information on the possible nisks to
unborn babies. The regulations also state®® that
licensees should keep radiation exposures as low as IS
reasonably achievable. According 10 the National
Council on Radiation Protection and Measurements,
vigorous efforts should be made to keep the radiation
exposure of an embryo or fetus at the very lowest
practicable level dunng the entire period of pregnancy.

Thus it is the responsibility of your employer to
take all practicable steps to reduce your radiation
exposure. Then it is your responsibility to decide
whether the exposure you are receiving is sufficiently
low to protect your unbom child. The advice of you:
employer’s health physicist or radiation protection
officer should be obtained to determine whether radia-
tion levels in your working areas are high enough thata
baby could receive 0.5 rem or more before birth. If so,
the alternatives that you might want to consider are

(a) If you are ..ow pregrant or expect 10 be soon,
y'.u could decide not to accept ¢ conintie assignments
in rhese areas.

(%) You could reduce your exposure, where possi-
ble, by decreasing the amount *{ time you spend in the
radiation area, increasing youw uistance from the radia-
tion source, and using shielding.

(c) If you do become pregnant, you could ask your
employer 10 reassign you to areas involving less exposure
t> radiation. If this is not possible, you might consider

* By Titke 10, Part 19 of the Code of Federal Regulations
**|n Tite 10, Part 20.
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leaving your job. 1f you decide to take such steps, do so
without delay. The unborn child is most sensitive 10
radiation during the first three months of your preg:
nancy.

(d) You ‘could delay having children until you are
no longer working in an area where the radiation dose to
your unborn baby could exceed 0.5 rem.

You may also, of course, choose to:

(¢) Continue working in the higher radiation areas,
but with full awareness that you are doing so at some
small increaseq risk for your unborn child.

The following facts should be noted to help you make 2
decision

I. The first three menths of pregnancy are the
most important, so you should make your decision
quickly.

2. In most cases of occupational exposure, the
ac.ua) dose received by tiie unborn baby is less than the
dose received by the mother t 2cause some of the cose is
absorbed by the mother’s body.

3. At the present occupational exposure limit, the
«ctual risk to the unborn baby is small, but experts
disagree on the exact amount of risk.

4. There is no need to be concerned about sterility
or less of your ability to bear children. The radiation
dose raquired to prouuce such effects is more than 100
times larger than the Nuclear Regulatory Commission’s
dose limits for adults.

§. Even if you work in an area where you receive
only 0.5 rem per three-month period, in nine months
you could receive 1.5 rems, and the unborn baby could
receive more than 0.5 rem, the full-term limit suggested
by the NCRP. Therefore, if you decide to restrict your
unborn baby's exposure as recommended by the NCRP,
be aware that the 0.5 rem limit to the unbormn baby
applies to the full nine-mon.h pregnancy.

The remainder of this document contains a brief
explanation of radiation and its effects on humanrs. As
you «ill see, some radiation is present everywhere and
the levels of radiation most employees of Nuclear
Regulatory Commission licensees receive are not much
larger than these natural Jevels. Because the radiation
Jevels in the faclity where you will be working are
required by law to be kept quite low, there is not
considered to be a significant health nisk to individual
a 'ult employees

Discussion of Radiation

The amount of radiation an individual reccives is
called the “dose™ and is measuted in “rems’ The
average individual in the United States accumulates a
dose of one rem from natural sources every 12 years
The dose from natural radiation is higher in some states,
such as Colorado, Wyoming, and South Dakot, pn-
marily because of cosmic radiation. There the average
individual gets one rem every 8 years.

Natural background radiauon levels are also much
higher in rertain local areas. A dose of one rem may be
received in some areas on the beach at Guarapari, Brazil,
in only about 9 days, and some people in Kerala, India,
get a dose of one rem every 5 months.

Many people receive aditional radiation for medi-
rcal reasons. In 1970, an estimated 212 million X-ray
| examinations were performed in the United States. The

estimated average surface skii dose from one radio-
graphic chest X-ray is 0.027 rem. The estimated average
surface skin dose per abdominal X-ray is 0.62 rem.*

Radiation can also be received from natural sources
such as rock or brick structures, from consumer prod:
ucts such as television and glow-in-the-dark watches,
and from air travel. The possible annual dose from
working 8 hours a day near a granite wall at the Nedcap
Stand in Grand Central Station, New York City. is 0.2
rem, and the average annual dose in the United States
from TV, consumer products, and air travel is 0.0026
rem.

Radiation, like many things, can be harmful. A large
dose 1o the whole body (such as 600 rems in one day)
would probably cause Ceath in about 30 days, but such
large doses result only from rare accidents. Control of
exsosure to radiation is based on the assumption that
any c¥nosuie, PG matter how small, involves some risk.
The occupational exposure limits are sel 50 low, how-
eve . that medical evidence gathered over the past 50
years indicates no clinically observable injuries to indi-
viduals due to radiation exposures when the established
radiation limits are not evceeded. This was true even for
exposures received under the early occupational ex-
posure limits, which were many times hig. - than the
present limits. Thus the risk to individuals at the
occupational exposure levels is considered to be very
Jow. However, it is impossible to s *hat the risk is zero.
To decrease the risk st.Il further, licensees are expected
1o keep actual exposures as far below the limi's as is
reasonably achievable

o Pre.Release Report X-Ray Exvosure Study ‘XES) Revised
Esimates of 1964 and 1970 G. vetically Significant Dose.”
Vebruary 4, | US Derartr ent of Health, Education,
and Welfare, Puc ic Healih Servie Federa) Drug Administra
von. Bureaw of Radiological Healts
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The current exposute limits for people working with
radiation have been developed and carefully reviewed by
nationally and internationally recognized groups of
scientists. It must be remembered, however, that these
limits are for adults. Special consideration is approp:iate
when the individual being exposcd, is, or may be, an
expeciant mother, because the exposure of ar unborn
child may also be involved.

Prenatal Irradiation

The prediction that an unborn child would b: more
_ensitive to radiation than an adult is supported by
observations for relatively large doses. Large doses
delivered before birth alter both physical development
and behavior tn experimentally exposed animals. A
teport of the National Academy of Sciences states that
short-term doses in the range of 10 to 20 rems cause
subtle changes in the nerve cells of unborn and infant
rats. The report also states, however, that no radiation
induced changes in development have been demon-
strated to result in experimental animals from doses up
10 about | remn per day extended over a large part of the
period before birth.

The National Academy of Sciences also noted that
doses of 25 1o SO rems to a pregnant human may cause
growth disturbances in her offspring. Such doses sub-
stantially exceed, of course, the maximum permissible
occupational exposure limits.

Concern about prenatal exposure (i.e., exposure ofa
child while in its mother's uterus) at the permissible
occupational levels is primarily based on the possibility
that cancer (especially leukemia) may deveiop during the
fi -« 10 years of the child’s life. Several studies have been
performed to evaluate thus risk One study involved the
followup of 77,000 children #xposed to radiation before
birth (because of diagnostic abdominal X-rays made for
medical purpose: during their mother’s pregnancy).
Aunother study involved the followup of 20,000 such
children. In addition, 1292 children who received
prenatal exposure during the bombing of Hiroshima and
Nagasaki were studied. Although contradictory tesults
have been obtained, most of the evidence ‘suggests a
relationship between prenatal exposure and an increased
risk of childhood cancer.

Summary

Occupational exposures to radiation are being kept
low. However, qualified scientists have recommended
that the radiation dose 1o an embryo or fetus as a result
of occupational exposure of he expectant mouther
should not exceed 0.5 rem because of possible increased
risk of childhood leukemia and cancer. Since this 0.5
rem is lower than the dose penerally permitted to adult
workers, women may want tC take special action: 10
avoid receiving higher exposures, just as they might stop
smoking during pregnancy or might chimb stairs more
carefully to reduce possible risks to their unborn
children.
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Crxeaal Provisions

-
§201 Purpose

(a) The regulations in this part es-
tablish  standards for protection
Against radiation hazards arising out
of sctivities under licenses issued by
the Nuclear Regulatory Commission
anc are issued pursuant to the Atomic
Energy Act of 1954, as amended. and
llgg‘ Energy Reorganization Act of

M FABTIA

(D) The use of radioactive materal
or other sources of radiation not )i
censed by the Commission 18 not sud-
ject to the regulations in this part
Howeuver, it is the purpose of Lhe regu-
lations in this part to control the pos:
session. use. and transfer ~: ..ensed
material by any licensee in such »
manner that the tota) dose to an indi-
vidua! (Including exposures Lo licensed
ang unlicensed radioactive material
and to other unlicensed sources of rs-
diation, whether ‘n the possession of
the licensee or any other person. but
not including exposures to radiation
from natura! background srurces or
medica! diagnosis and therap)’ does
not exceed the standards of radiation
protection prescribed In the regula:
b tions in this part.

(¢) In accordance with recommenda.
tioas of the Federal Radiation Coun-
cl), appr ved by the President, persons
engaged In activities under licenses
issued by the Nuclear Regulatory
Commission pursuant tw the Atomic
Energy Act of 1954 as amended and
the Energy Reorganization Act of 1974

o

44 Fvm 1292
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§20.3(a)

STANDARDS FOR PROTECTION AGAINST RADIATION

should, in addition to eomp'ying with
the requirements set forth in this
part, make every reasonable effort w
mair .ain madiation exposures. and re-
Jeases of radioactive materials in el
fluents to unrestricted areas, as low as
is reasonably achievable. The term "as
Jow As is reasonably achievable means
At jow as 15 reasonably achievable
taking into sccount the state of tech-
nology. and the economics of improve
ments in relation to benefits Lo the
public health and safety, and other so
cietal and socioeconomic consider-
stions. and {n relation to the utiliza
tion of atomic energy in the public in-
terest

§202 Scope

The regulations {n this part apply W
all persons who receive, possess. use,
or transfer material licensed pursuant
1o the regulations in Parws 30 through
35.40.60.6) 700172 of this chapter, In-
> cluding pe~sons licensed Lo cperale a
g production or utilization facility pur-
“ guant to Part 50 of this chanter and
S persons licensed Lo POSSEss POW *T reac-

tor spent fusl in an independen’ spent

fuel storage installation (ISFSI) puru.
san! 1o Part 72 of Lhis chapter

§20.3

§$203 Definitions
(8) As used in this part
(1) “Act" means the Atomic Energ}

Act of 1954 (88 Stat $1§) including

an) amendments therelo,

(2) “Airborne radioactive material’
& means an) radioactive material cis
g persed in the air in the form of dusts,
Vo fumes misLs VAPOTS. OF gases,

(3) "Byproduct material’ means an)
1edioactive material (exceptl special
nuclear material) yielded in or made
radioactive by exposure to the rad:
ation incident to the process of pro-
ducing or utilizing special nuclear ma.

_urm.

p—

(4) “Calendar quarter” means not
Jess than 1% consecutive weeks nor
more than 14 consecutive weeks The
{irst ecalendar Quarter of each year
shall begin tn January and subsequent
calendar quarters shall be such that
no day is included in more than one
calendar quarter or omitted from in
clusion within s calendar quarter. No
licensee shall change the method ob
served by him of determining calendar
Qquarters eccept al the beginning of a
calendar year

January 31, 1985 (reset)
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PART 20 « STANDARDS FOR PROTECTION AGAINST RADIATION

20 31a)

(8) “Commission’ means the Nuclear
Regulatory Commission or its duly au:
thorized representatives
—

™ (6) Go\ernment agency’” means any
executive department, commission, in-
dependent establishment, corporation,
s holly er partly vaned by the United
States of America which is an instru.
mentality of the United States. or &ny
board. bureau, division, service, office,
officer., suthority, administration, or
other establishment in the executive
branch of the Government.

(7) “Individual’ means any human
being

(8) “licensed material’ means
source material special nuclear mate-
rial. or by-product material received

d. used. or transferred under a

general or specific license issued by
the Commission pursuant to the regu:
iations in this chapter,

725 « R WORe

—
® () "License means a license issuec
® under the regulations in Pars 30
» through 3540606170172 of this
& chapter. “Licensee” means the holder

~ ©0f such license.

(10) “Occupational dose” includes
exposure of an individual to radiation
(i) in 8 restricted area. or (i) in the
course of employment in which the in-
div'dual's duties involve exposure W
radiation. provided that “occupational

& gose  snall not be deemed to include
£ any exposure of an individual to radi
ation for the purpose of medical diag:

yvidual

-

(11) “Person" means (1) Any individ-
ual, corporation, partnership, firm, as-
sociation, trust, estate public or pri:
vate institution, group, Government

the Department (except that the De-
prriment shall be considered a person
within the meaning of the regulations
in this part to the extent that its facll
fties and activities are subject to the li-
censing and related regulatory author:
ity of the Commission pursuant Lo sec:
tion 202 of the Energy Reorginization
Act of 1974 (88 Stat 1244)), any State,
any foreign government or nation or
any political suddivision of any such
government or nation, or other entity,
and (i) any legal successor, repre.
sentative. agent, or agency of the fore-
owng

(12) “Radiation” means any or all of
the following alpha rays, beta rayvs
gamma rays, X-rays, neutrons, high:
theed electrons, high-speed protons

& w\né other atomic particles, but not
" sound or radio waves or visible in
frared. or uitravioiet light

FRRIIA
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Lnom or medical therapy of such indi-

agency other than the Commission or =

(13) “Radioactive material” includes
any such material whether or not sub-
ject Lo licensing control by the Com-
mission,

= (14) “Restricted area” means any
area access Lo which s controlled by
the licensee for purposes of protection
i of individuals from exposure to radi-
® ation and radioactive materials. "Re-
& stricted area” shall not include any
“ areas used as residental quarters, al
though & separate room or rooms in &
residential bullding may be sel apart
A restricled ares.

r (18) “Source material” means: (i)
Uranium or thorium, or any comb.ns-
tion thereof, in any physical or chemi-
cal form. or (ii) ores which contain by
weigh’ onetwentieth of one percent
(0.08%) or more of (a) uranium, (d)
thorium or (¢) any combination there-
of Source materia] does not include
Sproial nurles s material.

27 FR 8

(16) “Special nuclear material”
means: (i) Plu.onium. uranium 233,
uranium enriched in the isotope 233 or
in the isotope 235 and any other ma.
terial w hich the Comzaission, pursuant

z o the provisions of section 81 of the

=« act, determines to be special nuclear

£ material. but does not include source
material. or (i) any material ar.ificial-
Jy enriched by any of the fo:+going
but doss not include source mater.:'

r (17) "Unrestricted ares” means any

area access to which is not conirolled

E by the licensee for purposes of protec-

z tion of individuals from exposure W

« radiation and radiocactive materials,

£ and any area used for residential quar-
ters

(18) “"Department” means the De.
partment of Energ; sstablished by the
Department of Energy Organization
Act (Pub L 95-81 91 Stat 565 42
U.SC 7101 ef se¢.) to the extent that
the Department, or its duly authorized
representatives. exercises functions
formerly vested ir. the US Atomic
Energy Commission, its Chairman,
members, officers and componenis and
transferred to the U.S Energy Re:
search and Development Administra-
tiorn and to the Administrator thereof
pursuant to sections 104 (b), (¢) and
(d) of the Energy Reorganization Act
of 1974 (Pub. L 93-438 88 Stat 1233

S Riarey

20-2

20 4(¢)

at 1237, 42 USC 858140 and retrans
ferred to the Secretary of Energy pur:
suan! to section 30l(a) of the Depart-
mert of Ene gy Organlzaticn Act
-, (Pub. L 95-91 8] Stat 565 at 577-878,
1/ «ausc nsh.

FR 14199 .

(19) "Termination” means the end
of employment with the licensee or, in
the case of Individuals not employed
by the licensee, the end of a work as-
signment in the licensee's restricted
areas in a given calendar quarter,
without expectation or specific sched:
uling of reentry into the licensee's re-
stricted areas during the remainder of
that calendar quartier,

1 '—-———‘0 R 32382

(b) Definitions of certain other
words and phrases as used in this ~an
are set forth in other sections, includ-
ing

(1) "Airborne radioactivity area’ de-
fined in § 20.203;

(2) "Ragiation area’ and “high rad
ation area’ defined in § 20.202:

(3) “Personne! monitoring equip-
ment" defined in § 20.202,

(4) "Survey' defined in § 20.201;

(8) Units of measurement of dose
(rad rem) defined in § 20 4.

(6) Units of measurement of radios”-
t'vity defined in § 20.5

§204 Uniu of radiation dose.

(a) "Dose,” a8 used in this part, s
the quantity of radiation absorbed. per
! unit of mass, by the body or by any

portior. of the body. When the reguls.

tions in this part specify a dose during
“ a period of Lime. the dose means the
total quantity of radiation abscorbed,
per unit of mass by the body or by
any portion of tre body curing such
period of time Severa) different units
of dose are in current use. Definitions
of units as used in this part are sc
forth in paragraphs (b) and (¢) of this
section.

(b) Therad asused Inthispart. s e
measure of the dose of any lonizing ra-
diation to body tissues in terms of the
energy absorbed per unii mass of the
tissue. One rad s the dose correspond-
ing to the absorption of 100 ergs per
gram  of tissue. (One millirad
(mrad)=0001 rad)

(¢) The rem. as used in this part. is s
measure of the dose of any jonizing ra-
diation to body tissues In terms of it
esiimated biological effect relative o a
dose of one roentgen (r) of X-ruys
(One nilus™ arem)=000] rem)
The relaticn of the rem to other dose
units depenis upon the biclogical
effect under consider:..on ant upon
the conditions of irradiation. Fxr the
purpose of *he iegulations in this part,
any of the fcloving is considere” to
be equivale..! to s dose of one rem

(1) A dose of 1 r due to X~ or
gumma radiation:

(2) A dose of ) rad due W X-,
gamuma, or bela radiation.
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(3) A dose of 0.1 rad due Lo neutrons
or high energy protens

(4) A dose of 0 05 rad due to particles
heavier than protons and with suffi
cient energy to reach the lens of the
eye If it is more convenient Lo meas:
wre the neutron flux. or equivalent,
han to determine the neutron duse in
,ads. as provided in paragraph (eX3
of this section, one rem of peutron ra-
diation may, for purposes ¢f the regu
lations in this part, be assumed Lo be
equivalent to 14 million neutrons per
square centimeter incident upon the
body. or. if there exists sufficient in-
formation to estimate with reasonable
accuracy the approximate distribution
tn energy of the neutrons, the incident
number of neutrons per square centi
meter equitalent 1o one rem may be
estimated from the foliowing table

NEUTRON FLux DOSE EQUIVALENTS
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(d) For determining exposures o X
or gamura rays up to 3 Mev, Lthe dose
limits specified in §420.101 to 20104
inclusive may be assumed Lo be equil:
alent to the “air dose ' For the pur
pose of Lhis part “air dose means Lthat
the dose is measured by a properly
calidbrated appropriate instrument in
air a! or near the body surface in Lhe
|_region of highes: dosage rate

r:zo.s LUnits of radioactivity

(a) Radioactivity is commonly, and
for purposes of the reguiations in this
part shall be, measured in Lerms of dis
{ntegrations per unit Ume ¢’ in curies

One curie=37x10'*" disintegrstions
£ per second (dps)=2.2x 10" disirtegra-
tions per minute (dpm) Commonly
used submuitiples of the curie are the
millicurie and the microcurie
(1) One millicurie (mCi) '=0.001
curie (C1) '=3 Tx10" dps
(2) One microcurie (xCi) '=0.00000]
curie=37x10'dps

®) [Celetad 40 FR SO0
(c) (Deletad )9 FR 23990
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§206 Interpreaions.

Except as specifically authorized by 3

i the Commission in writing. no inter

20.102(b)

R’DIATION

cause any individual In » resirictecd
ares o receive in any period of one
calendar quarier from radioactive ma-
terial and other sources of radiation 8

= pretation of the meauing of the regu- « tota) occupational dose in excess of

T
-

£ (han & written interpretation by tie

General Counse! wil) be recognized o
bI'n binding upon the Commission

Except where otherwise gpecified in
this part, all communications and re-
ports concerning the regulations in
N this part should be addressed Lo the
& Executive Director for Operstions,
g U.S Nuclear Regulatory Commission.

Washington. D.C. 205655, Communica-
T tions. reports. and applications may be

delivered (n person at the Commis

sion's offices at 1717 H Street NV’

Washingwon, D.C.. or at 7920 Norfolk
L_Annue. Bethesda Maryland

-

204 wdormaton solecten
recuirerments. ONS approvel
(o)T‘hNudwlquth
Commission has submitied

tnformation collection requirements
contained in this part to the Office of
Managemen! end Budget (OMB) for
approval as required by the Pa
Reduction Act of 1980 (¢4 US.C 3507 #t
seq ). OMB has approved the
information collection requicements
cootained in this part control
number 3150-0014

(b) The approved information
collection requiremen's contalnea in this
part appeas in §§ 20102 20103, 20108,
20108 20203 20208 2032 0411,
20 4071, 20 402 20403, 20 406, 0.407,
3 20 408 and 20 408

‘J:.) This part con'aine informa tian

ction requirements o addition o

those b:ypprvnﬂd.dndn the .’:-(ol) -
num in parsgraph (8
section. m {nformation collection
requirements and the control sumbers
under which they are approved are &

follrw:

(1) In §§ 20101 and 20102, Form
NRC-4 4+ ~~ved under control
pumber 31508

{2) L § 20401, Form NRC-$ s
approved under contol pumber F180-
0008,

9 FR 1902

Praxissisir Doses, LEvELS, AND
CONCEXTRATIONS

$2010) Radiation dose standards for in
dividuals in resiricted aress

L

=  (a)In accoriance with the provision:
2 of $20.102(s, and excepl as providec
in paragraph (b) of this section. no li-
censee shall possess use or transfer L
censed materis] in such & manner as Lo

203

lations in this part by any officer or £ the standards specified in the foliow:
employee of the Commission other |_ing table

REms PER CALENDAR QUARTER

| whom BOGY NEC BN WU o Booo
. : [ N e el .
1 "ngs € T e N0 s ‘:‘“
o Dod) — e
§207 Communications g

(b) A licenses may permit an individ

l—uu {n & resiricted area Lo receive &
2 Lotal occupationa) dose to the whole
= body
gunder paragraph (a) of this section
. provided

greater than thal permitied

P (1) During any calendar quarter the

total occupational dose to the whole
body shall not exceed 3 rems, and

[ (2. The dose to the whole body
when added to the accumulsted oocu
pational dose to the whole body, shall
not exceed ® (N-18) rems where “N
equals the individual's age In years at
his 1ast birthday. and

*SFR 1091

(3) The licensee has determine’ the
individual's accumulated occupational
dose Lo the whole body on Form NRC-
4. or on & clear and legidble record con-
taining al! the information required in
that ferm. and has otherwise complied
with the requirements of §20.102 As
used in paragraph (b), “Dose to the
whole body " shall be deemed L0 In-
clude .y dose to the whoie bod)

gona. active biood-forming organs
Lhnd and trunk, or lens of eye

920102 Determination of prior dose

(8’ Fach licensee shall require any
individua. prior Lo first entry of the
individual in o the licensee s restricted
ares during ex h employment or work
assignment undir such circumstances
that the individur) will receive or s
likely to receive in any period of one
calendar quarier an sccupatiznal dose
in excess of 35 perce.'t of the applica-
ble standards specifiv ' In §20.101(a)
and §2010400), to dia:,"se In & wTiL

a0 FRIINY

ten. sign-d statement, either (1) That
the individual had b prior occups:
tiona) dose during tre curren! calen:
dar quarter, or (2) the nature and
amount of any (ccupational dose
which the individial may have re
eelved during that »necifically identi
fied current calendyr quarter from
sources of radiation pociessed o con:
trolled by other persons k"l ilcensee
shall maintaln records of such state
menu untl the Commission suthor:
tzes thelr disposition

(b) Before permitting pursuant
§ 20.101(b), any tndividual In & resirict-
ed Area Lo receive aAn occupational ra
diation dose in excess of the standards
specified in §20.101(n), each Lcensee

shall

May 31 1984
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(1) Obtain a certificate on Form
NRC-4, or on a clear and legible
record containing all the informatio.
required in that form, signed by the
tndividua! showing each period of time
after the individual attained the age
of 18 in which the individual received
an occupational dose of radiation and
l (2) Calculate on Form NRC in ac.

cordance with the instructions appear-
& ing therein, or on a clear and legible
g record containing all the information
required in that form, the previous!y
accumulated occupational dose re.
ceived by the individua! and the add:-
tiona! dose allowed for that individua!
under § 20.101(b).

(eX1) In the preparation of Form
NRC-4, or a clear anc legible record
containing all the information re-
quired in‘'that form, the licensee shall
make & reasonable effort to oblain re-
poris of the Individual's previousiy ar.
cumulated occupati~nal dose For each
| period for which the licensee obtains

May 31, 1904
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20.103(¢)

such reports. the licensee shall use the
dose showm in the report in preparing
the form In any case where a licensee

would result from inhalation of such
matesial for 40 hours at the uniform
concentrations specified in Appendix

manner as Lo permit any indiviaual \n
& restricted area Lo inhale a quantity
of such material In excess of the

s unable Lo obtain reports of the indi-
vidual's occupational dase for a previ-
ous complete calendar quarter, it shall
be assumed that the individua) has re-
ctived Lhe occupational dose specified
in t}hhchour of the following columns
apply

serve records used (n preparing Form
NRC-4 unt'il the Commission autheor-

i_ll‘l their disposition

calculation of the individual's accu-

{
[-rrnumed occupational dose for all peri-

ods prior to January 1. 196] yields &
result higher than the applicable accu-

ed from the body. or any combination
of such measurements as may be nec:
essary for timely detection and assess:
‘rr.em of individual intakes of radioac-
wiivity by exposed individuals. 1t is as-
®:.umed that an individual! inhales rs-
& dicactive material at the airborne con-
geentration in which he is present
unless he uses respiratory protective
equipment pursuant to paragraph (¢)
When assessment of &

Intake limits specified in Appendix B, | B, Table 1, Column 1 as is reasonably
Tabie I Column 1 of this part. 1f such ¢ achievable. Whenever the intake of ra-
soluble uranium is of a form such that S dioactive material by any individual
absorption through the skin is likely, = exceeds Lhis 40-hour control measure,
Individual exposures Lo such material & the licensee shall make such evalua:
$hall be controlied so that the uptake - tions and take such actions as are nec
of such material by any organ from ~ essary (o assure against recurrence.

either inhalation or sbsorption or | In¢ licensee shall maintain records of
Sonme 1w Coneie | Both routes of intake ‘ does not exceed a“h m““"g“:“) ‘m‘:‘d"‘"“- “‘&:f,'_
| ohiores | geporcsr | thal which would result from inhaling Ohd LAz en clear "‘“’“’
] oo | wme | ®ww | gich material at the lmits specified in | Wlable form suitable for summary
‘ otwer | Sawn | Appendix B, Table I, Column 1 and | TeView and evaluation.
» e -y =4 g !oo’v.no;_e 4 thereto. -
Y ) rposes
£ = eo(rnpm::'e ‘mth the ::qu?r.c‘:aﬁm‘l (¢) When respiretory protective
whon e poes this section the licensee shall use suit- :"‘""" 18 used to Lmit the inhalation
o T e et able measurements of concentrations sirborne redioactive "“'.‘l-’
™ " vs | Of radioactive materials in alr for de. 5 Pursuaat “cﬂ"."ﬂ (b)2) of tus
tecting and evaluating airborne radio- = Mcton. the licenses sball use equipment
activity in restricted areas and in addi- = that ls certfied or had cerufication
tion. as appropriate, shall use meas- = "”m’.’tz:“m'm‘.‘;w' for
r (2) The licensee 2. 1l retain and pre. urements of radioactivity in the body, ~ Oec“'.u and Health demmuonm
measurements of radioactivity excret.

™ /MSHA) The licensee may
make allowance for this use of
respiratcsy protective equipment in
estimating exposures of individuals to
this matena! provided that

Since the concentration specified for tri.
Livm oxide \4DOr AMSUMes eQuUA! Intakes By
SLn absorption and inhalation. the totwal
intake permitied 15 twice that which would

€ mulated dose value for the individual of this section 2 result from inhalation alone st the concen.
E as of that date as specified in para particuls* individual's intake of radio- E tration specified for M 3 § in Appendnn B
A (b 4 active material is necessary. intakes Table 1. Column | for 40 hours per week for
gTAPh (D) of § 20101, the excess may -4

Ve disregarded less than those which would result » 13seeis
— from inhalatior for 2 hours in any one s """0’ "‘,"-‘; 222 the L‘;’”‘,"' suantity
s ‘ 3t inhaled in 8 period of one calendar
g Gay of for iC hours [ any G Wedh 81 year For radicactive malerials desgnaied

20103 Exposure of individusls Lo con.
centrations of radioactive materials in
i in resiricied areas

(a)1) No licensee shall possess use,
or transfer licensed material in such 8
manner as 1o permit any individual in
& restricled area to inhale 8 quantity
of radioactive material in any penod
of one calendar quarter greater than
the quantity which would result {from
inhalation for 40 hours per week for
13 weeks at uniform concentrations of
radioactive material in air specified in
Appendix B, Table 1, Column 1.'*' 1{

the radioactive material I8 of such
form that (ntake by absorption
through the skin is likely, individual
exposures 1o radioactive material shall
be controlled s0 that the uptate of ra-
dioactive material by any organ from
either inhalation or absorption or
both routes of intake ‘' in any calen-
dar ~suarter does not exceed that
which would res:''t from inhaling such
radioactive mater.al for 42 hours per
week for 13 weeks at uniform concen-
trations specified in Appendix B
Table 1. Column 1

(2) No licensee shall possess. use or
transfer mixtures of U-234, U-235 and
T-238 in soluble form in such »

Septe nber 1, 1982

uniform concentrations specified in
Apperdix B Table I, Column | need
not be included in such assessment,
provided thet for any assessment (o
excess of these amounts the entire
amount is included

(B)1) The licensee shall, as a precau:
tionary procedure. use process or
other engineering controls, to \ne
extent practicable to limit concentra-
tions of radioactive materials in air w0
Jevels belon those which delimit an
sirdborne radioactivity area as defined
tn § 20.203cd X I XU).

(2) When 1t s impracticable to apply
process or other engineering controls
o limit concentrations of radioactive
material in alr below those defined in
§ 20.203(dx1X1), other precautionary
procedures, such as increased survell-
Jance. limitation of working times or
provision of respiratory protective
equipment. shall be used Lo maintain
tntake of radioactive material by any
tndividual within any period of seven
consecutlive days a3 far below that
intake of radioactive material which

Sub In the lsotope  column of Lthe Lable
the concentration value specified s based

upon exposure Lo the material & An exter:
na! radiation source lndividusl exposures w
these materials may be accounted for &
part of the limitation on individual dose in
120101 These nuclides shall be subject Lo
Lthe precautionar)y procedures required by
§201030x1)

IMWLply the concentration values speci-
fied in Appendix s Table 1. Column 1 by
6.3x10' m! 1o obtain the quarterly quantity
‘imit Multiply ‘he conrentration value spec
Wied In Appendix B Tadle 1. Columnr | by
25x10" ml w oblain Lhe annual Quantity
lmit for Rn 222

‘Significant intake by Ingestion or Injec:
Lion is preasumed Lo occur only &8 & resyult of
circumstances such &8 accident, Lhadver.
tence. poor procedure, or simia pecial
conditions Such intakes must be evaluated
and accounted for by Lechniques And proce-
dures &3 may be appropriale W the creum-
stances of the occurrence Exposures w0
evaluatad shal. be IncluGed n delermining
whether the Limitation on individual expo-
sures In § 20 103 ax 1) has been exceeded

YReguiatory guidance on assessment of un.
dividual intakes of radioactive malerial
given in Reguistory Guide 89 " Accepladle
Concepls Models Equations and Asump-
tions for & Bioassay Progmam '~ single copies
of shich are avalladie from the Oftice of
Siandards Development U S Nuclear Regu
latory Commission Washingion D C 20888
upeh writlen reques!t
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PART 20 « STANDARDS FOR PROTECTION AGAINST RAD/ATION

(1) The licensee selects respiratory
protectve equiptment that g ‘ovides &
protection factor greater than the
multiple by which peak concentrations
of s redicactive materials in the
working area are expecied (0 rxceed the
values specified in Appendix B. Table L
Column 1 of this part equipment 50
selected shall be used so tha! the
average concentration of radioactive
material io the sir that s inhaled dunng

period of uninterrupted use in an
:.b‘uu redicactivity ares on any day.
any ndividual using the equipment,
po! axceed the values specified in
ndix B. Table 1. Column 1 of this
For the purposes of this paragraph.
the concentration of radioactive
material o the alr that is inbaled when
respirators are worn may be estimated
by dividing the ambient concentzation in
alr by the protection factor specified in
Appendix A of this part U the exposure
is later found to be greater than
esticated the correcied value shall be
used i the exposure is later found 1o be
less thas estumated. the correcied value
may b uwsed

(2) The licensee maintaing and
tmplements & respiratory protection
program Wbat includes ot 8 minmum
alr rampling sufficient 1o idenufy the
bazard permit proper equipment
selection and ealmate exposures
surveys and bioassays as appropriate 1o
evaluste aciunl exposures wrilen
procedures regarding selection fitting
and maintenance of respirators and
lnq%ol respirators for operabuity
tmmediately pror 1o each use written
procedures regarding supervision and
training of personne! and issvence
records and determinaton by a
physician prior 1o inital use of
respirators and ot leas! every 12 months
therealier ! the indvidual weer 0
physically able to use the respiratory
prolecuve equipment

(3) A written policy statement ot
respirator usage shall be insued covering
such things as use of practrable
engineering controly inatead of
respirators routine ponroutine and
c.or'uc] use of respirators and
penods of respirator use and rebe! brom
respirator use The Lcensee shall advise
each respirator user tha! the user may
leave the ares at any tume for relie! bom
respirator use tn the event of equipment

pbysical of prychological
distress procedural or communucabon
failure significant deteriorstion of
opersting ondibons. or Any other
condition tha! might require such relief

(4) The Licensee uses equipment
within limitations for type and mode of
use and provides proper visual
communication and other special
capabiliues (~uch ae adequate skin
protection) when

(d) Unless otherwise sutborizsed by
the Commission he Lcensee aball pot
aseign protection factor in excess of

g

those specified in r-‘u A of tus
part (o selecting using respiratory
protective equipment. The Commission
mey authorize o licensee 10 use buigher

\ection factors on receip! of an
spplication (1) describi the oftuation
for which o peed exists for higher
protection factors. and (2) demonstreting
that the espiratory protective

wpmen! will provide these higher
1:memuctmouhmd
conditions of use
| {e) Where squipment of »

whuowmnuudn certified.
of had certification extended. by
NIOSH/MSHA. or where there L4 B0
_axisting schedule fox wst and

cartification of certain equipment. the
licensee shall not w sllowance for
this equipmen! withou! specific
sulborization by the Commission An
application for this suthorization mus!
aclude o demonstration by testing, of
o0 the basis of reliable tes! informaton.
tha! the material and

characteristics of the squipmen! ar
capable of providng the proposed
degree of protection under anticipated
conditions of use

(N Only squipment that has been
specifically certified o bad certification
extended for emergency use by MOSH/
MSHA shall be used as emergency
devices

r(r The licensee shall notify in writ.
ing the Darector of the appropriste Nu
tiear Regulaton Commisuor Inspeclion
aré Enforcement Regions OMce histed
\r Appendix D at jeast 3¢ ¢days before Lhe
dats that respirsienm prowecuve equip-
ment is Arst used under Lhe provisions
Ls’ this setlion

) FR SIS
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§ 20104 Exposure of minors

(a) No licensee shall possess use, or
transfer licensed material in such 8
manner a8 to cause any individual
within & restricted area who is under
18 years of age to treceive In an)y
period of one calendar quarter from
radioactive material and other sources
of radiation in the licensee's posses-
sion & dose in excess of 10 percent of
the umits specified In the table In
« PATAgraph (a) of §20.:01

» (b)) No licensee shall possess, use or
g transfer licensed material in such
manner &8 to cause any individual
within s res.ricted area. who s under
18 years of age Lo be exposed Lo alr-
borne radioactive material possessed
by the licensee in An ave™ 2 concen:
tration in excess of the limits specified
in Appendix B, Table Il of this pan
For purposes of this paragraph. con:
centrations may be averaged over peri:
2& not greater Lhan & week

AL AL I

r (¢) The provisions of §§ 2010302
o and 20 103:¢c) shal! apply to exposures
€ subject to paragraph (b, of this sec
N tion except that the references in
t $1 20.103(b)2) and 20.103(¢) W Apoen:
™ dix B. Table 1. Column 1 shall be
* deemed Lo be references o Appendix
LB Table 11, Column )

"1 20105 Permissible levels of radiation in
unresincted areas

(a) There may de included in any &p-
plication for a license or for a