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DISCLAIMER

Reports and other publications issued by Ray-Safe Associates are prepared under
procedures which are designed to assure the technical competency of the persons or
organizations under contract to Ray-Safe Associates. In addition, reports and other
publications are reviewed internally by one or more Ray-Safe Associates technical staff, and all
commenits are addressed to the satisfaction of the issuing office, prior to dissemination.

Mention of company name or products does not constitute endorsement by Ray-Safe
Associates.




I. FOREWORD

This radiation safety manual establishes policies and practices for the Radiation Safety
Program at the United States Geological Survey (USGS), National Center located in Reston,
Virginia, which has been issued a materials license number 45-15923-01 as amended on
January 24, 1997 and which expires on November 30, 2000. In addition, the USGS has also
been issued the following licenses by the U.S. NRC, Source Material License number SMB-
237 with an expiration date of March 31, 1998 and a Special Nuclear Materials License
number SNM-1330 which expires ona May 31, 2000.

The affected Center operates at the following site:

United States Geological Survey National Center Campus
12201 Sunrise Valley Drive
Reston, Virginia 20192

A key element and fundamental principle underlying this document is the commitment
to maintaining radiation exposures as low as reasonably achievable (ALARA). Fundamental
radiation protection philosophy can be summarized by the following: No occupational exposure
of workers or exposure to the public should occur without the expectation of an overall benefit
from the activity causing the exposure.

The USGS is firmly committed to having a Radiation Safety Program of the highest
quality. The USGS’s commitment applies to all activities that manage radiation and radioactive
materials and that may potentially result in radiation exposure to USGS personnel; members of
the general public; and the environment. Personal radiation exposure shall be maintained
ALARA. Radiation exposure of the work force, clients and other visitors, and the public shall
be controlled to ensure that any radiation exposure is well below regulatory limits, and no
radiation exposure occurs without commensurate benefit.

Each person who uses, handles and transports radioactive material is expected to
demonstrate an informed, disciplined, and cautious attitude toward radiation and radioactivity.
Excellent performance is evident when radiation exposures are maintained well below
regulatory limits, contamination is minimal, radioactivity is well controlled, and radioactive
spills or uncontrolled releases are prevented. Continuing improvement is expected and
essential to excellence in radiation safety. Excellence is achieved and maintained by
management commitment and worker involvement in the Radiation Protection Program.
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II. INTRODUCTION

Workers at the United States Geological Survey (USGS), National Center, use
radioactive nuclides in a variety of ways. These materials present unique health hazards both to
the user and to others who might unwittingly come in contact with these materials. For this
reason, the Nuclear Regulatory Commission (NRC) has been given authority to control the use of
radioactive by-product materials from nuclear reactors. USGS is authorized to use such
by-product materials under NRC license #45-15923-01 which is available to everyone for
inspection in the office of the Radiation Safety Officer (RSO). To keep this license, as well as
for general safety reasons, radioactive materials must be used and disposed of according to

specified safe procedures.

Laws pertaining to the use of radionuclides are set forth in a number of documents such
as Section 183 of the Atomic Energy Act of 1954, as amended, and the Energy Reorganization
Actof 1974. Specific protection standards are published in Part 20 of Title 10 (Energy) of the
Code of Federal Regulations (hereafter referred to as “10 CFR 20™), Standards for Protection
Against Radiation. USGS's NRC license contains specific conditions and limitations applicable
to our institution. Other regulations, e.g., 10 CFR 19, as well as various NRC Regulatory Guides
also contain important information, and are available in the RSO's office. To ensure that users at
this institution know what is required to comply with these laws and regulations, this USGS
Radiation Safety Manusl has been prepared.

This Manual covers the duties and responsibilities of those who use radionuclides at the
USGS, training of users, precautions in the use and handling of materials, exposure limits,
monitoring, decontamination, methods of waste disposal, and record keeping. Adherence to
procedures outlined in this Manual will keep us in good standing with the NRC and ensure that
radionuclides are handled in a safe and proper manner. USGS operates under the philosophy
that all exposures to radiation should be kept “As Low As Reasonably Achievable”; this
principle is known as ALARA.

The NRC has jurisdiction only over by-product materials from nuclear reactors.
Possession and use of radionuclides (such as Sodium-22) produced by accelerators and
precautions with X-ray apparatus do not come under the provisions of the license. They are,
however, covered by OSHA regulations and this Manual applies to their use. If a person receives
exposure from licensed and unlicensed materials, NRC regulations and reporting requirements
must be followed.

As detailed in NRC regulations contained in 10 CFR 19 and 10 CFR 20, employees have
certain rights to obtain information and also to file complaints if they feel they have been
discriminated against for bringing safety concemns to the NRC or their employer. Details about
these issues and several others relating to the rights of workers are contained in NRC Form 3
entitled “Notice to Employees.” Copies of NRC Form 3 are posted at several locations around
USGS and a copy is also included as Appendix B of this Manual.
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'1I. DUTIES AND RESPONSIBILITIES

RADIATIONS SAFETY OFFICER (RSO)

The duties, responsibilities, and authority of the USGS Raciation Safety Officer are as
follows:

10.

11

General supervision of all health physics activities, including both personnel and
environmental monitoring.

Furnishing consulting services to personnel at all levels of resconsibility on all
aspects of radiation protection.

Developing and maintaining the calibration of survey instruments.

Instructing personnel in the nature and properties of ionizing radiation and the
proper procudures for the use of radiouctive materials; or arranging and
supervising for such instruction by qualified specialists.

Supervision of the records of storage and waste disposal; making periodic checks
of the records kept by authorized users.

Maintaining rurrent inventory of all radioactive materials at USGS and ensuring
that possession limits given in the NRC license are not exceeded.

Receiving all requests for acquisition of radioactive materials and countersigning
those orders which comply with the current policies and procedures. Maintaining
a log of all approved requests.

Supervising receipt and delivery of all shipments of radioactive materials received
at the institution; supervising packaging and shipping of all radicactive materials
leaving the institution.

Ensuring that leak tests are made on all scaled souces at least once every six
months, as required by license conditions, and keeping the records of the results
of such tests.

Supervision of storage and disposal of all radioactive wastes.

Supervising decontamination in case of contaminating incidents and accidents.
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12.

13.

14.

Maintaining other records not specifically designated above.

Submitting the required reports to the NRC on any cases of overexposure to
radiation at USGS.

Preparing and submitting application for renewal of the NRC license when the
expiration date approaches and applications for any desired amendments.

B. AUTHORIZED USERS

Authorized users are those staff members who, in the judgment of the Radiation Safety
Officer /RS0O) have sufficient training and experience with radionuclides to use them safely
without supervision. They bear ultimate responsibility for ensuring that Individual User
- Responsibilities are discharged by those under their control, and are further responsible for:

1.

Rev. 0

Adequate planning. Before an experiment is performed, the authorized user
should determine the types and amount of radiation or radioactive material to be
used. This will generally give a good indication of the protection required. The
procedure must be well outlined. In many cases, before the procedure is actually
performed with radioactive materials, it should be rehearsed so as to preclude
slip-ups or unexpected circumstances. In any situation where there is appreciable
radiation hazard, the RSO shall be consulted before proceeding. Establish and
document a job hazard analysis for each task using radioactive material.

Instructing those employees for whom they are responsible in the use of safe
techniques and in the application of approved radiation safely practices. Making
sure the exposure of anyone under 18 years of age is kept under the prescribed
limits.

Fumnishing the RSO with information concerning individuals and activities in
their areas, including pertinent changes in personnel working on projects.

Contacting the RSO whenever major changes in operational procedures, new
techriques, alterations in physical plant (e.g., the removal of a radiochemical

fume hood) or when new operations which might lead to personnel exposure are
anticipated.

Complying with the regulations governing the use of radioactive materials, as
established by the NRC and the local and state regulatory requirements.

a Using correct procedures for the procurement of radionuclides by purchase
or transfer.

3 April, 1997




b. Seeing that areas where radionuclides are kept or used, or where radiation
fields may exist are properly posted.

c. Seeing that each sign carries the name of the personnel currently
responsible for the associated area.

d. Assuring that radioactive waste materials are disposed of in accordance
with procedures given in the section of this Manual on Disposal of
Radioactive Wastes.

c. Keeping all required records current. These are
40 Surveys of work areas for contamination.
(2)  Records of receipt of radionuclides.
(3)  Records of removal of radionuclides from shipping containers.
(4)  Records of disposal of radioactive waste.

(5)  Summaries of liquid waste disposal record entered in USGS
sanitary sewerage disposal record.

(6)  Inventory reports for radionuclides on hand.

6. Taking steps to prevent the transfer of radioactive materials to unauthorized
individuals. This includes the proper disposition of radioactive materials
possessed by terminated workers.

Keeping stocks of radionuclides stored in a safe manner with adequate shielding to keep
exposure to a minimum.

Returning all unused radioactive materials, film badges, survey instruments, and
shielding equipment to the RSO upon termination of employment or use of radioactive
material.

VISITING SCIENTISTS AND/OR GUEST WORKERS

Visiting scientists and/or guest workers, regardless of training and experience, are
permitted to use radioactive materials only under the direct supervision of an authorized
user. Any exceptions to this policy, as applicable to long-term guest workers (over 3
months), must be approved by the Radiation Safety Officer (RSO). Where appropriate,
these persons should be provided with temporary film badges, and/or TLD's.

4 April, 1997



D. INDIVIDUAL USERS

It is the responsibility of every user, when working with radioactive materials, to follow
the policies and procedures given in Section III of this Manual and in addition:

1. Keep exposure to radiation as low as reasonably achievabie (ALARA), and
specifically below the maximum permissible exposure allowed in 10 CFR
20.1201 as detailed elsewhere in this Manual.

2. Report accidental inhalat.on, ingestion, or injury involving radioactive materials
to the supervisor and the RSO and carry out the RSO's recommended corrective
measures. The individual shall cooperate in any and all attempts to evaluate
exposure. Accident reporting form DI-134 should also be utilized.

3. Carry out decontamination procedures when necessary and take steps to prevent
the spread of contamination to other areas.

4. Comply with requests from the RSO to submit urine samples for radioassay.
Requests for these tests will be made in the case of workers using significant
quantities of beta or gamma emitters.

s. Exchange film badges and/or TLD’s each month when called upon to do so.

6. Attend training sessions arranged by the Radiation Safety Officer (RSO).
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IV. POLICIES AND PROCEDURES

In order to comply with the regulations delincated in 10 CFR20, a number of policies and
procedures are in effect at USGS. The purpose of these policies and procedures is to ensure that
radiocactive matenals are used safely and that exposures are kept “as low 2s reasonably
achievable (ALARA).”

A.

Rev. 0

RADIATION DOSE L.MITS

OCCUPATIONAL DOSE LIMITS FOR ADULTS (10 CFR 20.1201[a])
The annual occupational dose limits for adults are

a An annuasl limit, which is the more limiting of (i) the total effective dose
equivalent being equal to 5 rems (0.05 Sv); or (ii) the sum of the
deep-dose equivalent and the committed dose cquivalent to any individual
or organ other than the eye being equal to 50 rems (0.5 Sv);

b. The annual limits to the lens of the eye, to the skin, and to the extremities,
which are (i) an eye dose equivalent of 15 rems (0.15 Sv), and (ii) a
shallow-dose equivalent of 50 rems (0.5 Sv) to the skin or to any
extremity.

OCCUPATIONAL DOSE LIMITS FOR MINORS (10 CFR 1207)

The annual occupation dose limit for minors are 10% of the annual dose limits
specified for adults.

DOSE TO AN EMBRYO/FETUS (10 CFR 1208)

The dose to an embryo/fetus during the entire pregnancy, due to occupational
exposure of a declared pregnant woman, shall not exceed 0.5 rem (5 mSv).

Embryos and fetuses are at special risk from exposure to ionizing radiation. In
order to address this issue, the NRC has published NRC Regulatory Guide 8.13
(revised December 1987). This guide provides detailed information about this
topic and is included as Appendix J to this Manual. Women who are pregnant or
are of childbearing age should review the information in this Guide.

DOSE LIMITS FOR INDIVIDUAL MEMBERS OF THE GENERAL
PUBLIC (10 CFR 1301)

(a) The dose to an individual member of the public from the licensed
operation shall not exceed 0.1 rem (1 m3v}in a y=ar exclusive from the
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)

licensee's disposal of radioactive material into the sanitary sewerage
system.

(b)  The dose in any unrestricted area from external sources does not exceed 2
mrem (0.02 mSv) in any one hour.

TRAINING AND EXPERIENCE RECORDS

I

Each person who expects to be working vith radioactive material at USGS must
fill out a Training and Experience Form (Appendix H). The Radiation Safety
Officer (RSO) will review these forms and determine which individuals qualify as
“Authorized Users.” Blank forms can be obtained from the Radiation Safety
Officer (RSO) and completed forms should be returned to the RSO.

Each person is also required by 10 CFR 20 to obtain his radiation exposure
history from all of his previous employers so that a cumulative exposure history is
available at USGS. Blank forms are available from the Radiation Safety Officer
(Appendix I).

OBTAINING APPROVAL TO USE RADIONUCLIDES IN A RESEARCH
PROJECT

1.

Projects utilizing radionuclides can only be initiated after a project proposal has
been submitted to and approved by the RSO. Furthermore, each proposal must
be sponsored by an Authorized User. The Authorized User signing off on the
form is ultimately responsible for the safe use of radionuclides in the various

projects.

A project proposal form (Appendix E) must be completed so that the RSO can
evaluate safety aspects and make sure that the Principal Investigator is competent
to follow proper procedures and has considered all aspects of the project. The
information detailing the project should be sufficient so that the RSO can make
this assessment, but need not be exhaustive.

a The Principal Investigator should prepare a typed project proposal form,
have it signed by the responsibie Authorized User and give it to the RSO
from the respective laboratory.

b. Each major type of experiment requires a different form but similar
experiments can be grouped, ¢.g., you could combine all experiments
involving in vitru labeling of nucleic acids with P, but would need a
different one for radiolabeling proteins with '¥] or labeling proteins or
nucleic acids with »*S.
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c. Rememoer, if you are not an Authorized User, you must have an
Authorized User sponsor your projects, and that person bears the
ultimate responsibility. As noted the Authorized User must sign the
form.

d. The LD RSO will review the applications, inform you if additional
information is required, and inform you of the projects’ approval.

No radionuclides will be ordered for an individu»! nnless an approved
project proposal is on file.

If new personnel are assigned to or dropped from a project, the form should be
amended to show this.

TECHNIQUES AND PROTECTIVE MEASURES

1.

Protective clothing is to be worn whenever contamination is possible, i.c., a lab
coat and gloves, at a bare minimum. This clothing must not be worn outside the
laboratory area.

Change gloves when contamination is suspected.

Use protective barriers and other shields whenever necessary.

Use mechanical devices whenever their use will assist in reducing exposure.
Use pipette-filling devices. Never pipette solutions by mouth.

Work in an approved hood or glove box unless it has been decided after careful
consideration that it is safe to work in the open.

Use the following special precautions when working with aerosols, dusts and
gaseous products:

a. Procedures involving acrosols, dusts or gascous products, or procedures
which might produce airborne contamination shall be conducted in a hood,
dry box or other suitable closed system.

b. All releases from such systems shall not exceed the maximum permissible
concentration in air for the radionuclide in quesion. See 10 CFR 20
Appendix B, Table 2 for maximum permissible uncentrations. [lowever,
where practical, traps should be incorporated in the experimental setup to
ensure that environmental releases are as low as possible.
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c. Radioactive gases or materiuls with radioactive gaseous deca pr.ducts
must be stored in gas-tight containers and must be kept in areas s inz
approved ventilation.

d. Hoods to be used for radionuclide work should be tested by the safety
office to ensure that they meet the minimum requirements (preferably 150
linear f/min across the face, with the sash at reasonable working height).
They should not be used for airbore radioactivity work if flow is below
100 linear f/min.

Autoclaves: Avoid -utoclaving radioactive materials if possible. If necessary to
use an autoclave oa radioactive materials, make sure if is vented to the outside.
Perform the autoclaving in such a manner so as to minimize the chance of
producing aerosols or boiling the material over into the autoclave (use trays lined
with absorbent pads). Survey the autoclave for contamination with a survey meter
and/or a wipe test following a run.

E. SURVEYING AND MONITORING

1.

Rev. 0

Personnel working with gamma emitters or with beta emitters having a maximum
energy 0.2 MeV will be required to wear film badges or TLD’s.

After working with gamma emitters or beta emitters (with energy max >0.2
MeV), a person should check hands, shoes, and body with a survey meter. Or
lower energy beta emitters, check for contamination by rubbing a small filter
paper between the palms and counting the paper in a suitably calibrated liquid
scintillation counter.

Remove all protective clothing before leaving the laboratory to smoke, eat, drink,
etc.

DAILY CONTAMINATION SURVEYS. Areas where radioactive materials
are being used must be checked at least once a day for contamination whenever
any radionuclide is used. A survey meter may be used for materials which it will
detect; otherwise conduct a wipe test. A written log record must be maintained of
these surveys including results which are entirely negative. Any contamination
observed should be clearly marked and decontamination procedures started
immediately and continued until area is demonstrated to be free of contamination
(results must be recorded). If no contamination is observed, a notation may be
made simply stating that no contamination was noted. THESE DAILY
SURVEYS ARE AN NRC REQUIREMENT; FAILURE TO PERFORM
AND TO RECORD THEM MAY HAVE DIRE CONSEQUENCES!
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H.
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3.

Wash hands and arms thoroughly before handling any object which goes ¢ the
mouth, nose, or eyes.

STORAGE AND TRANSPORTATION

I.

Guidelines for maximum activities in individual laboratories:

a. Class | (very high radiotoxicity, e.g., *Sr, ?'°Po, etc.) 10 uCi or less.

b. Class 2 (high radiotoxicity, e.g., '¥I, ¥Fe, etc.) - 100 uCi or less.

c. Class 3 (moderate radiotoxicity, ¢.g., ®Na, *P, etc.) - | mCi or less.

d. Class 4 (slight radiotoxicity, e.g.,*'Cr, '*C, ’H, etc.) - 10 mCi or less.

Shielding of sources:

a. Radioactive sources or stock solutions in laboratories shall be shielded in
such a manner that the radiation levels in any occupied area wili not
expose individuals in the area to more than 100 mrem in any five
coasecutive days.

b. Various shielding materials are available on loan from the RSO.

Transporting radioactive materials:

a. Use double containment—surround inner container with unbreakable outer
container.

b. Transport “high activity” materials on a lab cart in a suitable tray.

Containers (e.g., lucite boxes in -20°C freezers) in which materials are transported or
stored shall bear a durable, clearly visible “Caution Radioactive Materials” labe! (or
piece of radioactive warning tape) indicating the chemical form and activity of the
radionuclides in the container and the date of measurement where applicable.

Use and Storage of radioactive materials is limited to restricted areas and as a
result storage of radioactive materials in halls, comidors, etc., is not permitted.
Every effort should be made to store radionuclides and labeled materials in labs
and other areas designated for use and storage of radioactive materials.

It is permissible to store strictly limited quantities of radioactive materials in
labeled freezers, etc., .n unrestricted areas, but this equipment must be kept locked
and a special sign must be affixed. These limits are very low: 1.0 mCi of °’H, 0.10
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mCi of 'C, 0.01 mCi of 2P, 0.10 mCi of *S, 1.0 mCi of *'Cr and 0.00] mC; of
"B, Contact the RSO for additional information.

ORDERING, RECEIVING AND ACCOUNTING FOR RADIONUCLIDES

1.

ORDERING RADIOACTIVE MATERIALS

a All orders for radionuclides must be approved by the RSO before
being order.d. When an order is submitted to the RSO, a USGS
RADIONUCLIDE INVENTORY RECORD FORM (Appendix C)
must be completed and signed by the Authorized User and sent
to the RSO (currently Room M5926a).

b. The order must also be entered into the procurement system.
If this is not done, the order will not be placed!

c. The RSO or his designee assigns a permanent Inventory Number,
records the number in his file and authorizes purchase of the
radionuclide. The purchasing agent returns the Invetory Record to
the person placing the order. Upon receipt of this approved form,
the investigator should file it until the order arrives.

2. RECEIVING SHIPMENTS OF RADIOACTIVE MATERIALS

a.

The following procedures are to be performed by the recipient of each
shipment of radioactive material. These procedures are specified in our
NRC license and, therefore, must be adhered to. Failure to comply
may result in suspension of your privileges to use radionuclides!

Following notification by the Loading Dock, shipments of radioactive
materials may be picked up at the receiving location (currently the Room
by the user who placed the order or delivered directly to the user. The user
should be wearing the apnropriate protective clothing (lab coat and gloves)
and personal dosimeter. When you order radionuclides, you should
anticipate their arrival. In many instancer, shipments are received cn
dry ice and failure to pick them up promptly may result in their thawing
out.

Identify the proper container “pig” and verify that the stated contents agree
with the order, as specified on the Radionuclide Inventory Record Form.

If there i, a discrepancy, compare the stated contents to the packing slip, if
the packing slip is available. Discrepancies in the amount of activity
received that are greater than plus or minus 50% of the activity listed on
the Radionuclide Inventory Record Form and/or the packing slip, and
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1. For ‘I, survey the smear with a shield, thin-window Nal (T1)
detector. If there is detectable contamination, quantify the smear in
the appropriate laboratory instrument and determine the net dpm.

1v. Please note that it is not appropriate to merely survey the “pig” by
pointing the survey meter at it because a low level of emissions
through the wall may lead to the errcneous assumption that the pig
is contaminated. A smear should be taken and then surveyed.

If a final source container is found to be contaminated, notify the RSO and
record the positive findings in the user's log book. Records shall be in
units of disinicgrations per minute per 100 square centimeters (dpmv/100
cm’). If o contamination is detected, it is sufficient simply to note in the
appropriate space on the inventory record form that the survey results were
negative,

If removable contamination does not exceed the following guidelines, the
Authorized User may use the material. The limits are

Low-risk Beta or Gamma Emitters: 22,000 dpm/100 cm?
Other Beta or Beta-Gamma Emitters: 2,200 dpm/100 cm?

Shipments having contaminated source vials with contamination that
exceeds these limits, but not exceeding ten times these limits, shall have a
warning notice inserted in the package before use by the Authorized User.

Shipments having contaminated source vials with contamination that
cxceeds ten times the above limits shall be held by the RSO.

The USGS Radionuclide Inventory Record Form shall serve as the
permanent record for receipt and survey.

ACCOUNTING FOR RADIOACTIVE MATERIALS

a.

When aliquots of the radioactive materials are removed from their
containers, entries must be made on the Radionuciid= - -entory Record
Form showing the removal.

In the individual lab log book, two records are to be maintained:; the

Radionuclide Inventory Record Forms (Appendix C) for nuclides being
used and the Disposal Record (Appendix D).
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1. The Inventory Sheets will record all radionuclides brought into the
lab and show how and when they were removed from their
container.

ii. The Disposal Record will show how much was lost by decay and
how much was discarded via the sanitary sewerage system or into
solid waste disposals in the Low-Level Radioactive Waste
(LLRW) storage area.

c. Each week, liquid waste disposal records from the individual lab, logs,

will be summarized and disposals via the sanitary sewerage system will be
recorded in the Lab Sewerage Disposal Log maintained in RSO's Office.

d. At the end of cach mor:th, each Authorized User will be furnished with
and must complete an Inventory Report to the RSO for all radionuclide
acquisitions which are stored in their labs or are under their control.

i. Inventory Records for radionuclides that have been used up and the
sheets “zeroed out” may be conveniently handed in at this time.

ii. The completed Inventory Report and “zeroed out™ Inventory
Records should be provided to the RSO and filed for future
reference for federal and state regulatory agencies.

DECONTAMINATION AND REPAIRS OF CONTAMINATED EQUIPMENT

1.

In general, no radioactive contamination can be tolerated. Exceptions to this will
include certain hood trays, dry boxes, stainless steel trays, Kimpak covered
surfaces, or other equipment which is used frequently for active work and which
will be clearly marked with the standard radiation caution signs or stickers. Any
contamination that is not confined to protected surfaces should be reported
immediately to the RSO, who will supervise the decontamination of such areas or
equipment. For additional information, consult Section O. “Radiation
Emergencies.”

Radioactive equipment and glassware. Equipment used to hold or work with
radioactive substances shall not be ussd for other work and shall not be sent from
a laboratory to central cleaning facilities, repair shops, surplus, or returned to the
source of supply, until demonstrated to be free of contamination (i.e.. fixed and
removable).

Repair and maintenance of equipment in the laboratory. Equipment to be
repaired by shop and maintenance personnel or by commercial service contractors
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shall be demonstrated to be free of contamination (fixed and removable ; prior to
servicing. At no time shall servicing personnel be permitted to work on
equipment in controlled areas without the presence of a laboratory staff member
to provide specific information. If it becomes necessary to make emergency
repairs on contaminated equipment, the work will be supervised by the RSO, who
will assure that the necessary safeguards are taken. It is the responsibility of the
laboratory personnel 10 request this supervision from the RSO.

4. Clearance procedure for surplus or repair of equipment. The NRC
mandates that we protect all workers, as well as the general population, from
unnecessary exposure to ionizing radiation. Therefore, all equipment in
which radioactive materials have been used or stored must be checked for
radioactive contamination before being released for surplus or repair.

a All detectable contamination in accessible portions of the equipment must
be removed. If measurable contamination remains in inaccessible
portions, contact the Radiation Safety Officer for further instructions.

b. All “Caution Radioactive Materials” labels or signs must be removed
or obliterated after all detectable contamination has been removed.

c. A form “CERTIFICATION THAT EQUIPMENT IS FREE FROM
HAZARDS? (available from the RSO) (Appendix L) must be completed
and attached to the equipment before release. Note that this form requires
clearance for biological, chemical, oil, and heavy metal hazards as well.
The Stockroom or the Shop will not accept equipment until this form is
completed and attached.

d. Additional regulations apply to gamma counters, liquid scintillation
counters, electron microscopes or other equipment containing radiation
sources or x-ray generating equipment. The Radiation Safety Officer
should be consulted in the event such equipment is involved.

5. There are also cleara:ice procedures that must be adhered to when reoms in which
radioactive materials have been used or stored are being vacated or renovated.
The Radiation Safety Officer should be consultzd under these circumstances.
K. SIGNS AND LABELING

I. Proper marking of laboratories, areas, and equipment.

a. A “CAUTION RADIOACTIVE MATERIALS” sign must be
conspicuously posted on the doors to laboratory areas where
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4.

radioactive materials are being used or stored. The name and home
phone number of the individua! responsible for the posted area shall be
shown in the designated place on the sign in order to facilitate contact in
case of emergency. The supervisor shall be responsible for seeing that the
posted infcrmation is current. The signs must not be removed from any
room except by the RSO following an inspection survey.

Storage areas shall be conspicuously marked with a “CAUTION
RADIOACTIVE MATERIALS” sign. In addition, containers in ‘which
materials are transported or stored shall bear a durable, clearly visible label
bearing the radiation caution symbol and the words “CAUTION
RADIOACTIVE MATERIALS.” This label shall also state the
quantities and kinds of radivactive materials in the containers and the date
of measurement of the quantity.

Radiation areas in the laboratory, i.c., areas where radiation levels might
expose individuals to 5 mrem in any 1 hour, or in any five consecutive
days, a dose in excess of 100 mrem, shall be posted with the sign
“CAUTION RADIATION AREA.”

All equipment contaminated with radioactive material shall be marked
with signs, decals, or other conspicuous means. Labeling shall not be
required for laboratory containers such as beakers, flasks, and test tubes,
used transiently in laboratory procedures during the presence of the user.

All signs referred to in this part are available from the RSO.

PERSONNEL MONITORING PROGRAM

1.

FILM BADGE PROGRAM

a.

All workers who use or are in close proximity to gamma-emitters (neutron
actirated samples), beta emitters with maximum energy > 0.2MeV (e.g.,
**P), or radiation producing equipment (¢.g., electron microscopes) are
required to wear whole body film badges and’or TLD's.

Badges and/or TLD’s should be obtained before beginning work with
radioactive materials. Temporary badges are available from the Safety
Officer.

Body badges and/or TLD’s should be wom on the outer surface of an
unshielded part of the body, wrist badges should be wormn on the palm side
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of the wrist and TLD rings badges should be worn with the labei facing
the palm of th.e hand.

d. The whole body and wrist badges are small sheets of film contained in a
foil packet. The film becomes darkened in response to exposure to
ionizing radiation, however, other factors may also cause darkening of the
film and it is therefore necessary to treat the badges with care. When not
in use, badges should be stored away from sources of radiation exposure,
heat, or chemically stressful environments. THEY SHOULD NOT BE
WORN OUTSIDE OF THE LABORATORY.

c. Badges and/or TLD’s should be promptiy exchanged monthly when
requested.

f. If a badge and/or TLD becomes inadvertently contaminated, the Safety
Officer should be notified so that a replacement can be supplied and a
spurious exposure reading avoided.

g An individual reported to have any exposure on a fiim badge (10 mrem
threshold reading) will receive a memorandum stating the exposure
reading. If an exposure of > 40 mrem on a whole body badge, or > 625
mrem on a wrist or finger badge, is reported, the RSO will conduct an
investigation. This investigation will determine the cause of the exposure
and implement corrective actions, where possible.

RADIATION EMERGENCIES

1.

Because it may be difficult for personnel in the laboratory to determine the extent
of radiation exposure danger resulting from an accident involving radioactive
materials, it is necessary that the RSO be contacted IMMEDIATELY if an
emergency is suspected. If an emergency should occur after hours, the RSO
should be contacted at home. In the event that the RSO is unavailable, another
member of the laboratory or the RSO designee should be contacted. The phone
extcnsions and home telephone numbers of the RSO are listed in Apperdix A to
this Muanual. Outlined below are the procedrires to be followed in the event such
an accident occurs.

ACCIDENTAL SPILLS OF RADIONUCLIDES
Spills of radioactive materials may be divided into 2 general categories: (1 ) major

spills, involving significant exposure potential, and (2) minor spills, involving
minimal hazard potenti~" ... spill involving a volatile radionuclide, such as
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radioicdine, should be regarded as a major spill. A guide 10 assessing hasards of
spills involving seiected rad:onuclides is listed below.

ASSESSING SPILLS: HAZARDS OF RADIOACTIVE MATERIALS

3

-
-

Group 1. Low Hazard. Above 1 mCi, tr=at as a major spill. °’H, **C.
Group 2. Medium Hazard. Above 100 uCi, treat as a majcer spill
:‘Na, JZP QK 5|Cr ”FC ”FC.

Group 3. High Hazard. Above 10 uCi, treat as a major spill. **Na, *'¥],
l291 ol)ll .u?CS.

*Emits gamma radiativn in significant amounts.
MAJOR SPILLS

a. Noti®v all personnel ir: the spill area of the accider @ and restrict access to
the contaminated area.

b. Contact the RSO or the RSO designee or another member of the
laboratory prepared to provide the following information. (1) the location
of the accident, (2) a brief description of the incident including the type of
radioactive material and the activity involved. (3) your name and the
phone number where you can be reached.

c. Do ot attempt to decontaminate the area until the RSO arrives. Secure
the laboratory area 10 prevent access. The RSO will provide instructions
and assistance in decontamination and will make arrangements for the
provision of special decontamination equipment, if necessary.

d. Individuals who may have been contaminated should be taken to a nearbv
contamination-free area for contamination evaluation.

€. If appropriate instrumentation is available, an evaluation should be made
of personnel contamination. If contamination is found on clothing, the
clothing should be removed and held for evaluation by the RSO. fskin is
ccrtaminated, wash with mild detergent and water, or shower, if {aciiities
are available. For further inforn.ation, consult the following section
“General Procedures for Decont*mination of Personnel.”

f. Permi: no person to resume work ia the area until the R3O has supervised
a final survey and given approval.



Prepare a complete written report of the accidert, listing the inie ! als
involved and the corrective action taken. A copy must be submiiizd
RSO within one week.

-

Sy T .
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4. MINOR SPILLS

)

Notify all personnel in the spill area of the accident and restrict ace=ss to
the contaminated area.

Contact the RSO or the RSU designee or ancther member of the
laboratory. Be prepared to provide the following information: (1) the
location of the accident, (2) a brief description of the incident including
the type of radioactive material and the activity involved, (3) your name
and the phone number where you can be reached.

Individuals who may have been contaminated should be taken to a nearby
contamination-free area for contamination evaluation.

If appropriate instrumentation is available, an evaluation should be made
of personnel contamination. If contamination is found on ciothing, the
clothing should be removed and held for evaluation by the RSO. If skin is
contaminated, wash with mild detergent and water, or shower, if facilities
are available. For further information, the following section “General
Procedures for Deccuiamination of Personnel.”

Confine the spill as rapidly as possible. Before proceeding, however,
individuals must obtain protective clothing (disposable gloves, goggles,
lab coats or coveralls, and shoe covers). Obtain the necessary
deccutamination materials from the RSO if not available in the immediate
iaboratory area. Use a G-M survey meter or wipe surve ¥S as appropriate
to pericdically check contamination levels as the spill area cleanup
proceeds.

Clean up the spill using toweling moistened with detergent and water
(commercial decontarrinatic  agents are available). To prevent sprzading
contamnation, alwz  clean from the outer edges towards the center of the
vpilt. In the case of liquid spills, use absorbent paper or solid absorbent.
and deposit soaked cleanup material in an impervious radioactive waste
container or plastic bag. If the spill is drv or powder material, carefuily
place a moistened towel over the spill to prevent airbome spread.

Continue “:eontamiration until activity is reduced o hackground Tl
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Monitor all personnel involved in the cleanup and assure that they have
been decontaminated. If iiems of clothing cannot be decontaminated, hold
for evaluation by the RSO.

Prepare a complete written report of the accident, listing the individuals
involved and the corrective action taken. Tie survey results must be
included and a copy be submitted to the RSO within one week.

s. GENERAL PROCEDURES FOR DECONTAMINATION OF
PERSONNEL

a.

For d:contaminating skin surfaces, it is most eff _tive ‘o begin with a
simple washing procedure and progress to mor. involved procedures until
the contamination is reduced to an acceptable level. The following is a list
of the reccommended decontamination sequence:

(1) Notify supen .,or immediately after contaminating accident.

(2) Wash body area involved thoroughly for two or three minutes,
repeatedly “soaping™ and rinsing. Consideration should be given
to the chemistry of the contaminant and an attempt made to find a
suitable agent for dissolving it. Any cleansing agent may be used,
but synthetic detergents are preferred to soaps. Avoid prolonged
use of any one decontamination procedure. Irritation of the skin
may impede the success of more suitable procedures. Avoid the
use of organic solvents. They may make the skin more permeable
to radioactive contaminants.

(3) If this procedure is not immediately and completely effective,
notify the RSO. Special decontaminating agents such “Versene,”
“Radiacwash,” ctc.. may be used under the direction of the RSO.

Between each step of the procedure, the contamination should be checked
to determine if contamination is still present. If a milder procedure 15
effective, do not use a harsher one. Chemical treatment is to be used oaly
when absolutely necessary, and then only under the direction of the RSO.
Under no circumstances should the skin surface be abraded or broken.

If a person's eves are splashed with radioactive materials, immediately
flush the eyes with copious amounts of water.



6. RADIONUCLIDE SPILLS INVOLVING OTHER HAZARDS

If a spill involves other hazardous agents in combination with a radioactive
material (infertious agents, toxic chemicals), the RSO should be consulted to
determine if special decontamination procedures or equipment are necessary for
personne! safety. In general, the biological or chemical hazard will be treated
first.

7. FIRES INVOLVING RADIOACTIVE MATERIALS

In the event of a fire involving a laboratory that contains radioactive materials, the
RSO should be contacted immediately.
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V. WASTE DISPOSAL

GENERAL CONSIDERATIONS

L.

The NRC strictly regulates the amounts of radionuclides that may be discarded
and the routes by which they may be disposed. These limits have recently been
revised in accordance with the new 10 CFR 20 regulations.

It is the obligation of every authorized user at USGS to keep the release of
radioactive materials into the air and the sewerage as far below the license limits
as is practicable (ALARA~"as low as is reasonably achievable™) and to insure
that radioactive wastes do not enter conventional waste disposal receptacles.

It is the obligation of every authorized user at USGS :o estimate as accurately as
pc.:ible the amount of radioactive materials in the waste that is disposed of and to
mimmize the overall volume.

It is the obligation of every authorized user to consider all the components
contained in any radioactive waste sample. Specia! consideration must be given if
the samples contain infectious agents, sharped hazardous materials or toxic
chemicals.

Consequently, it is imperative that all authorized users at USGS be familiar with
the proper procedures for dealing with radioactive wastes. Failure to satisfy the
conditions of thc NRC regulations could well result in loss of our license or
severe penalties!

If you have questions, please consult the RSO.

This procec ire provides detailed information about this topic and is included as
Appendix M to this Manual.

SOLID WASTES

[ 28]

el

Solid wastes at USGS are currently disposed of by using a licensed broker 10
transpourt Low-Level Radioactive Waste (LLRW) to a licensed disposa! factlity.

When preparing solid waste for disposal by decay the user must | sically
segregate ¢ach radionuclid+ into a separate container.

Solid waste may be conveniently heid in plastic iined cardboard boxes andior = 3-
gallon steel drums appropriately labeled until the container is full ‘Ahen the

container is full, the plastic containing the solid waste shouid ho 1),

2

fwd
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bagged or tripled-bagged to prevent tears or leaks and care mus* be taken to
ensure that there are no open "sharps.” The orange Biohazird baps become
brittle in cold weather and larger bags can be difficult to handle if they are
completely filled. Thus, these Biohazard bags are not to be used for the external
container.

4. A Caution Radioactive Materials tag (available from the RSO) identifying the
name of the investigator, the date, the nuclide and an estimate of the activity
in millicuries should be affixed to the bag. Contact the RSO for storage of waste
matenal in the Hot Rockshed and/or additional information for help.

S. Disposai of solid wastes is becoming very expensive. Consequently,
noncontaminated gloves, pipet tips, absorbent paper, etc., should not be mixed
with the radioactive solid waste. Thus, make sure that gloves, pipet tips, etc., are
in fact contaminated before you toss them into the radioactive waste container.

6. The “pigs” in which certain radionuclides (e.g., *’P) supplied contain lead, a toxic
heavy metal. Afier verification that they are not contaminated, the lcad should be
removed from such pigs and discarded as a heavy metal. If you wish, you may
bring the lead to the RSO and he will take care of the final disposition. Under no
circumstances must the lead be allowed to enter either the normal or radioactive
waste stream.

C. LIQUID WASTES

1. At the present time, our NRC license permits liquid wastes to be disposed of via
the sanitary sewerage system. The values enumerated in this section are based on
the new NRC regulations effective in May 1991. The annual limit for disposal is
5 Ciof ’H, 1 Ci of “C, and 1 Ci of all other radionuclides combined.

to

However, for convenience, daily disposal limits for USGS have been calculated
on the basis of values specified in 10 CFR 20 Appendix B. Table 3. If you have
questions about additional nuclides, contact the RSO before proceeding.

To 2nable the RSO to monitor the aggregate disposal and avoid the risk of
exceeding any of the iimits, anyone putting iore than 10% of the dajly limit of
activity into the sanitary sewerage system in one day must obtain approval from
the RSO. In practice, however, disposals have alv ays been well below this 10%
Risii e

-

$-

Ajueous solutions may be disposed of 1n an approy ixvely designated wab n che

eestugator’s Liho Anample volume of water <hotzhd be Do tbush ~- lation



down (he drain and the sink should be surveyed to insure that no removable
contamination remains.

5. The nuclide and an estimate of the amo.nt disposed of in millicuries must be
logged in the lab and also in the USGS '.ab Sewerage Disposal Log located in the
laboratory. This Log is the officiai record. Consequently, if the user elects to use
the sink in his’/her own lab, a weekly eniry must be made in ! og detailing the
disposals.

6. Glass containers or bottles should not be used fo: liquid waste accumulation and
storcge. Sturdy plastic ones are much better.

7. The composite disposal records are periodically checked to make sure that the
limits are not exceeded.

D.  SCINTILLATION VIALS AND GAMMA COUNTING TUBES

1. The NRC Regulations allow tur the disposal of scintillation vials containing less
than 0.05 uCi per gram (i.e, < 1.1 x 10*dpm per ml) of *H or '*C without regard
for the radioactivity. Thus, vials containing allowed levels may be simply
disposed of as if it were not radioactive and need not be placed with the

radioactive waste. Nevertheless, a record of their disposal should be maintained
in the investigator's disposal records.

o

Other scintillation vials must be handled as solid waste. Again, seg-egate based on
short or long half-life.

3. Only those scintillation cocktails that are biodegradable and have a high flash
point may be used. The 2 cocktails currently approved by the RSO for use are
“READY SAFE,” “BIOSAFE 11,” and ECOLUME. If there is a specific
requirement to utilize other cocktails. a memorandum must be submitted to the
RSO detailing the specific application required, the reasons why the mandated
cocktails are unsuitable and how the issue of storage and Jirposal of any resulting
“mixed waste” will be addressed. '

1. To minimize glass in te radioactive waste stream, only plastic scintillation vials
and gamma countng vials are acceptable for use at USGS

E.  MIXED OR MULTI-HAZARD WASTES

1. A waste that contains any combination of radioactive, biohazardous, and
chemically hazardous materials is referred to as mulu hazard or mixed



waste. Because of the nature of the research at USGS, biologically hazardous
waste is not generated.

Examples of mixed radioactive wastes are ones that contain: carcinozens,
mutagens (ethidium bromide), pyrophoric compounds, reactive or toxic
chemicals, nonaqueous liquids and sulvents (oils, phenol and CHCI,), heavy
metals (mercury, lead, silver), corrosives (strong acids and bases).

These wastes are exceptionally difficult to deal with and there are currently
no disposal sites in the United States certified to accept thema. Consequently,
every effort must be made to minimize the generation of such mixed wastes.
Often this can be accomplished by careful planning.

Under no circumstances should such nonradioactive hazards enier the
radioactive waste stream and under no circumstance should rrdioactive
materials be allowed to enter the toxic or hazardous waste stream!

If you anticipate generating any such wastes, contact the RSO prior to initiating
the procedure.



VI. RADIATION PRODUCING EQUIPMENT

A number of instruments in the laboratory produce radiation when they are in operation.
Therefore, special precautions are required by personnel when using these instruments or
working around x-.ay generating equipment and machines. Electron microscopes, when
properly installed and with all shielding in place, keep the radiation confined within the
instrument. In addition, once the beam hits a target, radiation is scattered in all directions a d at
various energies, and will produce radiation exposure outside the direct beam path.

The following policies and operator responsibilities will apply to radiation producing instruments
and equipment at USGS.

A. POLICIES FOR RADIATION PRODUCING EQUIPMENT

1. All operating personnel and personnel in the immediate area will be required to
wear a film badge and TLD or other personnel monitoring device.

ts

Arezas in which radiation producing machines are located or are being used shall
be posted with the characteristic CAUTION RADIATION sign. In addition, the
controls shall bear a decal with the ~tatement: CAUTION RADIATION--THIS
EQUIPMENT PRODUCES RADIATION WHEN ENERGIZED. Labels and
decals are available from the KSO.

-

I'he structural shielding requirements of any new installation, or an existing one in
which changes are contemplated, shall be discussed with the Radiation Satety
Officer (RSO), pnor to initiating any design changes or work locations and/or
areas.

4 Radiation sunveys will be made of all new installations and all existing
installations after every change that might increase the radiation hazard.

3 Unless measurements indicate that they are not needed, protective aprons shall be
worn by all personnel within the room or arza who are trequently or habitually
exposed to radiation.

It safe use of the installation depends upon mechanicai reinoaon ot the

orientation of the radiatton heam, or wpon latations in the oulput ot the unit,

> } N .ty : [T RN N
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8. All protective devices that may become defective due to use or abuse, such as
protective lead aprons or gloves, should be inspected for radiation Jeakage at least
every 6 months, or whenever the integrity of the equipment is suspected.

9. A manually reset cumulative timing device shall be used which will either
indicate elapsed time or turn off the apparatus when the total exposure reaches a
certain previously determined Iimit.

10. Personnel specifically responsible for such equipment shall ensure that all workers
in the area are monitored in accordance with the requiremens for the specific unit.

11.  All interlocks, visual and audible waming devices, and monitoring equipment
shall oe inspected for proper operation at six month intzrvals by the RSO or his
designee.

12. An x-ray audit/inspection shall be conducted annually on the X-Ray
Radiation Safety Program as well as the x-ray generating equipment and
machines presently in use at the various USGS facilities located in the
Washington, D.C. metropolitan area.

13. An annual radiation safety training program shall be conducted for
individuals and personnel assigned to the operation and use of x-ray
generating equipment and machines presently used at the various USGS
facilities located in the Washington, D.C. metropolitan area.

B. OPERATOR’S RESPONSIBILITIES

1. Notify the RSO when there is any change in the setup, i.e., new equipment
installed, changes in shielding, change in output of radiation, or change in usage
of the unit.

2. Reguest and wear appropriate monitoring devices. Always wear the assigned

monitoring Jevice (e g, film badge and’or TLD) when working with the unit.
Whenever protective lead aprons are work, the body monitor should be worn on
the outside of the apron at the neckline.

B Keep expos re as low as reasocably achievable (ALAIA )
4. Clear the area of all nonessenual personnel. The operator should insist that ali

nonessential personnel icave the exposuie area netvre operating the unit, and that

g somr el he a0 mgitels shiel fe
all essential personmel be adoguately sinel ol



S. Observe any restrictions on the use of the unit recommended by the Radiation
Safety Officer (RSO).

6. Notify the supervisor and the RSO immediately of any accidental exposures to
radiation.

7. Attend an annual radiation safety training program.

4
187
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EMERGENCY PHONE CALL UNIT



\PPENDIX A
EMERGENCY PHONE CALL LIST
NAMES AND PHONE NUMBER OF KEY PERSONNEL
Dr. Charles Naeser (Radiation Safety Officer, RSO) Extension €v64
Home phone: (703) 713-6869
Dr. Elizabeth Jones

Principle Investigator and User Extension. 7556
Home phone: (301) 598-0338

Mr. Gary Kramer Extens:on: 7556
Safety Office Home phone: (501) 598-0338
Emergency Notification Extension: 7222

TELEPHONE NUMBER OF REGION II NUCI EAR REGULATORY COMMASION
(800) 577-8510



APPENDIX B

NOTICE TO EMPLOYEES

NRC FORM-3
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APPENDIX C

RADIONCULIDE INVENTORY RECORD



APPENDIX C

RADIOCUCLIDE INVENTORY RECORD

ISOTOPE Chem iseels f INVENTORY

Act mCi NUMBER
Ver . Catalog #: P.O. #: N }
Auth. . ar Date: i

Received By: Date:

Activity: mCi Volume:

Concentration: mCim] As of:

Package Survey Results:

Date Activity on Hand Removed Balance Remaining User

Vol. Act. (mCi) Conc. Vol. | mCi Vol. Act. (mCi) Name #

RS SR
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RADIONUCLIDE DISPOSAL RECORD
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RADIONUCLIDE DISPOSAL RECORD

DATE

INV. NO.

ISGIOPE

MILLICURIES DISCARDED

SEWER

SOLID

VIALS

COMMENTS

NAME

LOGGED
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REQUEST FOR APPROVAL TO USE
RADIONUCLIDES

IN A RESEARCH PROJECT



APPENDIX E

REQUEST FOR APPROVAL TO USE RADIONUCI iF5s
IN A RESEARCH PROJECT

Authorized User:

Last First ML

Principal Investigator (if different):

Date Submitted: Laboratory Affiliation:

Names of individuals working on this project:

1.

tJ

Room(s} in which radionuclides will be stored and use:

Radionuclide(s) to be used: Physica! form:

Approximate mCi activity to be used per experiment:

Activity to be monitored and detected by:

Safety and shielding precautions to be cmp'o- =d:

Nature of radioactive wastes generated:

Disposal method for radioactive wastes:



Will infectious or “mixed wastes” be gererated? If 50, exp.ain how they will be handled and
disposed of.

(Use additional pages if necessary)

Reviewed by Radiation Safety O:%icer

Cate

Approved
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MONTHLY LABORATORY
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SAMPLES OF RADIATI.

EXPOSURE HISTORY FORM



APPENDIX H

Radiation Safety Officer

[ ]

Aaseert

(Cay, Sanse. Lo evany

Dezr Sirs:

| am now employed at the USGS Laborawries. During the time interval incicatad on the
bottom of this leter | was employed at your institution.

As required in 10 CFR 20.102 (c) (1), the information regarding my past radiation expeosure is
necessary to update my Radiation Dosimetry Report. Please send all of my past radiation
exposure history to:

U.S. Geological Survey
246 National Center
12201 Sunrise Valley Drive

Reston, V.
Thank you for your cocperation. n, VA 20192

Sincerely,
(Hgraimony
Full Lagal Name:
Date of Birth:
Social Security No.:

Dates Employed From: To:

NOTE TO EMPLOYEE: YCU MUST COMPLETE ONE OF T-ESZ FORMS FCR ZACH

H
PREVIOUS EMPLOYMENT INVOLVING RADIATICN EXPOSURE. UBMIT THE COMPLETED
FORM(S) TO THE USGS SASETY OFFICER.
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NUCLEAR REGULATORY COMMISSION
REGULATORY GUIDE 8.13
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INSTRUCTION CONCERNING PR=NATAL RADIATION EXPOSURE

A. INTRODUCTION

Section 19.12, “Instructions to Workess,” of 10 CFR
Part 19, “Notices, Instructions, and Reports to Workers,
laspections,” requires that all individuals working in or
frequenting any portion of a restricted ares! be instructed
in the health protection problems associsted with expo-
mire to radioactive materials or radiation, in precautions
or procsdures to minimize exposure, zad io the reguls-
tions that they are cxpectsd to observe. The present
10 CFR Part 20, “Standards for Protection Aguast
Radiation,” has no special limit for exposure of the
embryo/ferus.? This guide describes the instructions an
employsr should provids to workers and supervisors
concerning biological risks to the embryo/fetus exposed
to radistion, s dose limit for the embryo/fetus that is
under considersuion, and suggesuons for reducng radia-

tion exposure.

Ths regulatory guide takes into consideration a
proposed revision to 10 CFR Part 20, which incorporates
the radiation protection guidance for the embryo/fetus
approved by the President in January 1987 (Rel. 1)
This revizion to Part 20 was issued in January 1986 for
comment as a proposed rule. Comments on the guide as
it pertains to the proposed Part 20 are encouraged. If
the new Part 20 is codified, this regulstory guide will
be revised to conform to the anew r~gulation and will
incorporate appropriate public commeats.

Any information collection acuvities meationed in

this regulatory guide are contaned as requirements in
10 CFR Partis 19 or 20, which provide the regulstory

1 nestrictsd ares means 32y ares Ihst has costrolled accsss to
prowct individuais from beamg ¢xposed to rsdutioa sad radioective

315 conformiry witt the propossd revisioa to 10 CFR Part 30,
the term “embryo/fetus’’ is waed throughout thw documesn! (o

baxis for tius guide. Tae 1nformauioa collecuion
requirements in 10 CFR Parts 19 and 20 have been
cleared under OMB Clearance Nos. 3150-0044 aad
3150-0014, respectively.

8. DISCUSSION

It has been known unce 1906 that celis that e divid-
ing very rapidly and are unduferennated in their structure
and function are genenally more sensitive to radistion. In
the embryo stage, cells meet both these cnienia and
thus would be expected to be highly senmtive to radia-
tion. Furthermore, there is duect evidence that the
embryo/fetus i3 radiosensitive. There i3 also evidence
that it is especially sensitive to certain radiation effects
during certain  per..ds after csacepucn, parucularly
dunng the first 2 to 3 months ater concepuon when 3
woman may not be aware that she is pregnant.

Section 20.104 of 10 CFR Part 20 places different
radiation dose limits oa workers who are minors than
on adult workers. Workers under the age of 18 are
Lmited to one-tenth of the sdult radution dose limits
However, the present NRC -cgulations do not establish
dose limits specifically for the embryo/fetus

The NRC's present limit on the radiation dose that
can be received on the job s 1,250 millirems per
quarter (3 months).? Working munors (those under 18)
are lumited to a dose equal ic one-tenth that of adults,
125 millirems per quarter. (See § 20.101 of 10 CFR
Part 20.)

Because of the sensitmity of the unbomn child, the
National Councl on Radiauon Protecuon and Measure-
mer.s (NCRP) has recommended that the dose equivaient

’!’N lmit s 3.000 millirems per quarter i the worker's occupe-
toaal dose hmtory » known and the sverse doss does B8Ot sxcwed
5,000 millirems per year.
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to the unbom child from occupational cxposure of the
expectant mother be Lmited to S00 millirems for the
entre pregnancy (Ref. 2) The 1987 Prendennal guidance
(Ref. 1) specifies an effective dose equrvalent limit of
502 millirems to the unborn child if the pregnancy has
been declared by the mother; the guidance also recom-
me.ds that substantial vanations in the rate of expasure
be avoided. The NRC (in § 20.208 of its proposed revr-
son to Part 20) bas proposed adopuon of the above
Lmits on dose and rate of exposure.

In 1971, the NCRP commented on the occupational
exposure of fertile women (Ref 2) and suggested that
fertile women should be employed only where the annual
dose would be unlikely 10 exceed 2 or 3 rems and would be
accumulsted at a more or less steady rate. In 1977, the
ICRP recommended that, when pregnancy has been diag-
noeed, the woman wotk only where 1t is unlikely that the
annual dose would exceed 0.30 of the dose-equivalent limit
of 5 rems (Ref. 3). In other words, the ICRP has recom-
mended taat pregnant women not work where the annual
dose might exceed 1.5 rem.

C. REGULATORY POSITION

Instructions on radiation risks should be provided
to workers, including supervisors, in accordance with
§19.12 of 10 CFR Part 19 before they are allowed to
werk in g restricted sres. In providing instructions on
radiation risks, empiloyers should include specific instruc-

{5

o

s

v
)

tions about the ruks of raduuon expomL: to the
emoryo/fetus.

The wmstrucuons should be preseated both orally and
in pnnted form, and the instructions should mnchude, as
8 muumum, the winformation provided in Appenwix A
(Instructor’s Guide) to this gwde. Indrviduals should be
gven the opportumuty to ask Questons and in turs
should be quesuoned to determine whether they under-
suand the instructions. An acceptabie method of ensunng
that the information is understood i3 to gIve & ampile
wniten test covenng the matenal included in Appen-
dix B (Pregnant Worker's Guide) This spproach should
highlight for instructors those parts of the instructions
that cause difficulties and therebr lead o eopropnate
modifications wmn the instructional curncuium.

D. IMPLEMENTATION

. The purpose of this section is to provide information
to sppucants and licensees regarding the NRC staff's
plans for using this regulatary guide.

Excepzinthoueminvhichmtpphcmlor
license: proposes an acseptable alternstive method for
complying with specified portions of the Commistion’s
regulstions, the NRC will use the material described
m this guide to evaluate the instructional program
presented tc individuals, inchuding supervisors, working
in or frequenting any portion of a restricted wea.




APPENDIX A

INSTRUCTOR'S GUIDE

EFFECTS ON THE EMBRYO/FETUS OF EXPOSURE TO RADIATION
AND OTHER ENVIRONMENTAL HAZARDS

In order to decide whether to cont:nue working
while exposed to ionizing radiation during her preg-
asncy, 8 womin should understand tie potential effects
on an embryo/fetus, including thosc that may be pro-
duced by various environmental risks such as smoking
and drinking. This will allow her to compare these risks
with those produced by exposure to jonizing radiation.

Tabls | provides information oa the potential effects
resulting from exposure of an embryo/fetus to i4diation
and nonradistion risks. The second column gives the
rate at which the effect is produced by natural causes
in terms of the number per thousand cases. The fourth
column gives the number of additional effects per
thousand cases believed (0 be produced by exposure to
the specified amount of the risk factor.

The following section discusses the studies from
which the information in Table | was derived. The
results of exposure of the embryo/fetus o the risk
factors and the dependence on the amount of the
exposure are explained.

1. RADIATION RISKS

1.1 Childhood Cancsr

Numerous studies of radiation-induced childhood cancer
have been performed, but a number of them are con-
troversial The National Academy of Science (NAS) BEIR
report reevalusted the data from thess studies and even
reanalyzed the results. Some of the strongest support for
s causal relationship is provided by twin dats from the
Oxford survey (Rsf. 4). For maternal radiaton doses of
1,000 millirems, the sxcess aumber of deaths (above those
occurring from i tural causes) was found to be 0.6
death per thousand childrea (Ref 4).

12 Meatal Retardation and Abnormal Smallness of the
Hesd (Microcephaly)

Studies of Japanese children who were exposed while in
the womb to the stomic bomb radistion at Hiroshima and
Nagasaki have shown evidence of both smaul 3eaa s1ze and
mental retardstion. Most of the chiidren were cxposed to
radiation doses in the rangs of | to 50 rads. The impor-
tance of the most recent study lies in the fact that
investigat... were able to show that the gestational age
(ags of the embryo/fetus after conception) at the time the
children were exposed was 8 crtical factor (Ref. 7). The
Wuﬁkotmﬂwmnlmol
gestational age is shown in Table 1. For a radistion doee
oll.OOOmnmcmu4w7mbdt:reonccpum,m

excess cases of small head size was ¢ per thousand. 3t 8
to 1] weeks, it was 9 per thousand (Rel. 7).

In another study, the hughest risk of mental retarda-
tion occurred during the 8 to 15 week penod, after
conception (Ref. 8). A recent EPA study (Ref. 16) has
calculated that excess cases of mental retardation per
live birth lie between 0.5 and 4 per thousand per rad.

1.3 Genetic Effects

Radistion-induced genetic effects have not been observed
to dats in humans. The largest source of matenal for
genstic studies involves the survivors of Hiroshima and
Nagasaki, but the 77,000 births that occurred smong
the survivors showed no evidence of genetic effects. For
doses received by the pregnant worker in the course of
employment considered in this guide, the dose received
by the embryo/fetus appareatly would have s negligidble
effect on descendants (Refs. 17 and 18..

2. NONRADIATION RISKS
2.1  Occupation

A recent study (Ref. 9) involving the birth records of
130,000 children in the State of Washington indicates
that the risk of death to the unborm child is related to
the occupation of the mother. Workers in the metal
industry, the chemical industry, medical technology, the
wood industry, the textile industry, and farms exhibited
stillbirths or spontaneous abortions st a rate of 90 per
thousand above that of workers in the contro; group,
which consisted of workers in several other industnes.

22 Alcobol

It has been recognized since ancient times that
hol consumption had an effect on the unboen child 3
thaginian law forbade the consumption of wins on the
wedding night so that 3 defecuve child might not be
conceived. Receat studies have indicated thst small
amounts of alcobol consumption hsve only the misor
¢tfect of reducing the buth wegnt slightly, but whea
sonsumption increases 0 2 o + innks per day, 1 pat-
tern of sbnormalities called the fetal alcohol syadrome
(FAS) begins to sppear (Ref. 11). This syndrome consists
of redured growth in the unborn child, faulty brain func-
tion, and sbnormal facial features There is a syndrome
that has the same symptoms as fullblown FAS that
occurs in children bom to mothers who have aot
consumed alcohol This natunilly occuring syndrome
occurs i about | to 2 cases per thousand (Ref 10)
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TABLE 1

EFFECTS OF RISK FACTCRS ON PREGNANCY OUTCOME

Effect

Number Occurring
from Natural Causes

R:sk Factor

Excess Occurrences
from Ruk Factor

Cancer death in children

Small head size

Small head size

Mental retasdation

Stilbirth or spontaneous
abortion

Fetal aicoho] syndrome

Fetal alcohol syndrome

Fetal alcohol syndrome

Perinatal infant death
(around the time of Luth)

Perinstal infant death

Perinats] infant death

1.4 per thousand
(Ref. $)

40 per thousand
(Ref. 6)

40 per thousand
(Ref. 6)

4 per thousand
(Ref. 8)

200 per thousand
(Ref. 9)

! to 2 per thousand
(Ref. 10)

! to 2 per thousand
(Ref. 10)

1 to 2 per thousand
(Ref. 10)

23 per thousand
(Refs 13, 14)

23 per thousand
(Refs 13 14)

23 per thousand
(Refs 13, 14)

RADIATION RISXS
Childhood Cancer

Radution dose of 1000 millirems
recerved before birth

Abnormalities
Radiation dose of 1000 1ailkirads
received dunng :pecific penods

after conception:

4-7 weeks after conception

8-11 weeks after conception

Radistion dose of 1000 millirads
received 8 t0 15 woeks after
concepton

NONRADIATION RISKS
Occupation

Work in high-risk occupations
(see texi)

Alcohol Consumption (see text)

24 drinks per day

More than 4 4nnks per day

Chronic alcoholic (more than
10 dninks per day)

Caronic alcoholic (more than
10 drinks per day)

Smoking

Less than | pack per day

One pack or mote per day

0.6 per thousand
(Ref &)

5 per thousmand
(Ref. 7)

9 per thousand
(Ref. 7)

4 per thousand
(Ref. 8)

90 per thousand
(Ref. 9)

100 per thoumnd
(Ref. 11)

200 per thousand
(Ref. 11)

350 per thousand
(Ref. 12)

170 per thousand
{(Ref. 15)

S per thousand
{(Ref. 13)

10 per thousand
(Ref 13)




For motbers who consume 2 to 4 drinks per day,
the excem occurrences number about 100 per thousand:
and for thos who consume more than 4 drinks per
dasy, excess occurrences number 200 per thousand.
The most seamtive persod for this effect of alcoho,
sppears to be the first few weeks after conception,
before the motherto-be realizes she is pregnant (Refs. 10
and 11). Also, 17% or 170 per thousnd of the embryo/
fetuses of chronic alcobolics develop FAS and die before
birth (Ref. 15). FAS was first identified in 1973 in the
United States where less than full-blown effects of the
syndrome are now referrzd to as fetal alcohol effects

(FAE) (Ref. 12).
3.3 Smoking

Smoking during pregnancy csuses reduced birth
wesghts in bab.es amounting to 5 to 9 ounces on the
sverage. In addition, there is an increased rizk of §
infant deaths per thousand for mothers who gmoke
less than one pack per day and 10 infant deaths per

[

thousand for mothers who smoke one of more packs
per day (Ref. 13}

2.4 HMiscellaneous

Numerous other niks sffec the embryo/fetus, only a
few of which are touched upor here. Mogm people are
familiar with the drug thalidomide (s sedatrve grven to
some pregnant women), which csuses children to be
born with musting limbs, and the more rezent use of the
drug diethylstbestrol (DES), a synthetic estrogen given
to some women to treat m..strual disorders, which
produced vaginal cancers in he daughters born to
women who took the drug. Living st high altitudes also
gives rise to an increase in the number of low-birth-weight
children born, while an increase in Down’s Syndrome
(mongolign) occurs in children born to mothers who are
over 35 years of age. The rapid growth in the use of
ultrasound in receat years has sparked an ongoing
investigation into the rmsks of umng ultrasocund for
disgnostic procedures (Ref. 19).



APPENDIX B

PREGNANT WORKER'S GUIDE

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

During pregaancy, you should be aware of things in
your surroundings or in your style of life that could
affect your unborn child. For those of you who work
in or wisit areas designated ss Restricted Areas (where
access is controlled to protect individuals from being
exposs¢ to radiation. and radicactive matemals:. - i
deurable that you understand the biological nsks of
radiation to your unborn child.

Everyone is exposed daily to various kinds of radia-
tion: heat, light, ultraviolet, microwave, ionizing, and s0
on. For the purposes of this guide, only ionizing radia-
tion (such as x<ays, gammsa rsys, neutrons, and other
high-speed atomic particles) is considered. Actually,
everything is radioactive snd all human activities involve
exposure [0 radiation. People are exposed to different
amounts of natural “background™ ionizing radiation
depending on where they live. Radon gas in homes is a
problem of growing concern. Background radiation comes
from three sources:

Average
Annual Doge
Terrestrial - radiation from soil
and rocks 50 millirem
Cogmmic - radiation from outer
space 50 mulirem
Radioactivity normally found
within the human body 28 millirem
125 millirem®

Dosage range (geographic and
other factors) 75 to 5,000 millirem
The first two of these sources expose the body from

the outside, and the last one exposes it from the inmde.

The average person is thus exposed to s total dose of

about 125 milk ms per year from natural background

radiation.

In addition to exposure from normal background
radistion, medical procedures may contribute to the
dose people receive. The following table lists the sverage
doses received by the bome marrow (the blood-forming
cells) from different medical applications.

X-Ray Procedure Average Dose®
Normal chest examination 10 millirem
Normal dental examinstion 10 millirem
Rib cage examination 140 millirem
Gall bladde: =x3minauon +7C millirerr.
Barium enema examination 500 millwem
Pelvic examinauoan 600 millirem

°Venations oy s factor of 2 (above and below) are not uausual.

NRC POSITION

NRC regulations and guidance are based on the
conservative assumption that any amount of radiation,
no matter how small, can have a harmful effect on an
acdult, child, or unbom child. This assumption is mid to
be conservative because there are no data showing il
effects from small doses; the National Academy of
Sciences recently expressed “uncertainty as to whether s
dose of, say, | rad would have any effect st all™
Although it is known that the unborn child is more
sensitive (0 rmadistion than aduls, particularly during
certain stages of development, the NRC has not estab-
lished a special dose limit for protection of the unbora
child. Such a limit could result in job discrimination for
women of child-bearing age and perhaps in the invasion
of privacy (if pregnancy tests were required) if a sepe-
rate regulstory dose Lmit were specified for the unborn
child. Therefore, the NRC has taken the position that
spscial protection of the uaborn child should be soiwn-
tary and should be based on decisions made by workers
and employers who are well informed sbout the risks
involved.

For the NRC position to be effective, it is important
that both the employee and the employer understand
tie nsk to the unborn child from radiation received as
a result of the occupstional exposure of the mother.
This document tries to explain the risi o1 clearly as
possible and to ~ompare it with other risks 10 the
unborn child dunng pregnancy. It is hoped this will
help pregnant employees balance the risk to the unbora
child agamst the benefits of employment to decide if
the risk is worth taking. This document also discusses
methods of keeping the dose, and therefore the risk, to
the unbom child 13 jow as s reasonabd!- achievable.



RADIATION DOSE LIMITS

The NRC's present Lmit on the radiation dose that can
be received on the job is 1,250 millirems per quarter (3
months).® Working minors (those under 18) are limited to a
doss equal to one-tenth that of adul's, 125 millirems per
quarter. (See § 20.101 of 10 CFR Part 20.)

Because of the sensitivity of the unborn child, the National
Council on Radiation Protection and Measurements (NCRP)
has recommended that the dose equivaient to the unbomn
child from occupational exposure of the expectant mother
be limited to 500 millirems for the entire pregnancy (Ref. 2).
Ths 1987 Presidential guidance (Ref. 1) specifies an effective
dose equivalent limit of S00 millirems to the unborn child if
ths pregnancy has been declared by the mother; the guidance
also recommends that substantial varistions in the rate of
exposure be svoided. The NRC(in § 20.208 of its proposed
revision to Part 20) has proposed adoption of the above
limits on doee and rate of exposure.

ADVICE FOR EMPLOYEE AND EMPLOYER

Although the risks to the unbom child are small under
normal working conditions, it is still advisable to limit the
ndiation dc  ‘rom occupational exposure to no more than
5CO millirems for the total pregnancy. Employee and
smployer should work togsther to decide the best method
for accomplishing this goal Some methods that might be
used incluie reducing the time speat in radistion areas,
weazing some shielding over the abdominal ares, and keeping
&n extra distance from radistion sources when possible. The
employer or bealth phyzicist will be able to estimate the
probable dose to the unbom child during the normal nine-
month pregnancy period and to inform the employee of the
smount. If the predicted dose exceeds 500 millirems, the
employec and employer should wark out schedules or proce-

The limit s 3,000 millirems per quarter if the warker's occupe-
tiomal does history s kaown and the sversge dose doss mOt exceed
$0° <iilivems per your.

dures to Lmut the dose to the 500-milirem recommended
limit.

It is important that the employee inform the
employer of her condition as soon as she realizes she 13
pregnant i the dose to the unbom child 15 to be
munimized.

INTERNAL HAZARDS

This document has been directed pnmarily toward a
discusnion of radiation doses recesved {rom sources outside
the body. Workers should also be aware that there is a
risk of radicactive matenal entenng the body in work-
places where unsealed radioactive material is vsed. Nuclear
medicine clinics, laboratones, and certain manufacturers
use radioactive material in bulk form, often as a liquid or a
gas. A lList of the commonly used matenials and safety
precautions for each is beyond the scope of this documeat,
but certain general precautions might inciude the followng:

1. Do not smoke, eat, drink, or apply cozmetics
around radioactive matenal

2. Do not pipette solutions by mouth.

Use disposable gloves while bhandling radioacuve
material when feasible.

Wash hands after working arounu tadiocactive
matenal

S. Wear lab coats or other protective clothing when-
ever there is a possibility of spills.

Remember that the employer is required to have
demonstrated that it will have safe procedures and
practices before the NRC issues it a license to use
radioactive material. Workers are urged to follow cstab-
lished procedures and consult the employer’s radiauon
safety officer or bealth physicist whenever problems or
questions anse.
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APPENDIX J

DOCUMENTATION OF NRC GUIDE 8.13

This form must be completed and submitied to the Radiation Safety Officer.

As a woman of childbearing age and an individual using radionuclides or working in an
area | where radionuclides are used, I have been presented with a copy of the U.S. NRC
Regulatory Guide 8.13 "INSTRUCTION CONCERNING PRENATAL RADIATION
. EXPOSURE,” I understand that | am to rcad the document and request clarification of any points
which are unclear from my supervisor or from the USGS Radiation Safety Officer or his
designee.

Please print clearly below:

Data on Individual Receiving Document:

Name Title (Dr., Mr., Ms.)

Birtl, Date / / SSN Laboratory

Work Phone Work Station: Building Room
/ /

signature date

Privacy Act Statement: The information collected by this form is essential for maintenance of
records for employees potentially exposed to ionizing radiation as required by Codes of Federal
Regulation, Title 10. Parts 19 and 20, and by the US Nuclear Regulatory Commission Materials
Licence #45-15923-01 granted to USGS. Certain information is protected by the Privacy Z.ct of
1974. Providing your social security account number ~nd birth date is voluntary, however, failure
to provide these items may result in your not Seing permitted to work 1n areas using radioactive
materials. The information collected is used in a system of records to track your radiation
exposure, use of radioactive materials and training in radiation safety. The primary user of this
information is the Radiation Safety Officer. Routine use may include disclosure of some of this
information to those who may assist or provide service to the Radiation Safety Officer or, if
necessary. to defend the Government or its empiovzes sf USGS ina lawsuit.
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APPENDIX K

FORM LETTER FOR DECLARING PREGNANCY

This form letter is provided for your convenience. To make your declaration of

pregnancy, you may fill in the blanks in this form letter and give it to your employer or you may
write your own letter.

DECLARATION OF PREGNANCY

To:

(Name of your supervisor or other employer representative)

I am declaring that I am pregnant. I believe I became pregnant in ,
(only the month and year need be provided).

I understand that my occupational radiation dose duning my entire pregnancy will not be
alle*v~d to exceed 0.5 rem (5 millisieverts) (unless that dose has already been exceeded between
- urae of conception and submitting this letter). I also understand that meeting the lower dose

-t may require a change in job or job responsibilities during my pregnancy.

If I find out that I am not pregnant, or if my pregnancy is terminaced, I will promptly
inform you in writing that my pregr.ncy has ended. (This promise to inform your employer in writing
when your pregnancy has ended is optional. The sentence may be crossed out if you wish.)

(Your signature)

(Your name pnntzd;
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APPENDIX F

MONTHLY LABORATORY CONTAMINATION SURVEY

Please print. Submit one Copy and retain one copy for laboratory recoras.
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APPENDIX G

TRAINING AND EXPERIENCE IN USE OF RADIOACTIVE MATERIALS

NAME: DATE OF BIRTH:
Last First M.1.
SOCIAL SECURITY NUMBER: LABORATORY:

— | have praviously received formal training in the use of radioactive m.uerials. (Continue on back
it necessary)

Where Trained  Length of Course  Dates of Course  Comments

— | have previously worked with radicactive materials.

lsorpe Maxmum Where Used Duration Type of Use Comments
Amoynt

— | have compieted the video training course “Radiation Safety in the Laboratory® on
(cate) and have had the npportunity to ask for additional information.

— | have received a copy of NRC Guids 8.13, “Instruction Conceming Prenatal Radiation
Emm.'mmmmwuyommmw information. (Required for women of

— | have recsived a copy of the USGS Radiation Safety Manual.
Bysigningbob;v.lldmowbcg.mn:holbowmmcnsmwc.

Signed, Cate:




PRINCIPAL INVESTIGATOR'S SIGNATURE:

QUALIFICATIONS OF RADIONUCLIDE USERS

DATE: PHONE:

MALCODE:

DIVISION:

NAME: JOO TINLE:

BIRTHOATE: SSN:

LIST RADIONUCLIDES TO BE USED:

PRINCIPAL INVESTIGATOR:

TRAINING AND EXPERIENCE

TYPE OF TRAINING AND COURSE VITLE

SPONSORALOCATION DATES

A. PRINCIPLES AND PRACTICES OF RADIATION PROTECTION
COURSE TITLE:

8. RADIO/ ~“IVITY MEASUREMENTS AND MONITORING TECHNIQUES
COURS. TITLE:

COURSE TIMLE:

C. MATHEMATIC / CALCULATIONS BASIC TO THE gﬁ..m OF RADIOACTIVITY

0. BIOLOGICAL EFFECTS OF RADIATION
COURSE TINLE:

RADIONUCLIDE MAXIMUM ACTIVITY USED

WHERE

DATES USED TYPE OF USE

SUPERVISOR'S SIGNATURE:




