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1 INTRODUCTION

The Marine Biological Laboratory (MBL) uses radioactive materials and radiation
generating devices for research and academic purposes. The MBL is committed to
maintaining radiation exposures to staff, students, and members of the general public As
Low As Reasonably Achievable (ALARA), and ensuring compliance with regulations set
by the Massachusetts Department of Public Health’s Radiation Protection Program
(MRCP) and the U.S. Nuclear Regulatory Commission (NRC).

1.1 Purpose

The Radiation Safety Manual describes the procedures for personnel who use
radioactive materials or radiation-generating devices in research and teaching
laboratories at MBL. The Manual also complements the required Radiation Safety
Training that all Radiation Workers must complete.

All
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2.2 Radiation Safety Officer

The RSO is responsible for the implementation and maintenance of the
Radiation Safety Program, including periodic update of the Radiation Safety
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Wear proper personal protective clothing (gloves, laboratory coat, and eye
protection) whenever working with radioisotopes. All PPE should be kept inside
the designated radioactive material use area.

If applicable, wear the radiation monitoring dosimetry badge and quarterly
return to RSO.

e Notify the RSO and Principal Investigator
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The RSO will review the requested amendment with the Authorized User. The RSO
may approve simple changes in experimental protocol, purchase limits, laboratories,
and users. For major modifications (new isotopes or location), the RSC Chair will at
their discretion approve it or forward it the RSC for full review.

3.3 Authorization Termination

Authorization to use radiation sources terminates when the Authorized User leaves
the MBL or at the Permit expiration date. The Authorized User must notify the RSO
at least 30 days before leaving the MBL or terminating work with radioactive
materials or radiation generating devices.

The Authorized User must ensure proper transfer of radioactive materials, devices,
and records, and must complete appropriate laboratory exit
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6 TRANSPORTING AND SHIPPING RADIOACTIVE MATERIALS

Transportation of radioactive materials is regulated by the MRCP, U.S. DOT, United
States Postal Service (USPS), radioactive materials license of the destination institution,
and other applicable local regulations.

The shipping of radioactive materials is regulated domestically as “hazardous materials”
by U.S. DOT and internationally as “dangerous goods” by the International Air
Transportation Association (IATA).

To ensure MBL complies with all national and international regulatory requirements, all
transportation and shipping of radioactive materials must first be approved by the RSO.

6.1 Transporting Radioactive Material at MBL

Radioactive materials may be transported to an Authorized User in an MBL building
provided that the following conditions are met:

» Radioactive material may not cross a public way without proper DOT
packaging. Instead, use of the tunnel between Lille and Rowe should be used
to avoid a public way.

e The radioactive material is tightly sealed in a leak-proof, shatter-resistant
container.

e Verify that the external surface of the inner container is free of radiation
contamination (i.e., emitted dose rate is less 2 mrem per hour).

e Place aradioactive material label on the vial that lists the radioisotope, activity,
and reference date.

e Place the radioactive material inner container inside a second shatter-resistant
container with adequate absorbent material to absorb all the radioactive
material.

e Confirm that there is no removable contamination on the surface of the
container, as determined by a wipe test.

e During transportation, the package must remain in the possession of
Authorized User as authorized by the RSC to use the radioactive material.

6.2 Transfers between MBL and Other Institutions

All transfers and transportation of radioactive materials off MBL Campus must be
approved in advance by the RSO. Transportation of radioactive materials in private
vehicles is strictly prohibited by federal and state regulations.

1. The Authorized User must contact the RSO prior to committing to ship a
sample of radioactive material.

2. The RSO will contact the other institution to obtain a copy of their radiation
license and to arrange for receipt of the package.

3. The Authorized User is responsible for ensuring that the shipment is properly
described.
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4. The RSO will advise the Authorized User and laboratory personnel about
packaging and shipping requirements.

5. The RSO will label, survey and inspect the package prior to shipment. The
Authorized User is responsible for updating the inventory.

6. A commercial carrier such as Federal Express, World Courier, Inc., or United
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8.1 Occupational Exposure Limits

Occupational exposures at the MBL will be maintained within the limits listed

below.

Annual Limit ALARA Limit
(mrem per year) | (mrem per year)

Whole body 5,000 500

Skin and Extremities 50,000 5,000

Lens of Eye 15,000 1,500

Declared Pregnant Worker | 500 50

Minors 500 50

Member of General Public | 100 100

The major concern for occupational exposure to radiation at MBL is related to
internal intake of radioactive materials. Internalization occurs when radioactive
materials enter the body via a route of entry. The primary routes of entry are
inhalation, absorption, ingestion, and injection.

The procedures and policies described in this Radiation Safety Manual are aimed
at minimizing the effective uptake of radioactive materials.

8.2 Declared Pregnant Workers

The Nuclear Regulatory Commission (NRC) issued a rule limiting fetal radiation
dose received as a result of a pregnant worker's occupational exposure to 500
mrem in the gestation period. 105 CMR 120 requires that lower exposure limits be
imposed on declared pregnant women to control the dose to the embryo/fet
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Secondary containers must be used to prevent spillage and contamination spread
in the event that the primary container fails to contain the radioactive material.
Spills of radioactive materials shall be contained immediately with the area
decontaminated before work resumes. The Authorized User and RSO must be
notified in the event of a spill.

Wash hands thoroughly after using radioactive materials, before going on breaks,
and at the end of the workday.

Eating, drinking, smoking, or application of cosmetics in laboratories or areas
where radioactive material is used or stored is strictly prohibited.

Calibrated portable radiation survey meters shall be used to both monitor work
areas and personnel. Surveys must be completed after each use of radioactive
material (except of tritium).

Wipe surveys shall be performed at least monthly in each laboratory or area using
radioactive materials, and after each tritium use exceeding 10 uCi, to ensure
contamination levels are below those specified by the RSO. More frequent surveys
may be required in certain areas by the RSO or Authorized User, as necessary, to
ensure compliance.

When leaving the laboratory, secure all radioactive containers or the laboratory
door.

10 CONTAMINATION SURVEYS AND MONITORING

Contamination surveys are performed to identify areas of contamination that might result
in exposure to radiation doses to workers or any other individual entering area. Radiation
survey instruments (Geiger Counters/meter survey) are used only to measure the
radiation for which their calibrations are valid (certain isotopes). Wipe samples measured
on a liquid scintillation counter will identify removable contamination. Wipe tests are the
most useful and most sensitive method of detecting low-level contamination in the
laboratory (most isotopes).

Contamination surveys should be performed:

To evaluate radioactive contamination that could be present on surfaces of
floors, walls, laboratory furniture, and equipment.

After any spill or contamination event.

When procedures or processes have changed.

To evaluate the potential contamination of users and the immediate work area
at the end of the day.

In unrestricted areas at frequencies consistent with the types and quantities of
materials in use but generally not less frequently than quarterly.

In areas adjacent to restricted areas and in all areas through which licensed
materials are transferred and temporarily stored before shipment.
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10.1 Performing a Meter Survey

The Geiger-Mueller (GM) probe is the most common radiation detection instrument.
The radiation detection causes both visual and audio responses. The survey meter
detects radiation events and does not differentiate types of energies or radiation.

The GM probe is used for detecting beta emitters (e.g., P-32, S-35, and C-14). Low
energy beta emitters such as H-3 are not detectable since they do not have enough
energy to penetrate the window. Instead, use a liquid scintillation counter.

Geiger Mueller with Pancake Probe Scintillation Probe

A hand-held scintillation detector absorbs radiation and emits light that is converted
into a radiation measurement. A scintillation probe is used on survey meters like the
Ludlum 3 for low energy photons (gamma rays e.g. I-125) and x-rays less than 40

keV). The efficiency of a low energy scintillation probe for the detection of 1-125 is
about 30-35%.
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Procedures for Meter Survey:

1. Check the survey meter’s battery by turning the meter knob to the battery test
position. If the battery is sufficiently charged, the meter needle will swing to the
BATTERY TEST position on the meter face. Replace the batteries if they are
low.

2. Perform an operational check the first time you use the meter each day or when
you suspect it may have been misused or damaged.

3. Check the calibration sticker on the side of the meter and note what the
expected reading for the operational check source should be.

4. Switch the meter ON and turn the meter’s multiplier switch to a setting that will
measure the check source and will provide a mid-scale reading but will not
cause the needle to swing beyond full scale.

e For a Ludlum GM survey meter the multiplier knob should generally be
set to the X1 position.

e Place the probe firmly against the check source on the side of the meter
and note the meter response.

e |If the observed meter response differs from the expected response by
more than 20%, the meter should be considered nonfunctional and
should be taken out of service.
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All Radiation Workers are responsible for reporting radiation incidents to the RSO. The
individual Authorized User and Radiation Workers are responsible for handling a radiation
incident. The RSO will oversee response to a radiation incident.

11.1 Response to a Spill

Small Spill:

Spills involving trace levels of radioactive material (10 uCi or less) and less than one
liter, and without personal contamination or spread to non-posted areas, shall be
cleaned by Radiation Workers under the direction of the Authorized User or the

RSO.

Clean up procedures for a small spill are as follows:

Check all personnel for skin and/or clothing contamination with an operable
survey instrument.

Remove contaminated clothing.

Decontaminate personnel and resurvey.

Wear double gloves and personal protective clothing including protective
shoe covers.

Perform a final survey to document that the area has been successfully
decontaminated.

Do not allow personnel to return to work until area is cleared by the RSO.

Large Spill:

Spills in excess of 10 pCi, any spill resulting in personal contamination, spread of
radioactive materials to non-posted areas, or volumes greater than one liter shall be
handled according to the following procedures:

Clear the area. If appropriate, survey all persons not involved in the spill and
vacate the room.

Prevent the spread of contamination by covering the spill with absorbent
paper (paper should be dampened if solids are spilled), but do not attempt to
clean it up. To prevent the spread of contamination, limit the movement of all
personnel who may be contaminated.

Shield th
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Authorized Users are required to complete and keep accurate records of radioactive
materials using the “Radioactive Material Receipt and Accountability” form (see
appendix). The RSO will provide appropriate radioactive waste containers to Authorized
Users. Each radioactive waste container must be clearly labeled to identify the
radioisotope, activity, date measured, Authorized User, waste type, and exterior survey
results. All radioactivity labels must be defaced or removed from containers and packages
prior to disposal in regular (non-radioactive) waste.

All radioactive wastes will be collected from the research and teaching laboratories by the
RSO. The MBL maintains a Radioactive Waste Storage Facility, which is always kept
securely locked when not in use. An inventory will be created for each radioactive waste
container by the RSO. The RSO will manage, track, and coordinate final disposal of
radioactive wastes.

Authorize Users should have a goal to reduce or eliminate radioactive waste as much
practically feasible to minimize concerns to public and the environment while providing
significant cost savings for the MBL.

12.1 Decay-In-Storage (DIS) Guidelines

e The MBL radioactive material license allows the MBL to use Decay-In-Storage
(DIS) as a method of waste disposal.

- Radioactive material with a physical half-life of less than 90 days will be included
in DIS disposal and shall be held for at least 10 half-lives.

e The primary location for DIS waste is the Radioactive Waste Storage Room in
Lillie 8.

e All waste must be properly labeled and identified prior to transfer to the Main
Radioactive Waste Storage Room.
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c) Any containers with radiation levels at the surface that are higher than
background radiation levels must be returned to the storage area for further
decay or disposed of as Low Level Radioactive Waste (LLRW).

d) Evaluate the non-radioactive waste materials for other hazardous waste
materials (hazardous chemicals or biohazardous). If other hazard, ensure
those proper disposal procedures are followed.

e) Remove or deface any radioactive material labels prior to discarding the
container.

f) Record the disposal date in the storage log for each container. Update the
Radioactive Material Inventory Database, as necessary.

g) Create a survey record: container identification number, date the container
was put in storage, date of disposal, radionuclide(s) disposed, survey
instrument used, background measurement, measurement at the surface of
each waste container, and the name of the individual who performed the
disposal.

h) The record of each disposal must be kept for three years.

12.2 Low Level Radioactive Waste (LLRW) Guidelines

Radioactive waste not treated as decay-in-storage must be disposed as LLRW
via a commercial vendor or waste broker.

All waste must be properly labeled with completed Radioactive Waste tag
attached to container prior to transfer to the hot laboratory.

If the container holds mixed waste, attach and complete a red Hazardous Waste
tag that identifies the hazardous component.

Mixed waste must comply with radioactive, hazardous waste regulations, and/or
other applicable regulations.

Biohazardous waste that is radioactive must be made non-infectious by approved
methods before being packaged with radioactive waste.

Complete a Radioactive Waste Container Inventory form upon arrival at the
Radioactive Waste Storage Room. Issue the next consecutive storage number
to the container or waste tag and complete the rest of the required information.
The estimated date of disposal should be N/A. Update the Radioactive Material
Inventory database, as necessary.

Add the following information to the Radioactive Waste tag: storage number and
date placed in storage.

Consolidate waste into appropriate LLRW stream (see below): Dry Active Waste
(DAW) for Compaction, DAW Non-Compactable, Liquid Scintillation vials, or Bulk
Liquids

Sealed sources must be stored separately and cannot be combined with the
LLRW waste.
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12.5 Uranyl Acetate Waste

Uranyl acetate is regulated differently from other radioactive materials used at the
MBL. Any researcher can purchase uranyl acetate directly from the vendor without
a radioactive materials license. However, uranyl acetate waste must be disposed
of as radioactive waste.

There should be no generation of mixed waste with uranyl acetate without the prior
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RADIOACTIVE MATERIAL USE AUTHORIZATION
APPLICATION FOR PERMIT TO USE RADIOACTIVE MATERIALS

The MBL must maintain a permanent record of each individual who uses radioactive materials under the
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APPLICATION FOR PERMIT TO USE RADIOACTIVE MATERIALS

PRINCIPAL INVESTIGATORS, COURSE DIRECTORS AND INSTRUCTORS who
supervise the use of radioactive materials must provide the following information to the
Radiation Safety Officer and the MBL Radiation Safety Committee. Prior approval by
the MBL Radiation Safety Committee is required for all work involving the use of
licensed radioactive materials in MBL.

ISOTOPE(S) | ANTICIPATED TOTAL | MAXIMUM AMOUNT USED CHEMICAL /
USAGE (ACIVITY) INVENTORY | PER EXPERIMENT PHYSICAL FORM

DESCRIPTION OF PROPOSED RESEARCH (use additional sheet if necessary).

List locations where you plan to use radioactive materials (Building / Room):

RESEARCH Pls ONLY:

Please list all the personnel you will be working with or supervising while conducting
these experiments:

Have you had previous experience conducting such or similar experiments?
YES NO

List the Make, Model, and Serial Number of any portable survey meter(s) you have
brought to the MBL. Survey meters are required when research involves the use of
gamma emitters or beta emitters with Emax > 0.2 MeV. Survey meters must be
calibrated annually.

SPECIAL RADIATION CONCERNS / ADDITIONAL INFORMATION (if appropriate)
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Will radioactive materials be used with animals? YES NO
If yes, please include the Protocol Number from the IACUC.

Will radioactive material be used with any biohazardous materials? YES NO
If YES, please include name of organism and IBC Protocol #:

Will radioactive material be mixed with any hazardous chemicals? YES NO
If yes, please include the name of the chemical:

| have received, read and understood the MBL Radiation Safety Manual. | agree to
abide by the requirements regarding the use of radioactive materials at the MBL.

PRINT NAME:

SIGNATURE: DATE:
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RADIOACTIVE MATERIALS PACKAGE RECEIPT FORM

This Form must be completed by an individual authorized to directly accept shipment of
radioactive materials by the Radiation Safety Committee. Return the completed form
and the shipping paper to the Radiation Safety Officer (RSO) at Lillie Room 203 or
safety@mbl.edu. Record the following information (all information is required).

Purchase Order Number:

Vendor:

Radioisotope:

Activity Received (uCi):

Principal Investigator (PI):

Exposure; CONTACT (R/hr):

Exposure; | METER (mR/hr):

Wipe Test (dpm):

Package Type (LQ; WI; YI; YII):

Receipt Date:

Receipt Time:

Name of Person Receiving:

Signature:

1.

2.

Exposure is measured with a survey meter equipped with a Geiger-Mueller
(GM) pancake probe in a low background area.

Record the highest exposure at the surface of the package and at 1 meter (3
feet) from the surface of the package.
A wipe test is conducted by wiping a filter paper over a 300 cm? (7"x7") area of
the package exterior. Count the wipe test with a liquid scintillation counter.
Package Type:

e LIMITED QUANTITY (LQ) has a UN 2910 label.

e WHITE I (WI) has a white diamond with red “I".

e YELLOWI II (Y1) is a yellow and white diamond with red “II”

Please notify the RSO at (508) 289-7424 immediately if a package appears
damaged, leaking, or the wipe test is > 3000 dpm.

32


mailto:safety@mbl.edu

RADIOACTIVE MATERIAL ACCOUNTABILITY RECORD

1. RECEIVING RECORD

AUTHORIZED USER: SIGNATURE: LAB/ROOM:

Upon completion of work, return form to the Radiation Safety Officer. Retain a copy for records.

SIGNATURE OF AUTHORIZED USER DATE COMPLETED
33



DECLARATION OF PREGNANCY

Name of Employee: |
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RADIATION SURVEY REPORT

| SURVEYOR’S NAME: | DATE:
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RADIOACTIVE WASTE CONTAINER INVENTORY

BUILDING: ROOM: AUTHORIZED USER:

WASTE TYPE: LIQUID DAW (SOLID) LSCVIALS MIXED/OTHER

CONTAINER ID NUMBER:

DATE ISOTOPE ACTIVITY CHEMICAL FORMq
ADDED (LCi)
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RADIATION SAFETY PROGRAM AUDIT CHECKLIST

AUDIT REPORT NO.: LICENSE NO.:

Expiration Date:
Audit of activities at (Address):

Date of this Audit:
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B. Radiation Safety Officer
1. Authorized on license
2. Fulfills duties as RSO
C. Use only by authorized individuals

Remarks:

TRAINING, RETRAINING, AND INSTRUCTIONS TO WORKERS
Instructions to workers
Training program required
Training records maintained
Evaluation of individuals’ understanding of procedures and
regulations based on interviews, observation of selected workers
1. Each has access to an up-to-date copy of MBL safe use and
emergency procedures
2. Adequate understanding of:
Current safe use procedures
Emergency procedures
E. State Regulations
Workers cognizant of requirements for:
Radiation Protection Program
Annual dose limits
Radiological Health Section Forms
10% monitoring threshold
Dose limits to embryo/fetus and declared pregnant women
Procedures for opening packages

oo wp

R A

Remarks:

INTERNAL AUDITS, REVIEWS,
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MATERIALS
Isotopes, quantities, and use as authorized on license
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RECEIPT AND TRANSFER OF RADIOACTIVE MATERIAL (INCLUDES WASTE
DISPOSAL)
A. Procedures describe how packages are received and by whom [1Y]IN
B. Written package opening procedures established and followed [TY]IN
C. If package shows evidence of degradation, monitor for
D.
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PERSONNEL RADIATION PROTECTION
A. ALARA considerations are incorporated into the Radiation
Safety Program [IY[]IN
B. Adequate documentation of determination that unmonitored
occupationally individuals are not likely to receive >10% of

allowable limit [TY[IN]]N/A
OR
C. External dosimetry provided and required [TY[IN]]N/A

1. Supplier Frequency
2. Supplier is NVLAP-
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POSTING AND LABELING

A. “Notice to Workers” is posted [IY[IN
B. License documents are posted, or a notice indicating where documents can be
examined is posted [IY[IN
C. Other posting and labeling [JYI[IN
Remarks:
RECORD KEEPING FOR DECOMMISSIONING (if needed) [1N/A

A. Records of information important to the safe and effective decommissioning of
the facility maintained in an independent and identifiable location until license

termination [IY[IN
B. Records include all information [JY[]IN
Remarks:

BULLETINS AND INFORMATION NOTICES
C. Receipt of Bulletins, Information Notices, Newsletters, etc. []Y[]N
D. Appropriate action taken in response to Bulletins, Information

E. Notices, etc. [TY[]IN
Remarks:
SPECIAL LICENSE CONDITIONS OR ISSUES [1N/A

A. Review special license conditions or other issues, and describe findings:
B. Problems/deficiencies identified at MBL facilities other than at audit location:
C. Evaluation of compliance:

CONTINUATION OF REPORT ITEMS [1N/A
(If more space is needed, use separate sheets and attach to report.)

PROBLEMS
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