RADIATION SAFETY LOGBOOK

REVISION OF July 2008

If you have an emergency that occurs during normal
business hours
EH&S may be contacted at 2-3073

If an accident occurs during off hours call 9-911 o
University Police at 2-6760.




EMERGENCIES
Life threatening emergency or accident call 9-94.2-6760.
Non-life threatening emergency during normal bussnieours 2-3073.
Non-life threatening emergency after normal bussrtesurs 9-911 or 2-6760.
In this section you should add:
- Alist of emergency (home) phone numbers forlderatory staff.
- A map of the locations of emergency equipment aatenals in your lab.
NOTE:

Notify Environment, Health & Safety (EH&S) as soon as fiissn case of area or personnel
contamination or excessive exposure to radiation.

Day, night, or holiday, call for EH&S assistancépto attempting extensive area
decontamination.

For non-radiation emergencies, consult your indigidnjury lliness and Prevention Program
and/or your Departmental and/or Building EmergeRegponse Plans.

EMERGENCY PROCEDURE FOR RADIOACTIVE MATERIAL SPILLS

A good spill response procedure is:

If the spill consists of a volatile materidPf for example), immediately evacuate all lab
personnel from the room and close the door. Pasesae nearby to prevent others from
entering the room and call EH&S for help. Do n@Me the immediate area until EH&S
arrives, performs surveys, and releases you.

If the spill is not volatile, inform everyone ingdhimmediate area and limit traffic near the
spill. Splash droplets often travel well beyond #inea you might expect. Use rad tape or
signs to mark off the area of the spill. Call EH&&d discuss the spill with them. EH&S will
make a determination regarding the spill, give ymtructions, and will tell you if they will
be responding to the spill.

Be conservative when you determine the area odpile Visual information will be helpful,
but rely on survey instruments and swipes to be. $¢ sure to wear double gloves and a lab
coat and appropriate eye protection. Monitor ydaves and shoes frequently for
contamination. If you find significant shoe contaation exists, stop and call EH&S.

Radiation Safety Logbook -2- July 15, 2008
Revision 4



Emergencies continued

Place absorbent materials at the edges of theifspiis spreading. Begin the
decontamination process from the edges of thewpiking inward. As you decontaminate
the area, use swipes to find out how much contaimim#here is, where it is, and how
effective are your efforts to remove the contamamaas you proceed. Be careful to stay out
of the spill, absorb any liquids by placing papewels on top of the spill. Carefully place all
contaminated papers and materials in a propersidéalrad waste bag as you go.

Use decontamination solution (or soap and watet)p@aper towels to decontaminate the
area. If you work in small (12" by 12" square) argau will reduce the spread of
contamination.
Monitor all persons, equipment, and waste beingeddvom the spill area.
Handle contaminated materials as radioactive waster to Section K of this Logbook).
When you think that you have the spill cleanedtake swipes of the spill area, surrounding
areas such as doorways, adjacent hallways, elsyatod shoes. Keep cleaning until the area
is clean.

The last step is to document the spill findinggyryiinal survey, and any notes that you may need

to refer to in the future. That is, keep your selfvey and swipe data.

PERSONNEL CONTAMINATION

Notify EH&S as soon as possible. Restrict the cmimtated individual's movements and stay in
the area until EH&S arrives. In case of an injuwal] 9-911 or 2-6760 to obtain medical
assistance, then notify EH&S immediately. Treattigs first, without regard to radioisotope
contamination.

Remove contaminated clothing and wash the contdedrskin area with mild soap and
lukewarm water (DO NOT use hot water). Be gentlé eareful.Do not abrade the skin and do
not use solvents.

LOSS OR THEFT

Notify EH&S immediately if you suspect the loss or theft of radioactiveemnals or radiation
producing machines. If the event is a theft, td€&PD should be notified as well.
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PREFACE

INTRODUCTION

This is an update to the Logbook. If you find esror have other comments, please contact
EH&S at 2-3073.

This Logbook is intended to help you to comply wihie radiation safety requirements in
Radiation Use Authorizations, the UC Berkeley radiove materials license and its Radiation
Safety Manual, and state and federal regulations.

The Logbook is a good place to keep information i@adrds associated with radiation safety
and is a useful source of information on radiasafety operations. The Logbook does NOT
replace the Radiation Safety Manual, it is a supplet to it.

The Logbook can serve as a reference to get infimmguickly. The index will direct you to the
appropriate section. Some sections are periodicaltiated.

When a new person is added to the RUA, you may wagitve them the Logbook as a part of
their initial introduction to the laboratory andngpus radiation safety.

State and Federal law requires that many radig@dety documents be held indefinitely. At the
close of your use of radioactive materials yourutonents should be given to EH&S.

Radiation Safety Logbook -5- July 15, 2008
Revision 4



SECTION A

RADIATION USE AUTHORIZATIONS

Your Radiation Use Authorization (RUA) is your aatization to use radioactive materials. You
may want put copies of the following in this sentio

Application for RUAs
Approved RUASs
Amendments and revisions to your RUAs

If you file materials in the Logbook, it will evardlly become too large. Move some of the older
materials to an “archive” binder. Do not discdrd bld records.

When do | need to change my RUA?
You need to contact EH&S to update your RUA if ynake changes such as:

New radioisotopes or new chemical forms are todsslu

There are changes in areas or rooms listed onlthfe R

There are major changes in experimental procedures.

There are to be increases in the amount of radapss ordered, used per experiment,
or in your possession.

You wish to change your sink disposal authorization

New personnel are added to the lab.

How do | add people to the RUA?
New personnel must complete and provide EH&S wiRtadiation User Information Record
("Green Sheet") beforthey can be added to the RUA or can begin radiopsouse. Our
license requires all new users complete radiatdetg training (offered by EH&S) within 30
days of being added to an RUA.

Who can request an RUA change?
EH&S is reasonable about these requests; howereesuggest that requests for amendments
be made by thBYA %" or hy someone who has been designated as théioadiafety Lab
Contact.

How do | request an RUA change?

Most changes can be done by calling EH&S at 2-3073
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SECTION B

LABORATORY RADIATION SAFETY PROCEDURES

This section of the Log should provide both pergbmvho have been working in the laboratory
and new personnel with information as to the ldbtggractices and programs. It should provide
personnel with procedures on how to perform majskg in a safe manner.

In this section you should place information anoicedures that describes the laboratory
radiation safety procedures. You may wish to ineladpies of the following documents in this
section:

Safety instructions (if any) for specific processprocedures, protocols, etc.

Laboratory safety procedures.

Safe operating procedures (SOPSs).

Laboratory Chemical Hygiene and Safety Plan.
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SECTION C

RADIOISOTOPE INVENTORY
The state requires that EH&S attempt to assure that

- RUA possession limits have not been exceeded.

- Users possess only those isotopes specifiedeoREHA.

- Users do not exceed the specified RUA limitsdach vial or sealed or unsealed source.
- The Campus license possession limits are notegbeck

- The Campus has only those isotopes authorizékificense.

EH&S can not do this inventory alone. We need ymlp. We need each RUA holder to keep a
documented and current inventory of their radi@pes. Periodically (usually at the time of an
EH&S survey of the lab), EH&S will review and magkaor a copy of the inventory.

Radioisotope inventory forms can be downloaded from
http://ehs.berkeley.edu/radsafety/radioisotopeitogrpdf)... You may copy and use this form or
create one that better fits your needs. Some labp &n inventory of each vial (or sealed source)
they receive.

The inventory should reflect receipts, transfeexay corrections, and disposals, and the isotope
balance. Inventory data must be kept in units afar@nCi. Do not use volume as a measure of
activity. Inventories of Special Nuclear Matergald/or Source Material should also be kept in
units of grams.

You may want to keep your inventory in this sectidrthe Logbook. It should contain:

- Inventory sheets for each isotope (and possibthevial or sealed source) in your
possession

- Radioactive material transfer slips (receivechvaiich delivery of radioactive materials)

Please coordinate all receipts or transfers obpmbetweeRUAs with EH&S prior tathe
transfer. This will assure that RUA limits are algd as needed.

Your written inventory of short half lived (i.&P,**S, and**?) radioisotopes should be decay
corrected once each half life. . Isotopes witigker half lives should be decay corrected
periodically as appropriate. EH&S staff members will check that your radioactiaaterial
inventory has been corrected for decay during periaisits to your lab.
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SECTION D

RADIATION SURVEY INSTRUMENTATION
The state requires that we assure that:

- You have survey meters that are appropriate to saiation source(s).
- The instrument(s) are in calibration.

EH&S does not know the specific location of theveyrmeters in your work area, but you do.
We need your help. We need each RUA holder to kwbere their instrument(s) are. We need
you to tell us if you dispose of or transfer a mébdeanother user. We need a copy of all
calibration records you may receive from a vendack as after a repair).
Each user needs to verify that the instrument talibration before each use.
Each user needs to check that the meter respomdksprior to each use.
When our records indicate that you have a metdréd)is due for calibration we will contact you
to make arrangements to calibrate your instrumgnt{ete that some meters will require
calibration by an outside service.
You may want to keep the following items in thistsen of the Logbook:

- Records of survey meter calibration and repair.

- Survey meter instruction manuals and manufacte@mical information.
Many campus RUASs require that RUA Holders obtaid araintain appropriate portable
radiation survey instruments. EH&S recommends aesumeter having a dial face that indicates
both mR/hr and CPM, an audible signal, and a batteeck capability. Some recommendations

on survey meter selection are attached.

Most RUASs require use of a thin-window GM pancakg¢edtor or GM end window detector. A
pancake GM probe is recommended for work with leetgtting isotopes.

Users ofl29 or other low energy gamma emitters may be requioeuse a thin crystal Nal
scintillation detector.
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Radiation Instruments continued

GENERAL INSTRUMENT CARE AND USE

- Check the batteries. Check the instrument batgarior to each use and replace weak
batteries (low batteries may result in inaccuratgings).

- Check to see that it works. Check to see thairsteument operates properly in a
radiation field prior to use. If it does not app&abe working properly, contact EH&S for
advice on repair.

- In general, you should avoid wrapping the detegtobe end with a mylar, parafilm, or
plastic as this will eliminate (or at least sigo#ntlyreduce) the instrument’s response to

low energy betas (such 44C and3%S).

In general, portable survey instruments wilk detect tritium ¢H).

INSTRUMENT CALIBRATION

UC Berkeley's radioactive materials license requigach instrument be calibrated at least once a
year and after repair. The instrument should hasaibration sticker that indicates when
calibration is due. Call EH&S if your instrumentegonot have a calibration sticker, is out of
calibration, appears to be broken, or followingaiepif you receive any calibration or repair
records you may want to keep them in this section.
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Radiation Instruments continued

PORTABLE RADIATION SURVEY INSTRUMENTS

EH&S does not require nor endorse the use of theamg manufacturers or services. These
are included as a reference for meters in genseal All prices listed are current as of July 2008.
Prices and contact information may change.

Geiger Counters

Ludlum Measurements, Inc.
Model 3 survey meter with Dial Face Model 202-668450).
This meter reads in cpm anuR/hr.

Technical AssociategTA)
TA Model TBM-15 and probe Model P-15.

Environment, Health & Safety sometimes has new or used instruments for sale
at reduced prices. Call 642-3073 for information.

Detectors
For beta/gamma emitting isotopes (these will noéct8H)
Ludlum Model 44-9 thin window pancake G-M detedte$205).
Technical Associates P-15 for about the same a44+8
For123 users
Ludlum Model 44-3 thin crystal Nal gamma scintila{~$470).
Technical Associates TA (PGS-3T for $355).

Servicing of Instruments

Calibration and repair of instruments can be oleigifnom:

EH&S, Radiation Safety
University Hall
Call 642-3073.

Ludlum Measurements, Inc.
P.O. Box 810, Sweetwater, TX 79556. Phone (80Qy@828
www.ludlums.com

Radiation Detection Co.
8095 Camino Arroyo, Gilroy, CA 95020. Phone (826D-3314, option 1
($85/calibration)
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Technical Associates
7051 Eton Ave. Canoga Park, CA 91303. Phone (8287043
(Service $75/hr. + parts for a meter/probe séh, fat rate for each additional probe)

Questions reqgarding portable survey instrunfe@all 642-3073 for information.
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SECTION E

SELF SURVEYS

Periodic surveys of and near locations where rativamaterial is used or stored is a good
radiation safety practice. These surveys help dmrtamination and/or unacceptably high
radiation levels.

Your RUA lists the surveys you need to take. Arlfofg-up actions you take need to be
documented. You may wish to file the following infmation in the Logbook.

- Self surveys (including swipe data and meter symeasurements)
- Survey maps (room diagrams) of the locationsaur RUA

CONTAMINATION SURVEYS

Your RUA indicates your minimursurvey frequency; however, you are the person isnaost
knowledgeable of where and when additional suraegseeded.

Even if your laboratory is not required to do sys/every week, it is strongly recommended that
surveys be conducted and documented on a weekb/ bas

You do not need to do surveys during times whendmuot use radioactive materidigwever,
you do need to record the reasons surveys are naquired or performed.

METER SURVEYS

Be sure to take a background reading in an areaikno be "cold" (such as a hallway) before
you survey. Record this background information oarysurvey.

Do not use a survey meter survey for tritium —si8ges and an LSC.

Use a GM survey meter for beta emitters such ag,d2132, P-33, and S-35. If you cover the
GM probe with parafilm or plastic wrap it will setisly reduce the efficiency (how little you can
detect and how much there is). For low level betéters do not cover the probe. Questions?
Call EH&S.

Use a survey meter with a thin crystal Nal sciatitin detector for low energy gamma emitting
isotopes, such as I-125. Use a survey meter wiitick crystal Nal scintillation detector for high
energy gamma emitting isotopes, such as I-131.

You also need to survey "cold" areas such as Imgjltiash containers, telephones, desks, and
cold sinks.
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Self Surveys continued

SWIPE SURVEYS

Use filter paper to swipe an irregular shaped afedout 100 cr (4 inches by 4 inches). Count
the swipe on a liquid scintillation counter or atl@propriate counting system. Be sure to
include and count a control “blank” sample.

On the survey form you should use numbers to itdisaipe locations. Include your full name,
the date of the survey, the background data, imsni data (serial number), and areas that are
greater than two times background on the survew.for

If there are areas with above-background counfst te the area limits specified in the Radiation
Safety Manual. As a general rule, any area witint®in excess of 2 times background will
need to be decontaminated and re-surveyed (seeiseof this Logbook for information on
decontamination methods). Document action takerrteedy positive findings and the results of
any re-surveys you take.

EH&S can provide an in-lab specific training togngbu meet your survey requirements.

WHERE AND WHAT TO SURVEY

Survey work areas, storage areas, and areas vatBoactive waste is stored. Also survey areas
where contamination might be a concern. Such aveatd include:

- Floors, especially doorway thresholds

- Bench tops and work surfaces

- Common trash containers (insure no activity Isabhe lab in this manner)

- Fume hoods and incubators

- Sinks

- Centrifuges, LSCs, and other fixed equipment

- Frequently handled items (pipettors, glasswasasptelephones, door knobs, lab books,
etc.)

- Refrigerators and freezers

- Radwaste storage areas

- Personal protective equipment such as lab ceatsty glasses, etc.

- Any specifically-designated “Clean Area” withioyr lab (note that such areas require
written permission of the Radiation Safety Comneit@hairman; see
http://campuspol.chance.berkeley.edu/policies/foladhs. pdf)
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Self Surveys continued

SURVEY DOCUMENTATION

A copy of a sample self-survey form is posted i adiation Safety section of the EH&S
website athttp://ehs.berkeley.edu/index.htiskee “Radiation Safety Forms” listed among
“Resources”). You may use this form to documenirygurveys and findings. You may also
record the data directly on your survey map.

Please use numbers to indicate swipe locations.s¥iould include your full name, the date of
the survey, the background data, instrument daté&a(saumber), and dose rates that are greater
than two times background on the survey.

Make sure that you note what actions were takeantaminated (e.g. areas with counts more
than twice background) areas were found and tla $urvey results following clean-up.

ACTION LEVELS

Survey Meter General Area Readings (areas wherag@r part of the body or the head would
receive the exposure)

If your meter survey indicates that a person'slfiegavhole body would receive a dose
rate that is greater than 2.0 mR/hr or about 3gaMts per minute (cpm) add shielding
to reduce dose rates below these values.

Survey Meter Contact Readings (a point of radiationontamination).

If your meter survey indicates a contact (~1 irdbge rate that is greater than 20 mR/hr
(30,000 cpm), add shielding to reduce dose ratiesvitbese values.

Decontamination or Waste
Clean (or handle as radioactive waste) all contatathitems and/or areas giving swipe
readings greater than two times background. Exaegtio this rule are properly labeled,
controlled equipment or work surfaces; refer todhea limits specified in the Radiation
Safety Manual.

Request immediate assistance from the Environmenijealth & Safety at 2-3073 if:

- General area contamination is more than 50 timae&ground (for example, your
background is 30 cpm and the meter reading is D@0 cpm).

- Swipes show the presence of floor contaminatiat is more than 10 times background
(for example, your background is 30 cpm and thdinggais greater than 300 cpm).

- There is any contamination of personnel.

- Unexpected general area (whole body) dose readgrgater than 10 mR/hr or about
15,000 cpm) are found during your self survey.
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SECTION F

EH&S SURVEYS

ROUTINE EH&S SURVEYS

Periodically (generally at the frequency indicabedyour RUA) EH&S will survey your lab. This
survey usually includes: monitoring for dose ragsgpes, an RUA compliance review, and
consultation with laboratory staff. This consulbatis to promote a heightened awareness of
radiation safety, to convey new information conaggmradiation safety, and to help assure
compliance with the RUA conditions and the Licendse EH&S survey is your opportunity to

get "hands on" assistance and instruction from EH&8 recommend that you take advantage of
this opportunity.

Any concerns of the person performing the survdlylei brought to your attention at the time of
the survey. If you have questions ask the EH&Seowto explain.

Shortly after the survey is performed, a copy efshrvey report will be sent by email to fvé
Holder and the Lab Contact. Please note any recommenddtio corrective action and implement
these recommendations as soon as possible. C&t&S if you need further information or if
you believe that the survey report is not accuak&S is available to assist you if you need
help

EH&S is a service organization providing you, tlanpus, and others a service. If you have
comments or complaints about the service, contecHazardous Materials and Radiation Safety
Team Manager directly at 2-1925.

SPECIAL AND FOLLOW -UP SURVEYS

On occasion, EH&S may conduct special surveys edat

EH&S often performs "follow-up" surveys to verifyat an area has been decontaminated or that
recommended corrective actions were implemented.

A copy of the report from all EH&S surveys is prded to you. A copy is also maintained by
EH&S.

WHAT SHOULD | DO WITH EH&S SURVEY REPORTS

You may want to include these survey reports is sigiction of the Logbook along with any
correspondence you have about the survey reports.

If the Logbook becomes too large, move some obtter materials to another bindddo not
throw out records of survey reports.
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SECTION G

INCIDENT REPORTS

Most labs will never have a radiation incidentydtur lab does have an incident, please place a
copy of all reports pertaining to the incidenthistsection of the Logbook.

EH&S responds to spills of radioactive materiakessive or unusual exposures, loss of
radioactive material, reports of problems, and iotlreisual occurrences. If these problems are
significant, they are documented as "Incidents."”

It is important to report any missing radioactivatarial (in any form) to Radiation Safety as
soon as possible. Immediate attempts will be madimd the lost material. Additionally, there
are specific mandatory reports to the state thait ioe made by EH&S regarding lost radioactive
materials. Title 17 and the campus radioactive rmadsdicense address the requirements of
EH&S reporting of lost or missing radioactive méadbs.
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SECTION H

DOSIMETRY

Dosimetry for individuals who use radiation sour@@slioactive materials and/or radiation
producing machines) may be used to determine ditieeinternal dose or the external dose. The
RUA indicates which types of dosimetry, if any, egquired.

INTERNAL (BIOASSAY) DOSIMETRY

Bioassay is a general term that means that EH&S&ahates if you have internally deposited
radioactive materials and, if found, how much.bigassay may be a direct count of the whole
body or of a particular organ (such as a thyromntdor users of radioiodine). Another method
that may be used is the analysis of biological damfi.e., urine).

If your bioassay results indicate that you haveramitted effective dose of greater than

10 mrem (or a committed dose to an individual oftggsue of greater than 100 mrem), the
results will be reported to you. Committed dosesdmses that occur within the 50 year period
following the intake of a radioactive material.

Generally, bioassays are required only if you uasge” quantities of unsealed radioactive
material or when there is a significant potentoalihternal deposition. Specifics regarding your
bioassay requirement are listed on the RUA. (fatails on when a bioassay requirement will
likely be added to an RUA, please refer to Apper&dof the UC Berkeley Radiation Safety
Manual (available online at: http://ehs.berkeldy/eadsafety.html).

EXTERNAL DOSIMETRY

In general, dosimeters for external radiation aseed to personnel who could reasonably be
expected to receive 10% or more of the allowalggall) occupational dose specified in Title 17
of the California Code of Regulations. Specifiegarding your external dosimetry requirements
are listed on the RUA. (For details on when aemral dosimetry requirement will likely be
added to an RUA, please refer to Appendix 7 oflUleBerkeley Radiation Safety Manual
(available online at: http://ehs.berkeley.edu/adety.html).

If you are required to use external dosimeterd) @asigned dosimeter is required, to be worn
whenever you work with radioactive materials oadiation producing machine. If your RUA
requires you to use dosimetry but you do not hgveall EH&S at 2-3073.
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Bioassay & Dosimetry continued

In most cases dosimeters are exchanged and evchtuate every four months. The table that
follows shows the regulatory limits for occupatibrediation doses as well as the guidelines that
have been adopted for use on the UC Berkeley campus

. Occupational Dose Limits(external and internal sources added together)

Regulatory NRC/DHS | UC Berkeley Administrative

Category of Dose Equivalent Limit * Guideline?
Total Effective Dose Equivalent (TEDE) 5,000 mrem/y 500 mrem/yr
(Eye) Lens Dose Equivalent (LDE) 15,000 mrem/yr 00, 5rem/yr

Shallow Dose Equivalent (SDE): Skin or
extremities (hands and forearms, feet and ank eg)f)’ooo mrem/yr 5,000 mrem/yr

Total Organ Dose Equivalent (TODE) 50,000 mrem/yr ,008 mrem/yr

5% of UC Berkeley
administrative guideline for adult
workers

10% of NRC limit for

Minors (<18 years of age) adult workers

1 Regulatory limits are legal dose equivalent linsitopted by the NRC and/or DHS.

2 administrative guidelines are dose equivalent nee@ndations adopted by the Radiation Safety Coreen{RSC) for all UC
Berkeley personnel. These guidelines should nexoeeded in routine operations without prior RS@rayal. The administrative
guidelines are not intended to be absolute linbits,to provide guidelines for keeping exposures RIAA

EH&S investigates all dosimetry results that arexness of the administrative guidelines.
Additionally, EH&S reviews and investigates all sirgg, lost, or damaged dosimetry. EH&S
may ask the individual and/or the RUA Holder to\pde information that will assist in the
estimation of dose.

Dosimetry results are not routinely reported to;yoawever, you can request your dosimetry
results at any time. Doses are reported to the RidWer if they are greater than the campus
administrative dose guidelines above. The RUA Hotda request doses for any individual or
all individuals under his/her RUA. Contact EH&S fietails on how to obtain dosimetry results.
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SECTION |

RADIOACTIVE CONTAMINATION
This section contains information on contaminatod decontamination.

During surveys, areas and equipment may be disedwerbe contaminated with radioisotopes.
Contamination may be fixed or removable:

Fixed contamination often takes the form of radioisotopes leached phstic, wood, or
other porous surfaces and is not removable.

Removable contaminationis characterized by radioisotopes in liquids ostduhat can
be detected by swipe methods.

Meter surveys are often the first indication ofstixig contamination (excluding tritium). Swipe
methods can then be used to determine the amodreba@ent of contamination and if the
contamination is fixed or removable. For soft batatters, and in areas where radiation fields
already exist, swipe methods are the only reliablerce of information about removable
contamination.

Once contamination is found, it is removed (decmmated) in order to prevent spreading it to
uncontrolled areas where it might be further spreadngested, or inhaled.

DECONTAMINATION SOLUTIONS

The most common decontamination solution (and drnieeobest) is mild soap and water. This is
an excellent decontamination solution for skin bad, and works well on most smooth, non-
porous surfaces (like lab benches).

Commercial solutions such as "Count off* and "Resi@sh" work better on metal isotopes and
isotopes bound to metals. Most contain EDTA ag thetive ingredient, so you may wish to
make your own (use 1% EDTA in soap and water smiitilf buying a commercial solution,
please follow the manufacturer's instructions fee.u

DECONTAMINATION METHODS

Decontaminate equipment, glassware, shieldingjretm approved Radioactive Waste Disposal
Sink. In general, articles to be decontaminatedilshbe soaked for some time in a
decontaminating solution prior to being scrubbed mmsed. Use double gloves, a lab coat, and
appropriate eye protection, when decontaminatimi@ses. Monitor yourself and the sink area
after any decontamination procedure.
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SECTION J

RADIATION SAFETY RESOURCES AND INFORMATION

For:

When:

Call:

Life threatening emergency o
accident

r Anytime (24 hours/day, sevel
days/week)

19-911 or 2-6760

Non-life threatening
emergency

Normal business hours (8 AM
to 5 PM. Monday through
Friday)

12-3073

Non-life threatening
emergency or incident

Outside normal business hou

rs 9-911 or 2-6760

Requests for radiation safety
information, assistance, etc.

Normal business hours (8 AM
to 5 PM. Monday through
Friday)

12-3073

For further information (mailing address, fax, gtsee “Contact Us” at

http://ehs.berkeley.edu/i
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SECTION K

RADIOACTIVE WASTE
This section contains information on radioactivestegpackaging, labeling, storage, and disposal.

Users must make efforts to reduce the amount aindtpof radioactive waste. These efforts willlpe
provide a safe working environment, reduce the mawf waste generated by the campus and decrease
disposal costs. Please reddéethods for Reducing the Amount and Activity of Reattive Waste”
under the General Information section.

Federal and state rules and regulations and tteegtanted campus Radioactive Materials License
provide requirements for radioactive material usé disposal. To assist you in meeting these
requirements and the goals above, we are provitimdollowing information about the major campus
radioactive waste categories.

As radioactive waste regulations and proceduresgshahis section of the Logbook will also change.
You will be provided updates as soon as they asduymred. If you have any questions regarding
radiation safety, radioactive waste packing/lalzglor need to request a pick-up of radioactive gjast
please call Environment, Health & Safety (EH&SH4R-3073.

The following are major campus radioactive wastegaries, sub-categories and references for
radioactive waste disposal with their respectivgepaumbers.

Radioactive Solid Waste

Radioactive Dry Waste .............coovvvvvvvvvvvvneninnninnnnnns page K-4
Radioactive Biohazardous Dry Waste ................... page K-5
Radioactive Biohazardous Sharps Waste..............page K-6
Radioactive Non-Biohazardous Sharps Waste .....page K-7
Radioactive Biological Solid Waste...........ccceu....... page K-8
Radioactive Liquid Waste
Radioactive Liquid Waste............ccoeevvie e, page K-9
Drain Disposal of Radioactive Liquid Waste ......... page K-9
Radioactive Biological Liquid Waste...........cccce....... page K-10
Radioactive Biohazardous Liquid Waste................page K-11
Radioactive Mixed Waste..........cccoevviiiiiiiiieeeeeeeeeen, page K-12
Radioactive Liquid Stock Vials............ccccoueeeeeenenenn. page K-13
Scintillation Waste
Liquid Scintillation Counting (LSC) Vials...............page K-14
LSC Standards.........coovviiiiiiiiiici e e page K-15
List of Biodegradable LSC Cocktails...................... pageli-
Bulk Liquid Scintillation Fluids............................page K-17
Miscellaneous Radioactive Waste
Tritium (3H) Exit Signs and Smoke Detectors............. pages
3H Exit Sign and Smoke Detector Transfer Form...ageK-19
Miscellaneous Radioactive Waste ............ccccuvveveee page K-20
Radioactive Waste Handling Precautions.................... page K-21
Sample “Radioactive Waste Packing Label’.................. page K-22
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GENERAL INFORMATION AND GUIDELINES

Segregation of Radioactive Waste

Segregation of radioactive waste by isotope andiphi/form (i.e. liquids and solids) is an impottan
element of the campus Radioactive Waste ManageRregtam. When radioactive waste is
segregated by isotope, it allows us to disposéaiftdalf-life waste through decay.

Radioactive Sharps

Radioactive waste personnel open and handle wadteauld be injured by sharps that are not
properly contained. Radioactive sharps includeodgomic needles, syringes with attached
hypodermic needles, razor blades, scalpel bladest#® blades, Pasteur pipettes, and glass or
plastic that is broken or is expected to breakegrocess of storage, processing or disposal. LSC
vials are not normally handled as a sharps wadessialready broken. Refer to “Radioactive
Biohazardous Sharps Waste” (page K-6) or “Radigadtion-Biohazardous Sharps Waste” (page K-
7) for information on packaging.

Decay of Radioactive Waste

Dry waste with isotopes having half-lives of 12@slar less (short-lived) are managed under the
campus radioactive waste decay program. Once ddc#ye waste can be disposed of as
non-radioactive. Do natecay waste in the laboratory; call EH&S at 64Z3€br pick-up.

Central Pick-up Unit (CPUs) Locations for RadioaetiVaste

If your building has a CPU, dry wastes and sctiitin vials must be deposited in the CPU for pick-
up. In order to gain access to the CPUs, pleas&cbyour Building Coordinator.

Pick-up of Radioactive Waste

If there is no CPU in your building, you can schiedu pick-up of radioactive waste, please call
EH&S. Allow five working days from the date of yorequest for pick-up. If you have high activity
waste or a special need, your waste can be pigket away.

Radioactive Biohazardous Waste

Before pick-up all biohazardous materials must be inactivate@taer them non-biohazardous. Do
not package radioactive waste in biohazard bagferRo “Radioactive Biohazardous Dry Waste”
(page K-5) or “Radioactive Biohazardous Liquid Vdgpage K-11) for more detailed information
on disposal.
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GENERAL INFORMATION AND GUIDELINES (continued)

Radioactive Mixed Waste

When radioactive materials and hazardous chemacalsombined, the resultant mixture is a
radioactive mixed waste. Radioactive mixed waateshe most difficult and expensive waste to
dispose and manage.

In addition to the standard Radioactive Waste Ruogrequirements for disposal, mixed waste
disposal requires you to have an EH&S authorizesibal waste recharge account to allow for
recharging and to submit an Electronic Materialskitay List (eMPL) prior to pick-up. To setup a
recharge account or submit an eMPL, please gornavebsite http://mpl.ehs.berkeley.edu or call
EH&S at 642-3073. Refer to “Radioactive Mixed Wegpage K-12) for more detailed
information.

Drain Disposal of Radioactive Liquid Waste

The Campus Radioactive Materials License allowpatial of some radioactive liquid waste to the
sanitary sewer system. The authorized isotopegjaaderly activity limits for drain disposal are
found on your RUA. The “Guidelines for Drain Digab of Chemicals at University of California,
Berkeley” defines the chemical and physical paransefor drain disposal of liquids. Both your
RUA and the Drain Disposal Guidelines apply toratlioactive liquids drain-disposed to the
sanitary sewer system. Refer to “Drain Disposd&adlioactive Liquid Waste” (page K-9) for more
detailed information.

Methods for Reducing the Amount and Activity of Rattive Waste

Separating radioactive from non-radioactive materia

Using short-lived isotopes

Performing small scale experiments

Where possible, not mixing radioactive materialthvehemicals or biohazardous materials
Rendering the materials non or less hazardousitat steps of the experiment
Emphasizing the importance of reducing the sounckgeneration of radioactive waste

Further Information

EH&S picks up, stores, decays, processes, andséispaf the campus radioactive waste. EH&S
cannot pick-up radioactive waste that is not adedu@ackaged and labeled. If you have any
guestions regarding the packaging or labeling dibactive waste, please call EH&S. Radioactive
waste packing labels are available by requestas@leall EH&S or ask an EH&S Radiation Safety
Surveyor.

PLEASE TRY TO AVOID GENERATING MIXED WASTE AND REME MBER TO
SEGREGATE WASTE BY ISOTOPE AND PHYSICAL FORM WHENEV ER POSSIBLE.
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RADIOACTIVE DRY WASTE

Radioactive dry waste is dry laboratory debris @leves, paper towels, glassware, etc.) that is
contaminated with radioactive material. Discarg&tic syringe barrels (without hypodermic
needles) that are contaminated with radioactiveerr@tmay be disposed of as radioactive dry
waste.

Radioactive dry waste does notlude metallic lead, sealed radioactive soursemke detectors, or
exit signs that contain radioactive materials, sesithat emit alpha radiation (such as uranyl ézeta
or thorium compounds), or containers with freestagdiquids. Refer to “Miscellaneous
Radioactive Wastes” (page K-20) for informationtbase materials.

Radioactive sharps must be managed, containechietetl according to specific requirements.
Refer to “Radioactive Biohazardous Sharps Wasta{j€¢pK-6) or “Radioactive Non-Biohazardous
Sharps Waste” (page K-7) for these requirements.

Packaging  Segregate waste by isotope. Bag radioactive distevin strongclear plastic bags.
Deposit all glassware in a sturdy puncture-reststantainer before placing them inside the bags.

Labeling: Use the “Radioactive Waste Packing Label” (pagg2Xto label the exterior of the
dry waste bag; fill out all the appropriate infotia, which must include those listed below:

Isotope(s)

Activity (activity of each isotope)
RUA Holdets Name

RUA Number

Date

Building Name

Lab Room Number

The packing labels are available by request. Plasis@ny EH&S Radiation Safety Surveyor or call
EH&S at 642-3073.

Pick-up: Some buildings (Koshland, LSA, Morgan and Stanleye Central Pick-up Units
(CPUSs). If your building has a CPU, deposit eadieled and sealed bag in the appropriate drum in
the CPU_andill out all information requested on the assoethtirum log. Do not deposit

radioactive dry waste in drums designated for teggintillation counting (LSC) vials.

If there is no CPU in your building, package yowste in smaller plastic bags and accumulate your
wastes in dry waste boxes, provided by EH&S, inryaboratory. Package and label the bags of
waste as described above. Some isotopes (sucB2srray require shielding the box to reduce the
dose rate in your laboratory. For information arekling or to schedule a pick-up please call
EH&S. Allow five working days for pick-up.
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RADIOACTIVE BIOHAZARDOUS DRY WASTE

Radioactive biohazardous dry wastes are any dmsitfgsuch as plastic petri dishes, plastic tissue
culture flasks, micro-pipette tips, gloves, pamavels, etc.) that are contaminated with both
radioactive material and a biohazardous agengeieral, biohazardous waste contains infectious
agents (such as bacteria, fungi and viruses) #ratause illness in humans.

Radioactive biohazardous dry waste must be rendeyeciohazardous prior to pick-up. This is
normally performed by use of steam sterilizatioopuse of bleach to a final concentration of 1%.
For waste products containing volatile radioisotopech as 1-125, 1-131 or S-35, please contact
EH&S at 642-3073 for assistance prior to the usstedm sterilization or bleach.

If you use steam sterilization, we recommend thleeaighe CostéP Mixed Waste Bag. These bags
come with instructions. Remove biohazard labdlsiong steam sterilization. Contact EH&S if
you wish to use an alternative method.

Packaging  Segregate waste by isotope. Bag radioactivevdste in strongclear plastic bags.
Do not package any radioactive inactivated bioldmas dry waste in biohazard bags.

Labeling: Use the “Radioactive Waste Packing Label” (pag22Xto label the exterior of the
dry waste bag, filling out all the appropriate imf@tion, which must include the items listed below:

Isotope

Activity

RUA Holder'sName

RUA Number

Method used to inactivate the biohazard
Date

Building Name

Lab Room Number

The packing labels are available by request. Blaak any EH&S Radiation Safety Surveyor or call
EH&S.

Pick-up: After the waste is rendered non-biohazardous,disposed of as radioactive dry
waste. Some buildings (Koshland, LSA, Morgan atahi®y) have Central Pick-up Units (CPUSs).

If your building has a CPU, deposit each labeledl sgaled bag in the appropriate drum in the CPU
andfill out all information requested on the assoethtirum log. Do not deposit radioactive dry
waste in drums designated for liquid scintillatmyunting (LSC) vials.

If there is no CPU in your building, package yowste in smaller plastic bags and accumulate your
wastes in dry waste boxes, provided by EH&S, inryaboratory. Package and label the bags of
waste as described above. Some isotopes (sucBsrray require shielding the box to reduce the
dose rate in your laboratory. For information arekling or to schedule a pick-up please call
EH&S. Allow five working days for pick-up.
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RADIOACTIVE BIOHAZARDOUS SHARPS WASTE

Radioactive biohazardous sharps waste includesitkat are radioactive, biohazardous, and able to
pierce the skin. Sharps include hypodermic needigmges with attached hypodermic needles,
razor blades, scalpel blades, X-&tolades, Pasteur pipettes, and glass or plast¢sith broken or
expected to break in the process of storage, psoaesr disposal. LSC vials are not normally
handled as a sharps waste unless already broken.

Radioactive biohazardous sharps wastes must beviated to render it non-biohazardous prior to
pick-up. Refer to “Radioactive Biohazardous Dry3f¢d (page K-5) for information on inactivating
the biohazard. See also “Sharps: Handling andd3alp Fact Sheet No. 12 for more information.

Packaging  Segregate waste by isotope. To prevent injagioactive biohazardous sharps
require special packaging. Deposit inactivatea-bomhazardous sharps into an approved sharps
container or into a rigid, puncture-resistant corda. Remove biohazard labels from the container.

Labeling: Use the “Radioactive Waste Packing Label” (pagg2Xto label the exterior of the
waste bag, filling out all the appropriate inforimat which must include the items listed below:

Isotope

Activity

RUA Holder'sName

RUA Number

Description of biohazardous agent(s)
Method used to inactivate the biohazard
Date

Building Name

Lab Room Number

The packing labels are available by request. Plasis@ny EH&S Radiation Safety Surveyor or call
EH&S at 642-3073.

Pick-up: After sharps are rendered non-biohazardous, ttieesharps container is disposed of
as radioactive dry waste. Some buildings (Koshl&uS®, Morgan and Stanley) have Central Pick-
up Units (CPUSs). If your building has a CPU, depeach labeled and sealed bag in the appropriate
drum in the CPU antll out all information requested on the assoethtirum log. Do not deposit
radioactive dry waste in drums designated for teggintillation counting (LSC) vials.

If there is no CPU in your building, package yowaste in smaller plastic bags and accumulate your
wastes in dry waste boxes, provided by EH&S, inryyaboratory. Package and label the bags of
waste as described above. Some isotopes (suclB3srray require shielding the box to reduce the
dose rate in your laboratory. For informationsbirelding or to schedule a pick-up please call
EH&S. Allow five working days for pick-up.
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RADIOACTIVE NON-BIOHAZARDOUS SHARPS WASTE

Radioactive non-biohazardous sharps waste inclibel®s that are radioactive and able to pierce the
skin. Sharps include hypodermic needles, syrimgsattached hypodermic needles, razor blades,
scalpel blades, X-ac®blades, Pasteur pipettes, and glass or plasti¢sith broken or expected to
break in the process of storage, processing opg&@pLSC vials are not normally handled as a
sharps waste unless already broken. See alsog§Shdandling and Disposal” EH&S Fact Sheet
No. 12 for more information.

Packaging  Segregate waste by isotope. To prevent infagioactive non-biohazardous sharps
require special packaging. Deposit sharps intapproved sharps container or into a rigid,
puncture-resistant container. Remove biohazarelddbom the container.

Labeling: If you use a sharps container, you must removestarog@ any biohazard labels from
the sharps container. Use the “Radioactive WaatdiRg Label” (page K-22) to label the exterior
of the waste bag, filling out all the appropriatéormation, which must include the items listed
below:

Isotope

Activity

RUA Holder'sName
RUA number

Date

Building Name

Lab Room Number

The packing labels are available by request. Plasis@any EH&S Radiation Safety Surveyor or call
EH&S at 642-3073.

Pick-up: The entire sharps container is disposed of apaative dry waste. Some buildings
(Koshland, LSA, Morgan and Stanley) have CentrekRip Units (CPUs). If your building has a
CPU, deposit each labeled and sealed bag in theague drum in the CPU ariidl out all
information requested on the associated drum g not deposit radioactive dry waste in drums
designated for liquid scintillation counting (LS@als.

If there is no CPU in your building, package yowste in smaller plastic bags and accumulate your
wastes in dry waste boxes, provided by EH&S, inryaboratory. Package and label the bags of
waste as described above. Some isotopes (sucB2srray require shielding the box to reduce the
dose rate in your laboratory. For information arekling or to schedule a pick-up please call
EH&S. Allow five working days for pick-up.
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RADIOACTIVE BIOLOGICAL SOLID WASTE

Radioactive biological solid waste contains radin@cmaterial and biological components, which
include animals, animal parts, and/or any bioldgicdtures that may putrefy.

Remove bedding, paper towels, razor blades, sysirdjsposable gloves or instruments associated
with the biological work. These items are not ua#gd in radioactive biological solid waste and are
managed as Radioactive Dry Waste (page K-4), Rativ@aBiohazardous Sharps (page K-6), or
Radioactive Non-Biohazardous Sharps (page K-7).

Packaging  Segregate waste by isotope. Place the radi@astifd biological waste in a strong,
clear plastic bag and seal. Apply the label (axdeed below) to this bag. Place this sealed and
labeled bag into another sturdy clear-plastic bayseal. Verify that the label is visible. Kebpge
wastes frozen (to prevent putrefaction) until they picked up by EH&S.

Labeling: Use the “Radioactive Waste Packing Label” (pide?) to label the interior of the
waste bag, filling out all the appropriate informat which must include the items listed below:

Isotope

Activity

RUA Holder'sName

RUA Number

Date

Building Name

Lab Room Number

Description (i.e., animal, animal parts, tissudung)

The packing labels are available by request. Blaak any EH&S Radiation Safety Surveyor or call
EH&S at 642-3073.

Pick-up: Radioactive solid biological wastes are pickpdrom laboratories by request. Do
not deposit or store this waste in a CPU. Call BH#2-3073 for pick-up. Allow five working
days for pick-up.
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RADIOACTIVE LIQUID WASTE (NON-BIOHAZARDOUS/NON-BIOLOGICAL)

Radioactive liquid waste is any freestanding ligthidt contains or is contaminated with radioactive
material. Maintain liquid waste at a pH betweean8l 10. For liquid waste containing iodine maimtai
the pH between 8 and 10, slightly basic, to redadme volatilization. pH adjustments should be
performed during the last steps of the experimasttjn batches of collected mixed waste. LSC vaaus
not included in radioactive liquid waste.

Packaging  Segregate waste by isotope. Collect radiivamixed waste in one-gallon, narrow-neck,
screw-top glass containers or other EH&S-approwedainers. Do not mix radioactive wastes of
different isotopes or mix chemically incompatibtdgions in the same container. Call EH&S at
642-3073 if you have chemical compatibility or paging questions.

Place each bottle in a strong, clear plastic bggdwide a contamination-free surface for handliggore
it in a non-breakable secondary container (geneaathilable from your storeroom). Secondary
containers must be able to contain all liquid wasgtbout overflowing if the primary container shdul
break. Make sure the container is tightly closed the plastic bag sealed shut with tape.

Labeling: Use the “Radioactive Waste Packing Label” (pe?) to label the exterior of the
bottle, filling out all the appropriate informatipwhich must include the items listed below:

Isotope

Activity

RUA Holder'sName

RUA Number

Date

Building Name

Lab Room Number

pH (measured)

Volume

Chemical Constituents (percent by volume and chalmiame, no chemical formulas)

The packing labels are available by request. Blaak any EH&S Radiation Safety Surveyor or call
EH&S.

Pick-up: Liquid waste is picked up from laboratories. B deposit or store liquid waste in a
CPU. Some isotopes (such as P-32) may requirésigeo reduce the dose rate in your laboratdfy.
the liquid waste contains hazardous chemical compisn you must have an EH&S authorized chemical
waste recharge account to allow recharging foctiemicalconstituent®f the mixed waste. You must
also submit an Electronic Materials Packing LidfRt) to EH&S prior to pick-up
(http://mpl.ehs.berkeley.edu). Refer to “RadioaetMixed Waste” (page K-12) for information on
mixed waste. Call EH&S. Allow five working daysrfpick-up.

Drain Disposal of Radioactive Liquid Waste: Your RUA may permit the disposal of some
radioactive liquid waste to the sanitary seweraystas long as the type of liquid and isotope ryo
waste is authorized for sewer disposal and meetsahitary sewer activity limits. Please read
“Guidelines for Drain Disposal of Chemicals at Usmisity of California, Berkeley” for guidelines on
drain disposal of the chemical components of ymuidl waste. If you have any questions regarding
isotopes approved for drain disposal or RUA agtilimits please call the Radiation Safety Officer a
642-3073. For all other questions regarding ddgposal guidelines, please call EH&S.
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RADIOACTIVE BIOLOGICAL LIQUID WASTE

Radioactive biological liquid waste contains radinae material and biological fluids such as
animal blood and body fluids that may putrefy. STbategory of waste does not include waste
contaminated with biohazardous components or hurteod and body fluids. Refer to
“Radioactive Biohazardous Liquid Waste” (page K-fdr)more detailed information.

Packaging  Segregate waste by isotope. Collect radioadtiolwgical liquid waste in one-
gallon, narrow-neck, screw-top glass containerstioer EH&S-approved containers. Do not mix
radioactive wastes of different isotopes or mixrlwlly incompatible solutions in the same
container. Call EH&S at 642-3073 if you have cheahcompatibility or packaging questions.

As a prudent laboratory practice and to reducex)duaid bleach to the waste to reach a final
concentration of 1%. CAUTION - Bleach may not loenpatible with your liquid waste. If you
suspect a compatibility problem, call EH&S for atigtives to bleach.

Place each bottle in a sturdy clear-plastic bgyéwide a contamination-free surface for handling.
Store the waste in a non-breakable secondary camtégenerally available from your storeroom).
Secondary containers must be able to containcaildiwaste without overflowing if the primary
container should break. Make sure the containgghsly closed and the plastic bag sealed shut wit
tape.

Labeling: Use the “Radioactive Waste Packing Label” (pagg2Xto label the exterior of the
bottle, filling out all the appropriate informatiowhich must include the items listed below:
- Isotope

Activity

RUA Holder'sName

RUA Number

Date

Building Name

Lab Room Number

pH (measured)

Volume

Description (i.e., animal blood, body fluids)

Method used to sanitize the biological material

Chemical Constituenigercent by volume and chemical name, no cherfiocalulas)
The packing labels are available by request. Blaak any EH&S Radiation Safety Surveyor or call
EH&S.

Pick-up: Radioactive biological liquid wastes are pickgdftom laboratories by request. Do
not deposit or store radioactive biological ligwedste in a CPU. Some isotopes (such as P-32) may
require shielding to reduce the dose rate in yalotatory. Call EH&S for information on shielding.
Call EH&S for pick-up. Allow five working days fquick-up.

Drain Disposal of Radioactive Biological Liquid Wase:  Your RUA may permit the disposal of
some radioactive liquid waste to the sanitary sesystem. Refer to “Drain Disposal of Radioactive
Liquid Waste” (page K-9) and “Managing and Dispagsaf Medical Waste” Fact Sheet No. 1 for
information on drain disposal.
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RADIOACTIVE BIOHAZARDOUS LIQUID WASTE

Radioactive biohazardous liquid waste containsoactive material and a biohazardous component. In
general, biohazardous components are infectioustageuch as bacteria, fungi and viruses) which can
cause illness in humans. Human blood and bodg<loontaminated with radioactive material are
considered to be radioactive biohazardous liquistea

Radioactive biohazardous liquid waste must be nexatieon-biohazardous prior to disposal. This is
normally performed by steam sterilization or bleézha final concentration of 1%.

CAUTION - Bleach may not be compatible with youquid waste. If you suspect a compatibility
problem, call EH&S at 642-3073 for alternativebleach.

Packaging Segregate waste by isotope. Collect radioattivlazardous liquid waste in one-gallon,
narrow-neck, screw-top glass containers or othe&&ldpproved containers. Do not mix radioactive
wastes of different isotopes or mix chemically imp@tible solutions in the same container. Call BH&
if you have chemical compatibility or packaging siens.

Place each bottle in a strong, clear plastic bggdwide a contamination-free surface for handliSgore
the waste in a non-breakable secondary contaiesefglly available from your storeroom). Secondary
containers must be able to contain all liquid wagtbout overflowing if the primary container shdul
break. Make sure the container is tightly closed the plastic bag is sealed shut with tape. 0o no
package any radioactive waste in biohazard bags.

Labeling: Remove or deface any biohazard labels. UseRlaeibactive Waste Packing Label”
(page K-22) to label the exterior of the bottldirfg out all the appropriate information, which stu
include the items listed below:

Isotope

Activity

RUA Holder'sName

RUA Number

Date

Building Name

Lab Room Number

pH (measured)

Volume

Description (i.e., animal blood, body fluids)

Method used to inactivate the biohazard

Chemical Constituents (percent by volume and chalmiame, no chemical formulas)
The packing labels are available by request. Blaak any EH&S Radiation Safety Surveyor or call
EH&S.

Pick-up: Radioactive biohazardous liquid waste is pickedram laboratories by request. Do not
deposit or store radioactive biohazardous liquidterdn a CPU. Some isotopes (such as P-32) may
require shielding to reduce the dose rate in yabotatory. Call EH&S for information on shieldiagd
for pick-up. Allow five working days for pick-up.

Drain Disposal of Radioactive Biohazardous Liquid Waste: Your RUA may permit the disposal of
some radioactive liquid waste to the sanitary sesystem after the biohazard has been inactivatefitrR
to “Drain Disposal of Radioactive Liquid Waste” @aK-9) and “Managing and Disposing of Medical
Waste” Fact Sheet No.1.for information on draimpdial.
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RADIOACTIVE MIXED WASTE

Radioactive mixed waste contains fluids that argaminated with radioactive, biohazardous and/or
hazardous chemical materials. The hazardous chénomponents usually display corrosive, toxic,
flammable, or reactive characteristics or a contimneof them. Liquid scintillation fluids are exmled
from this waste stream.

Do not mix other waste with radioactive mixed wasRadioactive mixed waste is the most difficuldan
expensive waste to manage and dispose. Maintaiwdlste at a pH between 5 and 10. For wastes
containing radioactive iodine maintain the pH batw®& and 10, slightly basic, to reduce iodine
volatilization.

In addition to the standard Radioactive Waste Rmogrequirements for disposal, mixed waste disposal
with hazardous chemical constituents requires gcdwave an EH&S authorized chemical waste recharge
account to allow for recharging and to submit agcEbnic Materials Packing List (eMPL) prior to kic

up. To setup a recharge account or submit an ep@dse go to our website http://mpl.ehs.berkeley.ed
or call EH&S at 642-3073.

Packaging Segregate waste by isotope. Collect radioactied waste in one-gallon, narrow-neck,
screw-top glass containers or other EH&S-approwedainers. Do not mix radioactive wastes of
different isotopes or mix chemically incompatibtdigions in the same container. Call EH&S if you
have chemical compatibility or packaging questions.

Place each bottle in a strong, clear plastic bggdwide a contamination-free surface for handliggore
it in a non-breakable secondary container (geneaathilable from your storeroom). Secondary
containers must be able to contain all liquid wagtout overflowing if the primary container shdul
break. Make sure the container is tightly closed the plastic bag sealed shut with tape.

Labeling: Use the “Radioactive Waste Packing Label” (pe?) to label the exterior of the
bottle, filling out all the appropriate informatipwhich must include the items listed below:

Isotope

Activity

RUA Holder'sName

RUA Number

Date

Building Name

Lab Room Number

pH (measured)

Volume

Chemical Constituents (percent by volume and chalmiame, no chemical formulas)

The packing labels are available by request. Plaskgour Radiation Safety surveyor or call EH&S.

Pick-up: Radioactive mixed wastes are picked up from latmores by request. Do not deposit or
store radioactive mixed waste in a CPU. Some mstdsuch as P-32) may require shielding to reduce
the dose rate in your laboratory. For informatonshielding or for a pick-up, please call EH&. oAV

five working days for pick-up.

RADIOACTIVE MIXED WASTES CANNOT BE DRAIN DISPOSED.
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RADIOACTIVE LIQUID STOCK VIALS

Radioactive liquid stock vials are fluids that generally in small quantities and high concentretio
of radioisotopes.

Since stock vials can often exceed concentratmaitdiin packaging for disposal, it is important to
segregate this waste form from all other wastes.

Packaging  Tighten cap and segregate by isotope. Doublarbelgar strong plastic bags.
Collect no more than five stock vials per bag. vitte an inventory for each bag.

Labeling: Use the “Radioactive Waste Packing Label” (pagg2Xto label the exterior of the
waste bag, filling out all the appropriate informat which must include the items listed below:

Isotope

Activity

Scintillation cocktail name
RUA Holder'sName

RUA Number

Date

Building Name

Lab Room Number

The packing labels are available by request. Blaak any EH&S Radiation Safety Surveyor or call
EH&S.

Pick-up: Do not deposit or store liquid stock vials in bBU. Call EH&S at 642-3073 for
pick-up. Allow five working days for pick-up.

RADIOACTIVE STOCK VIALS CANNOT BE DRAIN DISPOSED.
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LIQUID SCINTILLATION COUNTING (LSC) VIALS

Liquid scintillation counting vials generated dugiradiation safety required self-surveys and
radioactive material use experimentation and L@@ddrds used for calibration of the counters are
included in this type of waste. LSC standards riedze labeled and packaged separately from
general LSC vial waste because it contains quegdmyents, which are hazardous chemicals, and
must also meet the requirements for disposal agRetive Mixed Waste. Refer to “LSC Vials —
LSC Standards” (page K-15) for detailed informatiompackaging and labeling LSC standards.

Furthermore, any type of LSC vials waste that dastaazardous liquid scintillation cocktail must
meet the recharge authorization requirements &pasial as Radioactive Mixed Waste (page K-12).

Packaging  Tighten the cap on each vial. Remove or defad®active labels and symbols.
Remove vials from flats and double-bag them inrgjralear plastic bags. Place labels on the outer
bag.

Labeling: Use the “Radioactive Waste Packing Label” (pagg2Xto label the exterior of the
waste bag, filling out all the appropriate inforiat which must include the items listed below:

Isotope

Activity

Scintillation cocktail hame
RUA Holder'sName

RUA number

Date

Building Name

Lab Room Number

The packing labels are available by request. Blaak any EH&S Radiation Safety Surveyor or call
EH&S at 642-3073.

Pick-up: Some buildings (Koshland, LSA, Morgan, and Stantewe Central Pick-up Units

(CPUSs). If your building has a CPU, deposit eaa) bf LSC vials in the appropriate drum in the
CPU andfill out all information requested on the assoethtirum log. Do not put LSC vials in dry
waste drums.

If there is no CPU in your building, deposit thekaged LSC vials in a LSC vial waste box
provided by EH&S in your laboratory. Package aafskl the bags of vials as described above.
Maintain a log of the vials you deposit in the baXall EH&S pick-up. Allow five working days for
pick-up.
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LIQUID SCINTILLATION COUNTING (LSC) VIALS -LSC STANDARDS

LSC Standards

LSC standards used in calibrating LSCs, containlstoacentrations oBH and14C with varying
degrees of quench.

Packaging  Segregate LSC Standards by isotope. Doubletmayg tn strong, clear, plastic bags.
Leave radioactive labels and symbols intact. Plalsels on the outer bag.

Labeling: Use the “Radioactive Waste Packing Label” (pagg2Xto label the exterior of the
waste bag, filling out all the appropriate inforiat which must include the items listed below:

Isotope

Activity

Scintillation cocktail hame
RUA Holder'sName

RUA number

Date

Building Name

Lab Room Number

The packing labels are available by request. Blaak any EH&S Radiation Safety Surveyor or call
EH&S at 642-3073.

Pick-up: LSC Standards are picked-up from laboratoriesluest. Do not deposit LSC
Standards in CPUs. Call EH&S for pick-up. Allowef working days for pick-up.
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LIST OF BIODEGRADABLE LSC COCKTAILS

Perkin Elmer LAS
Opti-Fluor
Opti-Fluor O
Poly-Fluor
Ultima-Flo AP
Ultima-Flo M
Ultima Gold*
Ultima Gold AB*
Ultima Gold F*
Ultima Gold LLT*
Ultima Gold MV*
Ultima Gold XR*

* UCB receives a 10% discount on the
Ultima Gold line of scintillation cocktails

Research Products International
Bio-Safe Il

Bio-Safe NA

Econo-Safe

Beckman
Ready Safe

Fisher Scientific
Scintisafe 30%
Scintisafe Econol
Scintisafe Econo?2
Scintisafe Plus
Scintiverse BD

National Diagnostics
Ecoscint

Ecoscint A

Ecoscint H

Ecoscint O

Ecoscint 5

Uniscint BD

ICN Biomedical
BetaMax ES
CytoScint ES
Ecolite
Ecolume
Universol ES

This list is not all inclusive. Please feel freautilize other available biodegradable cocktails.
Please call EH&S at 642-3073 if you have plansuicipase non-biodegradable (hazardous) LSC
cocktails. To dispose of LSC vials consisting atérdous LSC fluid, it must meet the recharge
authorization requirements for disposal as Radieadflixed Waste (page K-12). For recharge rates
on disposal of LSC vials containing hazardous tagintillation cocktail please see the EH&S
current rate for “Labpacks — Non-Reactive ($/unit).

SCINTILLATION FLUIDS CANNOT BE DRAIN DISPOSED even if the manufacturer
claims them to be non-hazardous.
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BULK LIQUID SCINTILLATION FLUIDS

Bulk liquid scintillation fluids are scintillatiofluids contained in large volumes (not in scintilbe
vials).

Packaging Segregate waste by isotope. Collect bulk licaghtillation fluids in one-gallon, narrow-
neck, screw-top glass containers or other EH&S-@pgat containers. Do not mix other wastes with
scintillation fluids.

Place each bottle in a strong, clear plastic bagdwide a contamination-free surface for handling.
Store it in a non-breakable secondary containerdigaly available from your storeroom). Secondary
containers must be able to contain all liquid wagtbout overflowing if the primary container shdul
break. Make sure the container is tightly closed the plastic bag sealed shut with tape.

Labeling: Use the “Radioactive Waste Packing Label” (piig2) to label the exterior of the
bottle, filling out all the appropriate informatiowhich must include the items listed below:

Isotope

Activity

RUA Holder'sName

RUA Number

Date

Building Name

Lab Room Number

pH (measured)

Volume

Scintillation cocktail name
Chemical Constituenigercent by volume and chemical name, no chemicaidlas)

The packing labels are available by request. Blaak any EH&S Radiation Safety Surveyor or call
EH&S at 642-3073.

Pick-up: Bulk liquid scintillation waste is picked up frolaboratories by request. Do not deposit
or store them in the CPU. Some isotopes (such3y mhay require shielding to reduce the doseimte
your laboratory. For information on shielding or & pick-up, please call EH&S. Allow five working
days for pick-up.

SCINTILLATION FLUIDS CANNOT BE DRAIN DISPOSED even if the manufacturer claims
them to be non-hazardous.
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TRITIUM ( 3H) EXIT SIGNS AND SMOKE DETECTORS

Tritium gas exit signs and smoke detectors comtginadioactive sources are generally licensed
materials that need to be disposed of as radicavtaste.

In order to dispose of these wastes, a RadiatitetyS&ervices recharge authorization form
(http://ehs.berkeley.edu/recharge) should be subdhib EH&S prior to requesting a pick-up.

Packaging  Collect these items in a sturdy box segregataahdy manufacturer.

Labeling: Label each box with the following information, kirdg sure that each item is segregated
by manufacturer and accounted for. A form to assibeling is provided on page K-19.

Department

Date

Building Name
Manufacturer

Date of Manufacture
Quantity per box, total
Model number

Serial number
Isotope

Activity

Pick-up: Once a recharge authorization form is submitteditae items are packaged and labeled
as directed above, please call EH&S at 642-307itk-up. Allow five working days for pick-up.

*Prior to purchasing tritium3H) gas exit signs or any smoke detectors contairsdgpactive
sources, please discuss the possibility of acquimon-radioactive alternatives with the Fire
Prevention Team at EH&S. If these generally lieghsaterials need to be purchased, an
authorization number needs to be issued by Radi&#dety. For more information please contact
EH&S.
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3H EXIT SIGN AND SMOKE DETECTOR TRANSFER FORM

DATE:
DEPARTMENT:
BUILDING NAME:

RECHARGE FORM SUBMITTED: YES NO

Date of Manufacturer Model Number Serial Number Isotope Acivity
Manufacture

QUANTITY PER BOX:

TOTAL QUANTITY:
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MISCELLANEOUS RADIOACTIVE WASTE

Metallic Lead

In the case of metallic lead (pigs, bricks, ancestiethat has been used for radioisotope shielgiegse
perform a meter and swipe survey to determinedfiéiad is contaminated.

If the lead is not contaminated, remove or defameradiation labels and label as “CLEAN.” EH&S can
have your clean lead picked up and recycled. Tiseme re-charge for the recycling of lead but kP&

will be required to initiate the pick-up. A copf/tbe lead survey results must also be providdeH&S at

time of pick-up. Call EH&S at 642-3073 for mordédrmation on the proper management of unwanted lead

If the lead is contaminated, package it in a comtiastrong enough to withstand the weight of tlagl leEach
package should be no heavier than 60 Ibs. Fol@adbeling guidelines in “Radioactive Dry Wastpage
K-4). Contaminated lead is picked up from labaria®by request. Do not deposit or store lead@iPa).
Call EH&S for pick-up. Allow five working days faick-up.

Alpha Emitters and Uranium / Thorium Compounds

Radioisotopes that are alpha emitters require apdisposal methods. Prior to disposal, pleas¢acbn
EH&S for information on packaging and labeling yotaste. For disposal of uranium and thorium
compounds, place each container in a clear plaagicand seal it tightly. Follow the labeling guides in
“Radioactive Dry Waste” (page K-4), including thetmc weight of the contents of the bottle. Tlyjigd of
waste is picked up from laboratories by request.nbBt deposit or store any alpha emitters in thel CRall
EH&S for pick-up. Allow five working days for pielp.

Sealed Sources

A sealed source is defined as radioactive matdradlis encapsulated. Many different isotopesaaeglable
as sealed sources. Most Cs-137 and Am-241 sousegison campus are sealed sources. Follow thinigbe
and packaging guidelines in “Radioactive Dry Wagpeige K-4) for disposal. This type of waste iskpid

up from the laboratories by request. Do not deégwsstore them in the CPU. Call EH&S for pick-up.
Allow five working days for pick-up.

Liquid Scintillation Counters

Some liquid scintillation counters contain a radioge sealed source. This radioactive source imeist
removed prior to transfer or disposal of the uice the source has been removed, the CAL OvérBten
will transfer the machine for disposal or re-ug®r information on source removal please call EH&S.
Radiation Safety needs to be present for any saerneval and must perform a close-out survey of the
machine before it can be transported and dispose8a@me models may have a refrigeration unit, Whic
require removal of chlorofluorocarbons (CFCs). piaper removal of CFCs and/or the disposal oféhes
units please call the CAL Overstock Den at 642-5330

Other Radioactive Wastes

If you have or expect to generate radioactive waster than those described in this section, coiEB&S
at 642-3073.
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RADIOACTIVE WASTE HANDLING PRECAUTIONS

1. Maintain lab specific procedures for waste accutiutaand disposal, and train lab personnel.

2. Properly package and label all radioactive waSteecific instructions are listed in Section K of
the Radiation Safety Logbook, or contact EH&S veitty questions. Using thicker plastic bags
and not filling the waste bag to its capacity wilbw for safer packaging of the waste, reducing
the possibility of spills or other incidents.

3. Keep a log of activity and date when the wasteejgodited. This will allow lab personnel to
know how much activity is in the waste to gauge wievould be proper to transfer the waste to
the CPU. It will also facilitate accurate labeling

4. Minimize the activity of the packaged waste. Usmber waste receptacles to reduce the amount
of waste per disposal. Making more frequent ttgpthe CPU, instead of accumulating waste in
the laboratory will also help reduce the amouradaiivity in each bag of the waste.

5. Minimize exposure during transport by using a stedlreceptacle with wheels. This will reduce
the time waste is handled. Lucite is a good chfmcshielding P-32. Remember to survey the
transported carts before and after the waste &ansf

6. Minimize exposure to others by using the freiglevator without other passengers.

7. Minimize exposure by increasing the distance betwbe source of radiation and the person.
This can be done by using a cart to transport thetev Increasing the distance will significantly
decrease the exposure rate.

8. Work in pairs when transferring waste to the CRhe person can be gloved and responsible
for pushing the waste cart or receptacle and hagdtie waste, while the other opens doors and
calls the elevator.

* These waste handling precautions are recommengasiuggestions for use and are not
requirements. Please contact EH&S at 642-30%&iketare any questions regarding these
precautions or to request lab specific trainingamioactive waste.
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RADIOACTIVE WASTE PACKING LABEL

Please contact EH&S at 642-3073 for these radiaeiastes packing labels.

pate 1SOtope EST. ACUvIty(muUil)

(activity determined)

Check all that apply:

O Liquid Scintillation Vials - cocktail:
O Radioactive ONLY
i Biohazardous(must be sterilized)*
O Biological*
o Mixed Waste* For EHS Official Use Only:
O Sharps* MPL #
* Please contact EHS for assistance
Comments:

Questions? Refer to Section K of the Logbook

Name: Date:
(Please print your name legibly)

*The comments field is for listing of additionablaling requirements outlined in each section for
specific types of waste, such as: volume, pH, oektb sanitize, chemical constituents or descniptib
wastes.
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SECTION L

RADIATION SAFETY MEMOS

EH&S and the Radiation Safety Committee periodycdistribute memos about new policies,
regulations, or other events of importance to casmpdiation users. Share these memos with your
staff by posting copies in a conspicuous area. May also wish to file a copy in this Logbook.
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SECTION M

GLOSSARY

Absorbed dose:The amount of energy imparted by ionizing radiafi@r unit mass of irradiated material. The urits o
absorbed dose are thed and thegray (Gy) .

Activity: The rate of disintegration (transformation) oraeof radioactive material. The units of activitg ahe Curie
(Ci) and the Becquerel (Bq) .

ALARA: The acronym for "as low as is reasonably achi@/aloheans making every reasonable effort to maintai
exposures to radiation as far below the dose limithis part as is practical consistent with thepose for which the
licensed activity is undertaken, taking into acdatme state of technology, the economics of impnasets in relation to
state of technology, the economics of improvemantslation to benefits to the public health anfésa and other
societal and socioeconomic considerations, andlaiion to utilization of nuclear energy and licedsnaterials in the
public interest..

Alpha particle: A densely ionizing particle emitted from the nudeluring radioactive decay, having a mass andyehar
equal in magnitude to a helium nucleus (two protms two neutrons).

Attenuation: The reduction of radiation field intensity caudldthe interaction of particles or electromagnedidiation
with matter. Usually refers to energy lost in sthiety used for radiation protection.

Becquerel (Bq): The Sl unit of radioactivity. One Becquerel is abto one disintegration per second.

Beta particle: Charged particle emitted from the nucleus duradjoactive decay, having a mass and charge equal to
that of an electron.

Bioassay:The determination of kinds, quantities or concditrs, and, in some cases, the locations of ratlieac
material in the human body, whether by direct messent (in vivo counting) or by analysis and evabdraof materials
excreted or removed from the human body.

Body burden (maximum permissible): That amount of radioisotope deposited in the baligh will result in the dose
limit to the critical organ (if the level remainertstant).

Contamination, radioactive: A radioactive substance dispersed in materiafdaires where it is undesirable.

Critical organ: That organ in the body which concentrates depsidioactive material and therefore receives thetm
dose and damage.

Curie (Ci): The unit of radioactivity equal to a rate of 3.%1B nuclear disintegrations per second (2.22 E3d# or
3.7E+10 Bq). Originally based on the radioactiveajerate of 1 gram of radium, discovered by Marid Rierre Curie
in 1898.

Daughter products: Nuclides that are formed by the radioactive dexfagome other nuclide. In the case of radium-226,
for example, there are 10 successive daughter ptedending in the stable isotope lead-206.

Decay, radioactive:Disintegration of the nucleus of an unstable meclyy the spontaneous emission of charged
particles and/or photons.

Radiation Safety Logbook -M1- July 15, 2008
Revision 4



Glossary continued

Dose equivalent:A quantity used for radiation protection purpodes expresses on a common scale for all radigtions
the irradiation incurred by exposed persons. dieiined as the product of the absorbed dose, talktyjtactor, and any
other modifying factors. Theemand thesievert(Sv) are units of dose equivalence.

Dose rate:Radiation dose expressed as a dose absorbediptmen for example - mrem/hr. Dose rate is uguall
expressed as whole body (see: Radiation, penggJatfrthe dose rate is not whole body, there nwgsan indication of
distance from the radiation source, for examplel- em.

Dosimeter: A portable instrument for measuring and registethe accumulated dose of ionizing radiation.
Electromagnetic radiation: A traveling wave motion resulting from changingetic or magnetic fields. Familiar

electromagnetic radiations range from gamma arayg-of short wavelength, through the ultravioléible and infrared
regions, to radar and radio waves of relativel\gleravelength.

Electron: A light elementary particle with a negative chargegh energy electrons traveling free of the atoe called
beta particles.

EH&S: Environment Health & Safety.

Exposure: A measure of the ionization (charge) produced umiavolume of air by x or gamma radiation. TReentgen
(R)is a unit of exposure. The Sl system expressessexp in coulombs/kilogram. Alternatively, it magfer to being
exposed to ionizing radiation or to radioactive enai

External Dose: That portion of the dose equivalent received fradiation sources outside the body.

Gamma ray: Penetrating electromagnetic radiation of nucleaim. Except for its origin and usually higher egw it is
identical to an x-ray.

Genetic effects:Mutations in chromosomes and genes that are passtxfuture generations.

G-M or GM: Geiger-Mueller - a type of ionization detectordise detect beta, gamma, and X-rays. Named foivibe
scientists credited with developing the G-M tube.

Gray (Gy): The Sl unit of absorbed dose. One Gray is equiD@rad or 10,000 ergs per gram. It does notitztke
account the biological effect resulting from theatibed dose.

Half-life, biological: The time required for a material in the body tadiainished by 50% as a result of biological
elimination.

Half-life, effective: The time required for a radioactive element inlibdy to be diminished by 50% as a result of the
combined action of radioactive decay and biologatmhination.

Half-life, physical: The time in which half the atoms of a particulatlipactive substance disintegrate to another nuclea
form. Measurements vary from millionths of a secemdiillions of years.

Half-value layer: The thickness of a specified substance which, viliieoduced into the path of a beam of radiation,
reduces the exposure rate by one-half. Normalljieghpnly to electromagnetic radiation (gamma aays).

Internal Dose: That portion of the dose equivalent received fradioactive material taken into the body.

Radiation Safety Logbook -M2- July 15, 2008
Revision 4



Glossary continued

lonization: The process by which a neutral atom or moleculgiiaes either a positive or negative charge.

Isotope: One of two or more atoms with the same numberatiops, but different numbers of neutrons in tineiclei.
Isotopes of the same element have very nearlyaime £hemical properties.

LET: Linear energy transfer. The energy imparted pérlength of traversed medium.

Micro-(l): A prefix that divides a basic unit into one mitliparts. Often used with activity, such as micrac(®.22
E+6dpm =1 uCi).

Milli-(m): A prefix that divides a basic unit by 1000. Oftesed with dose and activity, such as millirem olticuirie
(2.22 E+9 dpm = 1 mCi).

Neutron: Elementary particle with a mass approximatelystéime as that of a proton and is electrically néutra
Nucleus: The small, central, positively charged regionmBtom that carries essentially all the mass.

Nuclide: A species of atom having a specified number ofnees and protons in its nucleus.

Quality factor: The modifying factor that is used to derive dogeiealent from absorbed dose. It is a multiplieatt
expresses the relative effectiveness in causingdiaal damage of any type of radiation based ®ihHT. Used with
absorbed dose to express dose equivalent.

EH&S: The Office of Radiation Safety.

Proton: Elementary particle with a mass approximatelystume as that of a hydrogen atom and electricabitipe.

Rad: A unit of absorbed dose. The word comes from timergymradiation absorbed doseand is equivalent to 100 ergs
per gram. It does not take into account the biaalgéffect resulting from the absorbed dose.

Radiation, ionizing: Alpha particles, beta particles, gamma rays, s;ragutrons, high-speed electrons, high-speed
protons, and other particles capable of produaing.i

Radiation, non-penetrating: Radiation incapablef penetrating and causing damage to interiorregghocludes alpha
and beta particles, very low energy x-rays and l@myenergy gammas.

Radiation, penetrating: Radiation capable of causing damage to internaledisas external parts of the body. Includes
x-rays and gammas.

Radioactive: Exhibiting radioactivity or pertaining to radioadgty.
Radioactivity: The spontaneous emission of radiation (alpha, lgetama rays, or neutrons) from an unstable nuclide

RAM: Short forRadioActive M aterial(s).
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Glossary continued
Radioisotope:An unstable isotope of an element that decayssomédgrates spontaneously, emitting radiation.

Rem: A unit of dose equivalent. The word comes fromabeonymfoentgen equivalerthanand takes into account the
biological effect from an absorbed dose of radratio

Roentgen-(R): The unit for exposure. It is equal to the amodrgamma or x-rays required to produce ions carrying
electrostatic unit of electrical charge in 1 cubéntimeter of dry air under standard conditions.

Sievert (Sv): The Sl unit of dose equivalent. 1 Sv is equivaterL00 rem. Like the rem, it takes into accahet
biological effect from an absorbed dose of radratio

Somatic effects, radiation:Effects of radiation limited to the exposed indwal, as distinguished from genetic effects,
which may also affect subsequent unexposed geopsati

Specific activity: The number of Curies per gram of material. Spea@ifitivity is a function of half-life, and is théoee
also unique to each radionuclide.

TLD: Thermoluminescent dosimeter - a type of dosimeter.
X-Rays: Penetrating electromagnetic radiations of orlatajin, resulting from radioactive decay by eleataapture

and internal conversion processes. Usually arificibroduced by bombardment of a metallic targih fast electrons
in a vacuum.
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SECTION N

SAMPLE RADIATION SAFETY FORMS

You may wish to file copies of radiation safetyrfarin this section. Blank forms are posted in the
Radiation Safety section of the EH&S websitehéip://ehs.berkeley.edu/index.htiskee “Radiation
Safety Forms” listed among “Resources”).

Radioisotope Inventory Form
Radioactive Material User Self Survey Form andrucdions
Liquid Radioactive Waste Disposal Form

Radiation User Information Record (Green Sheet)
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