
5  Radioactive Material Work Practices

Radiation workers use time, distance, shielding, and good housekeeping to keep their radiation exposure ALARA.
Workers must also follow certain procedures to comply with the conditions of the University's radioactive material
use licenses (cf., 3.5).  These procedures include:  to properly order and receive radioactive materials, to maintain a
current inventory of lab's radioactive materials (including waste), to properly dispose of radioactive materials when
no longer useful, to perform periodic radiation and radioactive contamination surveys of work areas, and to follow
proper protocols when working with special exposure sources.

5.1  Ordering and Receiving Procedures
All radioactive materials must be purchased through CORD (Central Ordering, Receiving, & Distribution).  The
UW has contracts with vendors for all radionuclides commonly used in research.  Because of the combined buying
power of all UW researchers, CORD purchases material at a discount (e.g., some items may be 20% - 50% of their
catalogue price).  The bid price includes shipping to the UW.  All radioactive material entering the UW - Madison
from off campus.  Personnel at CORD perform required package surveys, check the shipping documents to assure
proper contents, and deliver the packages to the laboratories placing the order.  The UW requires CORD to charge a
small (i.e., $20 - $30) fee, per order to perform these services.

Materials may also be obtained locally, e.g., the University's nuclear reactor, Medical Physics cyclotron,
Hospital Nuclear Pharmacy, or from other researchers at the University.  Even in cases where the materials are
obtained from a researcher in the same building, the principal investigator with the material must first notify CORD
to insure that the receiving lab is authorized to possess the material and that the CORD inventories for both
researchers are updated to reflect the transaction.  CORD personnel and workers are trained in transportation of
radioactive materials (cf. Chapter 8) and normally transport the material from its current location to the lab in a
different building.

Although CORD performs required surveys on incoming packages and transfers, when a worker receives a
delivery from CORD they should safely handle the package.  Because contamination can be on the outside of vials
when they are filled by the vendor, whenever working with radioactive materials wear disposable plastic gloves and
change the gloves frequently to prevent contamination from getting on your hands and then into your body by the
"hand-mouth" or skin absorption route.  Guidelines for receiving packages include:

Wear lab coat, safety glasses and disposable gloves to prevent skin and clothing contamination.
Inspect the package for signs of damage (e.g., wet or crushed)
If radioactive material is volatile, place package in vented hood before opening.
Open the package and verify that the contents agree with the Radionuclide Receipt and Disposal form (Figure
5-1).  If the material is not what was ordered, call CORD immediately.
If you suspect contamination, wipe the external surface of the container and count the wipe with a sensitive
system for removable contamination (see Chapter 7 and Lab 2).
Survey (see Section 7.5.b) the packing material and the empty packages for contamination before discarding; if
contaminated (i.e., > 100 cpm above background), treat it as radioactive waste, if not contaminated, remove or
obliterate any radiation labels before discarding it in the normal trash.
Record the receipt in the lab's inventory record system.

5.2  Inventories
Each lab is required to have up-to-date records of radionuclides receipt, use and disposal.  Copies of these inventory
records of receipt, disposal, and transfer must be kept on file by the lab for at least three years so they will be
available for inspectors.  At least quarterly, the authorized users must report radioactive decay and sewer disposals
to CORD.  Account for the amount decayed/disposed in the appropriate section of the inventory and Radioactive
Waste Disposal forms (Figures 5-1 and 5-12 or Lab 2). 

Each person using radioactive materials in a lab must have access to the inventory logbook or system which
records radioactive receipt, use, and disposal.  The information recorded must be such that the authorized user can
calculate the total activity of each radionuclide on hand at any time if requested by inspectors.

CORD maintains the University's radionuclide inventory based upon the activity of each radionuclide which the
labs on campus possess (i.e., has in the lab).  This information is obtained by recording receipts and transfers of
radionuclides and subtracting activities from lab disposal slips.  The CORD computer does not decay radioactive



material.  At least once a year, the CORD
balance is compared to the lab's balance
and verified.  Maintaining a good
inventory in the lab helps in reconciling
any discrepancies between the lab's and
CORD's balances.

A Radionuclide Iinventory form
(Figure 5-1 and Appendix C) is given to
the lab with each radionuclide delivery.
This form, or a comparable method, is
used to keep a record of use and disposal
of material for that stock vial.  Inventory
steps include:

Immediately verify order is right and
the information on the Radionuclide
inventory form is correct.  Some stock
vials may be received with more (e.g.,
fresh lot) or less activity than indicated
on the label.  The activity on the form
is the activity CORD enters in the lab's
inventory and is the activity the lab
must dispose as radioactive waste.
Use only one Inventory form for each
order.  Keep the inventory forms in a
binder or other central location (e.g.,
drawer, refrigerator door) available to
all users.
Record, date and initial any use and
disposals as they occur, circle
appropriate volume and activity units.
Total activity disposed should equal
the total used, minus any activity
remaining in samples, stocks, etc.
Records may be purged three years after final use of the material.  Insure that the final entry in the USE column
is zero.  Initial and date the inventory sheet before placing it in the inactive file.  Insure all disposals have been
reported to CORD.
If unsure how to do your inventory, check with your PI, lab manager or call Radiation Safety.
At least once a year the lab must conduct a physical inventory of radioactive material, compare it with the
activities recorded in CORD and correct discrepancies.  When given an inventory audit sheet, verify activities
and return it to Safety within 10 calendar days.

5.3  Disposal of Radioactive Material
After using unsealed radioisotopes in a laboratory procedure, the radioactive residue and other waste materials must
be secured until properly disposed to protect workers, staff, and the environment from unnecessary radiation
exposure or contamination.  However, even as waste, the quantity of radioactivity remains on the lab’s CORD
inventory until properly disposed.  Radioactivity is removed from a lab's inventory only when it has been properly
disposed or transferred and the transaction reported to CORD on a Radioactive Waste Disposal form (Figure
5-12).  There are six disposal / transfer methods a lab can use to removed radioactivity from their inventory:  (1)
disposal to Safety in a routine Safety Department pick up, (2) release to the sanitary sewer of aqueous liquids, (3)
exhaust to the atmosphere of volatile radioactive materials through a fume hood, (4) decay and disposal to normal
trash, (5) transfer to another authorized user or to another licensee (off-campus), and (6) administration to patients
(medical users only).  Releases to the sanitary sewer and/or to the atmosphere as well as all other methods of
disposal must be reported to CORD at least quarterly.  Regardless of the method used to dispose of radioactive
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Figure 5-1.  Radionuclide Inventory Form



waste, following these basic principles when collecting and preparing wastes for disposal will help maximize
disposal options and minimize disposal costs.

Radioactive waste containers in the lab must be properly labeled (i.e., radioactive sticker, see Figure 3-3) and
controlled to prevent accidental disposal.
Place radioactive solid waste and animal tissues in the yellow plastic bags used for radioactive waste.  These
bags can be gotten from Safety (send e-mail) or by going to the Safety Annex, Room 62, Biochemistry.
Minimize radioactive waste volumes.  Current disposal costs are more than $300 per cubic foot for low level
radioactive wastes.  To minimize costs, keep non-radioactive wastes separate from radioactive wastes, pack
waste efficiently and, whenever possible, clean/recycle reusable "wastes" (e.g. glassware).
Segregate waste by radionuclide.  Except for 3H and 14C aqueous liquids which may be mixed, separate
radionuclides whenever possible.  The Safety Department decays short lived (T2 < 120 days) radioisotopes prior
to ultimate disposal.  Thus, wastes are stored and held for decay by Safety based on half-life of the longest lived
nuclide in the container.
Keep waste types separate.  The Safety Department processes each type of waste (i.e., solids, lead pigs, aqueous
liquids, organic solvents, LSC wastes and animals) differently.  Mixing waste types may increase the ultimate
disposal cost.  Never place lead pigs in your solid waste.  Lead is a hazardous metal which is recycled by the
UW, it is not disposed.
If possible, don't mix radioactivity with other hazardous materials (hazardous wastes, infectious agents,
biohazards, pyrophorics, etc.).  Disposal of hazardous wastes is based upon all of the hazards.  Because there is
no single government agency to regulate a multiple-classification waste, some disposal costs may be very high.
Sterilize infectious materials before calling the Safety Department for routine collection.  Be careful when
autoclaving / sterilizing radionuclides which could become volatile and produce an airborne hazard (e.g., more
than 1 mCi of  3H, 125I).
Do not use boxes larger than 24" length by 17" width by 14" height.  Larger boxes will not fit on the shelves in
our storage facility.  Additionally, there is no charge for disposal and a larger box will produce higher ambient
radiation levels in your lab.  Use small boxes, dispose of them frequently.
Boxes must weigh less than 25 - 35 pounds.
We do not recommend that you decay correct your radioactive waste (see 5.3.d).  Dispose of the total amount of
radioactivity listed on your Radionuclide Inventory form (Figure 5-1), do not correct for fresh lots, etc.
Clearly label all liquid scintillation media with cocktail brand name, nuclide, and activity.  The Safety
Department processes sewerable cocktail in a different manner than cocktail with flammable constituents.
Do not put lead pigs in solid waste containers.  Pack lead pigs in a separate container, they are recycled.
When utilizing radioactive decay and disposal to normal trash (see 5.3.d), you must deface all radioactive labels,
hold the waste in storage for at least 10 half-lives, survey the package with a sensitive radiation detector (e.g.,
GM for 32P, LEG for 125I), record the results in a waste decay logbook (net counts-per-minute must be less than
100 cpm), and report the decay to the Safety Department at least quarterly.
Package small volume, concentrated wastes (e.g. stocks, hot products or wastes, sealed sources, etc.) in small
boxes separate from large volumes of dilute, contaminated wastes.

5.3.a  Collection by Radiation Safety Office
Routine collection (i.e.,  pickup) is the preferred method to dispose of radioactive waste.  Simply call the Safety
Dept. (262-8769) or complete a Waste Pickup Request on Safety’s web page (http://www.fpm.wisc.edu/safety)
and schedule a pickup of properly packaged radioactive wastes.  The Safety Department will come to your lab on
Tuesdays to collect all of your properly packaged radioactive and chemical wastes.  Safety personnel are aware of
the requirements for safely handling and disposing of radioactive wastes.  Solid and liquid radioactive wastes are
normally picked up in your lab on Tuesday AM or PM (see Appendix C for building schedule) and animals are
collected from loading docks on Wednesday and Friday mornings.  The Safety Department provides five gallon
carboys for large volumes of aqueous and organic (primarily) 3H, 14C, 32P and 35S wastes (see 5.3.a.2).  Safety also
provides 1-, 2-, and 4-liter bottles for smaller volumes of liquid radioactive wastes. 

To be picked up, the waste must be properly packaged and the correct labels, stickers, and forms completed.
Prepare the package of radioactive waste according to the waste type in paragraphs 5.3.a.1 - 5.3.a.5.  Complete the
paperwork and labeling as described in paragraphs 5.3.a.6 - 5.3.a.7.  To comply with Department of Transportation
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(DOT) rules and regulations (see Chapter 8), radioactive waste boxes will not be picked up if they are improperly
packaged or the paperwork is incomplete.  Radioactive Waste Disposal Guidelines are found in Appendix C.

Radioactive Solid Waste
Use yellow plastic bags to hold solid wastes within
the lab.  Place solid wastes in a strong cardboard box
for disposal (Figure 5-2).  Use strong packaging tape
and securely tape the bottom and top of these boxes
so they will not open while being transported.
Package and seal sharps (syringes, blades, Pasteur
pipette tips, broken glass, etc.) inside a small
secondary plastic/cardboard container before adding
this small sharps package to the other solid waste.
All boxes must have a Radioactive - LSA sticker (see
Figure 5-9) completed and placed on one side.

Radioactive Liquid Waste
Keep aqueous and organic solvent wastes separate
and collect/store each type in plastic or shatter-
proof glass containers of at least 500 ml but not
more than 4 liters.  The Safety Department will
furnish 1-, 2-, and 4-liter containers upon request.
Use a container that is appropriately sized for the
actual waste volume.  Five-gallon carboys may be
used for large volumes of dilute liquids (primarily
3H, 14C, 32P or 35S; call Safety for other
radionuclides).  Carboy activity limits to insure
compliance with the DOT are listed in Table 5-1.   
When requested, replacement five gallon carboys
will be brought to your lab
during waste pickups.

For safety in handling, labs
should neutralize aqueous
liquids so the resultant pH is
between 5.5 and 8.5 (i.e.,  5.5 [
pH  8.5).  Very concentrated[
wastes (e.g. stocks), not
exceeding 50 ml, should not be
diluted (and need not be neutralized).  Tightly seal stock
vials and package separately in a small box (see 5.3.a.5).
Document the disposal in proper section of the disposal
form (i.e., organic liquid or aqueous liquid).  Do not put
solids in liquid waste containers.

Fill containers  b - : full; do not overfill; allow
room for thermal expansion.  Seal containers securely by
wrapping saran wrap or parafilm around a tightly closed
twist-type cap.  Do not use foil, cracked caps, etc., these
could lead to spills and contamination of your building
and our facility.  Complete and attach a Radioactive
Liquid Waste tag (see 5.3.a.7) to each container > 50 ml
(Figure 5-3).  For containers < 50 ml, treat as if they
were stock vials.  List all constituents, including water,
methanol, etc.   For carboys, complete and attach the Radioactive Liquid Waste tag (Figure 5-4).
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Figure 5-2.  Solid Waste
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Figure 5-3.  Small Volume Liquid Waste
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Table 5-1.  Carboy Activity Limits

Figure 5-4.  Carboys
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Liquid Scintillation Cocktail Vials
Although sewer disposable LSC solutions (e.g.,
Scintisafe Econo 2, BioSafe II) containing 3H or 14C
only (< 1.85 kBq [0.05 μCi]) or 10-T1/2 decayed
nuclides may be poured directly to the sewer (see
5.3.b),  Safety Department pick up is the easiest and
safest disposal method because instead of opening the
vials, your lab simply places the vials in LSC cases or
similar boxes (Figure 5-5).  

Flammable cocktails (e.g. toluene, xylene,
pseudocumene, etc.) must be kept in their original
counting vials for pickup by Safety.  Call Safety for
information if you anticipate using an organic cocktail.

When disposing of LSC vials, always keep
flammable / organic cocktails separated from sewer disposable cocktails.  Labs are encouraged to use sewerable
LSC cocktail.  Keep vials separated by size and type (e.g., plastic, glass, 5 ml, 20 ml, etc.).  Place vials upright in
trays. Preferably package vials in full cases (e.g., 20 ml vials - 500/case, mini-vials - about 1700/case).  On each box
/ case write the LSC cocktail brand name and any biological or chemical hazard that might make disposal via the
sanitary sewer inappropriate.  If you do not have trays, place double-bag vials and place in sturdy cardboard box.

Radioactive Animals and Animal Waste
Our license requires all animals that have been injected
with radioactive materials be disposed through Safety
when sacrificed or expired.  Double bag and box all animal
tissue and contaminated bedding/waste (Figure 5-6).  All
carcasses must be frozen.  The radioactivity within each
box must not exceed 555 MBq (15 mCi) for 3H and/or 14C
and must be less than 74 MBq (2 mCi) for any other
nuclide (Table 5-1).  If possible, the box should not weigh
more than 20 kg (45 pounds), larger animals must be
sectioned accordingly or the lab must have an exception.  Blood, urine and feces should be diluted and disposed
through the sewer.  Call the Radiation Safety
Department in advance to discuss any exceptions for
animal disposals.

Stock Vials and Lead Pigs
Empty stock vials should be disposed of as radioactive
solid waste (see 5.3.a.1).  Stock vials with residual
gamma and/or high-energy beta (32P) emitters must be
shielded (e.g., use lead pigs).  Call Safety to arrange a
special pickup for any unused stock vials.  Write the
activity and radionuclide on each stock vial / lead pig
used for shielding.  Stock vials still containing
radioactive material should be packaged singularly or a few together in small boxes (Figure 5-7) to reduce exposure
when handling the box.  Label the box with a radioactive waste sticker.

Do not mix lead pigs with solid radioactive waste.  Lead is accepted in waste boxes only when needed to shield
very hot, concentrated wastes and in small boxes only.  Lead
is decontaminated (if necessary) and recycled by the UW.
Use a survey meter to meter lead pigs to verify that they are
not contaminated.  If the pig is contaminated it must be
labeled as contaminated and packaged separately.  Pack
uncontaminated pigs in a small box (Figure 5-8) weighing
less than 12 kg (25 lbs). Write Lead Pigs on both the box and
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Figure 5-5.  LSC Vials
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Figure 5-6.  Animal Carcass
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Figure 5-7.  Stock Vials
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Figure 5-8.  Lead Pigs
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on the Radioactive Waste Disposal form (see Figure 5-12).  To prevent the spread of contamination, place any
contaminated lead pigs in a plastic bag, then separately pack contaminated pigs in small box.  Identify the nuclide
and write Contaminated Lead on the box.

Radioactive LSA Sticker and Radioactive Liquid Waste Tag
Packages containing radioactive materials must be transported in a
manner that satisfies both Federal and State Transportation agencies
(see Chapter 8).  The Radioactive - LSA label (Figure 5-9) satisfies
the DOT requirement.  Complete the Radioactive Waste label for
each waste box.  To insure compliance with transportation rules,
report activity in Becquerel (Bq) or millicurie (mCi) units, do not
use "trace" or "less than x.xx mCi."  Measure or estimate the waste
activity.  The higher the activity listed, the more precise the estimate
should be.  Waste activities should be accurately recorded if
possible.  For liquids, subsample, count, correct for efficiency (cpm
to dpm), and convert from specific activity (kBq/ml, µCi/ml or
µCi/g) to total activity (specific activity times (x) volume).
Correct waste activities for decay when significant (i.e., 20% or
more of the original activity); report any decayed activity in the
lower right corner of the Radioactive Waste Disposal form
(Figure 5-12) and subtract it from the disposed amount. A
universal decay table is included inside the front cover of this
manual.

Complete a Radioactive Liquid Waste tag (Figure 5-10) for
each small and large volume liquid container.  Tie or tape the
tag securely to the container.  Always report activity in
Becquerel (Bq) or millicurie (mCi) units.  Do not use "trace" or
"less than x.xx mCi,"  Regulations require a numerical quantity.
Report other hazardous chemicals including biohazards and toxic materials and state precautions needed for safe
handling.  Seal all containers.  All wastes, except liquids (e.g., small volume liquid containers and carboys), must be
in boxes.

Waste Disposal Forms
Complete the appropriate Radioactive
Waste Disposal form.  Use the blue,
Animal Waste Disposal form (Figure
5-11) for animal tissue and the orange,
Radioactive Waste Disposal form
(Figure 5-12) for all other wastes.  One
form may be used for all wastes being
disposed in a pick up.  List each box on
a separate line of the form.  Keep the
original copy for your records and
attach the duplicate (Safety Dept.) copy
to a waste container.  Additional forms
may be obtained in Room 62,
Biochemistry or call the Safety
Department for additional disposal
forms.

Call the Safety Department
(262-8769) or use the waste disposal request on Safety's web page, http://www.fpm.wisc.edu/safety, to schedule the  
pickup.  Radioactive waste pickups schedules are: (1) animals are collected from designated areas on / near the
loading dock on Wednesday and Friday mornings beginning at 8:30 and (2) all other radioactive waste is collected
in the lab along with surplus chemicals and chemical wastes on Tuesday, either AM or PM (see Appendix C or our
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Figure 5-9.  Radioactive - LSA Label
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Figure 5-10.  Radioactive Liquid Waste Tag
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Figure 5-11.  Radioactive Animal Waste Disposal Form



Web site for a building schedule).  Package the waste as described above and complete the appropriate waste forms.
If you need blank forms or supplies (e.g., labels,
tags, etc.) you can request these from the web site
waste disposal page.

Maintain all receipt and disposal records for at
least 3 years after final disposal.  CORD subtracts
the activities a lab reports on the Waste Disposed
from that lab CORD inventory balance.

5.3.b  Liquid Radioactive Waste Disposal
Regulations allow the University to dispose small
quantities of aqueous radioactive materials via the
sanitary sewer system.  As noted in Chapter 3, each
licensee is allowed to dispose of no more than 37
GBq (1 Ci) of all radionuclides combined
excepting 3H and 14C.  The annual limit for these is
185 GBq (5 Ci) and 37 GBq (1 Ci), respectively.
Additionally, the monthly average concentration
(μCi/ml) can not exceed certain table values.
Because of the many applicable regulations,
sanitary sewer disposal at the laboratory level is
approved only for small quantities (i.e., [ 74 MBq
(2 mCi) total of all nuclides per lab per year).  The
material must be aqueous, not-hazardous (e.g.,
nonflammable, not infectious, etc.) chemical forms
(i.e., waste must be soluble in water, no
microspheres).  This limit may be increased if
necessary or deemed practical; however, a PI must
apply for any exception.  For sanitary sewer
disposal:

Concentrations must be below the Table 5-2 limits
prior to sewer discharge.  Keep records of
concentrations and activities disposed.
Neutral pH:  5.5 [ pH [ 8.5
Material must be aqueous and readily soluble.
Other chemical and biological waste constituents
must be safe for sewer disposal (check the
Laboratory Safety Guide for chemical
restrictions).

Use only the lab's designated (i.e., labeled) "hot" sink
and run additional water during and after release to
flush the drain and pipes.  Survey the sink with a meter
after use.  Keep a log of disposals by the sink.   In the
sink log include date, radionuclide and activity, and
initials of person disposing the material.  At least quarterly, report quantities disposed to the sanitary sewer to
CORD as method #2 in the lower right corner of the Radioactive Waste Disposal form (Figure 5-12).  Hazardous,
non-radioactive chemicals may be disposed of by contacting Chemical Safety and arranging for an in-lab pick up.

Small volumes of aqueous liquids should be collected in small (less than 5 liters), shatter resistant jugs.  To
dispose of large volumes of aqueous 3H / 14C (alone or together), 35S, etc., liquid radioactive wastes, collect the
material in jugs or 5-gallon carboys supplied by the Safety Department.  In a log, record the activities and date
material is emptied in the container.  Normal procedure is to empty the aqueous liquid into the carboy, rinse the
emptied container, and dispose the first liquid rinse into the carboy.  Then pre wash any contaminated glassware
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Figure 5-12.  Radioactive Waste Disposal Form

see Table 3-9 or 10 CFR 20 App. B, Table 3Others
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Table 5-2.  Aqueous Concentration Limits



before sending it to a central cleaning facility.  These prewashes do not need to be considered as radioactive and
should be treated as not radioactive.  When the small volume jug or 5-gallon carboy is about 80% full, call the
Safety Department or transmit a Waste Disposal Request (http://www.fpm.wisc.edu/safety) to arrange for a pickup.

Regulations governing sanitary sewer disposal apply only to liquid radioactive waste generated in laboratory
experiments.  Human wastes / body fluids excreted by patients given radioactive materials for medical purposes are
exempt from regulations and should be disposed of through the normal sanitary sewer without regard to
radioactivity.

5.3.c  Release to the Atmosphere
Environmental Protection Agency regulations allow the University to release very low concentrations of radioactive
gases and vapors to the outside air.  Radioactive material releases to the atmosphere require evaluation of
radionuclide air concentrations and special approval of the designated exhaust system (i.e., fume hood).  When
desiring to use potentially volatile (gases, vapors, dusts, etc.) radioactive materials or procedures which could result
in an atmospheric release, the research lab must first obtain approval from Radiation Safety.  A Health Physicist
will evaluate the radionuclide release activity and concentration.  Air monitors are installed in hoods approved for
volatile iodine releases (cf., 3.6.d).  Releases must then be through a fume hood and/or exhaust system approved by
Radiation Safety, the release must be documented on the labs inventory system and reported (at least quarterly) to
CORD as method #3 in the lower right corner of the Radioactive Waste Disposal form (Figure 5-12).

5.3.d  Decay-in-storage and Disposal to Normal Trash
Safety does not recommend this disposal method and prefers labs package wastes for Safety pickup.  Decay
disposal may be allowed for labs with good operational histories.  Because of radioactive decay, the amount of
radioactive material on hand continually decreases.  If the isotope has a half-life less than 65 days (e.g., 32P, 125I), it
may be convenient to wait until the natural decay process removes most of the radioactivity.  After the material has
decayed through ten (10) half-lives, only 0.1% of the original amount will remain.  This activity may be low enough
so that there is essentially no activity remaining; however, a box originally containing 37 MBq (1 mCi) of radioac-
tive material will still have 37 kBq (1 µCi) of material remaining after 10 half-lives.  To use natural decay and
disposal to the normal trash:

Half life of the radionuclide must be less than 65 days (i.e., can not decay 35S).
Hold the material for at least 10 half-lives (e.g., 143 days for 32P).
Use a sensitive survey meter (i.e., a thin window GM survey meter for ß or a LEG survey meter for x-/γ-ray
emitters) to survey for detectable radiation and/or radioactivity before disposal via normal trash.
With the detector on contact (1 cm) with the container surface, the meter must have a net count rate < 100 cpm.
Remove all yellow and red radiation stickers before personally placing waste in a normal trash dumpster.

When using natural decay to dispose of waste, insure that you properly document the disposal.  Besides recording
the quantity decayed on the inventory sheet (Figure 5-1) and notifying CORD as method #1 in the lower right
corner of the Radioactive Waste Disposal form (Figure 5-12 or Appendix C), items which the State requires to be
recorded in the decay log include:

The date the material was put in storage.
The survey date (must be 10 half-lives between two dates).
Make, model, and serial number of survey meter used; initials of surveyor.
The background count rate (cpm).
The survey results (e.g., less than 25 cpm (bkg), Ludlum 3 / 44-9, SN. 1234).

5.3.e  Transfers of Radioactive Material
Although transfers are not technically a waste disposal, since they result in a decrease in the lab’s on-hand
inventory, they are reported to CORD as item #6 in the lower right corner of the Radioactive Waste Disposal form.
Transfers to other authorized users (on-campus) or to other licensees (off-campus) done by Safety will include:

Safety will complete a Radioactive Waste Disposal form and will send a copy to your lab.
The transferred materials will be removed from CORD computer inventory at the time of the transfer.
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5.3.f  Disposal of Uncontaminated Trash
There are many regulations governing the proper disposal of chemical, biological, medical, radioactive, etc. wastes.
Consequently, only a very few, benign items used in conjunction with radioactive material work may be disposed of
as uncontaminated waste in normal trash.  For example, empty containers and boxes which have been surveyed and
found free of contamination (i.e., < 100 cpm above background with a thin-window GM or LEG survey meter) may
be disposed of as normal trash.  Before placing these items in the proper trash or recycle container (e.g., cardboard
dumpster, trash dumpster, etc.), insure that you remove or deface (e.g., paint over) any yellow and red radioactive
tags or labels.  Although these are not contaminated, it would be bad publicity for a package labeled as radioactive
to be found at the local landfill.  Also, paperware (e.g., absorbent lab bench covers) used when working with high
energy beta or gamma materials can be metered, then disposed in the normal trash if the meter reading is essentially
background (i.e., < 100 cpm above background).

5.4  Laboratory Surveys and Allowable Contamination Levels
The only way you can be sure that radioactive contamination is not spread from the lab is to have and use a survey
meter.  Survey yourself and your work area immediately after working with unsealed radioactive materials and
before leaving the laboratory for breaks or at the close of the day.  More formal, monthly surveys are required to
document that contamination has not been spread from the laboratory.  Results of the most recent survey must be
posted in the lab and kept for a period of 3 years or until a final (close-out) survey is performed and the results
submitted to the Safety Department.  Detailed discussions of the types of radiation detection survey equipment used,
acceptable contamination levels and decontamination requirements, etc. are found in Chapter 7, Radiation
Detection and Measurement, and in Laboratory 2, Routine Record keeping for Radiation Labs.   Considerations for
this formal survey include survey frequency, survey method, survey documentation and decontamination
requirements.

5.4.a  Laboratory Survey Frequency
As noted in 3.5.b, the frequency for laboratory surveys is determined by the amount of each radionuclide that a lab
has had in its possession during a one month (30 day) period.  Receiving an order, opening a bottle, vial, etc., or
having radioactive waste present contributes to this "possessed" / on-hand radioactivity.  The survey frequency may
also be based upon the type of laboratory (e.g., counting room, storage room, etc.) and is detailed in Table 5-3.

> 37 MBq (1 mCi) of 45Ca, 125I / 131I, > 10 mCi other nuclides (Table 1-4)Daily or Immediately after use

< 0.074 MBq (200 µCi) or radioactive material in storage / LSC room onlySemiannually (6 month intervals)

> 0.074 MBq (200 µCi) in any one monthMonthly (30 day intervals)

Possessed  / On-hand  ActivityFrequency

Table 5-3.  Survey Frequency

Labs that have / have used  > 200 µCi (0.074 MBq) of radioactive material must perform monthly surveys.
Labs that have / have used < 200 µCi (0.074 MBq) of radioactive material may perform semiannual surveys.
Labs where > 37 MBq (1 mCi) 45Ca / 125I stock vials are opened or > 370 MBq (10 mCi) of 14C,  32P, 33P, 35S,
51Cr, 86Rb (and other activities on a case-by-case basis) require a meter and wipe survey immediately after using
material from the stock vial.  For > 1850 MBq (50 mCi) of radioiodine or 3H, send Radiation Safety a copy of
the survey.
Rooms used only for storage of radioactive materials (i.e., stock vials, packaged radioactive waste, etc.),
counting rooms, and other areas for which a principal investigator / user has requested and received an
exception (see 5.5.b) may be surveyed semiannually.  Materials “possessed” but placed in long-term (> 6
months) storage or materials unopened and unused must meet the following:

If packages of radioactive material are placed in storage (e.g., cold room, packaged waste, etc.) with
accumulated activities > 0.074 MBq (200 µCi) and the radioactive material will not be used for a period in
excess of 6 months, request an exception to the required monthly survey frequency.
Approval of the exception will specify that the user perform a radiation survey after the last use but before
the material is placed into storage status.
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Thereafter, the user must perform a laboratory survey of the storage area at least every 6 months and post the
results.
Labs will not be permitted to
order radioactive material until
they return to a monthly survey
schedule.

5.4.b  Laboratory Survey Method
The type of survey a lab performs
depends upon the type of radiation, the
energy of the radiation emitted, and the quantity of material which a lab possesses.  

The general survey requirements for unsealed beta emitters are listed in Table 5-4.  For example, if monthly
surveys are required (> 0.074 MBq or 200 µCi in any one month) and the lab uses 35S (Emax = 167 keV) or 45Ca (Emax

= 258 keV), then both meter and wipe surveys are required.  Beta particles with Emax < 300 keV are low risk
exposure hazards, bench-top shields and dosimetry are not required.  Betas with Emax > 100 keV can be detected
with thin window GM detectors (see Laboratory 1), hence meter and wipe surveys are required.  Betas with Emax <
100 keV can not be detected with GM detectors, therefore wipes counted on LSC systems must be used.  In
summary:

Very low energy (< 100 keV) beta (3H) emitters - wipe tests for removable contamination are required.
All other energy (m 100 keV) beta (14C, 35S, 33P, 45Ca, 32P, etc.) and/or beta-gamma (22Na, 46Sc, 51Cr, etc.) emitters
- a check for gross contamination and/or radiation exposure levels with the appropriate (GM and/or LEG) survey
meter followed by wipe tests for removable contamination are required.
Labs in which a combination of radioactive material is used (e.g., high- and low-energy beta, gamma and
low-energy beta, etc.) should count the wipe samples with a Liquid Scintillation Counter (LSC) to obtain the
most accurate results.
If low energy gamma emitters are used (e.g., 125I) and meter surveys are required, a LEG scintillation type
survey meter must be used.  Usually, when bound iodine (e.g., RIA kit) is used, meter surveys will not be
required.  However, RIA kit meter survey
requirements are decided on a case-by-case
basis. 

5.4.c  Laboratory Survey Documentation
The survey equipment used and results of the
monthly survey are posted in the lab for all persons
to see.  On the survey form, (e.g., Radionuclide
Facility Survey [Appendix C]), include the:

Date survey is performed
Background radiation count rate in counts per
minute (cpm) or counts per second (cps)
Initials of the person doing the survey
Meter information (make, model, type, and
serial number)
Room number

Draw a diagram of the laboratory on the survey
form (see Figure 5-13) and review the meter survey
procedures outlined in Sections 7.5.b and 7.5.c and
wipe survey procedures in 7.7 and 7.7.b of this
guide to determine the proper procedures and the
action levels for the various types of surveys.  

Assemble the needed survey material:  a
thin-window GM detector and/or LEG probe (if
large amounts [> 3.7 MBq or 0.1 mCi] of 125I or 51Cr
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meter and wipe tests> 0.074 MBq (200 µCi) > 100

wipe tests< 0.074 MBq (200 µCi) 100 - 300

wipe testssee Table 5-3< 100

Type SurveyActivity Possessed in 1 monthEnergy (keV)

Table 5-4.  Survey Requirements for Beta (ß) Emitters

Figure 5-13.  Radionuclide Facility Survey



are used), wipes (cotton applicators, paper towels cut up, parafilm, etc.), LSC vials or AGC tubes, alcohol, a survey
sheet.  Because contamination may be found that requires a clean up, wear protective clothing (gloves, lab coat, and
safety glasses).  First do a thorough meter survey (if required) followed by a wipe survey.  Record the results of
each survey (see Figures 10 and 12, Laboratory 2 for proper format).  If contamination is not detected with a meter
(i.e., meter readings are [100 cpm above background), record on the survey sheet that “All other areas are
background” is acceptable.

5.4.d  Allowable Contamination Limits
Before the survey is finished, the surveyor must determine if contamination was detected and whether contaminated
areas must be decontaminated.  For meter surveys, count rates exceeding 650 cpm above background are considered
grounds for decontamination.  This action level has been selected based on relative hazard.  For 14C / 33P / 35S / 45Ca,
650 cpm is approximately 6,500 to 30,000 dpm (111 -- 518 Bq or 3 -- 14 nCi) and for 32P it is approximately 2000
dpm (37 Bq or 1 nCi).  Although the type of action depends upon the item being surveyed, the goal is to maintain
radiation exposures ALARA. 

If a high count rate is measured on the surface of the laboratory's radioactive waste container, consider using
Plexiglas shielding to reduce the count rate to below 650 cpm.  A better solution would be frequent disposals.
Call Radiation Safety and have the radioactive waste picked up during a routine pickup.
A high count rate from the bench-top work area may indicate contamination as a result of recent radioactive
work.  Contamination on absorbent paper is easily cleaned by removing the contaminated paper and throwing it
in the radioactive waste container.
Common use areas such as floors, telephones, doorknobs, computer keyboards, etc. should be kept contamina-
tion free (i.e., < 100 cpm with meter).

The meter survey only provides an
indication of radiation levels and
potentially contaminated spots in the
laboratory.  Not all radiation in a lab is the
result of contamination (e.g., exposure
from stored waste), but workers should be
aware of the lab's radiation levels.

The wipe test is a survey to determine
what portion of the surveyed areas contain
removable contamination (see 7.7 and
7.7.b).  Equipment used for radioactive work and radioactive material work areas within a lab which have
removable contamination in excess of the levels listed in Table 5-5 are considered contaminated and must be
cleaned (i.e., decontaminated), re-surveyed, and the record of this re-survey verifying successful decontamination
and the date must posted on the original survey form.

5.4.e  Room Deletions
Before a laboratory / radionuclide usage area can be removed from a lab group's authorization, a thorough survey
consisting of both meter and wipe surveys must be performed and the results forwarded to Safety.  The Safety
Department may verify this survey, but is required to maintain a copy of the final survey for future occupants.

5.5  Exceptions
The action levels listed above are meant to address commonly encountered laboratory situations.  The goal of the
radiation safety program is to maintain radiation exposures ALARA and to prevent the spread of contamination
from the workplace.  Exceptions to the levels may be requested in situations which pose a potential for higher
contamination levels than others (e.g., microfuge, vacuum sealers, etc.) and when strictly following the standards
above place an undue burden on the lab or increase personnel exposures when no actual radiation hazard exists and
no benefit will be realized.  An exception is a modification of a lab's radiation use permit which relaxes specific
contamination requirements for a certain applications.  Exception requests which violate applicable rules and
regulations cannot be approved.  The two most common exception requests are for contaminated equipment and
(monthly) room surveys.
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1Values apply to all β emitters except those considered low risk.
2Low Risk β have energies < 300 keV max, e.g., 3H, 14C , 33P, 35S , 45Ca.

77023023net cpm/100 cm2

2,20066066dpm/100 cm2

Low Risk β2β1, γ, xAlpha (α)

Type of Radioactive EmitterContamination
Units

Table 5-5.  Action Levels for Removable Surface Contamination



5.5.a  Equipment Exceptions
Certain laboratory procedures (e.g., centrifuge, bag sealing, water bath, etc.) may result in contamination of the
equipment being used (see also 5.7).  For example, workers often blame equipment contamination on leaking
microfuge tubes.  However, contamination investigations show that the contamination is usually transferred to the
outside of microfuge tubes and other sample tubes during pipetting, handling or snapping-off the caps of the tubes.
This contamination may then be spun off onto the inside of a microfuge or other piece of equipment.  One easy way
to reduce contaminated equipment is to wipe microfuge tubes with tissues (e.g., Kimwipes®) before placing them in
a microfuge or other piece equipment and dispose of the tissue as radioactive waste.

If equipment is continually being used, decontaminating the equipment to Table 5-5 levels may be time
consuming and may result in higher personnel radiation exposures for no real benefit.  On a case-by-case basis,
users may request an exception to allow higher contamination levels on specific equipment.  The exception, if
approved, will generally specify:

Label the equipment with a  Caution - Radioactive Materials  sticker to indicate it may be contaminated and
affix an exception sticker.
Meter count rates measured on the outside surface of the equipment (with the lid closed), at the edge of the
shield, lip of the sink, etc., must be < 650 cpm.
Removable contamination levels on the outside of the equipment must be below Table 5-5 levels.
Removable contamination levels inside the piece of equipment must be kept below:

22,000 dpm/100 cm2 for low risk beta (3H, 14C, 35S, 33P, 45Ca).
  2,200 dpm/100 cm2 for all other beta/gamma emitters.

Monthly surveys of the piece of equipment must verify these levels are being met.

5.5.b  Survey Exceptions
Some rooms are infrequently used (e.g., student labs), used with only small quantities of radioactive materials (e.g.,
counting rooms), or are generally not under the control of the lab group for long periods of time (e.g., animal
rooms).  In these instances, a principal investigator may submit an exception request to the monthly survey
requirement for that room.  Depending upon the specific room, exceptions may call for:

Rooms used only for counting/analyzing radioactive samples (e.g., LSC rooms) may be approved for a 6-month
survey schedule.
Rooms used only for student labs should have a post-use survey done and kept on file.
Animal rooms used by the researcher for a specific experiment which then revert back to the department:

Door must be posted with Caution - Radioactive Materials sign.
Table 5-3 survey frequency and Table 5-4 survey method must be performed as long as the researcher has
the room.
Upon completion of the experiment, perform a formal meter and wipe survey, documenting that the results
are below Table 5-5 levels.  Maintain these results for 3 years.
Remove all Caution - Radioactive Materials signs.

Other exceptional situations should be written as an amendment request and sent to Safety for review and inclosure
with the PI authorization file.

5.6  Radionuclides and Uses with Special Requirements
Most research using radiochemicals follows well defined procedures.  However, some radioactive material uses
require either special skills or adherence to additional conditions to reduce exposures, reduce the spread of
contamination, or protect the public from unneeded radiation exposure.  Common types of research using
radionuclides include microbiology research (3H, 14C, 32P, 35S, etc.), radioiodination (125I / 131I), and vertebrate animal
uses.  Transportation and irradiator use requirements are addressed in Chapters 8 and 9, respectively.

5.6.a  Radionuclide use in Microbiology and Cell Biology
Microbiology and cell biology researchers use beta emitting radiochemicals in genomics (the study of the genetic
blueprint by analyzing and sequencing DNA from a cell), proteomics (the study of proteins which are generated
from the information contained in the DNA sequence [i.e., 'expressed' by the DNA]), and cell biology (the study of
a cell's biological function, biochemical pathway, cell-to-cell interaction and the proteins they produce).  The
radiochemical applications include assays, labels, probes, blots and gels to provide information on the results of
their research.   There are several radionuclides used in this research: 3H, 14C, 32P, 33P, 35S or 45Ca.  Each is a pure
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beta emitter.  Quantities per use are normally on the order of 0.370 MBq - 7.4 MBq (10 - 200 μCi).  Radiological
properties of each are listed in Table 5-6.  Concentrations used in microbiology research applications are typically
74 MBq - l.48 GBq per ml (2 - 40 mCi/ml).  Compounds can be purchased prelabeled by a
vendor or the experimenter may label nucleotides with compounds containing these
nuclides.

Deoxyribonucleic acid (DNA) is the key to the genetics of life. In the cell nucleus, DNA
strands contain genes and are packaged in chromosomes. DNA is a long molecule that
physically resembles a twisted and compressed ladder millions of rungs long (see Figure
5-14).  DNA is chemically composed of three distinct subunits: sugar and phosphates form
the "rails" of the ladder, and four bases form the "rungs" of the ladder: adenine (A), thymine
(T), guanine (G), and cytosine (C). The arrangement of the four bases in DNA determines
all characteristics of cell structure and operation by triggering the production (or lack of
production) of substances for cell (and therefore organism) functions. Because adenine can
only pair with thymine and guanine with cytosine, the four bases of DNA pair end-to-end in
a specific fashion: A-T (T-A) and C-G (G-C). When the cell divides, the DNA unzips
between the paired bases; bases from the cell cytoplasm attach to the unpaired DNA
half-molecule bases and two identical DNA molecules result from the original molecule.
The DNA code (arrangement of bases) is used by the cell to create RNA, which is used to manufacture amino acids
and proteins that compose and operate the cell. 

Probes
Researchers use DNA
fragments of known sequence
to examine (probe) DNA of
interest by incorporating a
radionuclide into the probe, so
that the presence of a specific
sequence can be observed.
Because the DNA code appears
as a "random" sequence, and
because there are four different
bases, the probability of any
sequence appearing is 4n where n is the number of bases of interest.  For example: if a known sequence of 23 bases
is used to examine a DNA molecule, the probability of this sequence appearing is one in 423 or 7 x 1013. This small
probability of a sequence randomly appearing is the basis behind much of radionuclide use in microbiology.  By
incubating DNA at greater than 90°C, pH greater than 10.5, or with some organic compounds, DNA will split apart
(denature). Under the right conditions of pH, temperature, and salt concentrations, the DNA will re-form.  If there
are fragments (probes) of DNA available with a sequence complimentary to the DNA half-molecule, the fragments
may be incorporated into the DNA molecule when it re-forms (hybridization).

Blots
Cell colonies to be studied are grown on nutrient plates; a filter paper (blot) is placed on the plate, and some cells
will adhere to the filter.  The filters are removed from the plates and hybridized.  The filters are washed to remove
unincorporated isotope, dried, and placed against film.  Beta radiation exposes the film and reveals which colonies
incorporated the probe.

Gels
DNA fragments can be separated and identified by placing them in a gel (e.g., acrylimide or agarose) and applying
an electric current across the gel.  Because DNA fragments are negatively charged, they will move through the gel,
at a rate in proportion to the fragment's size.  The fragments will remain segregated by size when current is
removed.  This is called gel electrophoresis.  Labeling one base, splitting the sample into four aliquots, adding a
(different) chemical to each aliquot to break the DNA at a (different) base (A, T, G, C), and running the aliquots in
adjacent lanes on an electrophoresis gel to determine the order of the bases is called sequencing.  Sequencing is part
of what is used for "genetic fingerprinting."  The gel is dried and placed against film. The beta radiation exposes the
film and reveals the base pair order.
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Figure 5-14.  DNA
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Storage and Stability Considerations
Chemical decomposition occurs naturally during storage of compounds.  However, compounds labeled with
radioisotopes decompose
faster than their
unlabelled counterparts.
The shelf-life, the time
during which a labeled
compound may be used
with confidence and
safety, is important to
both the user and the
supplier.  The purity at
which a radiolabeled
compound ceases to be of
used depends greatly on
the application.  With
radiochemical decom- position, it is important to consider the molar specific activity (e.g., MBq/mmol (mCi/mmol)
because the molar specific activity gives an appreciation of the extent of labeling of a compound.  Decomposition
may be accelerated by free radicals produced from the radioactive decay energy (cf., 2.2.a).  Additionally, the
observed decomposition rates of radiochemicals is more pronounced with compounds of high molar specific
activity.

Recommended storage conditions are normally included in the leaflet accompanying each item.  Even slight
deviations from these conditions may result in more rapid decomposition.  In general, compounds should be stored
at low temperatures in the dark.  Solutions should be stored unfrozen at 37 MBq/ml (1 mCi/ml) or below.  Where
instability dictates that solutions be stored frozen, it is best to avoid freeze-thaw cycles.

5.6.b  Radionuclide Characteristics
We will discuss the physical and radioactive properties of some of the commonly used radionuclides, listing some
of the work requirements and other issues of use which must be understood for radiation workers to work safety and
keep their exposures ALARA.  For short lived isotopes, a decay table is also included.  To used the table, determine
the number of days in the top and left-hand columns of the chart, these will point to the corresponding decay factor.

Tritium (Hydrogen-3)
Tritium is a very low energy (Emax = 18.6 keV), pure beta emitter (Figure 5-15) with a physical
half-life of 12.35 years.  Tritium has a very short range and travels only about 1.65 cm (0.65
inches) in air.  It does not have sufficient energy to penetrate the protective layer of the skin.
Therefore, 3H is not an external hazard and dosimeters are not issued to workers using tritium.
Tritium cannot be detected by a GM because the beta does not have enough energy to penetrate
the thin window of a GM tube.  The only way to survey for 3H is to take wipes and count the
wipe sample in an LSC (see 7.7.b).  All persons using 3H must have access to an LSC to analyze wipe test samples.

Tritium, as an oxide, can be readily absorbed through latex gloves and the skin.  If you are using 3H in any form
where tritium oxide may be present, double glove and change the outer gloves frequently to help reduce the
absorption of 3H through the skin.

Work with volatile forms of 3H (i.e., gas, tritiated water, etc.) or use of tritium in procedures which have the
possibility of producing airborne tritium must be conducted in a properly vented fume hood or other vented or
trapping facility that has been approved by Radiation Safety.  Potential releases of volatile 3H must be evaluated by
Radiation Safety and includes calculating air concentrations released from the vent of the fume hood.  Some
procedures may require the PI to provide a tritium effluent monitoring system to assure regulatory levels for
effluents are not exceeded.

Urine bioassays to measure any uptake of 3H are required from persons working with more than 370 MBq (10
mCi) of unsealed tritium.  In this context, "working with" includes withdrawing any amount of the tritium from a
container holding more than 370 MBq (10 mCi), even if the quantity used in the experimental procedure is less than
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5 % per month100 mCi - 10 Ci/mmol3.7 GBq - 74 TBq/mmol125I
 5 mCi - 50 mCi/mg0.185 GBq - 1.85 GBq/mg45Ca

2 - 3 % per month1 mCi - 1000 Ci/mmol37 MBq - 37 TBq/mmol35S
2500 Ci/mmol92.5 TBq/mmol33P

1 - 2 % per week10 mCi - 6000 Ci/mmol370 MBq - 222 TBq/mmol32P
1 - 3 % per year1 mCi - 100 mCi/mmol37 MBq - 3.7 GBq/mmol14C

1 - 3 % per month100 mCi - 100 Ci/mmol3.7 GBq - 3.7 TBq/mmol3H

Typical Observed
Decomposition Rates

Typical Labeled Compound Concentration
(molar specific activity)Isotope

Table 5-7.  Radiochemical Concentrations and Decomposition Rates

Figure 5-15.  3H
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370 MBq (10 mCi).  Ordering several 185 MBq (5 mCi) vials is considered the same as if the lab placed a single,
larger order.  The urine sample must be submitted within 1 week following the receipt of the tritium and samples
must be submitted weekly as long as more than 370 MBq (10 mCi) of unbound tritium is in the lab.  To submit the
2 - 3 ml sample, first wash a small (e.g., LSC) vial and label it with your name, your PI's name and the sample date.
Place a small amount (2 - 3 ml) of urine in the vial and wipe the outside clean.  Place the vial in a small plastic (e.g.,
ziplock) bag and bring the sample either to the Safety Department (30 N. Murray) or to the Radiation Safety Annex
(room 62, Biochemistry).  Do not send bioassay samples through Campus mail.  Safety will send you a copy of the
results of our analysis.  If the results indicate a body burden exceeding 1.85 MBq (50 μCi), weekly bioassays are
required until the body burden drops below 0.57 MBq (10 μCi).

The Safety Department performs this bioassay evaluation assuming that the tritium is in equilibrium with body
water and has an effective half-life (see Table 2-5) of 12 days.  However, tritium that is bound to amino acids,
DNA, RNA, and their precursors will be metabolized and excreted differently than HTO.  In this instance, the actual
dose from an ingestion or internal deposition would depend on:

the type of compound,
the position of label (e.g., 3H in the 5-position of cytosine in DNA may produce more cellular mutations than in
other positions of the molecule), and
the tissues (e.g., stem cells, germ cells, etc.) in which the material is stored.

Thus, it is estimated that 3H ingested in the form of thymidine may be 8 - 10 times more damaging than 3H ingested
in water.  Thus, persons working with such 3H compounds should exercise care against accidental ingestion.

Besides the urine bioassay, workers who handle stock vials containing more than 370 MBq (10 mCi) of tritium
should perform a wipe survey of their immediate work area (cf. 7.7.b) when they are finished handling the stock
vial.  If more than 1850 MBq (50 mCi) of 3H is handled, wipe surveys of the hood and other lab areas used in the
procedure must be performed and posted immediately upon completion of the tagging procedure.

Carbon-14
Carbon-14 is a low energy (Emax = 156.5 keV), pure beta emitter (Figure 5-16) with a physical
half-life of 5730 years.  Carbon-14 has a relatively short range.  It only travels about 25 cm (10
inches) in air and can not penetrate disposable gloves.  Less than 10% of the beta particles have
sufficient energy to penetrate the 0.07 mm thick protective layer of the skin.  Dosimeters are not
issued for work with 14C.  If large quantities (> 3.7 MBq or 0.1 mCi) are accidentally spilled on
the skin,  decontaminate (see 6.7) with soap and water immediately to reduce skin dose.  Just as
with Tritium, the ALI for labeled organic compounds is lower than for unbound Carbon-14.
Remember, some organic compounds can be absorbed through some kinds of disposable gloves.  Insure you use
appropriate gloves for the chemical compound.

Because the 14C beta particle is low energy, there is no need to employ additional shielding beyond that inherent
in the handling apparatus (e.g., syringes, pipettes, etc.).  Use a thin-window GM to survey.  Do not cover the
detector window with film when surveying, the low energy beta particles can not penetrate any covering (cf. 4.3.b.3
and Table 4-5).

Some 14C procedures have a risk of producing a gaseous effluent (e.g., 14CO, 14CO2).  Such procedures must be
performed in a properly vented fume hood and the potential effluent release evaluated by Radiation Safety before
use.  Although procedures capable of producing gaseous effluents are rare, in the event that a lab needed to employ
such procedures, Radiation Safety would also employ filters / traps to monitor the effluent and may conduct an
appropriate bioassay on the worker involved with this use.

Fluorine-18
Fluorine-18 is a positron (+β) emitter (Figure 5-17 that emits a single high-energy (Emax = 633
keV) positron 96.9% of the time (3% of the decays are by electron capture).  The physical
half-life is 109.7 minutes.  As with all positrons emitters, the +β combines with a free electron
annihilating both particles and produces two 0.511 MeV annihilation photons.  Thus, the total
energy yielded by this decay process is 1.653 MeV (0.653 MeV +β and two 0.511 MeV
photons).  

Fluorine-18 is commonly produced in a linear accelerator or cyclotron (see Chapter 12) and is primarily used in
PET imaging (see 13.1.f).  The beta particle is capable of penetrating 2.4 mm of tissue.  Because the range of the
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663 keV +β is small compared to the shielding required for the two 0.511 MeV photons that are emitted during
annihilation, workers do not need to use Plexiglas to shield the +β, rather bench top shields made from at least
2-inch thick lead bricks are used when working with 18F.

Although an airborne hazard is possible during production, because the photon exposure is the major contributor
to radiation exposure, the NRC recommends the use of "individual monitoring devices" to measure external
exposure and demonstrate compliance with the limits.  Therefore, radiation whole body and ring dosimeters (see
7.1.c) are normally issued to workers who may handle 18F syringes.  Furthermore, work with 18F gas or with
activities > 3.7 MBq (1 mCi) must be done in a fume hood.   A portable GM survey meter will easily detect the +β
with an expected efficiency in the range of 20 - 25%. 

Sodium-22
Sodium-22 is a positron (+β) emitter (Figure 5-18 that emits a single high-energy (Emax = 546
keV) positron 89.8% of the time (10% of the decays are by electron capture).  The physical
half-life is 2.602 years.  As with all positrons emitters, the +β combines with a free electron
annihilating both particles and produces two 0.511 MeV annihilation photons.  Thus, the
major radiation of concern is the 1.275 MeV gamma ray.  The actual uptake depends upon
sodium metabolism and the amount of sodium in the diet.  It is assumed that about 30% of an
uptake is stored in the skeleton with an effective half-life of 10 days.  The ALI is thus 15
MBq (400 μCi for oral ingestion and 22 MBq (600 μCi) for inhalation.

Whole body and ring dosimetry is issued to researchers using 22Na.  As noted in Table
4-1, 27.9 mm (~ 1.1 inch) of lead will reduce the exposure rate by a factor of 10 (e.g., if the
exposure rate is 2 mR/hr, 28 mm will reduce it to 0.2 mR/hr).  The inverse square law can also be used effectively.
The exposure rate at 10 cm (~ 4 inches) from an unshielded 37 MBq (1 mCi) vial is about 130 mR/hr, then at 50 cm
(~ 20 inches), the exposure will be reduced by a factor of 25 to 5.2 mR/hr and at 100 cm (40 inch) it would only be
1.3 mR/hr.

0.5620.5660.5700.5750.5790.5830.5870.5920.5960.600700
0.6050.6090.6140.6180.6230.6270.6320.6360.6410.646600
0.6500.6550.6600.6650.6700.6750.6790.6840.6890.694500
0.7000.7050.7100.7150.72030.7260.7310.7360.7420.747400
0.7520.7580.7640.7690.7750.7800.7860.7920.7980.804300
0.8090.8150.8210.8270.8330.8390.8460.8520.8580.864200
0.8710.8770.8830.8900.8960.9030.9100.9160.9200.930100
0.9370.9430.9500.9570.9640.9710.9780.9860.9931.0000

9080706050403020100Days

22Na Decay Table

A GM is the preferred meter to detect the 546 keV beta emitted from 22Na and should have efficiencies ranging
between 10% and 20%.  Samples can be counted in a LSC or auto-gamma counter (AGC) with relatively high
efficiencies.

Phosphorus-32
Phosphorus-32 is a high-energy (Emax = 1710 keV) beta emitter (Figure 5-19) with a physical
half-life of 14.29 days.  Because of its high energy, the beta particle is capable of great
penetrability (cf., 1.2.f and 1.2.g).  For example, the beta particle can travel about 6.2 meters
(20.4 feet) in air and approximately 8 mm (0.31 inches) in tissue. The organ of interest for 32P
internal deposition is the skeleton.  Depending upon chemical form, an oral ingestion may result
in a skeletal uptake of 20 - 33%.  The exposure rate at the mouth of a 37 MBq (1 mCi) vial is
approximately 260 mGy/hr (26 rad/hr) and is 3.9 mGy/hr (390 mrad/hr) at 30 cm (see Table
4-4), thus radiation whole body and ring dosimeters (see 7.1.c) are normally issued to workers who may handle
stock vials containing more than 37 MBq (1 mCi) of 32P.  Avoid exposures; do not hold tubes longer than is
necessary and use a stand or holder to hold and carry tubes of Phosphorus-32.
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Bench top shields made from at least a" (0.8 cm) of Lucite or Plexiglas (see Table 4-1) should be used when
working with 32P stock vials and a working portable survey meter must be in the laboratory whenever using vials of
32P.  The survey meters must be used to monitor your hands and work area during and immediately after the
procedure.  The meter should be placed adjacent to the work area, but far enough away from any radiation source
which could give false readings or cause contamination.  Bremsstrahlung (see 1.2.a.3 and 4.3.b) is also possible.  A
37 MBq (1 mCi) source shielded with Plexiglas will effectively create a 1.22 MBq (33 μCi) gamma ray source.
Shielding the same source with a thin sheet of lead could create 5-times as many bremsstrahlung photons.

0.2170.2230.2280.2340.2390.2450.2510.25728
0.2640.2700.2770.2840.2910.2980.3050.31224
0.3200.3280.3360.3440.3530.3610.3700.37920
0.3890.3980.4080.4180.4280.4390.4490.46016
0.4720.4830.4950.5070.5200.5330.5460.55912
0.5730.5870.6010.6160.6310.6460.6620.6798
0.6950.7120.7300.7480.7660.7850.8040.8244
0.8440.8650.8860.9080.9300.9530.9761.0000
1.0251.0501.0751.1021.1291.1571.1851.214-4

3.532.521.510.50Days

32P Decay Table

One of the benefits of the high-energy beta is that it is very easy to detect.  A thin window GM detector should
have detector efficiencies of 30% - 45%.  A low-energy gamma (LEG) system may also be used to detect 32P.
Although these meters are primarily used in detection of 51Cr and 125I, the penetrability of 32P is such that efficiencies
in the range of 30% may be assumed.  Cerenkov counting (cf., 7.6.m) of samples on an LSC can be done without
using liquid scintillation cocktail.  Depending on method, Cerenkov counting provides an efficiency of
approximately 30% - 45% . Decontamination of 32P, 33P, and 35S spills can be done using dilute acetic acid (e.g.,
vinegar) solutions.

Phosphorus-33
Phosphorus-33 is a low-energy (Emax = 249 keV) beta emitter (Figure 5-20) with a physical
half-life of 25.3 days.  It is often used in place of 32P because it is believed to be less hazardous.
Neither isotope of phosphorus poses an undue radiation hazard.  Phosphorus-33 is more
expensive, has a bit longer half-life, and may require using slightly more radioactivity to obtain
the same type of results (e.g., auto radiography, etc.) obtained with Phosphorus-32.  Most stock
vials purchased have less than 37 MBq (1 mCi).  Because the range of Phosphorus-33 in tissue
is only 0.6 mm, dosimeters are not issued for 33P work.  As with all beta emitters, thin- window GM survey meters
and LSC counters are used.  Because detection efficiency is related to beta energy (Table 7-4), GM efficiency is  
approximately the same (i.e., slightly higher) as for 35S or 45Ca.

0.2000.2050.2110.2170.2230.2290.2360.2420.2490.25650
0.2630.2700.2770.2850-.2930.3010.3090.3180.3270.33640
0.3450.3550.3640.3740.3850.3950.4060.4180.4290.44130
0.4530.4660.4790.4920.5060.5200.5340.5490.5640.57920
0.5950.6120.6290.6460.6640.6830.7010.7210.7410.76110
0.7820.8040.8260.8490.8720.8970.9210.9470.9731.0000
1.0281.0561.0851.1151.1461.1781.2111.2441.2781.314-10

9876543210Days

33P Decay Table

Sulfur-35
Sulfur-35 is a low energy (Emax = 167.5 keV), pure beta emitter (Figure 5-21) with a physical half-life of 87.4 days.
Sulfur-35 only travels about 28 cm (11 inches) in air and only about 10% of the beta particles have sufficient energy
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to penetrate the 0.07 mm thick protective layer of the skin.  Dosimeters are not issued for 35S
work and there is no need to employ additional shielding beyond that inherent in the handling
apparatus (e.g., syringes, pipettes, etc.).  With a 35S stock vial handled several inches from the
body, the skin dose rate from the beta is zero.  However, organic compounds are strongly
retained in the body, so when working with Sulfur-35, use care and avoid the generation of
sulfur dioxide and hydrogen sulfide gases which may be internally deposited.

0.4900.4940.4980.5020.5060.5100.51484
0.5180.5220.5260.5300.5340.5390.54377
0.5470.5520.5560.5600.5650.5690.57470
0.5790.5830.5880.5920.5970.6020.60763
0.6120.6160.6210.6260.6310.6360.64156
0.6460.6520.6570.6620.6670.6730.67849
0.6830.6890.6940.7000.7050.7110.71742
0.7220.7280.7340.7400.7460.7520.75835
0.7640.7700.7760.7820.7880.7950.80128
0.8070.8140.8200.8270.8330.8400.84721
0.8530.8600.8670.8740.8810.8880.89514
0.9020.9090.9160.9240.9310.9390.9467
0.9540.9610.9690.9760.9840.9921.0000
1.0081.0161.0241.0321.0401.0491.057-7

6543210Days

35S Decay Table

Radiolysis of 35S-amino acids may lead to the release of 35S-labeled volatile impurities which could contaminate
internal surfaces and reaction vessels.  There have been several reports regarding the volatility of 35S labeled amino
acids (e.g., methionine, cystine).  One published report noted that when a fresh (296 MBq or 8 mCi) vial was
thawed in a large open container without a septum/stopper, approximately 0.037 MBq (1 µCi) was released (i.e.,
about 0.0125% of the total activity).  There also appeared to be some volatilization when 35S-amino acids were
initially added to cell culture medium at 37oC.  The 35S volatility is probably due to SO2 or CH3SH, is water soluble
and may contribute to equipment contamination (cf. 5.5.a).  For example, after incubating 92.5 MBq (2.5 mCi) of
35S-methionine for 6 hours, approximately 0.592 kBq (0.16 µCi) of 35S contamination was detected in the incubator
water (i.e., approximately 0.00635% of the total solution had volatilized).  For such an incubator which has water
evaporating, re-condensing, running down the inside, etc., all surfaces (e.g., trays, side walls, door, outer surfaces of
other dishes, rubber gaskets, metal fan, etc.) may become mildly contaminated with 35S at a level of approximately
1000 - 2000 cpm per 100 cm2).

Because there appears to be some risk of contamination from using 35S-amino acids in thawing and heating
operations, two work practices are recommended:

Thaw 35S-amino acid vials in a fume hood sticking a needle through the rubber septum (see Figure 5-28) to vent
the vial, or attach a syringe packed with activated charcoal to the needle.
Change the incubator water after each labeling.

Activated charcoal readily adsorbs 35S and there have been recommendations to use it such as placing activated
charcoal in a tray or wrapped in tissue to make a small bag and placing it on the top shelf of an incubator.  While
activated charcoal has been shown to be effective, it is an added expense for the labs and would need to be treated
as contaminated waste.  The small quantities of contamination involved can perhaps be better dealt with by diligent
surveying with a GM survey meter.  While the activities volatilized are small (approximately 0.01%), these
activities are detectable.  Workers should use a thin-window GM to check the walls and work surfaces of hoods and
incubators immediately after 35S use.  A pancake detector is about 50% more efficient for detecting 35S than an
end-window detector (see Chapter 7).  If measured at 1 cm, the minimum detector efficiency should be
approximately 2% - 5%.  The action limit when using a survey meter is 650 cpm or approximately 30,000 dpm -
10,000 dpm for 35S; removable contamination limits (see Table 5-5) are 770 cpm/100 cm2.
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Chlorine-36
Chlorine-36 is a high-energy (Emax = 710 keV) beta emitter (Figure 5-22) with a physical
half-life of 301,000 years.  As with most beta emitters, thin-window GM survey meters and
LSC counters are used and the detection efficiency is related to the beta energy.  Depending
upon the type of GM detector (e.g., pancake versus end-window) used (cf. 7.3.c and Figure
7-15), the GM efficiency will vary from approximately 15% - 35%.  Efficiencies with an LSC
should be around 85% - 90%.  The range of the beta-particle in air is about 2 m (7 ft) and in
tissue the range is about 2.6 mm (0.1 inch).  Radiation whole body and ring dosimeters (see
7.1.c) are normally issued to workers who may handle 36Cl stock vials containing more than 37
MBq (1 mCi).  Shielding of the beta particles is similar to Phosphorus-32, use about a" (0.8 cm) of Lucite or
Plexiglas.  Uptakes of Chlorine-36 are assumed to be uniformly distributed and retained with an effective half-life
of about 10 days.  The ALI for oral ingestion is 74 MBq (2 mCi) and for inhalation it is 7.4 MBq (0.2 mCi). 

Calcium-45
Calcium-45 is radiologically similar to Phosphorus-33 (33P), emitting a low-energy (Emax = 256.7
keV) beta (Figure 5-23) with a physical half-life of 163 days.  As with most beta emitters,
thin-window GM survey meters and LSC counters are used and the detection efficiency is
related to the beta energy.  Depending upon the type of GM detector (e.g., pancake versus
end-window) used (cf. 7.3.c and Figure 7-15), the GM efficiency will vary from approximately
15% - 25%.  Efficiencies with an LSC should be around 85% - 90%.  

Because calcium is a bone seeker and has a long residence time in the body (i.e., effective
half-life is 162.7 days), the ALI for inhalation of some 45Ca-compounds is only 8.7 MBq (0.24
mCi).  Activity levels requiring daily surveys are lower than for phosphorous.  As noted in Table 1-4 (and Table
5-6), the Type I activity for 45Ca is 50 MBq (1.35 mCi) and documented meter surveys are required whenever
researchers use a stock vial with more than this quantity.

0.3130.3200.3260.3330.3400.3480.355245
0.3630.3700.3780.3860.3950.4030.412210
0.4210.4300.4390.4480.4580.4670.477175
0.4880.4980.5090.5190.5310.5420.553140
0.5650.5770.5900.6020.6150.6280.642105
0.6550.6690.6840.6980.7130.7280.74470
0.7600.7760.7930.8100.8270.8440.86335
0.8810.9000.9190.9390.9590.9791.0000
1.0211.0431.0661.0891.1121.1361.160-35

302520151050Days

45Ca Decay Table

Chromium-51
Chromium-51 decays by electron capture (Figure 5-24) with a half-life of 27.7 days.  This
decay results in the emission of a 320 keV gamma ray 9.8% of the time.  The decay also
results in the emission of a 5.4 keV characteristic x-ray approximately 22% of the time, but
this x-ray is easily absorbed and is not an external hazard.  Although there are low energy (~
5 keV) electrons emitted, these are only detectable in a liquid scintillation counter.  Thus, the
only detectable radiation, and the radiation of concern is the 320 keV gamma ray.  

Dosimetry is issued to researchers using 51Cr.  The ALI for inhalation is 0.7 GBq (~20
mCi), because 51Cr in the form of chromate is not selectively absorbed by any organ in the
body.  As noted in Table 4-1, 5.6 mm (~ 3 inch) of lead will reduce the exposure rate by a
factor of 10 (e.g., if the exposure rate is 0.2 mR/hr, 5.6 mm will reduce it to 0.02 mR/hr).  The inverse square law
can also be used effectively.  The exposure rate at 10 cm (~ 4 inches) from an unshielded 37 MBq (1 mCi) vial is
about 1.6 mR/hr, then at 50 cm (~ 20 inches), the exposure will be reduced by a factor of 25 to 0.064 mR/hr.
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0.1780.1820.1870.1920.1970.2020.2070.2120.2170.22360
0.2280.2340.2400.2460.2530.2590.2650.2720.2790.28650
0.2930.3010.3080.3160.32430.3330.3410.3500.3580.36840
0.3770.3860.3960.4060.4170.4270.4380.4490.4600.47230
0.4840.4960.5090.5220.5350.5490.5620.5770.5910.60620
0.6220.6370.6540.6700.6870.7040.7220.7410.7590.77910
0.7980.8190.8390.8610.8820.9050.9280.9510.9751.0000
1.0251.0511.0781.1051.1331.1621.1911.2221.2531.284-10

9876543210Days

51Cr Decay Table

While a GM can detect quantities of 51Cr routinely used in experiments, it can not quantify the small quantities
established as the UW's contamination limits.  The best type of detector to use is a scintillation detector (cf., 7.4).
One factor affecting the efficiency of scintillation detectors is the thickness of the detector crystal.  A 2"-thick
crystal would normally have a higher efficiency than a LEG crystal used for 125I which is only about 3" thick and
typically has efficiencies around 10%; however the background for such a crystal is typically 700 cpm.  Samples
can be counted in a LSC or auto-gamma counter (AGC) with relatively high efficiencies (remember, only 10% of
the decays produces a photon, 72% of the decays emit 5 keV Auger [cf., 1.2.a.4] electrons).

Zinc-65
Zinc-65 decays by electron capture 98.3% of the time and by +β 1.7% of the time (Figure
5-25) with a half-life of 244.4 days.  There is the emission of a 1.114 MeV gamma ray
50.75% of the time.  The decay also results in the emission of 8 - 9 keV characteristic x-rays
approximately 39% of the time.  Although there are low energy (~ 7 keV) electrons emitted,
these are only detectable in a liquid scintillation counter.  Thus, the radiation of concern is
the 1114 keV gamma ray.  

Whole body and ring dosimetry is issued to researchers using 65Zn.  The ALI for
ingestion is 15 MBq (~ 0.4 mCi) and for inhalation it is 11 MBq (0.3 mCi).  As noted in
Table 4-1, 33.2 mm (~ 1.3 inch) of lead will reduce the exposure rate by a factor of 10 (e.g.,
if the exposure rate is 2 mR/hr, 33 mm will reduce it to 0.2 mR/hr).  Lead bricks are
normally 2" thick and these will reduce the exposure about 15-fold.  The inverse square law
can also be used effectively.  The exposure rate at 10 cm (~ 4 inches) from an unshielded 37 MBq (1 mCi) vial is
about 81 mR/hr, then at 50 cm (~ 20 inches), the exposure will be reduced by a factor of 25 to 3.24 mR/hr and at
100 cm (40 inches) to about 0.81 mR/hr.

0.3250.3300.3350.3390.3440.3490.3540.3590.3640.370350
0.3750.3800.3860.3910.3970.4030.4080.4140.4200.426300
0.4320.4380.4450.4510.4580.4640.4710.4770.4840.491250
0.4980.5050.5130.5200.5270.535.05430.5500.5580.566200
0.5740.5830.5910.5990.6080.6170.6260.6350.6440.653150
0.6620.6720.6810.6910.7010.7110.7210.7310.7420.753100
0.7630.7740.7850.7970.8080.8200.8310.8430.8550.86750
0.8800.8930.9050.9180.9310.9450.9580.9720.9861.0000

454035302520151050Days

65Zn Decay Table

A GM may be able to detect Zinc-65 with efficiencies in the range of 1% to 3%.  Liquid scintillation counting
would probably have efficiencies of 20% to 40% (i.e., similar to Tritium) counting the Auger electrons.

Rubidium-86
Rubidium-86 is a beta-gamma emitter (Figure 5-26) with a half-life of 18.7 days.  Ninety percent (90%) of the
decays are pure beta emitters with Emax = 1.776 MeV.  Ten percent (10%) of the decays result in a beta (Emax = 0.698
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MeV) and  gamma (E = 1.078 MeV) emission.  Radiation whole body and ring dosimeters are normally issued to
workers who may handle 86Rb stock vials containing more than 37 MBq (1 mCi) of 86Rb The
beta particle is essentially the same energy of 32P and can be readily detected with a
thin-window GM.  The presence of high-energy gamma rays requires significant shielding to
reduce exposure.  Table 4-1 indicates that it requires  32.5 mm (~ 13 inch) of lead to reduce
the exposure rate by a factor of 10.  Lead bricks are normally about 2 inches thick and should
result in a significant reduction in exposure.  Using lead may produce approximately 5%
more photons.  If bremsstrahlung is a concern, it can be reduced to about 1% by first placing
about 10 mm (~ 2 inch) of Plexiglas between the stock vial and the lead shield.  As with
51Cr, the inverse square law can also be used to reduce the exposure rate.  Samples can be
analyzed in an LSC with efficiencies comparable to 32P.

0.2780.2840.2890.2940.3000.3050.3110.3170.3230.32930
0.3350.3410.3480.3540.3610.3680.3740.3810.3890.39625
0.4030.4110.4190.4260.43430.4420.4510.4590.4680.47620
0.4850.4940.5040.5130.5230.5330.5420.5530.5630.57315
0.5840.5950.6060.6180.6290.6410.6530.6650.6780.69010
0.7030.7160.7300.7430.7570.7710.7860.8010.8160.8315
0.8460.8620.8780.8950.9110.9290.9460.9640.9821.0000
1.0191.0381.0571.0771.0971.1181.1391.1601.1821.204-5

4.543.532.521.510.50Days

86Rb Decay Table

Iodine-125
Iodine-125 decays by electron capture with a half-life of 60.14 days (Figure 5-27) which results
in the emission of a 35 keV gamma-ray and/or several characteristic x-rays at 27 keV and 31
keV and Auger electrons with energies of  3 keV and 23 keV.  Because there are no energetic
particles emitted during the decay, a thin-window GM can not be used to detect contamination.
Iodinators must have and use a low-energy gamma (LEG) scintillation probe (cf., 7.4) to monitor
for low levels of surface contamination.  Low-energy gamma detectors have relatively high
counting efficiency for 125I photons (20 - 50% at 1 cm).  Although background count rates with
LEG meters tend to be high (150 - 200 cpm), the background can be reduced by wrapping a thin
piece (1.6 - 3.2 mm) of lead foil around the detector tube, leaving only the detector face open .

0.2540.2600.2660.2720.2780.2850.2920.2980.3050.313100
0.3200.3280.3350.3430.3510.3590.3680.3770.3850.39480
0.4040.4130.4230.4330.4430.4540.4640.4750.4860.49860
0.5090.5210.5340.5460.5590.5720.5860.6000.6140.62840
0.6430.6580,.6730.6890.7060.7220.7390.7560.7740.79320
0.8110.8300.8500.8700.8900.9110.9330.9550.9771.0000
1.0241.0481.0721.0971.1231.1501.1771.2051.2331.262-20

181614121086420Days

125I Decay Table

Radioiodine is considered to have a relatively high radiotoxicity and the regulatory limits on intake and
environmental release are quite restrictive.
Compliance is complicated by the potential
volatility of iodine solutions.  Table 5-8 details the
allowable effluent concentrations of 125I in air and
water.  To insure compliance with these limits, the
use of Na125I in radioiodination procedures has
special requirements.  
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Table 5-8.  Allowable Concentrations for 125I



In areas where iodinations are carried out, solutions of sodium iodide in MBq or mCi amounts are handled,
usually in high radioactive concentrations.  This may present significant concerns regarding both radiation exposure
rates and potential contamination.  Distance and shielding are effective in reducing external exposure from 125I (cf.
4.5).  Essentially complete attenuation is obtained by using 3 mm of lead.  Significant exposure reduction can also
be achieved by using tongs (fitted with rubber sleeves) to handle vials during iodination procedures.

Work with volatile iodine solutions must be done in a properly vented fume hood which has been approved by
Radiation Safety.  Air concentration monitoring is required for all uses of radioiodine involving 3.7 MBq (0.1 mCi
or 100 µCi) or greater of volatile radioiodine or 37 MBq (1 mCi) or greater of nonvolatile (bound) radioiodine.
Iodinators receive an air sample tube containing activated charcoal with each iodine order.  This tube is used to
monitor the Derived Air Concentration (DAC) of iodine outside the fume hood during the procedure.  Radiation
Safety performs continuous monitoring of radioiodine releases from these iodine fume hoods at their point of
exhaust to the atmosphere.  Because allowable concentration limits are based on the maximum air exhausted from a
hood, approved iodine hoods should not be turned off, but left on continuously.

Iodine can be both an internal and external hazard (cf., 1.2.g).  The critical organ for iodine is the thyroid, which
may accumulate 30% or more of the total iodine ingested or inhaled.  Approximately 75% of inhaled 125I will be
deposited in the body and it is assumed that the thyroid will ultimately accumulate 30% of a soluble radioiodine
uptake with an effective half-life of 42 days (cf., 2.4).  Essentially all radioiodine in the body can be assumed to be
eliminated via the urine.  Because of the well documented and modeled rapid elimination of the non-accumulated
iodine from the body, some universities perform urine bioassays for 125I.  However, the UW assays thyroid uptake
by counting the thyroid for 5 minutes with a large (3") scintillation crystal.  All researchers using volatile
radioiodine must receive these scans within 7 days of receiving an order (unless an extension of this deadline is
requested).  The UW investigation limit for thyroid uptakes is 407 Bq (11 nCi) for 125I and 296 Bq (8 nCi) for 131I.
These uptakes correspond to a thyroid dose of 48 mrem. 

Thus, the radiation safety issues for radioiodine work have to address volatility, ventilation, containment, and
proper handling techniques.

Volatility can be explained by reviewing the chemical equilibrium equation of iodine. 
NaI : 4I- + O2 + 4H+ Ü 2I2 + 2H2O

The addition of acid will drive the equilibrium to the right, the soluble iodide ion is oxidized to elemental iodine
which has a low solubility in water and a high vapor pressure.  Therefore, never add acids to radioiodine
solutions because the volatility of radioiodine is significantly enhanced at low pH.  Rather adjust the pH by the
addition of an appropriate buffer.

Freezing or acidification of solutions containing iodide ions can lead to formation of volatile elemental
iodine; when possible, store solutions at room temperatures.
Radioiodine labeled compounds should be assumed to be potentially volatile since radiolytic decomposition
may give rise to free iodide in solution.  The radiolytic decomposition can be minimized by maintaining
solutions at low concentrations or by use of free radical scavengers (i.e., BSA) when possible. 
Adding antioxidants to either labeled or sodium iodide solutions will help reduce both decomposition and
volatilization.  Volatilization of waste can be reduced by the addition of a solution of 0.1 M  Na2S2O3; 0.1 M
NaI, and 0.1 M NaOH.  This solution may also be used for initial spill cleanup or surface decontamination.

Once airborne, 125I can be inhaled, released to the environment or plate out on surfaces.  To prevent inhalation,
always perform iodinations in an approved, properly ventilated fume hood.  Do not use a laminar flow hood.
The fume hood should provide at least 100 linear feet per minute airflow (cf., 16.4.a).  The following procedures
should be followed when working in a fume hood:

Check for adequate airflow prior to beginning operations
Keep the hood sash down when not in use, and do not raise sash higher than necessary during use and
always keep sash below the 100 linear feet per minute indicator (Figure 16-2).
Keep activity and equipment away from the front of the hood and avoid sudden movements at the hood face
so you don’t disrupt the airflow.
Restrict hood use for radioiodine operations only and post adequate signs.  To prevent contamination, keep
unneeded equipment and reagents out of hood.
Remove only clean or sealed items from the hood.  Wear two or more pair of gloves and remove outer
gloves at the hood face.
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If possible, when working with volatile radioiodine, perform the reaction in
the original stock vial, working through the septum with a syringe and
hypodermic.  If the vial must be opened, first vent the vial airspace through
an activated charcoal trap as shown in Figure 5-28.  Such venting will
prevent an initial “puff” release of built-up volatilized iodine, but will not
prevent subsequent volatilization.

Other practical safety suggestions to consider  when planning to perform
radioiodination reactions: 

A low-energy gamma survey meter must be on hand and switched on
throughout the operation.  This LEG should be located nearby, but outside
the hood to avoid contamination.  Radiation levels inside the hood would
probably cause the meter to "peg" on the higher scales making it virtually
useless for monitoring as long as the radioiodine vial is unshielded.
Clothing, especially sleeves, cuffs and gloves, should be monitored frequently.  Wear two pair of gloves and
replace the outer pair if they become contaminated.
Do several practice runs following the protocol but without radioactive materials.  These "dummy" or "dry" runs
(cf., 4.1) may increase proficiency and identify potential problems.
A "recipe" or protocol should be pinned up on the fume hood for easy reference.
The steps in the actual radioiodination should be carried out in a systematic and unhurried manner.
Use tools (e.g., tongs) to prevent direct handling of potentially contaminated items and MBq (mCi) sources.
Store MBq (mCi) quantities of 125I in containers surrounded by 3 mm (1/8”) thick lead.
Avoid acidic solutions to minimize volatile species of 125I.  Stabalize spills with solutions of alkaline sodium
thiosulphate before decontamination.
An assistant who is familiar with the process should be available to help if anything unforeseen occurs.
As noted above, solutions of sodium thiosulfate and carrier iodine for use in dealing with a spill or other
unplanned release should be readily available.  The immediate area around the fume hood should have:

A good supply of disposable latex or Nitrile gloves.
A supply of tissues or absorbent paper.
A shielded, lidded container for highly contaminated solid waste, contaminated gloves, tissues, etc.
Local shielding, if appropriate.
A large tray which could contain at least ten times the volume of any foreseeable leakage.
A small tray for iodination pipettes, etc., which must be reserved for iodinations and not taken from the
hood.

Regularly monitor and promptly decontaminate gloves and surfaces to maintain contamination control.  Some
iodo-compounds can penetrate surgical gloves, two pair of nitrile gloves are better.
Minimize the items in your work area when you do iodinations.  Any materials you handle during the procedure
- pens, papers, keyboards - should be handled in one of the following ways:

Keep the items clean by handling them only after removing your outer gloves.
Bag items before moving them out of the area where iodinations are done.  Leave them in the bag until they
are returned to the iodination hood/area.
Consider all items handled/used during the iodination to be contaminated.  Handle them only while wearing
gloves until wipe tests and meter readings indicate they are not contaminated.
Places where these items are stored (drawers, pipette racks, pencil cups) should be included on your monthly
surveys.
Items that can be reserved for use only during iodinations should be labeled as such, or you can prevent their
removal by attaching them with strings or wires.

Remember, surveys are the only sure method to ascertain whether contamination occurred.  Besides routinely
checking your hands and equipment, when using radioiodine the following surveys must be performed and
documented on the day of use:

LEG meter surveys only, if the activity handled was less than or equal to 37 MBq (1 mCi).
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Meter and wipe surveys (cf., 5.4.a) if the activity handled was greater than 37 MBq (1 mCi).
Meter and wipe surveys with copies sent to Radiation Safety if more than 1850 MBq (50 mCi) was handled.

5.6.c  Vertebrate Animals
Use of radioactive materials in vertebrate animals requires coordination with other groups besides Radiation Safety.
The Research Animal Resources Center (RARC) is a service organization providing veterinary and training services
to all investigators using vertebrate animals for teaching and research on the UW-Madison campus.  The RARC
works with the various animal care and use committees to ensure responsible animal use on campus.  Thus, before
an investigator can begin research using animals, they must have RARC approval for the project.

The basic principles of time, distance, and shielding are still applicable.  However, the type of animal, the
characteristics of the radionuclide, and the physical form of the radioactive material (e.g., sealed versus unsealed
source) is all considered before an animal project will be approved by the University Radiation Safety Committee.

Sealed Sources in Animals
For research involving the use of sealed sources in animals, the PI must maintain an adequate inventory system to
account for all sources.  At a minimum, sources must be inventoried each time the animal is moved from one room,
area or cage to another and upon their final removal from the animal.  When the sources are not visible (e.g., while
they are in the animals), the sources must be inventoried by:

Position the animal or survey meter so the sources are facing the radiation survey meter.
Measure the exposure rate at a specific distance from the sources. 
Record the exposure rate, the distance and the position of the animal with respect to the meter.
Repeat these steps immediately after the animal has been moved.
Record the results and compare with the meter readings before and after the move.
If the exposure rate has decreased appreciably (e.g., more than 20%), sources may have been dislodged.  Secure
the area and notify Safety immediately.

Surveys are still crucial.  Perform meter surveys in animal rooms to determine exposure levels for appropriate
labeling of the room.  The radiation exposure rate in uncontrolled areas must not exceed 2 mR/hr (and preferably is
< 650 cpm), and the aggregate exposure must be less than 1 mSv/year (100 mrem/year).  Also, monitor the radiation
levels inside the room for appropriate cage labeling after administering high energy beta or gamma emitters, e.g.,
Radiation Area signs if the exposure rate is greater than 5 mR/hr and High Radiation Area signs if the exposure
rate is greater than 100 mR/hr.  Additionally, perform meter surveys to assure that exposure rates in all adjacent
unrestricted areas are at or less than regulatory limits.  This may include areas above and below the animal room.
Survey animal waste and bedding before disposal, or hold all waste until the end of the experiment when all sources
have been accounted for.  Survey all other materials before they are removed from the housing area of the animals.
Do meter surveys of animals after sources have been removed.

Animal care personnel are not radiation workers.  Therefore, lab personnel must care for animals.  If this cannot
be done, animal care personnel must complete the University Radiation Worker training and become radiation
workers, they must be shown a dummy source, be told to call or report to Safety Department and the PI immediately
if sources are loose, animal is bleeding, etc., and be shown acceptable animal care procedures for this animal.

After the animal is moved to a different room, area or cage, survey the vacated room, area or cage to confirm
that no sources have been left behind.  Additionally, the animals used must be labeled until the sources are tested for
leakage.  If the sources are found leaking, the animal must remain marked and must be disposed of through the UW
Safety Department upon death or sacrifice.

Unsealed Sources in Animals
For research involving the use of radioactive materials other than sealed sources in animals the authorized user must
insure that contamination is controlled and not spread outside of the animal room.  After administering high energy
ß- or γ-emitters, monitor all adjacent rooms and hallways to the animal housing.  Just as with sealed sources, the
radiation exposure rate in uncontrolled areas must not exceed 2 mR/hr (preferably < 650 cpm), and the aggregate
exposure must be less than 1 mSv/year (100 mrem/year).  Also, monitor the radiation levels inside the room for
appropriate labeling after administering high energy beta or gamma emitters, e.g., Radiation Area signs if the
exposure rate is greater than 5 mR/hr and High Radiation Area signs if the exposure rate is greater than 100 mR/hr.
 All animal wastes must be contained and treated as radioactive.
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Normally, the lab's personnel take care of the animals.  If this cannot be done, animal care personnel must take
the training to become radiation workers, they must be told to report to UW Safety Department and the authorized
user if the animal is bleeding or if the urine or feces of the animal is no longer confined and be shown acceptable
animal care procedures for this animal.  Additionally, the animals must be marked so that they will be disposed of
through the Safety Department upon death or sacrifice.

5.6.d  Sealed Sources
A sealed source is any radioactive material that is permanently encapsulated to prevent leakage or escape of the
radioactive material.  Sealed sources generally meet the specifications of ANSI N542-1977, Sealed Radioactive
Sources, Classification.  After passing a prescribed regimen of extensive tests, models of these sources are assigned
a sealed source designation.  Researchers are not allowed to fabricate a "sealed" source without proper approvals
from the URSC and the NRC.  Contact Radiation Safety for additional information if you desire to fabricate a
sealed source.  Radiation Safety is required to perform periodic leak tests and keep records for all sealed sources.  If
you receive a sealed or plated source or a piece of equipment containing a sealed source (e.g., gas chromatograph,
EC foils or vacuum gauges), call Radiation Safety so the source can be leak tested and added to the leak test
schedule if it is required to be leak tested. 

Certain sealed source gages (e.g., moisture density gages) are transported off campus to remote locations for the
lab to gather data.  The NRC requires that the workers using this type of radiation source receive additional training
(see Chapter 9) which addresses unique radiation safety aspects of remote site use and the safe transportation (see
Chapter 8) and storage of the source off campus. 

High activity (> 3.7 TBq [100 Ci]) sealed sources are normally covered by a specific NRC license.  Use of the
closed-beam irradiators (e.g., J.L. Shepherd Mark 1, Model 109, Gammacell 1000, etc.) and open-beam irradiators
on campus requires additional training (see Chapter 9) and annual refresher retraining to insure worker safety and
prevent overexposures.

5.6.e  Ten Rules of Working Safely with Radioactivity
1. Understand the nature of the hazard and get practical training.  Never work with unprotected cuts or breaks

in the skin, particularly on the hands or forearms.  Never use any mouth operated equipment in any area where
unsealed radioactive material is used.  Always store compounds under the conditions recommended.  Label all
containers clearly indicating nuclide, compound, specific activity, total activity, date and name of user.
Containers should be properly sealed.

2. Plan ahead to minimize time spent handling radioactivity.  Carry out a dummy run without radioactivity to
check your procedures.  The shorter the time the smaller the dose.

3. Distance yourself appropriately from sources of radiation.  Doubling the distance from the source quarters
the radiation dose (i.e., inverse square law).

4. Use appropriate shielding for the radiation.  Remember 1 cm of Plexiglas will stop all beta particles but
beware of bremsstrahlung from high energy beta emitters.  Use lead for x- and γ-ray emitters.

5. Contain radioactive materials in defined work areas.  Always keep active and inactive work separated as far
as possible, preferably maintaining rooms used solely for radioactive work.  Always work over a spill tray and
work in a ventilated enclosure.  These rules may be relaxed for small (e.g., a few tens of kBq [1 - 5 μCi])
quantities of commonly used radionuclide compounds in non-volatile form in solution.

6. Wear appropriate protective clothing and dosimeters.  Lab coat, safety glasses and disposable gloves must
be worn at all times.  However, beware of static charge on gloves when handling fine powders.

7. Monitor the work area frequently for contamination control.  In the event of a spill, follow the spill
response plan: (1) notify others in the vicinity, (2) contain the spill, (3) decontaminate the area, (4) survey the
area.

8. Follow the local rules and safe ways of working.  Do not eat, drink, smoke or apply cosmetics in an area
where unsealed radioactive substances are handled.  Use paper handkerchiefs / tissues.  Never pipett by mouth.

9. Minimize accumulation of waste and dispose of it by appropriate routes.  Use the minimum quantity of
radioactivity needed for the investigation.  Dispose of all waste properly.

10. After completion of work - monitor yourself, wash and monitor again.  Report to your supervisor if
contamination is found.
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5.7  Review Questions - Fill-in or select the correct response
1. Prior to opening a package received from CORD, first put on                      ,                    , and                     .

2. Before discarding an empty cardboard package,                               for contamination.

3. The Radionuclide Receipt and Disposal form provided by CORD with each radionuclide delivery to a lab is
used to record                           and                              information.

4. The best radioactive waste disposal method is to contact                                     and schedule a pickup.

5. Short-lived (half-lives less than 65 days) radioisotopes may be held for radioactive decay.  Radioactive decay
insures that after                            half-lives, only 0.1% of the original activity will remain.

6. When using disposal in normal trash, hold the radioactive material for at least 10 half-lives, survey the material,
and remove or deface all                                    if the count rate is less than                            cpm.

7. The preferred method of disposing of large volumes of 3H, 14C, and 35S liquid radioactive wastes is to collect the
material in                               provided by the Safety Department.

8. Before disposing of material used in a radiation work area to the normal trash, you should                            the
materials to insure it is contamination free, that is less than                            cpm.

9. In general, full laboratory surveys are required                             .

10. A wipe test is a survey for                             contamination.

11. A lab using 18.5 MBq (0.5 mCi) of 33P must perform monthly                           and                          surveys.

12. The action level for meter surveys is                            cpm.

13. The action level for 32P removable contamination is                               cpm/100 cm2.

14. Laboratories where                            MBq (                             mCi) of 125I is used require a survey of the area
immediately after use.

15. Areas such as floors, telephones, keyboards should be kept                                                                         .

16. An exception request which violates NRC rules and regulations                                  be approved.

17. Work with volatile iodine solutions must be done in a                                that has been approved by Safety.

18. A                                     probe is used to survey for contamination after working with radioiodine.

19. A urine bioassay is required for use of more than                           MBq (                          mCi) of tritium.

20. Thawing 35S-amino acid vials in a fume hood with a needle stuck through the septum may reduce the
contamination.  true / false

21. Radiation dosimeters are normally issued to workers who may handle stock vials containing 37 MBq (1 mCi) or
more of                      .

22. Before an animal use request can be processed, approval must be obtained from the                                .

23. A radiation dosimeter is issued for work involving 35S.    true / false
24. The 6 predominant nuclides used in research (3H, 14C, 32P, 33P, 35S, 45Ca) are pure                 emitters.

25. Types of radionuclide use in microbiology include                                               and                        .

26. The exposure rate at the mouth of a 37 MBq (1 mCi) vial of 32P is about                mGy/hr (               rad/hr).
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