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Please note: The Advanced
Radiation Safety Courseis now
availableon-lineat theEH & S
Website. Thiscourseisespecially
for new research faculty with
previous training and experience.
The Laser Safety Courseisalso
available on-line.

Remember, Please: When a high
radiation reading is received, an
ALARA Response Formis sent
asking for specific information. If
you get one of these forms, please
fill it out completely and return
promptly. Theinformation is
needed to further evaluate the
reading and make any needed
corrections.

It isimperative that the Radiation
Luxel badges be returned by the
due date. Badges should be worn
during the assign wear period
printed on each badge and should
only be worn by the individual

whose name is printed on the front.

Under no circumstances should a
name be taped over and reas-
signed. Note: Yearly Exposure
Records are in the process of being
mailed. Please distribute to each
individual for their personal
records.

-Bob Wilson

Radioactive Waste
Tips

By: Fred Rawlingsand Cindy Aubrey

Dry waste with < 90 day hdlf life

must be segregated from longer
lived materids. Tossng some
wadte contaminated with tritium
into a P-32 drum can transform
a$200 P-32 drum into a $2500
Tritium waste drum.

The information on waste tickets
alows our gtaff to direct your
radioactive waste to the

appropriate waste stream
according to regulations, aswell
asthe mogt codt effective
disposal method. ThepH is
aways required for agueous
liquid in section F., in order to
determineif itisbasic or acidic
enough to desgnateit as
hazardous waste.

Ligting the condtituents in section
F of the waste ticket dlows
our gtaff and our coworkers
in Hazardous Materidsto
recognize hazardous
materidsin the liquid container.
These congtituents can be
described in genera terms, such
as ' Aqueous Buffers instead of
chemica formulas or detailed
brand names, aslong asit is

gpparent that thereis no
hazardous component of the
mixture.
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Characteristics of
Radioactive

Materials, Part |

By: Gerald Schlenker, Senior Health
Physicist

Radioactive materids have
certain characterigtics, such as
the types of radiation(s) emitted
and the rate of emisson.
Knowledge of these
characteridicsis helpful in
edtablishing protective controls
for the use of the materid.

Radioactivity
A nuclideisan aomwith a
particular number of protons
and neutronsinitsnucleus. A
radionuclide is a nuclide that has
the property of spontaneoudy
converting part of its massinto
energy and emitting this energy
in the form of energetic
particlesand
dectromagnetic
rediaion.
The
radionudlide
emits
® radiation.
This property
iscdled
radioactivity
and the actual
eventisreferred to as
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radioactive decay, disintegration,
or transformation.

For example, hydrogen-1 (*H) is
composed of one proton and
one electron. Thisisnormal
gable hydrogen. 2H, (also
cdled deuterium or “ heavy”
hydrogen) conssts of one
proton, one eectron and one
neutron. 2H isaso stable. °H,
tritium, is composed of one
proton, one eectron, and two
neutrons. *H isnot sable-, itis
aradionuclideand a
radioisotope of hydrogen.

When *H spontaneoudy
converts part of its massinto
energy and emitsthisenergy in
the form of energetic nuclear
paticles, it yidds helium-3,
which is stable, plus energetic
particles.

All radionuclides eventudly decay to
gtable nuclides, but some undergo a
series of decays before they reach the
gable nuclide. Strontium-90, for
example, isaradionuclide that decays
into the radionuclide yttrium-90,
which subsequently decays into the
gtable nuclide zirconium-90. Thisisa
series decay with *°Sr being the
“parent” and °°Y the “progeny” The
process of radioactive decay is
spontaneous and the time when a
particle stom will decay is not known.
However, when large numbers of
radioactive atoms are present, the
fraction of atlomsthat will decay ina
given time span (the decay rate) can
be specified. A quantity that uniquely
identifies the rate of decay is the half-
life of theradionudide. Thisisthe
time required for one-haf of the
atoms present to decay. The hdf-life
isauseful measure because no two

radionuclides have exactly the same
hdf-life. Also, the hdf-lifeis unaf-
fected by the chemica or physica
environment of the atom.

The quantity of radioactive materia
present & agiven timeisusudly
expressed in terms of the rate of
decay at that time. For example, a
vid may contain enough tritium to
support 1x10*° disntegrations per
second (d/s). The activity of the
tritium & that time is therefore 1x10%°
d/'s. Two units of “activity” arethe
curie (Ci) and the Becquerd (BQ):

1 curie (Ci) = 3.7 x 10*d/s. and

1 becquerd (Bg) = 1d/s.

Thus, the vid contains 1x10%° Bq or
0.27 Ci of tritium.

Radiation
The manner in which aradionuclide
will emit rediation is
CS {} wdl defined and
refersto the type,

C quite characterigtic.
> The term “ manner”

‘ energy, and intensity of
the radiation.

Themajor typesof radiation are
A dphaparticles - massive charged
particles, identica in mass and

some maximum energy. For example,
22Na emits pogtrons, 2P, 2H, 4C,
and *S, dl emit negatrons.

C ganmarays - ectromagnetic
radiation emitted from the nucleus
with discrete energies (for example,
131|’ 125|’ 57CO, 51Cr’ 137CS).

D x-rays -electromagnetic radiation
emitted from the eectron shells of an
atom with discrete energies (for
example, 1311, 129]),

Two other types of rediation are
generated in the materid surrounding
the radioactive atoms rather than by
the radioactive atoms themsalves.
These are externa bremsstrahlung
and annihiletion radiation.

Externd bremsstrahlung conssts of
photons created by the acceleration
of charged particlesin the dectro-
magnetic fidd of thenudeus. The
photons are emitted with a continuous
range of energies up to the maximum
energy of the charged particle. For
example, when phosphorous-32 (32P)
beta particles interact with certain
materids, lead for example, sgnificant
externa bremsstrahlung radiation
fields can be generated.

chargewith “He nudd, /N Amihilation
that are emitted from radiation con-
the nucleus with discrete sgsof two
energies (for example, 0.511 MeV
238 dpha particles). . photons

. formed
B beta particles - by the
charged particles that mutua
come in pogtive annihi-
(positron) and negative lation
(negatron) forms, have of a
the same mass as an dectron, and are  Positive beta particle and an electron.

emitted from the nucleus with a
continuous range of energies up to

For example, when sodium-22 (2Na)
positive beta particles interact with
matter, annihilation radiation is Page 2



emitted. classes that galactic cosmic
The energy of radiation istypicaly radiation streams down through
given in units of eectron valts (eV), the atmosphere to add one
kilodlectron volts (keV) or portion of our dose. All
megaelectron volts (MeV). The told, we receive about
energy of adiscrete radiation, suchas  250-300 millirem

solar activity (heliocentric
potentials) on gaactic radiation
levelsin the atmosphere.”

( If | wereaPilot, | would
@ ‘/a probably fly

gammaray, may be expressed as*“it ayear from “\ mosly great
emitsal MeV ganmaray.” A dmilar  background *2 arde
datement for a continuousradietion,  radiation just /\/ Caud routeﬁ
“itemitsal MeV betapaticle” is from exiding on

ambiguous because it could be the surface of the mm&iatdy
referring to amean energy of thebeta  planet. @ /\9 started
particle spectrum, etc. Toavoidthis  The gdactic exposure punching in

~" gomenumbes
In June of 1994, | went from

problem, the energy must be specified  we receive increases aswe
inthisway: “It emits a beta particle increase dtitude, since the layer

with amaximum energy of 1 MeV.”

The intengty of aradiaion isthe
fraction of dl decaysthat emit a

particular radiation. For example,
every time a®H atom decays, it emits
a beta particle with arange of ener-
gies up to amaximum energy of 18

keV. Theintengty of thisbetais,
therefore, 100%.

Next: Part |l, Characteristics of
Radioactive Materials

TheFive MileHigh
Club

By; Fred Rawlings, Assistant RSO

At each of our
Radiation
Sty Traning
Sessions, we
lecture on the
sources of
background
radiation that
bombard each of
us every day. In
one short
segment, we
convey to the

-
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of shidding air above usis
decreasing. So, aswetdl our
classes, flight crews (and
passengers) in planes are
exposed to higher than normal
radiation levels when they move
above sealeve, especidly
30,000 feet above sealevd.

When | went to the DOT
website to search for Radiation,
| thought I might get some hits
on FedEx trucks dropping
boxes of research materids. But
when | found, “ A Computer
Program for Calculating
Flight Radiation Dose,” |
couldn’t passit up.
www.cami.jcchbi.gov/AAM-600/
610/600Radio.html

It turns out the FAA has
released a computer program
cdled CARI-5E that estimates
the galactic radiation dose
received on an “arcraft flying a
great circle route between any
two arportsin theworld.”
Based on the date of the flight,
appropriate databases are used
to account for effects of changes
in the earth’s magnetic fidd and

Louisvilleto Orlando. They
don't tell you on SouthWest
Airlines how high you are, (or
how old the planeisfor that
metter), so | did some rough
edimates. Seventeen minutes
each to ascend and descend, at
2000 fpm, and 120 minutes at
dtitude.

At 31,000 feset, | got a dose of
0.71 millirem (minusthe .04
millirem | would have gotten
anyway a my desk). At 40,000
feet, it jumped to 1.34 millirem.

OK, so thiscdculator leadsto
some fiddling around with
scenarios, but its not wasted
taxpayers money snceit
obviates the need for film
badges to measure dose for
people.

| looked up United Airlines, and
they put about 35,000 of their
employessintheair. At $3 per
film badge, four badges a yeer,
that's $420,000 ayear. That's
for only oneairline. And, that's
not counting lost badges and



paperwork. With this program, their employees can
look up their dose on awebsite for free.

At UK, we have BOTH lost badges and paperwork,
s0 the cost for our 1200 badged people is $40,000
per year. So dl of you UK Radiation Workersturnin
your badges on time. And don’t wear them on the
plane.
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