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Enforcement Conference Summary: Enforcement Conference conducted in
King of Prussia, Pennsylvania on January 3, 1990

The licensee's representatives discussed the corrective actions taken and
pianned as a result of the October 31 - November 1, 1989 inspection. The NRC
representatives discussed their concern regarding weaknesses in the marnagement
control of the radiation safety program and outlined NRC's enforcement options.
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Persons Attending

Rorer Group, Inc.

Roger Meacham, Radiation Safety Officer

Ann Keklak, Radiation Safety Specialist

Peter Grebow, Vice President of Drug Development

Nuclear Regulatory Commission

Lee H. Bettenhausen, Chief, Nuclear Materials Safety Branch
John D. Kinneman, Chief, wuclear Materials Safety Section B
Daniel J. Holody, Enforcement Officer

John T, Jensen, Health Physicist

Eric H. Reber, Health Physicist

Conference Summary

a. Dr. Bettenhausen introduced the NRC staff and discussed the purpose
of the Enforcement Conference.

b. Mr. Jensen briefly discussed the apparent violations identified in
the inspection report.

€. The licensee's representatives agreed with the facts and the
descriptions of the apparent violations in the inspection report.

d. Ms. Keklak stated that, in response to the violation for failing to
evaluate airborne concentrations of radioactive material, Rorer has
purchased and recently received two air sampling pumps. They intend
to use them to measure ai‘rborne iodine concentrations during, and for
one hour following, all fodinations.

e. NRC representatives expressed their concern that the licensee's survey
activities and radiation safety records and documentation were not
adequate to conclusively determine whether the two high whole body
dosimeter readings represented actual exposures to the individual.

The licensee representatives described their efforts to exert more
control over their radiation safety program. They stated that by the
end of February, 1990 they will take the following specific actinns:

1) change their personnel dosimetry vendor;

11) have the Radiation Safety Specialist (RSS) conduct monthly
1aboratory radiation surveys and inspections;

111) have the RSS conduct informal radiation safety training for
current employees;



v) require employees to submit survey plans for their work areas
for approval;

vi) require that employees record surveys of their work areas before
and after handling radiofsotopes,

vii) require that users sign surveys of their work areas;

viii) 1ssuve, "A Guide for the Radioisotope Lahoratory Worker," which
describes the workers' radiation safety responsidilities;

Licensee representatives supplied a copy of their new, "Guide for
Radioisotope Laboratory Worker," (attached)

Mr. Kinnemun asked whether the Ticensee had adequate personne) to
administer the program. The licensee representatives stated that
they were considering the need for additional personnel. Mr. Grebow
said he expected that the company's use of radicactive material would
grow much more slowly in the next few years.

Mr. Holody reviewed the NRC's enforcement options.



RADIATION AND RADIOACTIV
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Your Responsibiiities As Radioisotope Workers

Your Responsibiliities Include The Following:

YOU MUST
Be familiar with the ISOOPe(s) you are using: know their radiological
physical ang properves; methods of , types of hazaros
each one presents, etc
Be flly kno the spectfic and handgl
roquwmmhroumwopoywwwofthopnawomtobo
with radicisotopes in Qeneral.
go familiar with the radiation safety rules ana reguiations instituted at
orer

Inform co-workers ang visitors 10 your isotope areas of the presence of
radioactive Mmaterial(s) ana of any precautions that they should take.

Label all radicactve Materials/contaminated surtaces with appropriate
stickers.

Properly secure all radioactive storage tems including rooms.
Maintain inventory records including use, waste, disposal ang decay.
Know how to property use your survey meter.

Routinely monitor hands. shoes, ciothing ano work areas

Know hew to use any personnel dosimetry cevices issued to vou.



The use of radiation and radiation cevices has benefits
or manMacca Sagnos &G eracy, seersh retamcn oS
proauction are the obvious areas in which these Denefits may be gained.
Hmw.umwomﬁoor.muommmmm
rmamom.mm.m of Rorer's
raciavon safety program is to you as an empioyee Rorer to gain
benefits for yourself (e. .ywiwy)mdbrmn(o.g.mwd\nuh)
with @ minimum of risk ?i.o. exposure to radiation),

Vanous Federal and State reguiations, Rorer's radioactive matenais
nmm.mmmmmmmm
ldoqunwvmmamlyhmndbhm. At the time of hire or at
timonbooomocmmmnyouwiﬂborownwworkrgwm
radioisotopes, you will be required to complete a number of forms
detailing your previous training and expenence.

In order to meet the training responsibility, Rorer will provide a variety of
training programs mfg'ua reQuiar radiaton safety on:nrganon loctun:'
written instructions for or v . _handiing, disposing
radioisotopes: instructions anggprotooob all the radiation monttoring
Programs. and booklets, pamphiets, and other handout material dealing
with racliation safety and related topics. A Guide For The Radioisotope
Laboratory Worker is one such booklet and is designed to provide

most common q lndtooddrmmmpiawnhwhbnyou
shoulc! become familiar. It must be emphasized that this bookiet does not
have ail the answers and must be used in conjunction with other training

matenais, reference books, and on-the-job taning. Feel free to contact
'rr:f.o raciation satety specialist (962 ' y
| rmatiori.
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Types of Radiation

Radiltnoncanbodoﬁnodumrgywmutrmmmtmtormdl
wave Or energetic particle and includes such things as visibie light,
utraviolet light, microwaves, radiowaves, laser light anc infrared .
Anhoughmr'uommoammmm ;
mMmmmWomnmmmuwhmbW.
lonizing radiation may be defined as rac which has

to break chemical bonds by ‘“ionizing* atoms. More

energy is imparted to an atom by either the
electron out of its orbit around the nucieus.

photo
lonizing radiation includes alpha particies, b:hndm

itr gamma e types of
rotons, positrons, neutrons, rays x-rays.
?admiom you will commonly encounter at Rorer are bets particies,

gamma rays and x-rays.

Alpha particies are ‘ helium nuciei and consist of 2 protons and 2
neutrons and thus wrymgmpowvo electrical charges. Alphas originate in
the nucieus of some radicisotopes and usually have energies which

from 4 to 8 million obctrgn. volts (Mob;l). Alph?' have m
penetrating ability and can stopped a sheet of paper or
outer layo? of skin and homn::o are rr:gh considered d\:rng:umm' nthonM
hazard. However, since they are Fi energy, particles,
produooavwlargonumbudiontzmonsdongmmondmm
travel. They can therefore be a very serious internal hazarg. For example,
consider the fact that radon daughters are regarded as a significant
hazard to the lurig and tracheobronchial region and are responsible for an
estimated 5,000 to 20,000 lung cancer dea annually.

Beta particies are essentially electrons which originate from the nucieus of
ummrmmmmwum.mmm. Betas are
gmlfybuomrgmcmmbmmmommnbmm
maximum energies in the same region as aipha particies. Betas penetrate
further through matter than alphas do and can therefore present an
external hazard. Whether a beta emitting radioisotope presents an
external hazaro depends on the maximum energy of the beta emitted. For
example, H-3, C-14, Ca-45, and S-35 emit relatively low energy betas and
do not present much of an external hazarg. However, P-32 emits betas up
to 1.71 MeV and can present a significant external hazard. Al beta
émmers and more broaaly, ALL racioisotopes do present an internal
hazard and precautions against inhalation, absorption through skin or
~OUNGS, INjection, or iIngeston must be observeqd.

Gamma rays and x-r:r‘ are electromagnetic radiations which are
essentially the same, differing only in that gamma rays originate in the
nucieus of an atom whereas X-rays anse outside of the nucieus. Both can
be considered "mas3less" Quanta or packets of energy. They are similar
to ight photons but have Qreater energy and are invisible. Most gamma
emming nuclides emnt photons with energy less than 2 MeV. Gamma and
X-fays are very penetrating types of ragiation and present the most
Serious external hazard, and one shouid take care to minimize external
exposure, while also taking care to avoid internal contamination.



Bremsstrahiung is the name Mntormuonproduooamnbm
ramcmarolboorboomamoa%m. As the beta is slowed down, some of

s energy is ammted as x-r . The of this Bremsstraniung
nnmzymmmmow m-\a |
genstty of the absorbing medium. For beta emitters like S-35 the
energy is low enough that s

Activity: rmwmmmddhrn#mww
ﬁm.mnotnmww number of
parucies gvon off per unt time by the

r
The untt of activity is the Curie (Ci)
1 Curie (Ci) = 22x 10" dpm or 3.7 x 100 gps
! millicurie(mCi) = 2.2 x 109 dpm or 3.7 x 107 aps
! microcurie (uCi) = 2.2 x 108 dpm or 3.7 x 104 aps
:gq t;n international System of Units (SI), activity is given in Becquerels
18q = 1 dps

Exposure: expresses the amount of Ionization/electrical
pfroaucod by x or gamma radiation in a defined mass
of ar,

The untt of exposure is the Roentgen (R).
! Roentgen (R) = 2.58 x 10" couiombs/kg air

1R = 1 esu/ce of air at STP

There is no SI unt for exposure.



1ragd = 100 ergs/gram

In Sl untts, the absorbed dose is Qiven in Gray (Gy)

In raciation protection. a
‘aciaton. a Roentgen i1s

Hatf Life

1 Gy = 100 rads
1rag = 0.01 Gy
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1rem = rads x QF x MF

general rule of thumb is that for x. gamma or beta
aragis arem,

In Sl units:

100 rems = 1 Seivert (Sv)
1rem = 0,01 Sy

refers to the time 1t takes for hatf o';?:' gm 7”a'mp¢o of
ragioactive material to decay. s an
inherent charactenstic of the radionuctide, and DOES
NOT CHANGE REGARDLESS OF THE PHYSICAL OR
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CHEMICAL environment of that the radionuciice
happens to be in.

You can cetermine the activity of the ragionuclice at any given time
througn this simple equation:

A) = A() o emar )

Where A() = activity at time t
Al) = actvity at time ¢
t = time
T,» = hat iife

When using the above formula, remember that the units of t and T1/2 must
De the same. e.g. sec, min, hours, years, etc.

Similarly, the unts of A(,) and A() must be in the same units: e.g. dpm,
cpm, Ci, ete.

Counting Efficiency: '8 @ measure of the detector's tc
identy and record a ooumm

will want 1o count the standard under the same conations you will be

stancard of the isotope with which you are working. In these cases, you
will need to count a ‘mock" stancard. A proper mock standard shoulid
mimIC, as close as possible, the radiation emission of the ragionuciide of
interest. For example, it is often impractical to keep an NBS traceable |-
125 standard on hand. Asummockmvdwwubomaumoir
energies are comparable.






BIOLOGICAL EFFECTS OF IONIZING RADIATION

Gamagng calh AN col lecues scemeh oo B a5, poteral o
camaging celis ana ce as ;
canbgngrokonoown:mommmm-mdhm(m
affecting the individuai irradiated);
generations). The somatic effects further
thth'om&a?nmmwmmu
raciogermatitis, epilation . hematological changes, acute
raciaton synarome. These short term or prong effects generally
from large, acutely ceiivered coses as 1 '
hours. gﬂgtmmm&yucmwmm.wm;%m
Or cataracts, embryological effects, & span.
Gomoﬂmromwmobuwupddohm hgopopuuon
as a result of exposure of the public to

that current radiation protection dictates that any expos.re to
roaiauon.nommorhowoman.hummgmmm

the exposure. This risk may be so be naistinguishable
from the natural occurrence of any given effect (mm_m

and lpproiumnu Qoses at which these effects occur.

RISK TO THE EMBRYO OR FETUS

These are effects that May be observed in children who were exposed
Quring fetal ano embryonic su?u of development. These may include
birth defects (teratogenic effects) such as clamage to the nervous system.
Birth cefects of this nature are associated with goses of radiation above
10 rem (acute exposure 10 embryo or fetus). Leukemia and other cancers
may aiso occur. The risk of cases of leukemia during the first
10 years of Ife is estimated at about 2 in 10,000 per rem of e

Defore birth. The National Council on Radiation Protection and
Measurement (NCRP) recommends that the developing fetus shouid not
receive a raciation cose from occupational @ ® of the mother of
more than 0.5 rem durning the tion period. For more information, see
Reguiatory Guide 8.13 (US Nuciear Reguiatory Commission), available
from the Radiation Safety Specialist. Pregnant and potentially pregnant
women may wish to schecule a one-1o-one session with the RSO for more
Cetalleq instructions/information or., this topic.



TARLE 1

NIFICAN F EXTERNA
EXPOSURE

TI10N

22 mR/caldendan quanlen, conlenuous
whole boay (0.01) mR/hnr|

41 mR/calendgan quanden, conlinuous
whole bdody

34 mR/calendarn quanzen, comtenuous
whole bdoay

Approrimazely 100 maem/yeanr
whole bdoay

Approsimalely 90 maem/yean
whole body

el mAaem/yean
Apprcramately | maem/yean

Approxemately 8000 mrad/un,
Local, Lo bromechus

1,250 maem/quantenr

18,750 maem/quansgen

I8 maem/quangen

'§,000 mrem/yean

500 maem/gestation perdoa

ilf"l?l;ANg:

Background radcateon, sea level,
oul of doors, New York Cuty

Background raddiateon alsctude o4
10,000 §2 (ground Leved)

Radcalion measunred ‘nacde brece
buclding af sea Level

Average per capela dose 20 U.S.
population, natural backgrouna
Level

Average per capcla dose 20 US
population from medical terays an
neclear medecine sludies

Average pea capila dose 2o U.S.
population from nmuclear power

Comaumer products

Eat.mated dose from nadiocsctopes
AR ciganelle smoke, } packs a day
Regulatony Limit §on occupational
CXposure of whole boav enclical
OAgans anre gomnads, lens 04 ewe,
bone marrow)

Regulatony Limit §on occupationald
CLposure 0f hanas

Regulatony Limel §on nonme
occupalional ecrposures
[4ncluding exvosure of menons )

Recommended s4ngle 2issue o organ
Limet <§ nol covered <n separale
recommendation

Recommended Limes sonr developeng
selus.



CANCER AND OTHER HEALTH RISKS

(Adapted in large pan from USNRC Reguilatory Guide 8.29)

The cancer risk associated.ated presented in Table Il were deveioped by the
oy Rasan (e oo Aovieery e Comhay Swingion e K
lonizin . the Intermation on ical
Protocgon (ICRP) ana the Untea Nations Scientfic Council on the Effects of
Atomic Radiation (UNSCEAR).

It is important to rwizothnmmrmnunm.rqon!ym. Many
difficuities are invoived in designating research str.dies that can accurately
measure the small increases in cancer incidences due 10 exposure to radiation
as compared to the normal rate of cuncer. M.mmmmam
deal of cortroversy with regard to estimates of radiation risk. The numbers used
here resutt from studies involving high doses and high dose rates, and they may
Not apply to doses ar the lower occupational levels of exposure. They are based
On a simpie linear extrapolation from available data for high doses received over
Short penods to low doses recerved over long time penods. In other words,
tnonuumatumumomattmn‘akpcrunnromdmudmrmmfornm.
shontomdmswmbctmommlow.mdoum.
Funnormoro.mouosnmmummumommnwmmhoodofmduon
exposure below which thers is no health risk. The Nuciear Reguiatory
Commission (NRC) and other agencies both in the United States and abroad are
continuing extensive iong-range research programs in the field of radiation risk
assessment.

Some members of the National Academy of Sciences BEIR Advisory

and others feel that the risk estimates presented in Table Il are higher than wouid
actuaily occur and represent an upper limit on the risk. Other scientists believe
that the estmates are low and that the nsks could be higher. However, these
estmates are considered by the NRC staff to be the best available that the
worker can use to0 make an informed decision concerning acceptance of the
risks associated with exposure to radiation. A worker who decides to accept this
risk should makomwmntokmmtorwmnnwwh
Feasonably Achievabie (ALARA) to avoid unnecessary risk. The worker, after all,
nac the first line of responsibility for protecting himself/herself from radiation

t-atasl TARLF 11

n & effort to expiain the Estimates of Ezcam Conenr Incidence from Exposure

signiiicance of these
esgurnatn in Table Il we will W Smioni Retiee
use an approximate Number of Additional® Cancers Estimated
average of 300 excess Sourcs to Ocewr ia | Million Peopie After
cancer ceaths per million Exposure of Each to | Rem of Radistion
Deopie, each exposed to 1
rem of ionizing radiation.
Using m.g linear BEIR, 1980 160-450°
nonthresnoid (hypothes:s) ICRP, 1977 200
nsk  model  discussed
above, of on a group of UNSCEAR, 1977 150-350
10.000 workers each
receives 1 rem, we could
estimawe that three would ‘w~”~.~h“d“.
*AR three umetes Seaths from resiation
(Mot ety soomt omrt or oo ey 8 rervauy tisied



develop cancer because of that

more Or less than three.

exposure, athough the actual number could be

The Amencan Cancer Society has repored that approximately 25 percent of alil
aaumnmzotoesyw agobnckotwmcmmcmwntlmmfromw
possible causes such as Smoking, food, alcohol  @r politants, and

natural background radiation. Thus. in any group of 10,
10 radiation on the job we can expects 2,500

INQ & linear extrapoiation of
10,000 workers were to recerve

number of about 2 Thum:rmg\snnromtgoz?&oommm. workers
m iNCrease the cancer rate from percent ‘N percent, an increase of
l:g:ahmoathsMomp«um.

Perhaps the most useful unit for comparison among heaith rsks is the a

number of days of ife e

MDRUMO'.W.!O.IG\

health risk. Estmates are caiculated Dy looking at a large number of persons,
recoraing the age when deatn mnmmm.mmm

numowofdaycoflnﬂonuarnunofmmunydom.

total number of

days of life lost is then averagea over the total group observed.

Several studies have
compared the projected
loss of Iife expectancy
resulting from exposure to
radiaton with other health
rnsks. Some
represantative numbers
are presented in Table Iil.

These estimates inglicate
that the heaith risks from
occupational radiation
eXposures are smaller than
the nsks associated wih

other everms or
act we encounter
and accept in normal cay
10 Gay acuvities.

A second usetui
companson is to look at
esumates of the average
number of days of |ife
expectancy iost from
exposure to radiation and
from common Industnal
accigerts at raciation-
related faciities ang to
compare this number with
days iost from other
occupanonal accidents.
Table IV shows average

TARLE 111

EsTimavep Loss o Lire Exrncrancy regn NeaLTe Risesé

Esvimares o0 Davs or
Lire Exrecramey Lost,

Auro ACCIDENTE
ALconoL Consumerion (U.S. AvERasq)

NeaLre Rise veRAes

/ .
VinvETeay {aressTyes oy 5 %}.3 vians)
ALL accrpawrs COmBIngD . % (1.2 veams)

HOmE AcciDEmTS

Drowairg 1

NATURAL Baczsmoump RADIATION

CALCULATED

MeptcaL ruunne X*mavs (U.S.

AVERAGE), CALCULATED

ALL caTasTROPHES (EARTHOUVARE, gre.)

1 nam occurartiona RADIATION Dosg,

CALCULATED ((mDusYay AVERAGE rOn

rnz MISHER=DOSE JOB CaTEeORIgs (g

0.65 ngn/vn)

s nEn/vr ron 30 veaas, CALCULATED 30
- - -

tesencnsnssscs SSesccsscosnn ........-....--.....-...-..-....-—-
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Gays of Ife expectancy lost
as a resuR of tatal work
'elated accilents.  Note
that the data for
occupatons other than
ragianon related 9o not
NClude death -isks from
other possible .azards
SUCh as axposurs 10 toxic
chemicals, dusts, or
unusual tamperatures.
Note aiso that the uniikely
occupational exposure &t
S rems per year for S0
years, the maxumum
allowable risk level, may
resuft In a nsk comparabie
10 the average risk in
mining ang heavy
constructon.,

TARLE 1V

Eavimaved Loss or Lipa Careevares peoa lacoevaiay Hagaapgd

€av1mavgs o Davo oe
Lirg Expeevancy Loest,

lapaovay Tvpg Av@eags

ALL IwDugTaY
napa

Gamuracruning

Seovien

boviamagny

BARBPORTATION AWD UTILITIgS
faer1euLvung

CoasTaweTion

Praieg aap QUARBY I Re

Rapiation accipaars, paat Fagn
ixPosuag

Rapiavioz posg or 0.68 nga/ve
(1aDueTRY avgraoca) sos 30 vgasg
caLcuLaYad

RgSIAYlOB 8088 of 5 mgma/va rea

vRaae

IRBUSTRIAL accipERTs 4T mueLgag 58
PACILITIES (mommaBiaYIon)

- Q.r.-.-o.o.e.‘.o.oe..o..-.oo......-.o..................0..O-

» Aparrap reea Cowam amp ’gc ‘R CavaLoeus o Riga,*
URLLER, You. 36, Jumg 19

J AND WGRLD HaaLTm 0RGAGITAT|OK,
o LA P RaRney (.

Dscampgn 979,




LIMITS AND ALARA

Oose iimits are designea in principie to keep radiation exposures at a point
where the incurred risks are ceemea to be ‘acceptable” Ly the exposed
NAMAuEl ana/or society.

Qccupational limts are basen to ¢ large extent on this idea of “accentable risk”
mmw.mompmummmhmmmmwwwmm
the maxmum limns ang INCur health nsks no greater than incuired in many o er
occupatons. At the same time, bommowom.rmsodﬂy&u:bmm
the use of raciation. However, since ft is pnident to

nsk associated with any exposure to radiation, t is the of Radiation Safety to
keep exposures &s low &s reasonably achievahie ( )

steps which wil lower personnel exposure shouid de taken nVouworkumyn
nsumikotymwuwnurommw%onmmmmundoum. Here at
Rorer, radicisotope research workers generally recerve less than 30 mrem
year 10 the whole body, and most such workers seidom, if receve any
measurable occupational exposure above that due to natura backgrouns
raciaton. Table V lists some external exposure imits along with certain other
external radiavon leveis and treir signiic .

5

TARLE V. Swmwmary of the Biological Siemificance o Various Exvosures

txrosune SIGNIFICANCE
......................................................................
Ld0, %0104 DOALALOM 04 DONE SEAA0W + mesavn Teat 04 ccturmgncet o,
Leutemee o about ' (n
0 .4000
148, wAolt D0dY serrremsesrsssennransnnnan Tan of evenstual avocan-

dREE 04 camCer abouL -4
AR 10,000 (meamad (-
iedence ja0e all cawadn
“ B0l ! a4

AL, wnolt D0dycrecrc isrstissnmnnssnraane flaveased numosn oy
CARSO0LPOE aPRAAGL ONL o1
Peaiphaasl bloea; ne
delectadde cajuay oa
svaplons

R R T T N O | L A, Posn 4oa douddlanyg
LLLLEY LT T VI TV 3°F FETN
Lowast o4 preposca
vadute |

(O, THPAPOUELAVE 4 yaltP, PALIA (Pewnnsnns Abont S+78 addationad
Il LT FOARLL . deavnaens pen
Scdldaon Lave beagna
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yhee all cawsdts
10,000 oen mellionm vt
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001000 108 €0 a84R ssrcsnncnnsssnnsssnnn Tagnsdeemal cajury.

1000 188 LV QiR eecnccnnessssnennsnscssnnss 2..“..¢‘..“

1304500 tag, licadly 20 tWt ,vveccnncsiennnnn "hAeenola deae, catarace
aangle trpoaure sABUELiom  aplen latans

LIRS T}

000-1500 rau, loead, dlvsvrvsnnvenanaasnnns TAeatmens o4 mgnaealy
100300 «aa/da Ta84vetnacluve caneen
15005000 2aa, Locad, dl+vesvecccncnscnsanna Treagmens o4 o moderatelv
100+)00 caa/aa Ta0uoaens v cancen



PRINCIPLES OF RADIATION PROTECTION

There are severa! principles which you should keep in mind in order to work with
radionuclides. These inciude: time, distance, shielding, and containment,

TIME: The best way to avoid unnecessary exposure is to simply spend as

DISTANCE: The radiation intensity from a point source varies inversely with
square of the distance from
INVERSE SQUARE LAW:

where |,, is the intensity at distance d, from the source and |, is the intensity at
distance d, from the source.

In other words, doubling the distance between you and a point scurce of
radiation decreases your exposure by a factor of 4 for a given length of time.
Conversely, halving the distance quadruples your exposure. As a practical
example, mumothatusingapwo”ongsaﬂomyoutoknpavuof
radioactive material 16 cm away from your fingers. At this distance the exposure
rate is 8 mR/hr, Assumothatyqudonotuutongomdpidwpmmmhyour
fingers (the source insicie the vial is 1 cm from your fingers). The exposure rate
to your fingers will be approximately:

I(1 cm) = (16)? (31@] = 2,048 mR/Mr

¥

i
;
i
a

This is a factor of 256 times the radiation received when the vial is handled with
tongs. To put this exposure in perspective, this is the dose you would axpect
from a mCi of I-131,

REMEMBER: 1) Maintain as great a distance as possible between you
and radiation sources which are external radiation
hazards (e.g. energetic betas, gammas, and x-rays).

2) Don't pick up unshieided or inadequately shielded
sources with your fingers. Use tongs or forceps
whenever possible; it does make a difference!

SHIELDING: A third way to reduce exposure is to use shielding. For low
energy beta emitting radionuciides. shieiding is unnecessary.
Very few betas would penetrate the dead outer layer of skin.
For gamma radiation, high gensity material such as lead
generally provides the Dbest shielding choice in the
laboratory. The thickness reguired depends on the energy
of the emitted photons and the amount (activity) of the

14



Containment:

Mmaterial to be shielded. Very little lead is needed for a “soft"
(.e. low energy) x-ray or emitter like |-125;

less than 1 mm of lead wi aboorbvnudyluthophotom.
lntholab.youmuwydon'th.;;otommm

shieldi you'll need--just thicknesses
a:dmngywmumgmn;mo%wgl
radiation survey meter. 8Xposure rate is reduced to an
Oocopuuobvdmmywhlvomhthm.

As noted earlier in this manual, the high energy betas ( such
uP-sz)hmabndonoytomﬂlawmmmmw
produce Bremsstr, K Formbm.nboooamum
physics to shield P-32 with a low density material such
nphmm(mamwm)tonoputmbm.
Ommouldmonmumpbxngmowm:highm
material such as lead to the
produced in the plexiglass.

When relyi on shielcing, be sure that it is both
andappmggau Donothumtooomunwmmgg

regarding shielding requirements for your lab.

In order to minimize the chance of ingestion, inhalation, or
absorption of radionuclides in the body, every eiort must be

remain under r immediste
radioactive. ork areas should be

Dacked aosortent material. Wess lab ccats and gloves to
kuoaomammﬂonoﬂwmdothalndakin. Keep your
lab coat buttoned. Each radioisotope laboratory shoulid
conduct its own "r‘a.diltion safety program, in addition to
Surveys done by Raciation Safety personnel. Shouid a
radioactive spill occur, care shuuid be taken to confine the
ragioactivity to the area of the onginal spill. Radioi

which are part of volatile compounds, or which may break
down to volatie compounds. must be stored in property
functioning tume hoods.

15



SUMMARY

Radionudmncanundaubqing‘uudmﬁomwmlmfmimumcfriskto
personnel and the public. Maintaining this safety program depends first and
foromoctonncmndeuuwhomndmndiomm.Mmonmw
appreciate the hazards involved and treat radioactive material with the proper
rupoctwmomwngfuuylwomndmwufw“n
valuable tool in research. Thicboomtbimmwmmdmom
immwwmhmrmcehm.
Keep in mind that radiation safety personnel are ALWAYS available to answer
your Questions or to address concerns rogudrg.rlm protection matters or
needs. Duﬂngworkinghwnyoumaycomact Radiation Specialist at
(x4116).mdumgmnhghounpommoﬂsowﬂadm Specialist
canborucmdbydmingmoSocumyDopnmmhyourhaﬂQy.

16



Appendix A

Isotope Spectfic Information
TVPE OF EXTERNAL  ATRBORNE™ FILN BADGE  RING DOSIMETER SNIELDING  (AB SURVEY WETER 870«
ISOTOPE  RADTATION WALF LIFE  WAZARDY  WAJARDY  REQUIREDY REQUIREDY MATERTAL UF CHOICE .sgl:
I Soft & 12,38 ¢ NO NTO No He N/A Nome Uain
e Soft 5,700 ¢ Ne 4eo, o e N/A Thin Windew G (7
ity 3 4.3 d Ve No Yo Yo Plastic Gless  GM, any type Ne
[hegh emengy! |
iS¢ Sogt & 1.4 d No sy Neo o N/A Thin Windew GN e
Sca Soft ¢ 143 d No No Ne No N/A Thin Window OM ™
Sleg Y 1.7 d Yes No Ya Mg Lead Gl N
15, Y, ey .4 4 Minemal Yea Yo Hagde Thin lead Thin Wiadew Thye
[boLh Low energy) (g ,Nal sot.) (Nal cugetal)prone
13 8°, v 1.04 Yes Yes Yea Yes Lead Gu (Y
(19 ,Nal 40t,)

Nodea: 1. Thes lable w (mtemded @ ¢ quich teference gucde only and the ia(onmation PUsvided may be caceumiole (ou many
diluations. Foa crample, «a moss AGdiscmmmonssay moak, Leas slaingent meuinements Chaa Chose wnplied above o
be allowed due Co the low aclivily levels waed.

+ ARV olope mav be o potential aiaboane haraad as v, dwd, el on as P8AL 0f a volatile compound. This
column (demlifits (he moul ¢ommen AOAms 0f eilher fhe contamiment o2 che mareasal (Aom which a contaminant medl
Cehely ancae «n Che \tstarch labeaatoay.
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Appendix B
Radiological Data For Isotopes Commonly Used In Research Laboratories

RADIOLOGICAL DATA FOR 3o Renge in
Helf Life 2sdiation Tvoe Cnergy (Mev) Intensitv(% per gisintegrstion) Tisous

12w g - asx 0.01860 100 0.45 e { 0.006 &
. evg 0.00568
Meximum Permissible Bogv Buroen.......... Critical Crgen
M
200 uli (KTD) Total Bogy
1000 uCi (WTD) Bogdy Tissue

"o external hazard; shielding not required; fila teage not

Redistion Precautions:
reqQuires,

ritisted compourcs can be & serious internal redistion hazerd. Teitisted melede scids
and nucleic scid precwrsors are generally considered to be ¢ more Ser ious
redistion hazard than other chemical forms.

Precautions should be taken sgainst ingestion, inhalation, sccidental injection, or
absordtion througn the skin. (e.g, Use protective clothing anc absorbent msterisl on work
sur faces, no mouth pipetting, ete.) Urinalysis is reguired for Persons handling more then
10 mCi of M either per container or at any one time. Cantact the 0ffice of Redistion
Sefety, Ext. 7813 for instructions. Tritiated weter vepor (WTD or JH20) is o Co—
FOssible airdbarne hazard. In sodition to being used directly in thig fore, MTO a8y also be
® dyproduct of exparimental resction(s) or of the breskdown of other compounds. Tritisted
sodiur barohya-ide (NelMa(3W)) is an examole of o Compound whose use usually results in
sirporne rilees» of NT0 vapar. Contact the Redistion Safety Office for possible air
RONILOTiNG. MExisus pareissidle sirdborne concentration in a controlled &ee is 5.0 x 10-6
uCl/al, eversgen over &0 ir.

RADIOLOGICAL DaTi FOR C-14

Rarnge In
Half Life Redistion Ivpe  Cnergy (Mev) Intensity (3 per disintegretion) A T{ssue
5730 years 8- 0.1% (max) 28 o 0.029
0.049 (avg) 100
Maximsum Persissidle Bogy Bwoen.......... Criticsl Or an
b1 T Body Tat
oy o Total Boay

Redistion Preceut ione:
“

Negligible 2xternal hazaroc; shielcing not reouired; fila badge not required.

The chief concern regarding 14C ig o potential internal radistion hazerg. Precaut ions
should be taken sgainst ingestion, inhalation, sccidental injection or sbsorption througn
broken skin. Use protective clothing and absorbent Raterial on work surfaces, no pipet.
ting by mouth, etc. 'AC may become airbotne wnen USed to study certain metabolic
processes which resuit in the forsstion of 14002, Any experimental procedwres in which
14C may ottach to dusts, mists, etc. mey also result in eirborne 4C, Use fume heods or
other local ventilation to control any such hezards. Maximm persissible sirbarne
concentrstion of "soluwle” 14C in g controlled ares is 4 x 106 uCi/al, aversged over &
howrs. The PCaOnrs for sirborne 14C02 (based on "subsersion® dose) is 5 x 10-5 Ci/al.
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ADIOLOCICAL DATA FOR #.)?
M
“alf Life fagistion ?vg tnorgv (Mey) Inteneity(s per dutntmlnon)

18, - 1.71 (mex)
o ' ' 0.69% étv;) 100%

Heximum Permissible Boov Burden.......... Criticsl Orgen ncn:u ‘“’1. e in
4 ' og
)8 :ﬁ m‘ Sosy 635 c»| 0.7¢ =

Redistion Precsutions:

32P poses » significant externsl redistion hezerg. Dose rate st 1 foot from o 1 mCy
vnshielded point source is ioproximetely 300 mred/hr. 329 betas are also energetic

10 couse significant x-ray production when being stopped in an sbsorbing medium. (This type
of x-redistion is called Bremsstraniung.) Use low Gensity material to shield the betas (8
™ of plexigless or equivalent will stop all the betas), !r necessery, high density
éhielding (e.g. lesd) may then be used to shield any Bremestranlung arising in the low
censity bets shield. Minimize time of exposwre ond meximize distance from souwrce to further
decrease your dose. Dose to the hands and fingers mey be especially significant if proper
Aecautiona are not taken. As with all isotopes, take precsutions ageinst ingestion,
inhalation, accidental ingestion, or sbsorption through broken skin. Use protective
clothing and gloves, do not pipette by mouth, ete. Any experisental procedure in which 32
"8y become sttached to dusts, mists, etc. may result in eirborne 32P, Use fume hoods or
other local ventilstion to control such hazards. Maxisue permissible sirborne contaminetion
for soluwle J2P {n a controlled ares is 8x10-8  Ci/m], sversged over 40 howrs.

RADIOLOGICAL DATA FOR S.3%
M

Renge [n
Half Life Radistion Tvoe C[rergy (Mey) Intensity (% per disinteogration) Afr | Tissue
87.4 geays g - 0.167 (M.X? 31 em 0.32 9
0.049 (avg) 100
Meximum Permissible Sodv Buroen.......... Criticsl Oreoan
wl estis

Q00 uCi Total Booy
fadiation Precsutions:
e e e ity
‘egligible externel Mezaro: shielding not requiree; film de0ge not reguired.
"he cnief concern regaroing ’25 is a potential internal regdistion hazara. Frecautions

*houlc be taken ageinst ingestion, inhalatign, sccidental injection or absorstion througn
Sroxen skin., Use protective clothing anc sbsorbdent material on work surfaces, o pipet.
*in9 By Mauth, ete. Cases contsining 35S (e.g. J5%32) mey be formed ouring some chemics)
Frocedures and may pose an sirtorne hezargd. ANy experimental procedures in which 35§ mg,
ettacn to dusts, mists, etc. may also result in sirporne 155, Use fume hoods or other

-ocel ventilation to contrsl eny such nezards., Maximum permissible @irdorne concentration
of 355 in & controlled ares is 3 x 107 wCi/ml, aversged over 4 hours.
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MD!U.OCXC& OATA FOR Cowd$

Range In
Helf Life Registion Tvoe fnergy /Mey) Intensity (% per disinteorstion) Ajp | Tis
163 cays 8 0.257 (max) $) en Io.n.
0.077 (avq) 100
"u&.l. '.f.l..‘bl. bdv e“‘.ﬂooooooooc. CrlNell &!M
M
X i Bone

Redistion Preceutions:

Negiigible external hazard; shielding rot required; fils badge not required.

The chief concern regaraing Ca-45 is & potential internal registion hazerg, Precaut jons
should be taken sgainet ingestion, inhalation, sccidentasl injection or sbsardtion througn
broken skin., Use protective clothing and sbeordent meterial on work surfeces, no pipet-
ting by mouth, etc. Any experimentasl oceduwres in which 45Ca may attach to dusts, sists
etc. may result in airborne 45Ca, Use fume hoods or other local ventilation to control
&Ny such hazards. Maxisum permissible sirborne concentration of 45¢, i1 8 controlled are
i8 3 x 108 uCi/ml, aversged over &0 hours.

RADIOLOGICAL DATA FOR Cr-$9

fv
Helf Life Radistion ngc Energy (Mey) Intensitv(% per disintearation) r:lzor f}\u’b
27.7 ca y 0.32 9.8 0.17 em
Meximum Permissible Body Burden.......... Criticsl Oroan
M—
ggg uCi ower large intestine
uCl 'otal boay

Radistion Prescsutions:
“

Moceraste external hazard to whole 500y and extremities. Camme dose rate from 1 mC§ point
source is 0.016 mR/hr ot 1 meter or 160 MR/hr at 1 om. Use leso Shielding (1 cm of lead
will reowce exposwre rate by adout 60X). Use remote nendling tools for manipulating
Jshieidec sources or containers. Film bedges required, fing cosimeters required for
oersons hanaling mCi amounts, 4is with 8Ny radionuclide, take precaut.ions aQainst accidenta
-noestion, .njection, .nhalation or aosorotion through broken sxin (utilize cuntamination
control measures, etc, Any expermental grocedure in which S1Cr may ettacn to dusts, mists
etc., may resuit in an airdborne hazarg. Use fume hoods or other local ventilation to
control suen hezaros. Maximium permissidle airborne concentration in 8 controllec eares 1s
x 10=3 uCi/ml, eversged over 40 howrs.
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RADIDLOCIZAL DATA FOR 1.12%

Melf
“elf L.’e Ragistion Tvoe [nerov (MeV)  Intemsitv(% per gisinteoretion) t:i.,vf}.“’b
60.% Xetovs 0372:0.0)58% 139. 4 "
- v.n;o 8.855; 6. 0.002 ¢
Yaximum Permissidle Body Buroen.......... Lritical Orgen
' i Total Rogy
1.1 :EJ Tyreid

Redistion Precout ions:

Cenerally low external hazard: chief concern is exposure of extremities ng fingers while
hencling aCi quentities. Minimel Jesd shielding needed (0.02 ca of less vill reguce
exposure rate by adout 1000x). File bedoe usually reouired. Ring dosimeter reguired for
persons handling a(i ssounts. Like ell rediciodines, [-12% thet enters the body concent-
retes in the thyroid glanc. Precsutions sust be taken 8Qeinst ingestion, inhaletion, ang
sccidental injection. "Free” 1125 (12 or soueous Nal) is essily sbsorbed through intact
skin sno can penetrate plastics. "free” forms are essily volatilizes, especially in ecid
solutions and present o serious sirborne hazard. Use of "fres® forms of .12 sust take
place in a fume hood approved for this purpose by the Office of Rediation Safety. (Cxterns
Lhyroid counting is reouired for persons hanaling > 1 mCi of free 1-12% ang air sawpling
may be recuired Owring procedures involving free 1-125. Contact the Office of Rediat jon
Sefety for further details. Meximum permissible sirporne concentration in ¢
controilec ares is 5 x 10-Y uCi/ml aversged over a0 hours.

RADIOLOGICAL DATA FOR I.131

it Lite: 8,04 a0 Maziowm perwissinie Oritical

Muxinwe Mots Mange: In Tigswe = 0,21 ea Ia AlF - % @ Sody bureen o:s
Kait Yeive Laver (photons) In Loes: ldd = N [}
Gamme Nmse Rates frem | aCl Polat Swres: 0.21 /W ¢ | eeter

%0 «Ci
2,100 s/ 91 ¢ oid

iATOng ity
Neg lation Troe (anz (Mav) '! z .ljll':'l'l.l Reglation ng !m! 14 l! =‘".'|;::'x!n“)

o7 g 0.,3M eax T.% Xeroyy 0.29%-0.33% 4“0
et e~ 2.6080 sax "4 gamme ¢ ; 0.080 2::8
] Oters smi™e 0.0 eax -— gemmey 0.204 .08
Total (avy,) 2.102 100 GTERY 1 ¢ 0.364 N:Z
Jemme ¢y 0.6%7 L ¢/
jommna g 0.723 1.00

'd others emirres s
Ragist ion Frecas uve: By

External hazaro to whole body from gasms exposure anad to skin f

remote hanaling and/or lesd shielding (1.0 om of lese will r.o\;rqm ::::::.ng:.o»
adout 15x), ilm becge ang Ting dosimeters required. Like all recdiciocines, [-131 thet
enters the bodv concentrates in the thyroid gleng, Precaut ions must be taken sgainst
ingestion, inhalation, and accidental injection. "Free" [<131 (12 or soueous Nal) 13 essi)
absoroed through intact skin ang can penetrate plastics, "Free" forms are essily volat:).
1200, especially in acid solutions ang Present s serious airborne hazarg. Use of "frgen
forms of [-131 must take plsce in & fuse hood eporoved for this purpose by the O0ffice of
laciation Safety, External thyroid counting is requireg for persons hand ing > 1 aly of
free [~1)1 ano air o.ou!? 88y be reguired during procedures involving free [-T31. Contac
the QOffice of Redistion Sa ety for fwther details. Mexisum rersissidle
sirborne cuncentration in & controlled ares is 9 x 10-9 uCi/ml, svereged over & howrs.
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10.

114

12.

13.

14,

18.

RORER GROUP, INC.
GOOD SAFETY PRACTICES IN RADIOISOTOPE LABORATORIES

NEVER pipette by mouth,
NO smoking or eating permitted 'n the work areas.

Do not apply cosmetics 1n radioisotope work areas.

Gloves and bLuttoned lab coats are reqQquired when usiIng
ragioisotopes.

Prescribed personal monitors must bhe worn.

Hands, shoes, and clothing should be frequently monitored.

Radicisotope work should be conducted on a surface lined
with absorbant paper.,

Utilize shielding and maximize distance from a radiation
source whenever possible.

Dispose of al) radicactive waste in appropriate containers.

Refrigeratars containing radioisotopes SHALL NOT be used for
storing food.

Monitor radioisotope work areas routinely for contamination;
identify (label) contaminated areas and alert supervisor/RSO
for appropriate cleanup actions,

REPORT accidental 1ngestion, 1nhalation, 1inJjury or spills
promptly to your supervisor and the RSO.

Maintain appropriate records of receipt, use, transfer and
disposal of radiocactive materials.

Bioassays-~-thyroid checks andg/or urinalysis will be
performed by the RSO or designee as 1ndicated.

Assure compliance with State and Federal Regulations as well
as Rorer’'s 1nternal regulations.

IF YOU HAVE ANY QUESTIONS OR NEED ASSISTANCE, CONTACT THE
RADIATION SAFETY SPECIALIST AT { X 4118).



RORER CENTRAL RESEARCH

RADIATION AND RADIOCACTIVITY

A GUIDE FOR THE RADIOISOTOPE LABORATORY
WORKER

Prepared by: Ann M. Keklak
John C. Keklak, CHP



Your Responsibilities As Radioisotope Workers

Your Responsibilities Inciude The Following:

YOU MUST
Be familiar with the ISOtope(s) you are using; know their radiological,
physical and chemical propertues; methods of detection, types of hazards
that each

Be fuily knowledgeable of the specfic precautions and handling
requirements for each isotope YOU use and of the precautions to be
followed with radioisotopes in general.

ga familiar with the raciation safety rules and regulations instituted at
orer.

Inform co-workers and VISItOrs to your iSotope areas of the presence of
radioactive material(s) and of any precautions that they should take.

Label all radioactive materiais/contaminated surfaces with appropriate
stickers,

Property secure all radioactive storage tems including rooms.
Maintain inventory records including use, waste, disposal and decay.
Know how to property use your survey meter.

Routinely monitor hands. shoes, clothing and work areas.

Know how to use any personnel dosimetry devices Issued to you.



Radistion and Radioactivity
A Guide for the Radioisotope Laboratory Worker

INTRODUCTION

Thomdradhﬁonandradhﬁonprodudnqdmhummybmu
for man. Medical diagnosis and therapy, scientific esearch, and
roduction are the obvious areas in which these benefits may be gained
Elomvu.nwuhanyomor"tool'. th«ouomksinvoNT;.dwvmmo
radionuclides or more s . lonizing radiation.
rlc:u-n(:nnfctyprogl'arﬂp;oiﬁcfmy mymunm\p‘oyoa Rorer tc gain
benefits for yourself (e.g. your salary) and for others (e.g. research r
with @ minimum of risk ?i.e. exposure to rad:ation).

Various Federal and State regulations, Rorer's radioactive materials
license conditions, andcommonumdmomltonh/pmomwhom
adequately trained may handle radioisotopes. At the time of hire or at the
timoitboco.movodomthutyouwiﬂborouﬂmworkingm
radioisotopes, you will be required to complete a number of forms
detailing your previous training and expenence.

In order to meet the training responsibility, Rorer will Provide a variety of
training programs ingrwi regular radiation safety orientation lectures;

instructions oraering, r ; , and d of
radioisotopes; instructions and protocols all the radiation m
programs; ann booklets pamphiets, and other material dealing

most common questions and to address those topics with which you



Types of Radiation

Radiation can be defined as energy which is transmitted in the form of a
wave or energetic particle and includes such things as visible light,
ultraviolet light, microwaves, radiowaves, laser light and infrared radiation.
Although there are hazards associated with these forms of radiation, our
chief concern from a heatth and safety standpoint is ionizing radiation.
lonizing radiation may be defined as raciation which has sufficient energy
to break chemical bonds by ‘ionizing" atoms. More specifical , @noug
enerQy is imparted to an atom by either the photon of particle to knock an
electron out of its orbit around the nucieus.

lonizing radiation includes alpha particles, beta pa ticles and electrons,
protons, positrons, neutrons, gamma rays and xrays. The types of
radiations you will commonly encounter at Rorer are beta particies,
gamma rays and x-rays.

Alpha particles are essentially helium nuclei and consist of 2 protons and 2
neutrons and thus carry 2 posttive elecirical charges. Aiphas originate in
the nucieus of some radioisotopes and usually have energies which range
from 4 to 8 milion electron vofts (MeV). Aiphas have very limited
penetrating ability and can be stopped by a sheet of paper or the dead
outer layer of skin and hence are not considered an external radiation
hazard. However, since they are high energy, charged particles, they
produce a very large number of ionizations along the short distance they
travel. They can therefore be a very serious internal hazard. For example,
consider the fact that radon daughters are regarded as a significant
hazard to the lung and tracheobronchial region and are responsible for an
estimated 5,000 to 20,000 lung cancer dea annually

maximum energies in the same region as aipha particies. Betas penetrate
further through matter than alphas do and can therefore present an
external hazard. Whether a beta emitting radioisotope presents an
external hazard depends on the maximum energy of the beta emitted. For
example, H-3, C-14, Ca-45, and S-35 emit relatively low energy betas and
do not present much of an external hazard. However, P-32 emits betas up
to 1.71 MeV and can present a signfficant external hazard. All beta
emitters and more broadly, ALL radioisotopes do present an internal
hazard and precautions against inhalation, absorption through skin or
wounds, injection, or ingestion must be observed.

Gamma rays and X-rays are electromagnetic radiations which are
essentially the same, differing only in that gamma rays originate in the
nucleus of an atom whereas X-rays arse outside of the nucleus. Both can
be considered "massiess" quanta or packets of energy. They are similar
to light photons but have greater enargy and are invisible Most gamma
emmting nuclides emit photons with energy less than 2 MeV. Gamma and
X-rays are very penetrating types of radiation and present the most
serious external hazard, and one should take care 10 minimize external
exposure, while also taking care to avoid internal contamination.



Bremsstrahiung is the name given to radiation produced when beta
particles are .bsorbed in a medium. Aomobmml‘owoddown. some of
ts energy is emnted as x-radiation. The intensity of this Bremsstraniung
incrumwnhbommomcuwngomrgyo!mmmmimnwng
density of the absorbing medium. For ‘soft" beta emitters like S-35 the
energy s low enough that the Bremsstrahlung produced i8
inconsequential. For isotopes like P-32, the Bremsstrahiung produced
canprmmamonummomdhmmmm.

Units and Terms

Tho'o“owingbapmmﬁcungofmomoucommonndhﬁonunmm

terms:

Activity: refers to the number of disintegrations per unit
time, and not necessarily number of
particles given off per unt time by the
ragionuclide.

The untt of activity is the Curie (Ci)
! Curie (Ci) = 22x 10" dpm or 3.7 x 1010 gps
! millicurie(mCi) = 2.2 x 10% dpm or 3.7 x 107 dns
1 microcurie (uCi) = 2.2 x 106 dpm or 3.7 x 104 dps
l(g qtf;o International System o! Units (SI), activity is qiven in Becquerels

1Bg = 1 dps

Exposure: Sxpresses the amount of ionization/electrical charge
produced by x or gamma radiation in a defined mass
of air,

The unit of exposure is the Roentgen (R).
! Roentgen (R) = 2.58 x 10" coulombs/kg air

1R = 1 esu/ce of air at STP

There is no SI untt for exposure.



Absorbed Dose:

describes the amount of onorg¥h imparted to
matter by onizing radiation. @ absorbea
00se in a region 1S determined by dividing the
energy absorbed in the roinon Dy the mass of
the matter in the region. R of x or
gamma radiation in range of 0.1 to 3.0 MeV
n‘g arr is 0.87 nd"and in tissue is O.hDQ rad. For
this reason, we aquentty regard t @ exposure
in roentgen as beiny approximately equal to
the absorbed dose in rads.

1rad = 100 ergs/gram

In Sl untts, the absorbed dose is given in Gray (Gy)

1 Gy = 100 rads
1rad = 0.01 Gy

The injury produced by a given type of
Ionization depends not only on the amount of
energy imparted to matter but also on the type
of particie imparting the energy. This is due to
the fact that some particies produce greaier
effects than others for the same amount of
impartect . Thus, to arrive at a dose
eqQuivaient in unit of rem, one needs to
MuUltiply the absorbed dose (rads) by the
appropriate quaity factor ang any other
modrying factors.

1rem = rads x QF x MF

In raciation protection, a genera: rule of thumb is that for x. gamma or beta
raciation. a Roentgen is a rad is a rem.

In Sl units:

100 rems = 1 Seivert (Sv)
1rem = 0,01 Sy

refers to the time it takes for halt of a given sampie of
radioactive matenal to decay. The haif life is an
inherent characteristic of the radionuclide, and DOES
NOT CHANGE REGARDLESS OF THE PHYSICAL OR

5



CHEMICAL environment of that the radionuclide
happens to be in.

You can determine the activity of the radionuclide at any q'ven time
through this simple equation:

A(') - A(o) e [0.683 NIT".]

Where A() = activity at time t
Ad) = activity at time 0
t = time
.o = half iife

When using the above formula, remember that the units of t ang T1/2 must
be the same; e.g. sec, min, hours, years, etc.

Similarly, the units of Aly) and A() must be in the same units: e.g. dpm,
cpm, Ci, etc.

Counting Efficiency: 'S @8 measure of the detector's ability to
identify and record a count when
radiation is incident upon the detector.
The counting efficiency wil vary from
detector to detector even though the
detector is provided by the same
manufacturer.  When using a given
detector, the m efficiency  will
generally - vary " the 'isotope- being
counted, the physical or chemical
cnaractomti'cl of the sample, tp‘o
geometry of the counting set up, the
condition of the detector's own
components, etc.

The percent efficiency can be determined from the formula:

Efficiency (%) = Standar r m) x 100
Stancard decay rate (9pm)

When you are determining the counting efficiency of your detector, you
will want to count the standard under the same conditions you will be
counting your sample. In many cases, it will be impractical to count a
standard of the isotope with which you are working. In these cases, you
will need to count a ‘mock” standard. A proper mock standard shouid
mimic, as close as possible, the radiation emission of the radionuclide of
interest. For examgie, it is often impractical to keep an NBS traceable |-
125 standard on hand. A surtable mock standarg wauld be I-129 as their
energies are comparable.



A detector's efficiency is frequently variable and may change from day to
day. If the work you are performing requires the activity to be recorced
(8.9. dpm or uCi), you must determine the efficiency at that time. Contact

the radiatior safety specialist if you need assistance in determining your
counter'’s efficiency.



BIOLOGICAL EFFECTS OF IONIZING RADIATION

Since ionizing radiation can break chemical bonds, it has the potential for
damaging cells and cell molecuies such as the DNA. All biological effects
can be broken down into two major divisions - somatic effects (those
affecting the individual irradiated); and genetic effects (affecting future
oM and Iong term.afiects o e
term and long term e . erm : .
radiodermatitis, epilation (hair loss), hematological changes, and acute
radiation syndrome. These short term or prompt effects generally resuit
from large, acutely delivered doses such as 100 rem or more in a few
o Gataracs, omory 000 e e e Sr 38 ik of cancer
or cataracts, ) a gener span.
Genetic effects refer to the build up of deleterious g '

as a result of exposure of the public to radiation. It
that current radiation protection philosophy dictates that any exposure to
radiation, no matter how small, has some degree of risk associated with

it as to
ven

I
§§ '
;

the exposure. This risk may be 0 i be indistinguishabie
from the natural occurrence of anv (o] effect (see

Heaith Risks). Table | is included to demonstrate some biological e

and the approximates doses at which these effects occur.

RISK TO THE EMBRYO OR FETUS

These are effects that may be observed in children who were exposed
during fetal anc embryonic sta of development. These may include
birth defects (teratogenic effects) such as damage to the nervous system.
Birth cefects of this nature are associated with doses of radiation above
10 rem (acute exposure to eémbryo or fetus), Leukemia and other cancers
may aiso occur. The risk of additional cases of leukemia during the first
10 years of ife is estimated at about 2 in 10,000 per rem of exposure
Defore birth. The National Council on Radiation Protection and
Measurement (NCRP) recommends that the developing fetus shouid not
receive a radiation dose from occupational oxpoouro of the mother of
more than 0.5 rem during the h?omnon period. For more information, see
Regulatory Guide 8.13 (US Nuclear Reguiatory Commission), available
from the Radiation Safety Specialist. Pregnant and potentially pregnant
women may wish to schedule a one-to-one session with the RSO for more
detailed instructions/information on this topic.



TARLE 1

SIGNIFICANCE OF EXTERNAL RADIATION LEVELS

EXPOSURE

SIGNIFICANCE

12 mR/calendar quarlan, conlinuous
whole body (0.011 mR/An)

41 mR/calendarn quanriir, conlinuous
whole body

3¢ mR/calendarn quarzer, comlinuous
whole body

Approximately 100 maem/yeanr
wnole body

ApprorimaZely 90 mrem/yeanr
whole body

<] maem/yean
Approx«mately | mrem/yean

Approximicely 8000 maad/yn,
local, Lo bromchus

1,250 mrem/quarzen

18,750 maem/quanten

28 maem/quanten

'§,000 maem/uean

500 mrem/gestation percod

Baceground radcation, sea Level,
ouf 04 doors, New Yorer Cily

Background radcation alectude a4
10,000 §2 (ground Zevel)

Radcaleon measured Lnadie brece
buclding at sea Level

Average per cap«la dose 2o U.S.
population, natural backgrouna
Level

Average per capela dose 2o US
populalion from medical X=rays anc
nuclear medicine studies

Average per cap«la dose 2o U.S.
population {rom nuclear power

Consumer products

EsZimated dose from radiocsotopes
LR ciganelle smoke, ! packs a day

Regulatory Limit for occupational
erposure of whole todu eritical
ORgans are gomads, lens 04 ewe,
bone marrow)

Regulatory Limit §or occupatiomal
Crposure 04 hands

Regulalory Limel 40r non-
occupalional exposures
(dmcluding exposure 04 minons |

Recommended s<nale fissue on crgan
Limil (4 not coverea «n siparace
tecommendation

Recommended Limel io0n develop«ng
selus,



CANCER AND OTHER HEALTH RISKS

(Adapted in large part from USNRC Regulatory Guide 8.29)

The cancer risk associated,ated presented in Table Il were deveioped by the
National A of Science A Committee on the Biological Effects of
lonizing Radiaton (BEIR), the interational Commission on Radiological
Protection (ICRP) and the United Nations Scientfic Council on the Effects of
Atomic Radiation (UNSCEAR).

' is important to realize that these risk numbers are only estimates,
difficulties are invoived in designating research studies that can accurately
measure the small increases in cancer incidences due to exposure to radiation
as compared to the normal rate of cancer. There is still uncertainty and a great
deal of controversy with regard to estimates of radiation risk. The numbers usea
here resutt from studies invoiving high doses and high dose rates, and they may
not apply to doses ar the lower occupational levels of exposure. They are based
On a simple linear extrapolation from available data for high doses received over
short penods to low doses received over long time penods. In other words,
these esimates assume that the nsk per unit rem dose as determined for high,
snontmdmsmubomosmmlow.ocwmamm.
Furthermore, these estimates aiso assume that there is no threshoid of radiation
exposure Delow wnich there is no health risk. The Nuciear R
Commission (NRC) ana other agencies both in the United States and abroad are
continuing extensive iong-range research programs in the field of radiation risk
assessment.

Some members of the National Academy of Sciences BEIR Advisory
ana others feel that the risk estimates presented in Table |l are higher than would

that the estimates are iow and that the nsks could be higher. However, these
esumates are considered by the NRC staff to be the best avzilable that the
worker can use 1o make an informed decision concerning acceptance of the
rISks associated with exposure to radiation. Am«mmwamm
risk should make every effort to keep exposure to radiation As Low As

Reasonably Achievable (ALARA) to aveid unnecessary risk. The worker, after all,
nas the first line of responsibilty for protecting himseit/herself from radiation

hazaras!

In an effort to expiain the
signficance of these
estmates in Table || we will
use an approximate
aversge of 300 excess
cancer ceaths per million
pecple, each exposed to 1
rem of ionizing radiation.
Using the linear,
nontnresnolad (hypothesis)
rsk  model ciscussed
above, of on a group of
10.000 workers each
receives 1 rem, we could
estimate that three would

TARLF 11

Estimates of Excems Caneer Incidence from Exposure
0 Low-Level Radistice

Numoer of Additional® Cancers Estimated

Source to Oceur in | Million Peopie After

Exposure of Each to | Rem of Radiation

BUR, 1980 160-450°

ICWP, 1977 no

UNSCEAR, 1977 150350
‘w-—u-wtnlmhmd”
.M (hes greum erumated desths frem radistion



develop cancer because of that

more or less than three.

exposure, aithough the actua nuMber couid be

The Amencan Cancer Society has reporteq that approximately 25 percent of all
aauhhmozotoesywlqomackotwm ambpcanculuom.timofrom all
possible causes such as Smoking, food, alcohol, drugs, air Paolivtants, ang

background radiation. Thus, in any group of 10

could estimate that three aaditional cancers might occur, which ive a total
nUMDber of about 2, icmcmmnromdoutonchoﬂo workers

wm.mocancorrmfromzspommtoi’s.osp«m an increase of
mahmdrmofomporcom.

Perhaps the most useful unt for comparison among heatth risks is the ave

number of days of ife e

‘ootporunttofoxpo.motou&p

heaith risk. Estimates are Caiculated by looking at a large number of persons,
récording the age when death occurs from apparent causes, and estmating the

number of days of ife lost as a result of these earty ceaths.

The total number of

diys of life lost is then averaged over the total group observed.

Several  studies have
compared the projected
loss of "m- e

resulting from exposure to
ragiaton with other heaith
risks. Some

representative numbers
are presented in Table IlI.

These estimates indicate
that the heaith risks from
occupational ragiation
exposures are smaller than
the nsks associated with

other events or
acti we encounter
ang accept in normal day
!0 qay activities.

B second useful
companson is to look at
estumates of the average
number of days of |fe
expectancy iost ‘rom
exposure to radiation andg
from common industnal
acciderts at ragiation-
related facilties ang to
coOmpare this number with
Jays lost from other
occupational  accidents.
Table IV shows average

TABLE 111

EsTimaren Loss o0 Lire Exracrancy rogn NeavTm Rigess

EsTimares o Davs or
an?xnn.. 'SY Lesr,
HeacTw Rise viRaes
noRing 20 creamgyres/pay 2370 (6.5 ~gans)
gvtnllut fuv 288 g (2; YeARs)
ALL AccrpanTts ConBtngp - Q35 (1.2 viaes)
AuTo accipemTs 2
ALCONOL comsumeYoN (UsS. avenasr) I
Nome accipents
Daowming 1
NatumaL BACKEGROUND RADIAT ON
CALCULATED

MEpicAL Drasmostie X-mavs (U.S. B
AVERASE), caLcuLATED

ALL cATASTROPMES (EAmTHOUARY, te.) 3.5
I REM occuPaTiONAL RADIATION DosE, i
CALCULATED (ImDusTRY AVERAGE fon

mz MISHER“DOSE JoB catEson:gs I8

0.65 ngm/vn)

A ADAPTED FROm Congm anp €. “A Caracosve or Rises,” TTTR¢]
Bxysies, vou. 52. Jung 3 8 :
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days of life expectancy iost
as a result of fatal work

related accidents. Note
that the data for
occupations other than

raciaton related do not
iNClugde death risks from
other possible hazards
such as exposure to toxic
chemicais, dusts, or
unusual temperatures.
Note aiso that the uniikely
occupational exposure at
S rems per year for 50
years, the maximum
allowable risk level, may
resumt in a nsk comparable
to the average risk in
mining and heavy
construction.

TARLE 1V

Esrimares Loss or Lire Exeectancy PROA [mpusteiac Nazampsé

EsTimares

or Davs or

Lire Exeectamey Lost,

[apusTRY Tyeg Average
ALL ImDusTRY T4
YT 3
!Alutacrullll 03
Servicr 4
sovermmgnt 5
TRANSPORTAT ION anD uTiLiTies &
AsmricuLTume 7

ComsTaucT 1 om
Rinine anp QUARRY I Ng ?
Rapiation ACCIDENTS, DEATH FROM <
Exrosung
Rapiation vose or 0.65 agn/ve 20
((MDUSTRY avenase) rom 30 veans

CALCULATED
Rasnatno- 0osE of S ngns/vr ron 250
50 veans

[MDUSTRIAL accipEmTs ar nUCLEAR 58

FACILITIES (wONRADIATION)

....... Rl bl . ....a-.o...-..ooo-...g..

; lnnovlnvvaou Conem amp

oL. 36, Jume |9 "

HEALTH

;( “A CaraLosur or Rige,*
; AND WO ORGANtZAT I ON,

Decempen [975.



LIMITS AND ALARA

Dose limts are cesigned in principle to keep radiation exposures at a point
where the incurred rsks are ceemed to be ‘acceptable’ by the exposed
namadual ana/or scciety.

Occupational kmits are based to a large extent on this idea of “acceotable risk".
Theoretcally, an empioyee may work all his/her working Iife around radiation at
the maximum fimns and incur health risks no greater than incurred in many other
occupations. At the same time, wmm«mmmmwm
the use of radiation. However, since 1t is prudent to assume

risk associated with any exposure to radiation, ft is the of Radiation Safety to

year 1o the whole body, and most such workers seidom, if ever, receive any
measurabie  occupationa! exposure above that due to natural back3rouna
radianon. Table V lists some external exposure limits along with certain other
external raciaton leveis and therr significance.

TABLY V.  Suwmary of the Riological Simificance 0f Various Exvosures

fxvosune SIGNIFICANSE
......................................................................
L8, 20t poRLLOM 04 DORE NEAADW *vsssnns Piel 2y Jcouanence oo
ftume®mea o adout ' a
9,000
VA3, wAPIL 00y +vsrrmenmescsssnsncnnsrnnse Tak o4 tvemtual appeanr-

AACE 04 cameer adouc -4
A 1D 000 (meamad (-
iidence ja0m all caveds
e doeed ! m e

V AR, wA0lt B0y e crennnsrssrnasnsess san flevased numoea o4
CARIRPLINE abeARBLiOn) o
PeALpARAL bleve: w0
defectanie ajuay v
‘veploms

'Y AR, LDAUUCLAVE S valtBcec s rncnscnsrnasn Uoae yon aoubling
LRORTARLIUL Mulalionas
Lowaad o4 provoscs

vadues
1RO, TEPR0BUATAVE e ltw, DRLGA (Qrwwnsnna Adoul $+7% addetionad
tenceplion JORRT L dedvraens oen

Sillaom Lave bantna
Neamad cmcidence o
SEALON JenRLee Jesvnge s
1A0e all cauets

10,000 oea madlion Cove

SLAlng
SO wem, Lagle 2048, vnoll 20QUsesransesaan WAlE radialion gt
im “3dt 12 L A B feordramaLedy \

CLPOMLA cnduviduada ~uid
0L auAVAVE Ve wain

feal cane
C00-300 r38, (ocahdy L0 WR4LR sesencsasnsssnss Eoclateon
*300 1aa, locaddy €0 4A4R vescccvvnccccssanse YadiaLion gematitey ina
(Ayihema
Q001000 1884 L0 4B4R s ecsacsenvovsssnsnss '1..“‘..“ CAIUAY.
1000 aa ¢ QALAP s s s s as s ssssnsesessannn J..‘;‘.¢‘°.~‘
‘209500 vaa, lically 0 tye, vessnnssncncans "hAtanold dose, itavace
dangle vrposure CABUELLon apler Latenc
LTy
000+156" raa, local, df<vsscnnnccccnaccncnse "leatment o4 wacecaly
100300 ' xa/da ladeoatnaclive canaen
15005000 van, locad, ifvsvvcvscsannasvancas Treatment 04 o modenaselv
100+300 caa/na ‘adiostnailive cancen
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There are several principles wnich you should keep in mind in order to work with
radionuclides. These inciude: time, distance, shieding, and containment.

TIME: The best way to avoid unnecessary exposure is to simply spend as
Iittle tirhe as possible in the radiation area. Try to do your work with
ndloncwommmin_mommwnumummouurytodom)ob
properly. Preliminary trials and *mock runs" WITHOUT using actuai
radionuclides can help in this regard.

DISTANCE: The radiation intensity from a point source varies inversely with the
square of the distance from the point source: hence, "THE
INVERSE SGUARE LAW™:

l; : ?da‘ "

where |, is the intensity at distance d, from the source and I, is the intensity at
distance d, from the source.

In other words, doubling the distance between you and a point source of
radiation decreases your exposure Dy a factor of 4 for & given length of time.
Conversely, halving the distance Quadruples your exposure. As a practical
example, assume that using a pair of tongs alicws you to keep a vial of
radioactive material 16 cm away from your fingers. At this distance the exposure

I(1em) = u_ﬁf_ig_@ = 2,048 mR/Nr
1

This is a factor of 256 times the radiation received when the vial is handled with
tongs. To put this exposure in perspective, this I8 the dose you would expect
from a mCi of I-131,

REMEMBER: 1) Maintain as great a distance as possible between you
and radiation sources which are external radiation
hazaras (e.g. energetic betas, gammas, and x-rays).

2) Don't pick up unshieided or inadequately shielded
sources wrth your fingers. Use tongs or forceps
whenever possible; t does make a difference!

SHIELDING: A third way to reduce exposure is to use shielding. For low
energy beta emitting radionuciides, shielding is unnecessary.
Very few betas would penetrate the dead outer layer of skin,
For gamma radiation, high density material such as lead
generally provides the best shielding choice in the
laboratory. The thickness required depends on the energy
of the emitted photons and the amount (activity) of the

14



Containment:

£

materal to be shieided. Very |ittle lead is needed for a
(e low energy) x-ray or emiter like 1-125: in fact
'ess than 1 mm of lead absord virtually ail the
lnmm.youuumm*mwmhowmuoh
shielding you'll need-just add incr thicknesses
around your source and measure its with a
radiation survey meter. nmooxpowrormbroduo.dtoan
wmmmmww.

|

In order to minimize the chance of ingestion, inhalation, or
lboorpuonofrldtonudlduhmmdy.mryoﬂonmuubo
contamination.

made to confine and limit radioactive There
should be r.dohotopommnormm
Containers shouid be sealed Ary vial,
test tube, etc., which contains r and which will not

as

‘ab coat buttoned. Each radioisotope laboratory shouid
conauct its own radiation safety program, in agdition 0
Surveys done by the Radiation Safety personnel. Should a
raﬂbmapi“nm.wolhoutdbnakmtoconﬂmm
racioactivity to the area of the onginal spill. Radioisotopes
which are part of voiatile compounds, or which may break
down to voiatile compounds, must be stored in property
functioning fume hoods.



2R A ‘
i i A

Radionuclides can and are being used at Rorer with & minimum of risk to

personnsl and the public. \ this safety
toremost on each individual who handies radicacivo
appreciate the hazards involved and treat r
respact whils aiso baing

needs. During working hours you mey contaet the Radiation
(xmw).anadumgovenmnounbommmwm
can be reachad by dialing the Securty Departmert in your facility.

Soecial
Specalist




Isotope Specrfic Information
WL R EXTERNAL  ADRBORMEL FILN BADGE  KING DOSIETER SHIELDING LA SUBVEY WETER  310AS

[SOTOPE  RADIATION WALF LIFE  WAZARDY  WAZARDY  REQUIRED? REQUIRED?Y MATERTAL OF CHOICE e
w Sege 1108 No W10 No np N/A Nome Uteme
e Sogt 5,000 ¢ ') 400, e we N/A Thin Wendow M N
ity r 4.3 d Ves No Yes Ve Plastie Glas  GM, any tupme (1)

(hegh emengy)
Sy Soft 14 ne ae wo ' N/A Thin Gindew Gi '
e Segt ¢ 143 d Neo ~o Ne Ne N/A Thin Sindas OM Ne.
$leg y 1. d Yes Ne Yes awbe Lead oM "
1% Y, aay 60.14 d “awmal Yes Yes Navhe Thin lend Thin Window Thyao:

b0tk Low enengy) [Ty ,Nal sot,) (Nal cuystal ) prode
1y 8, 1,04 4 Ves Yes Yes Yes Lead oM The

[1g,Nal 4ot,)

Nolea: 1. Thes taole  nlended & ¢ Quich Aegenence gucde only and fhe (AOARALON paovided may be (ncomplete 00 many
diducteons, For crampte, a mosd Aas ommunonss &y woak, less EAingent rorirements han Chose miied hove =
be allowed dus Co the Low eLivily levels wacd.

fo ARV wolope maw be o potential Aiaboane harand a gumes, Auel, mual,on a4 paat of a volatule compound, Thia
OLumn caemiifies Ihe mos L common AOARS 0f €iohen The contamcnant o4 the marescal fA0m which o contaminant wild
Lebely arcat (n Che Aescanch Labosatony,
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Apper:ax B
Raaiological Data For Isotopes Ccmmonly Used In Research Laboratories

AMDIOLOCICAL DATA FOR 34 "ange in
Helf Life Q!!.n!n Tvoe  Cnergy (Mev) Xnton!atv(l oer unmn.um) ir |1

2. w g~ aax 0.01060 00 05 em [ 0.206 »
| ovg 0.00568
Meximum Permissible Boov Buwroen.......... Cr;t;cu Orgen
M
200 uCi (WT0) Total Bogy
1000 uCi (NT0) Body "i{ssue

Redistion Precevtions: o externsl hezare; shielding not required; fils beage not
requires.

'ritisted commounds can be o serious internal Fedistion hezerd. Tritisted muelese scids
na nucleic acid precurecrs are generally considered to be & more serious internal
redistion hazard than other chemical forms.

Precautions should be taken against ingestion, inhalstion, sccidental injection, or
sheorbtion through the skin. (e.g9. Use protective clothing end abeorbent asterial on work
sur faces, no mouth pipetting, ete.) Urinalysis is reguired for Persons handling more than
10 mCi of N either per contsiner or st ny one time. Contact the Office of Redist ion
Sefety, Ext. 7813 for instructions. Tritisted weter vopor (NTO or 320) is o oG
possible airborne hazard. [n eodition to being used directly in this fore, HTO mey also be
¢ byproouct of experimentsl resction(s) or of the breskdown of other compounds. Tritisted
$0diun borohydride (NaBHa(JH]) is en example of & compoune whose we usually results in
sirborne release of NTO vapar. Contact the Redistion Safety Office for possible air
moNnitoring. Mexious pereissible sirborne concentration in a controlled sres is 5.0 x 10-¢

uWl/al, svermged over &0 ir,

RAD TA C-14
Rerge In
Malf Life Redietion lvpo Cnergy (Mev) Intensity (3 per _dlsintegretion) A Ty
570 vears L 0.1% (max) 20 o 0.029
0.049 (avg) 100
Maxinum Persissible Booy Suroen........,, Criticsl Organ
W K. Body Tat
o «Li "otal Boagy

Reciet ton Pneggn:

Negligible external hazarc: shielding not reouired: fila bsage not requires.

The chief concern regarding '4C g o potential internal resistion hezard. Preceutions
should be taken sgainst ingestion, inhelation, sccidental injection or absorption through
droken skin. lse protective clothing and adbsorbent saterial on work surfeces, o pipet.
ting by mouth, ete. 'AC may become airborne when Used 1o study certain metabolic
processes which result in the formstion of 14002, Wy eXperimental procedwres in which
14C mey sttach to dusts, mists, etc. mey also result in eirborne 14C. Use fume hoods or
other local ventilatien to control any such hezerds. Meximum permissible sirbarne
concentration of "solwle® 14C in ¢ controlles eres 13 4 x 10~6 uCi/al, evereged over &
hours. The WPCiONhrs for sirborne 14007 (besed on *"submersion® dose) is 5 x 10=5 WLi/el.
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o TA FOR P.)
“lf Life fedistion Tvpe (nergy (Mev)  Intemesty(s per gisintegrstion)
14, - 1.” ;..‘)
3 % ’ 0.69% (avg) 00%
Max 1mum Permissible 0 ‘hsereane Q“‘e.l m!” “I:lll.l '.‘,‘“ in
S ————————. .

635 n’ .

s %t otal Body o -

muug ""m!&l

320 poses » significant externsl redistion hazerd. Dose Tete ot 1 foot from ¢ 1 mCy
vnshieldes point source is .oproximetsly 300 mred/he. 329 betas are slso energetic
1o couse significeant x-rey production when being stopped in an dsording medium, (This type
of xe~redistion is called Bremsstraniung.) Use low density material to shield the betas (8
™ of plexigless or equivalent will stop all the betas). !f necessary, high deneity
shielding (e.g. lend) may them be used to shield any Bremestranlung Wricing in the low
Sensity bets shield. Minimize time of eXposure end meximize distance from source to further
decresse your dose. Dose to the hands and fingers mey be especinlly significant 4f proper
srecautions are not teken. As with all isotopes, take precsutions sgeinst ingestion,
innalation, accidental ingestion, ar absorption through broken skin. Use protect ive
clothing and gloves, do not pipette by mouth, ete. Any experimental procedure in which 329
®ay become sttached to dusts, mists, etc. mey result in airborne 32p, Use fume hoods or
‘ other local ventilation to control such hazards. Maxisum permissible sirborne contaminstion
for soluwle 32P (n & controlled ares is Bx10-8 uCl/ml, sversged over 40 howrs.

RADIGLOGICAL DATA FOR $.38

Rernge 'n
“alf .ife Radistion "voe Creray (Mey) Intensity (% per disintegretion) Alr | Tisgue
87.4 cays g~ 0.167 (max) MNea| 0.32 ¢
0.049 (avyg, 100
Meximum Permissible Sodv Burgen.,........ Critical Droan
wi ‘eatls
W00 (i Total Booy

“adiation Preceutions:
M

“egligible external ™ezaro: shielding not requireo: film beoge "ot requires.
"he chief concern regarcing 325 is s potential internal racistion hezars. Precaut ions
*hould be taken ageinst .ngestion, inhalation, sccicental injection or absorstion througn
Jroxen skin, Use protective clothing sne absordent material on work sur faces, mo pipet«
Ling by mouth, ete. Cases containing J5§ (6.9, 5902) may te formea ouring some chemica|
Srocecures ano may pose an airdborne hezard. Any experimenta) procecures in which 35 mg,
SLtach to ousts, mists, etc. may also result in eirdorne 1S, Use fume noogs or other
-ocal ventilation to contrel eny such hezergs. Maximum permiseidle sirdorne concentration
' of 35S in a controlled ares 18 3 x 10+’ wCi/ml, aversges over 4 hours.



RAD! { TA FOR Cowd$

: Renge In
Nelf Life Rpgistion 'voe  Crmergy Mev) intensity ‘%S per disintearastion) Afp ,7;,
163 seve 8 0.257 (max) SSem(00
0.077 (avg) 100
!i" "’.‘.2‘.1. m' !!'.ﬂooo.ooaooo Ctihcﬂ 2!2
X ull Bone

Rsstetion Precautions:

Negligible external hezarg; shielding not required; fils badge not reouired.

The chief concern regaraing Ca-45 13 & potential internal redistion hazard. Precautions
should be taken ageinst ingestion, inhelation, sccidental injection or sdsordtion througn
broken skin., Use protective clothing and absorpent material on work swfaces, no pipet-
ting by mouth, ete. Any experimentsl oceduwres in wnich 45Cs may sttach to gusts, mists
etc. may result in airborne 45Cs. Use fuse hoods or other local ventilation to control
Ny such hazards. Mexisus permissible tirborne concentration of 45¢, in o controlled are
i8 3 x 108 uCi/ml, eversged over &0 hours,

nggggg le FOR g—".?l
FLife R : Energy (MeV) Intensitv(% per disint Uoaee 'S4
alf Life Regdistion ype neroy ntensity r disintearation) saver in Pb

27.7 ce v 0.32 v.8 0.17 com

Mex Permissible Sody L A T Critical &gon
ggg vCi yower large intestine
wil

‘otal booy
Radiation Precsut ions:

Mocerst. _xternal hezard to whole Body ano extremities. Camme oose rate from 1 mCy point
source is 0.016 mR/hr ot ! meter or 140 MR st 1 om,  Use leso Shieloing (1 cm of leag
*ill reowce exposure rate by avout 60X). Jse remote hanaling tools for manipulating
Nehieldec sources or containers. Film beoges recguirea, Fing cosimeters reguires for
oersons nanaling mCi amounts. i with any ragionuclice, take precaut.ions Q8ins  gocidenta
-ngestion, .njection, [nhalstion or absordtion thrown bdroken sxin Jtilize conts inmation
SONLIDL measures, etc.) Any expermental aoceoure in which 5'Cr mav attacn L0 custs, mists
etc., may resull in an airdorne hezarc. Use fume noods or other locrl ventilation to
cONtrol sueh hazarcs.  Maxumium permissidle sirdorne concentration ‘N & controlleo ares s
x 103 WCi/ml, eversged over 40 houwrs.

20



Ratist ion Precat wore:

R AL ODATA FOR 14128
ADILOCICAL O or it vid

“alf L.'e Pagiption "voe (rerov (Mev) Intergitvi S per Sisinteorst on) L over M“’b
e Ietove 027200388 9. 0.002 em
0 - v-n:u 8.8§SZ 5.’ 002
Yavimum Permissible Soov Buroen.......... Criticel Orgon
‘. Totsl Rooy
1.% ::8 Thyreoio

Redistion Preceut ione:

Cenerally low externel hazard: chief comcern i3 exposure of extremities sng fingers while
henaling mCl quantities. Minimel Jese shielding neeced (0.02 cm of Jess vill reouce
exposure rete by sbout 1000x). Film bedoe ususlly recuired. Ring cosimeter recuired for
pat sons hancling mCi smounts. Like ell rediciodines, [-12% that enters the body concent.
retes in the thyroid gleno. Precsutions sust be tasken geinst inoestion, inhaletion, ano
sccidentsl injection, "Free® 1.125 (12 or soueous Nel) is eesily sdsordeg throwh intact
skin sno can penetrate plestics. "free” forms are easily volatilizes, especially in ecid
solutions ang present & serious airdorne hazerd. Use of "free” forms of J.128 sust take
place in o fume hood sporoved for this purpose by the Office of Radiation Sefety. ([xterrs
Lhyroic counting is recuired for persons henoling > 1 mCi of free |-12% ang air sampling
may be recuired owring procedures involving free 1-T25. Contact the Office of Rediat ion
Sefety for further cetails. Meximum permissible siroorne concentration in e
controlied ares 18 5 x 10-Y uCi/ml eversged over a0 hours.

RADIOLOGICAL DATA FOR [-13%

it (iter 0.4 0 orxious pereissidie oiviest
Man i Mete Ranger In Tigswe = 0.21 68  In Alr o ) o= e on >
ROit Yoiue Lover (phatons) In Load! 2.4 e o wwole
O_mhm'mlclhchoo.NMOl” 0 «! 519
2,100 s/ ¢) e
Ateng ity AL T
Ragiatien Tvpe "‘ﬂ! (MpY) ] gor tliintenretion; fag |07 lon "2 !m! (Mev) A por clyua!ﬂuv
bote 0.3 ean ’a’ Ierovy OQ”boi’u L )
ot 2.600 sax " Damag 0.080 .02
} OtMhers mirw 0008 o - 7 G- v 0.204 .08
‘otal (avy,) 2.102 100 pemaw g d.364 "na
L1} 0.4 T
I} 0.723 .80
'4 others emirreo 1,33

External hazarg to whole body rom gemme exposure end to skin from bets exposure. Use
remote n.mlm? end/or lesd shielding (1.0 om of ‘680 will reguce gewma exposure rate b,
about 'S5x), 7ilm baoge anc ring cosimeters required. Like all Fegiologines, [-131 that
enters the bodv concentrates in the thyroid glang, Precaut ions must be taken sgainst
sngestion, .nhalation, ang accidentasl injection. “Free" [.131 (12 or squeous Nal) 1s easi)
absorded through intact skin ang can penetrate plastics, "Free" forms we essily volet:).
1200, especially in acid solutions ang present » serious airborne hazarga. Use of "free"

.ror.. (G hust take place in o Tune hoog 00Or Oved for this purpose by the orftc. of

8distion Safety, External thyroig counting is required for persons handling > 1 mC{ of

free 1-131 and air sempling mey be reouires during procedures involving free 1739,
the Office of Registion Sﬁoty for further deteils. nna.m w.,”ucf:'"

sirborne concentration in e controlled ares is 9 x 10-9 uCi/ml, everegeo over af howrs.
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RORER GROUP, INC.
GOOD SAFETY PRACTICES IN RADIOISOTOPE LABORATORIES

NEVER pipette Lty mouth,
No smoking or eating permitted 'n the work areas.

Do not apply cosmetics 1n radioisotope work areas.

Gloves and buttoned lab coats are required when using
radioisotopes.

Prescribec personal monitors must be worn,

Hands, shoes, and clothing should be fregquently monitored.

Ragdioisotope work should be conducted on a surface lined
with absorbant paper.

Utilize shielding and maximize distance from a radiation
source whenever possible.

Dispose of all radicactive waste 1n appropriate containers.

Refrigeratars containing radioisctopes SHALL NOT be used for
storing food.

Monitor radioisotope work areas routinely for contamination;
dentify (label) contaminated areas and alert supervisor/RSO
“or appropriate cleanup actions.

REPORT accidental ingestion, 1nhalation, 1injury or spills
promptly to your supervisor and tne RSO,

Maintain appropriate records of receipt, use, transfer and
disposal of radicactive materials.

Bioassays--thyroid checks and/or Jrinalysis will be
performed by the RSO or designee as ndicated.

Assure compliance with State and Federal Regulations as well
as Rorer’'s 1nternal regulations.

IF YOU HAVE ANY QUESTIONS OR NEED ASSISTANCE, CONTACT THE
RADIATION SAFETY SPECIALIST AT ( > 4116).



