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U. S. NUCLEAR REGULATORY COMMISSION
REGION I

Enforcement Conference Report No. 030-06195/90-001

Docket No. 030-06195

License No. 37-08802-01 Priority 5 Category E Program Code 03620 |

,

Licensee: _Rorer Group, Inc.
Pharmaceutical Research and Development Division
500 Virginia Drive
Fort Washington, Pennsylvania 19034

.

'

Facility Name: Rorer Group, Inc.
.

Enforcement Conference At: Region I, King of Prussia, Pennsylvania

' Enforcement Conference Conducted: January 3, 1990
- /

t e -t 2 N"Inspectors:
Eric H. Reber, Health Physicist /dge

.

\NLt.\\ , Health Physicist 24/9o
JojnT. s I idate .

-Approved by: " 'r 2 1. '70

(JN
Jojn D. Kinne' man, Chief 8 ' date

lear Materials Safety Section B
,
,

' 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 '

planned as a result of the October 31 - November 1, 1989 inspection. The NRC
representatives discussed their concern regarding weaknesses in the mar.agement
control of the radiation safety program and outlined NRC's enforcement options.
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DETAILS !

|. 1. Persons Attending j

!

IRorer 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

2. 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. I

c. 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 airborne iodine concentrations during, and for
one hour following, all iodinations,

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 actions:

,

1) change their personnel dosimetry vendor;
,

ii) have the Radiation Safety Specialist (RSS) conduct monthly
' laboratory radiation surveys and inspections;

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

._ _.
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.

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

'
vi) require that employees record surveys of their work areas before

.and after handling radioisotopes;

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

viii) issue, "A Guide for the Radioisotope Laboratory Worker," which
,

describes the workers' radiation safety responsibilities; '

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

g. Mr. Kinnemen asked whether the licensee had adequate personnel 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 radioactive material would
grow much more slowly in the next few years. ,

h. Mr.. Holody reviewed the NRC's enforcement options, >
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Your Responsibilities As Radioisotope Workers
)
]

L

Your Responsibilkies include The Following: l
i

YOU MUST !

!

physical and chemmal proper (ties; methods of detection, types of hazardsBe familiar with the isotope s) you are using: know their radiological,!

. ,

that each one presents, etc. '

,

:

requirements for each isotope you use and of the precautions to beBe fully knowledgeable of the specac precautions and handling
.

followed with radioisotopes in general, !
t

Be familiar with the radiation safety rules and regulations instituted at
,

.
t

Rorer..

|
Inform co workers and visitors to your isotope areas of the presence of

-

radioactive material (s) and of any precautons that they should take.
!

1.abel all radioactive materials / contaminated surfaces with appropriate
.

'

stickers. >

Property secure all radioactive storage items including rooms.
.

!

Maintain inventory records including use, waste, disposal and decay.
.

:

Know how to property use your survey meter,
-

!
n

Routinely monitor hands, shoes, clothing and work areas.
.

Know how to use any personnel dosimetry devices issued to you, !
.

'

i
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Radiation and RadioastMty

A Guide for the Radioleotope Leberstory Worker

1, INTRODUCTION

The use of radiation and radiation producing devices has many benstes
for man. Medical diagnosis and therapy, soentlAc research, and power
3roduction are the obvous areas in which these benents may be gained. ,

iowever, as with any other tool", there are noks irricW W6th the use of :

radenuclidos or more spootnoelly, ionising radiation. The coal of Rorer's !
radiation salsty program le to allow i

wvth a minimum of risk (i.e. exposure)you as an employee of Rorer to gainbenents for yourself (e.g. your salary and for others (e.g. research results)
:
'

to radiation),
i

Vanous Federal and State reguistions, Rorer's radioactive materials :

license condNions, and common sense dictate that only persons who are
:

adequatey trained may handle radioisotopes. At the time of hire or at the
time !t becomes evident that you will be routinely workir'.g with ;
radioisotopes, you will be required to com ,

detailing ycur provous trasning and exponence,plete a number of forms
'

in order to meet the trainin ,

training programs includ' g responsibility, Rorer wiR provide a variety of ;

regular radiation salsty orientaten lectures;i
written instructions for or ;

ing, r:c:i,g, handling, and deposing of
radioisotopes; instructions and protocols for aN the radiation rr,rELi.g ;

;

programs; and booklets, pamphlets, and other handout material dealing|,

with radiation safety and related topics. A Guide For The Radoisotope _
,

i
Laboratory Worker is one such booklet and is designed to provide youL ,

with a basic knowledge of radiation and radiation protection so that youi

can work as safely as possible. An attempt has been made to answer the
'

most common questens and to address those topics with which you ;

should become familiar, it must be emphasized that this booklet does not
have all the answers and must be used in conjuncton with other training

>

materials, reference books, and on-the-
the radiation safety specialist (982-4116) job trairung. Feel free to contact

,

information. at any time should you wish more.

,

b
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2. Types of Radiation

Radiation can be defined as energy which is transmitted in the form of a
wave or energetic partcle and includes such things as visible light,
ultraviolet light, microwaves, radioweves, laser light and infrared rediscon.
Although there are hazards amamated with these forms of radiaten, our
chief concern from a health and safety standpoint is ionizing radiation.
loruzing radiation may be defined as radiation which has suftknent energy
to break chemical bonds by "Ici,; Jig" atoms. More specifically, enough
energy is impened to en atom by either the photon or panicle to knock an
electron out of its orbit around the nucleus.

lonizing radiation includes alpha particles, beta particles and electrons, -

'

protons, positrons, neutrons, gamma rays and x-rays The types of
radiations you will commonly encounter at Rorer are. bots particles,
gamma rays and x rays.

Alpha particles are essentially helium nuclei and consist of 2 protons and 2
neutrons and thus carry 2 positive electrical charges. Alphas originate in 'j
the nucleus of some radioisotopes and usuall
from 4 to 8 million electron volts (MeV), y have energies which rangeAlphas 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 extemal radiationhazard. However, since they are high energy, charged particles, they
produce a very large number of ionizations along the short distance they i

travel. They can therefore be a very sonous intamal hazard. For example,
{
!

consider the fact that redon daughters are regarded as a significant'

hazard to the lung and tracheobronchial region and are responsible for an iestimated 5,000 to 20,000 lung cancer deaths annually.

Beta panicles are essentially electrons which originate from the nucleus of
certain radioactive isotopes and carry a single elecincel charge. Betas are
generally less energetc than alphas but some isotopes emit botas with
maximum energies in the same region as alpha particles. Betas penetrate

!further through matter than alphas do and can therefore present anextemal hazard. Whether a beta emitting radioisotope presents an
,

i
extemal 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 botas and
do not present much of an external hazard. However, P 32 emits botas up
to 1.71 MeV and can present a significant external hazard.
emitters and more broadly, ALL radioisoto All beta
hazard and precautens against inhalation, pes do present an intomalabsorption through skin or
wounds, injection, or ingest on 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 arise outside of the nucleus. Both can

'

be considered "masaless" quanta or packets of energy. They are similar
,

L
to light photons but have greater energy and are invisible. Most gammaL
emitting 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 to minimize extemal

g

exposure, while also taking care to avoid infomal contaminaton.

3

:
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Bremostrahlung is the name gMm to radiaten produced when beta
Particles are absorbed in a modsum. As the beta is slowed down some of
increases with both the increasing energy of the bots and with increasing #ts energy is emitted as x radetion. The intenesty of this Bremes,trahlung
density of the absorbing medium. For~' soft" beta emitters like 8 35 the <

!energy is low enough that the Bremostrahlung produced isinconsequential. For isotopes like P 32, the Giw ::^ = tamp produced ]
can present a more sonous extemal hazard than the botas

.

,

!

i
3. Units and Tarma

,

t rms M common radiation units and

&gthgy:
refers to the number of disintegrations per unit '

time, and not noossaanty tne number of
particles
radenuclic@e. off por unit time by the i

,

The unit of activity is the Curie (Cl)
t

!, 1 Curie (Ci) = 2.2 x 1012
:

dpm or 3.7 x 1010 dps

8 71 millicurio(mci) = 2.2 x 10 dpm or 3.7 x 10 dps
|

1 microcurie (uCl) = 2.2 x 10 dpm or 3.7 x 10 dpa6 4

!

In the-intomational System of Units (SI),"actMty is given in Becquereis(Bq):

.

1 Sq = 1 dps
,

Exoosure:
expresses the amount of ionizaton/ electrical charge
produced by x or gamma radiation in a defined mass
of air. i

'

-

The unit of exposure is the Roentgen (R). '

1 Roentgen (R) = 2.58 x 10'4 coulombs /kg air

1 R = 1 esu/cc of air at STP

There is no SI unit for exposure.

4 ^

?
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Absorbod Dose: i
desenbos the amount of energy impened to !matter by ionaing radiaten. h absorbedi

dose in a regon is determined by dividing the
'

;

energy absorbed in the re ;

the matter in the region.. gen by the mass of
'

A Roentgen of x or
gamma radiation in the range of 0.1 to 3.0 MeV
ici * is 0.8
thb 'eason,7 red and in tissue is 0.98 rad. For

,

;

we frequenty regard the exposure
!in h~ toen as being approximately equal to
!the nosorbed dose in reds.

L.

1 rad = 100 orge/ gram
,

in SI untts, the absorbed dose is given in Gray (Gy)
'

i

i,

1 Gy = 100 rods
!
'

i1 rad = 0.01 Gy '

l
'
s

Dona Eauivalent: t

The injury produced by a given type of1

ionnation depends not onY on the amount of .

i
energy imparted to matter but also on the type
of perticle imparting the energy. This is due to ;

me tact that some particles produce greater
onects taan others for the same amount of
imparted energy. Thus, to arrive at a dose

'

equivalent in the unit of rom, one needs to ;

multiply the absorbed dose -(rads) by the ';

appropriate Qualty factor and any other
,

modifying factors,
i

i

1 rem = rads x QF x MF

in radiation protection, a general rule of thumb is that for x, gamma or beta
raciation, a Roentgen is a rad is a rom.

,

in Si units:
',

100 roms = 1 Seivert (Sv)
1 rem = 0.01 Sv

i
HaN Ufe:

refers to the time it takes for half of a given sample of; '

radioactive matenal to decay. The half life is an
inherent charactenstic of the radionuclide, and DOES
NOT CHANGE REGARDLESS OF THE PHYSICAL OR

5
|
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CHEM 6 CAL environment of th*t the radionuchde
!

ihappens to be in. '

i

You can determine the actMty of the radionuclide at any ghen time
{

| througn this simple equation:
,

1A(,) = AQ e *I'"'"# la I
Where A(,) = actMty at time t i

A() = actMty at time O !
i = time !

!7, = halflife
!
c

When using the above formula, remember that the units of t and T1/2 must>

ibe the same; e.g. sec, min, hours, years, etc.

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

.

I

Countina Efficionev:
la a measure of the detector's ability to '!identify and.g record a count when i
radiation is incident upon the detector. !

The counting efflclency will very from t

detector to detector even though the
detector is provided by the same
manufacturer. When using a given i

detector, the counting efficiency will j. generapy vary wer the iewbeingcounted, the i

characteristics physical or chemical !of the sample, the
geometry of the countog set up, the

.

!condition of the detector's own 'cc ,pci,i,rs, etc.T

The percent efficiency can be determined from the formula:
-

Efficiency (%) = Standard count rate (com] x 100
,

-

Stanoarc decay rate (opm)
;

When you are estermining the couriting officiency of your detector, you
will want to count the standard under the same conditions you will becounting your sample, in many cases, it will be im
standard of the isotope with which you are working, practical to count ain these cases, you
will need to count a " mock" standard. A proper mock standard should
mimic, as close as possible, the radiaten omission of the radenuclide ofi-
interest. For example, it is often impractical to keep an NBS traceable |-
125 standard on hand. A suitable mock standard would be 1129 as theirenergies are comparable.

6
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BIOLOG!eAL EFFECTS OF IONIZING RADIATION-

5

Since ionizing radiation can break chemical bonds, it has the potential for !damaging cells and cell molecules such as the DNA. All biological effects t

can be broken down into two ma
affecting the indtvidual irradiated);ior dMeions somatle oflects (those i

and genetc effects (affecting futuregeneraDons). The somste effects may be further subdivided into shortc term and long term effects. ;

Short term effects include erythema orrededermetitis, opslation hair loss), hr A
from largo,yndrome. Thes(e short term or prom?e changes, and soute

'

;

radiaton s
pt effects generally result t

-

acutely delivered doses such as 100 rom or more in a few
ihours. Long term or delayed effects include en incrossed risk of cancer

or cataracts, embryological effects, and a general .

Genetc effects refer to the build up of doloferious genes in
of life span. t

population '

as a result of exposure of the public to radiation, it should be pointed out
that current radiation protection F#A.r,hy dictates that any exposure to
radiation, no matter how small, has some degree of risk associated with

i

!the exposure. This risk may be so infinitesimal as to be indistinguishable
from the natural occurrence of any given effect (see |

1

Health Riskal. Table Iis included to demonstrate some bologeal
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 and embryonic stages of development. These may include
birth defects (teratogene effects) such as damage to the nervous system.

i
I

Birth defects of this nature are associated vnth doses of radiation above|

10 rem (acute ex
may also occur. posure to embryo or fetus). Leukemia and other cancers

The risk of additional cases of leukemia dunng the first
,

10 years of life is estimated at about 2 in 10.000 per rem of exposurebefore birth.
The National Council on Radiation Protection and

Measurement (NCRP) recommends that the developing fetus should not
rece#ve a radiaton dose from occupatonal exposure of the mother of

' more than 0.5 rem during the gestation penod. For more informaton, see
1

;

Regulatory Guide 8.13 (US Nuclear Regulatory Commission), available j
from the Radiation Safety Specialist. Pregnant and potentially pregnant
women may wish to schedule a one to one session with the RSO for moreI

detailed instructions /information on this topic.

I

L

,

8
l

,

|

|
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51GN1F1CAMCE OF EXTERNAL RA01AT10N LEVELS
EXPOSURE S10M1F1CAMCE-

tt mR/cattsdar quarter, contrnuous Background radiation, sta level, lwnott body (0.0l! mR/krl out o f d0044, New York City q41 mR/cattsdar quartet, continuous Sackground radiation attitudt of
ianott 606y 10,000 ft (shound 4tutt)

34 mR/cattsdar quarter, continuou4 Radiation mea 4ured in44de brick !wkott body buttding at 4ta tevet
!

Approtimattty 100 mrtm/ytar Average per capita do44 to U.S. .
!
iwhett body population, naturai backgrouna

Levet
|.Approximartly 90 mrtm/ year Averagt per capita do4e to USwkott body population from medical t=raya ans

nette s4 mad 4cint 4tudite 3
. <1 mrtmlyter Avtragt per capita does to U.S.'

population from nuclear power
Appratimattty 1 mrtm/ year Consumer products
Approtimattty 8000 mrad /yr, Estimated does from radioisotores '

Local, to bronchu4
in ei..............................................garetta 4moke, 3 pact 4 a day '

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . -1,250 arts /quarttr Regulatory limit for occupationat
enposure of ekott body (critical
organ 4 are gonads, tens of tyt,i

( bent marrow)
18,750 artm/quarttr Regulatory limit for occupationa4 '

enposurt of handa
\. ::S mrtm/ quarter

Rigstatory limit for non.
,

occupational stposures'

lincluding at7e4 ure o f minor 4 |
.15,000 mrtmlytar:

\ Rtcommended single tiss ue or organ *
timit if not coverts in separate'

recommendation
500 mrtmistetation period Recommended limit for devttoorng

f ataa .
;

l

i

9
i.
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CANCER AND OTHER HKALTH RISKS
i

(Adapted in large part from USNRC Regulatory Guide 8.29)

The cancer risk associated,ated presented in Table it were developed by the
,

. Protecuon -(ICRP) an(d the United Nations Scionsfic Council on the Effects ofIntemational Commission on- Radiological
'INational Academy of Science Advisory Committee on the Biological Effects oflonizing. Radecon- BEIR), the

,

' Atomic Rediscon (UNSCEAR).
|

it is important to realize that these risk numbers are only estimates. Many l

difficulties-are involved 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 esbmetes of radiation risk. The numbero used
here result from studies involving high doses and high dose rates, and they may -

- .

not apply to doses er the lower occupaconal-levels of exposure. They.are based'
on a simple linear extrapolation from available data for high doses receeved over

L short penods to low doses received over long time penods. In other words, '

these estmates assume that the risk per unit rem dose as determined for high,L short terms doses will be the same at low, e'Pawlal dose levels,l

Furthermore, these estimates also assume that there is no threshold of radiation
exposure below which there- is no health risk.

continuing ex(tensive long-range research programs in the fleid of radiation riskCommission NRC) and other agencies both in the United States and abroad areThe Nuclear Regulatory
i:.

L '

assessment, -

,

Some members of the National Academy of Sciences BEIR Advisory Committee
e,

'

and others feel that the risk estimates presented in Table il are higher than woulda
actuaily occur and represent an upper limit on the risk. Other saentists believe
that the esumates are low and that the risks could be higher. However, these
estimates are considered by the NRC staff to be the best'avaslable that the-

. worker can use to make an inisTned decision conGirJ6g acceptance of the
risks associated with exposure to radiation. A worker who decides to accept this
risk:should: make overy effort to keep exposure to radiation As Low As
Peasonably Achievsble (Al. ARA) to avoid unnecessary risk. The worker, after all,
has the first line of responsibility for protecting himself/herself from radsabon ',

o rdros! .

TAR.E II

'"'"''"''***',"'*j**"M"*" 8''*""gn n f h
estimates in Table || we will
use an approximate

N..mm etAddia i* c a um i.e
'

; average of 300 excess se== i. o== ia i unie. P..,i. Attacancer deaths per million Esp su a .f Eu h to i R*= et A*dissi.apeople, each exposed to 1
rem of-lonizing radiation,
Using the linear, ,,3, ,,, , ,,5

>

nontnreshold (hypothesis) icap,g,77 20orisk model discussed1

above, of on a group of UNscEAn,1977 iso.sso10.000 ' workers each
-. receives 1 rem, we could

estimata that three would a -.
.,

E%".*"."' C"a"n'""
g = =g./=.,=. =.=n.'' M ,".E=.r.= r :=.m. . - - - ::,

10
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develop cancer because of that exposure, although the actual number could bet

more or less than three. kh-
L :

~ dults in the 20 to 65 year age bracket will develop cancer at some time from allThe Amencen Cancer Sooety has reponed that approximately 25 percent of all-
[

.

at-

possible causes such as smoking food,~ alcohol, drugs, air pollutants , and
natural background radiation. Thus ,in any group of 10,000 workers not exposedi

to radisson on the job we can expe, cts about 2,500 to develop cancer Again
'

a linear extrapolabon of risk ftom high dose data,- N this entire group of
,

i ,

10,
,

workers were to receive an occupational radiaton dose of 1 rem each, we
could esumate that three additional cancers might occur, which would give a total

,

L

number of about 2,503. This means that a 1 rem dose to each of 10,000 workersL

might increase the cancer rate from 25 percent to 25.03 percent, an increase of
!

about 3 hundredths of one percent.
,

Perhaps the most useful unit for comparison among health risks is the a
number of days of life expecir.acy lost per unit of exposure to each' i

health risk. Estimates are calculated by looking at a large number of personst

recording the age when death occurs from apparent causes, and estmanng the!' ..

number of days of life lost as a result of these early deaths. The total number ofP

days of life lost is then averaged over the total group observed.
Several- studies haveE

|- cx4,, pared the projected
,loss of life avescy dL resulting from exposure too .

radiabon with other health'

risks. - Some a 777
i

repraeantanve numbers
are praented in Tabie ill. tarinarse Lue w Lies Innernece nm usa 6te a ssoa,-

en ns , e.n r.These asumates indicate " " " " " ' " un, am i.
*"*

that om hometh rmks from ga;g ;;, t g 2{7" <t:) vg;;[ 'gg,ge5.n .agm...aemvmanal redisoon au u. . ..L ifexposura are smalier tnan .

ings,,,,,.. .: vuoi
the nsks - associated with w ,,, ,,,,,,,, 1g 1wens accisg oewrw, gn,p ga g ; sus L

,

a, , , , , , , , , , , , ,
n

and accept in normal day
to day actfVities. na;ggi.anic,gaavew.s. s

Au catastaoenes (saarnevna, etc.)
1 Ron GCCUPATI4 met RAtiaf ten best. p5A- second- useful M''D' N.$,''',g'cNugf,M,J
03compenson is to look at

estimates of the average ! "'"5
aant,n)

# " "" 30 "'" ' **'"'atu 30number of days of ~ life
expeci.ncy lost, from 'J''""y"*"3|*"g,'"IgN'' " C""'"" " *" ' ' "exposure to radiation and

!

from ~ common industnal
accidents at raciation-
related facilities and to
compare this number with
days lost from other

( o"W ScCiderfts.
Tabio IV shows average

11
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TA7BE IV
days of life expectancy lost

teriaates Less ee Lare taesevanct peon tonesteint stasaassas a result of fatal work a

related accidents. Note tati tes se Daes er
that the data ' for I""""I" Lars"t psen ect test,

Avsmassoccupations - - other than. Au inoestav
- radiation related do not IM',,,,,,,, |

7s

' include death *isks from Soviceother possible T,azards hy'Q'j,,,,,,,,,g,,,,, 5such Se exposur6 to toxic Asei

!=;cuttuesa;t;a,,,,,,, y
chemicais, duets, or ;

unusuoi temperatures,
ia.i m .a a m u .ts. . u w ..aNote also that the unlikely - i;*;ges <

occupationai exposure at n. su,no,se w o.65.ela/vn to -a so.s > ,

,($v;nate;,,,,,,,,,y,ovu.s
s reme por year f r w9 at
years, the maximum , ,,,on 3,
allowable risk level, may lacustasat acclDsets at auctuaresun in a risk comparable .''!!!!!!!!.!!!!!^!!*1!!!!.....................,.gto. the average risk in ...............

aA nn tem oma asmining , and hea p ,,na,en Vot. 3 , June 'A carateens o assa,* h
Construction,

Woat Maatta casaan ution
am

u m '= ima 'enviana as n=*=saa = = =
:- - m ina Deceassa 197$.

4.
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LIMITS AND ALARA
,

- Dose limits'are designed in principle to keep radiation exposures at a point
where the incurred risks are deemeo to be "seceptable" by the exposedincividuct and/or society.

-

Occupationallimits are based to c large extent on this idea of "accootable risk".
<-

Theoretcally, an employee may work all his/her working life around radiaton at
the maximum limits and incur health risks no greater than incutTod in many other
occupanons. At the same time, both the worker and society benefits from ithe use of radiacon. However, since it is pnadent to assume there is somerisk nam with any exposure to radiation, it is the of Radiation Safety tokeep exposures as low as reasonably achievable ( ), and any reasonable

i

steps wruch will lower personnel exposure should be taken, if you work safely it
is unlikely that you wul reach even 10% of t1e mexemum does limsts. Here at
Rorer, radioisotope research workers generally receive less than 30 mrom per
year to the whole body, and most such workers seldom, if ever, receive any

;

measurable occupational- exposure above that due to natural backgrounc
radiaton. Table V lists some extemal exposure limits along with certain other
extemal radiation levels and their significance. ;

:

TAhti V. Stmeraary of the Biological Si,cmificarsce of %riosas Expossares

tsrosues stenta ttrace
......................................................*****...........

tea, espet se4taea og sent as44ee ........ f(4a of ettatatatt og
(tusente 64 acent I sa{' l#.###-

* tea, weeds sesy .......................... 4644 e( eventsat aseest.
4att e4 esas44 asent 2 41' sa if.dif facemed sa.
a& dents (4ee add cau444
64 seeM i 4a ei

?# 4em. na e t a t e s v e . * . = * *. ...* * * =. * *.. .= . .. ' f t a v a.la d ese64 4 p(
en4eseasse se644444ene sa *

setteetted 6 dees; ao
detestanta sarmsy en
doestema 4j,

!$ 444 tieteentrert av4443*................ ##44 fe4 gemalfagi

esentaaesse estatseaa
|tese64 et e4esessa
v ades4 i

f tes, ta pteenslave a ve tte, #4484 (#=. ***.. 46en.t 5 75 add 4tteest
teattetten flatt41 s44eas444 est

e4fg4e4 44vt 044444

weesad casssenas et
444tema venerse as4etss te..

| Stes att causae 64
ag,gge egg 4444#, it,,
444t44 ~j

j
] sta. esatta seas. naelt tese..........** *sta'taessteen escena44 I

. c., i.asta as44. .aeta esse............ s eete n gestal, f j g 2,

4Le84te 6asaveaus44 s44
**t 4 4vava evan-.444
esat ca4a

!#t.f df - t sa, totaMy to e s a n ... . . . . .. . . ... . f est atae a,

*180 taa, tstatty to e s4 a .................. # ast at se e sa testa t 44, aae
stettees

i # # # . t # # # t saa t o a 4 4a . . . . . . . . . . . . . . . . .. . . . . r4easastest 6a;utu.
* f f # # t a s t o 4 a t a . . . .. . . . . . . . = = . . . . . . . . . . . . fassestate464
*;#.lJ# t as. !Je ally to ave................. P4teenett sees. 44tatact

j,,
4.ngta steesu44 saamaisea #44tas lactat i

eetteel |
f 0 8 # . 2 5 0 # t e a , d e s at . At. . . . . . . . . .. . . . . . . . . . resafetet #4 metasste |
189.$80 tastaa taste 4as4644ve cance s j
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PRINCIPLES OF RADIATION PROTECTION
'

There are several principles which you should k in mind in order to work withradionuclides. Theseinclude: time, distance, s , and containment.
,

,

TIME: The best way to avoid unr+::zy exposure is to simply spend as '

little time as possible in the radiaton area. Try to do your work with '

radioactive matenals in the minimum time necessary to do the job
properly. - Preliminary trials and " mock runs" WITHOUT using actual
radionuclides can help in this regard.

1

DISTANCE: The radiation intensity from a point source varies inversely with the ;
square of the distanos from the point . source: hence, "THE
INVERSE SQUARE LAW": '

l, = (dge
i = (or ,

distance,,d from the source,where 1 is the intensity at distance d, from the source and I, is the intensity at -
a

in other words, doubling the distance between you and a point scuros of
radiation decreases your exposure by a factor of 4 for a give
example, y, halving the distance quadruples your exposure.n length of time.-Conversel As a practical

assume that using a pair,of tongs allows you to keep a viel of
radioactive material 16 cm away from your fingers. At this distance the exposure-t

- rate is 8 mR/hr. Assume that you do not use tongs and pick up the vial with your
fingers (the source inside the vial is 1 cm from your fingers). The exposure rate
to your fingers will be approximately:

l(1 cm) = (16)2 y (8) = 2,048 mR/hr
(t)3

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 expect
from a mCl 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 botas, gammas, and x rays).

,

|-

2) Don't pick up unshielded or inadequately shielded
. ,

. sources with your fingers. Use tongs or forceps
whenever possible; it does make a differencel

.

'

SHIELDING: A third way to reduce exposure is to use shielding. For low
energy beta emitting radionuclides, 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
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: material to be shielded.' Very INtle lead is needed for a " soft"- '

(i.e. Iow energy) x ray or gamma emitter like I 125; in fact,-- '

less than 1 mm of lead will absorb virtually all the photons.
'

in the lab, you usually don't have to calculate how much i

shielding youll
-

need--just ' add increasin
around your source.and measure its eO-_g thicknesses

r::: with a'
radiaton survey meter. if the exposure rate is reduced to an -

.

acceptable level then you have enough shielding. .

As noted earlier in this manual, the high energy botas ( such '
as P 32) have a tendency to interact with dense absorbers to

(produce Bremsstrahlung. For this reason, it is good health
.

,!physics to shield P 32 first with a low density material euch '

as plexiglass (about 8 mm will suffice) to stop aN the botas.
One should then shioid the plexiglass with a high density
material such as ' lead to absorb the Simr_.;Amg
produced in the plexiglass. ,

When relying on shielding, be sure that it is both adecuals|=

| and appropnate. Do not hesitate to consuit with the 980' t

regarding shielding requirements for your lab.

Containment: In order to minimize the chance of ingestion, inhalation, or
L absciperi of radionuclides in the body, every stiort must be >

i

made to confine and limit radioactive contammanon.- Therel

should be designated rarealar*Ta work and storage areas.;

Containers should be sealed whenever possible. Any viel,D :

1test tube, etc., which contans radioactivity and which win not
remain under your immediate control Mi)ST be labeled as
radioactive.

,,

Work areas:should be covered with-plasticD

backed accorbent motorial. Wow lab costs and gloves to
keep contsr.ir.e&si off street clothes and skin. . Keep youre
lab cost buttoned. Each radioisotope laboratory should

i

conduct its own radiation safety program, in addition to
surveys done by the Radation Safety personnel. Should a
radioactive spill occur, care should be taken to confine the . ':radioactmty to the area of the original spill. RadW=-+:-;::

|which are part of volatile compounds, or which may break
down to volatile compounds, must be stored in properlyfunctioning fume hoods. i

|-

1

I
|

|.

I

1
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SUMMARY i
'

lRadionuciados can and:are being used- at Rorer with a' minimum of risk to i
personnel and the public. Maantaining this' safety program depends first and.
foremost on each individual who handles radioactive matenal. That person must

4

appreciate the hazards involved and treat radioactive material with the proper
respect while also being fully aware that radionuclides used safely-can be a
valuable tool in research. This booklet is intended to provide some of the basic
ini,inrden needed by indmduals working in radionuclide research laboratorlos.

-

Keep in mind that radiation safety personnel are ALWAYS avadable to answer I

your questions or to address concems regarding redsstion protechon matters or -
r

needs. During working hours you may contact the Radiation
(x 4116 , and dunng evenmg hours both the RSO and Radiation W at
can be ) reached by dialing the Security Department in your facdity.Spacelist

,
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Appendix A
;

l Isotope Speerfic Informatiori

s
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Appendix B

Radiological Data For Isotopes Commony Used in Research Laboratones
L

RADIEtE! CAL DATA FOR JH
Range in-Helf Life Radiation Twee Energy (Mov) Intenettv(5 per disintegration)- Air fleeus

12.35'yr 8- nex 0.01860 100 0.AS se 0.006 em7 ovg 0.00564
)- Maximum Permissible Body Sween. ...... ... Critical (keen

2150 uCi (HTC) Total Body;
1000 uCi (HTC) Body Tissue ,

!

Radiation Preesutions: No external hazard; shielding not requiredt film badge notn reguarea.

Tritiated comeomos can be a serious internal radiation heaerd. Tritiated nuelete seide
4

and nuclete acid gesewsers are generally considered to be a more serious internal
rsoietian hazard than other chasteal forms.

Precautions stoc1d be taken against ingestion, inhalation, accidental injoetionapeoretion through the skin. , or
-

ow faces, no south pipetting, etc.)(e.g. Use protective clothing and absorbent motorial en merk
10 sci of 3H either per container or at any one time. Centeet the Office of RadiationUrinelysis is required for persons handling mere thenSafety. Ext. 7813 for instructione. -
possable aarbarne hazard. In sedition to being used directly in this farefritiated water veper (HTO or 3H20) is a seamen5

a byproduct of experimental reaction (s) or of the breakdom of other camps,ede.HTO mer alas be
- eirborne rolesee of HTO vecer. sodium borohyoride (Ne8H4(3H]) is m exemple of a compound whose une ususily results inTritiated

Cantact the Radiation Safety Office for possible airmonitoring.
ucual, everaged over 40 hr. Maximum pareassible airborne concentration in a controlled eres is 5.0 x 10-6

.

RA0!!R.tE! CAL DATA r0R C.14

Half Life Radiation Tvos Enerov (MeV) Intensity (5 per disintegration) Range In
Air lfissue-5730 years 8- 0.156 (aan)

28 em 0.0290.049 (avg) 100
Masamus Permissable Godv 8 ween.......... Critical Organm uca Boey Fat

403 uCl total Boey
Radiation Precautiones

Negligible outernal hazardt snielding not recuiredt film begge not required.
.

The chief concern regarding 14C is a potential internal radiation hazard.
should be taken against ingestion, inhalation, accidental injection or absorption through

Preesutione
broken skin.

Use protective clothing and absorbent material on work surfaces, no pipet.ting by mouth, etc.
14C may becces airborne unen used to study certain metabolic

processes wnich result in the forestion of 14CO2I
140 may attach to duets, mists, etc. any also result in airborne 14C.Any esperimental procedwee in which
other local ventilation to control any such heterde. Use fuse heads or,

Musimum permissible airborne
concentration of " soluble" 14C in a controlled ares is 4 x 10-6 uCual, averaged over 40hows.

The WC40tes for sirborne 14CO2 (based on a

submersiana dose) la 5 x 10 5 uC1/al.
18
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ADIOLOCICAL DATA FOR P-32
.

<

Wolf Life Radiation Tvpe, Enerov (MeV) Intenettv(1 per disintegration)-,

L -14.3 da g- 1.71 (msu)L '

.0.695 tavg) 1005|-

Menious Permissible Body 8w den. . . . . . . . . . Crit ical Orcan
Maximum Bets R e in,

Air 71s6 uti ,

30 uti lkme 635 es 0.76 cmotal Body. *

L Radiation Preesutions:
32P poses a significant enternal radiation hazard.
unshaelded point sowce is approvisately 300 ared/te.Dese rate et i foot from e 1 aCl
to eeuse significant :-rey production when being stopped in an absorbing medium.32P betas are also energetic enoughof x-radiation is eslied Bremastrahlmg.) (This type
nun of plexiglass or equivalent will stop all the botas).Use low density meterial to shield the betas.(0

4

If necessary, high densityJ
shielding (e.g. lead) may then be used to shield any Bronsstrahlung arising in the low

,consity beta shield.. Minimize time of exposure and maximize distance from sowce to furthercoeresse yow dose.
Dose to the hands and fingers may be especially signaficant if proper;r.*eesutiona are not taken.

inhalation, accidental- Ingestion, or absorption through broken skin.As with all isotopes, take praesutions against ingestion,Use protective ,

clothing:and gloves, do not pipette by mouth, etc.
'. may become attached to dusts, mists, etc. may resuit in airborne 32P.Any experiaantal procedwe in dich 32P

other local ventilation to control such hazards. Use fume hoods or
Maniaun permissible airborne contaminationfor soluble 32P in a controlled ares is 8: 10-8 uC1/ml, everaged over 40 hours.

RADIt1.DCICAL DATA FOR 5-35

Helf Life Redistion Tvoe. Enerov (MeV) Intensity it oer disintecration) Air | Tissue
Range in

'87.4 asys a. 0.167 (max)
31 es 0.32 e t0.049 (avg) 100

wenimun Permissible Bodv Bur een. . . . . . . . . . Cr it ical Or can90 uci restas600 uCi
Total Socy

Radiation Precautionet

segligible external horaro: snielding not recuaract film esoge not reoutree.
'The enlef concern regaroing 325 is a potential internal raciation hazaro.b

snould be taken against ingestion, inhalation, accidental injection or abscretion- through
Precautions

broken skin.
Use protective clothing and absorbent material on work sur faces, no pipet-ting by mouth, etc.

procedures ano'may pose an althorne hazard. Cases containing 355 (e.g. 35312) may be formed curing some chanteal
sttaen to custs, mists, etc. may also result in airborne 35Any- experimental procedures in which 355 may!

S Use fume noods or other;oesi ventilation to control any suen nazarcs.
10-7 uC1/m1, averaged over 40 hours. Maximum permissible streorne concentrationof 355 in a controlled area is 3 x

\
~i

19
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RADICLOGICAL DATA FOR Ca-45
n '

ih Half Life Radiation Tvee Enerov IMeV) Intensity (t per disintegration) Range In
Air | Tie-

163 days, s- 0.257 (mm )
53 em 1 0.0. -0.077 (evg) 100

Maximus Permissible Bodv Burden.......... Critical Organ
'

'

L 30 uC1 t
Sone

Radiation Precautiano -

Negligible external- hazardt shielding not required; film badge not required.
The chief concern regarding Co-45 is a potential internal radiation hazard.
should be taken against Angestion, innslation, accidental injection or absorbtion through

Preceutione
broken skin.
ting by mouth, etc.Use protective clothing and absorbent meterial on work swfaces, no pipet -
ete, may result in airborne 45Ca.Any experimental procedwes in which 45Ca may attach to dusta, sista.

Use fume hoods or other local vontilation to contrel-any such hazards.

is 3 x 10-8 uC1/al, evereged over 40 hours. Maximum permissible altborne concentration of 45Ca in a controlled are
!;

RADIOLOGICAL DATA FOR Cr-51
,

Half Life Radiation Tvoe Energy (MeV)
Intensitv(2 oer disinteerstion) Half Value

Lever in Pb27.7 da -

0.32y 9.8 0.17 cm

Maximus Permissible Godv 8 eden.......... Critical Oroen
800 uCl-
500 uC1 ; Lower large intestine

-fotal bocy
Radiation Prseautions:- i

Moderste external. hezard to wncle body and extremities.
: source is 0.016 mR/hr at 1 meter or 160 mit/hr at 1 cm.

Camme- dose rate from 1 mC1 point
- will reouce exposwe rate by acout 60X). Use lead shielding (1 cm of lead

Use remote handling tools for manipulatingmentelded sources or containers. Film becges recuired, ring casameters required .foroersons honoling mci amounts.
As with any radionuclide, take precautions against accidenta

: noestion, injection innalation or aosoretion througn broken swin (utilize centaminationcontrei measwes, etc.)
etc., say result in an airborne hazard.Any expermental procedure in which 51Cr may attaen to dusts, mists

Use fume hoods or other local ventilation tocontrol sten hazarcs.
10-5 uC1/ml, everaged over 40 hows. Maxim 2un permissible airborne concentration in a controlled area iax

l

1
s

20
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RADIROCICAL DATA f0R !-125
wlfLge m dietton ivoe Enerov (Mev) Intensatv(t oer disinteerstion) rNbe e

'60.14 ca t-reye 0.0177-0.0MS 139.8Y-reys 0.0JH 6.7 0.002 cm

weismun Permissible Body Str een . . . . . . . . . . [r i t ie s) Cr oen
a.00 uCi fotal Body1.15 uC1 Thyrold

Radiation Precautional

Generally low esternal hazards chief concern is esposta e of entremities and fingers whilehenaling sci quantities.
Minimel lead shielding needed (0.02 cm of lea 6 will reeuceempoowe rate by about 1000m).

Film bedoe usually reevired. Ring dosimeter required for- persons handling act amotets.
Like all radiciodines, I-125 that enters the body concent-

rates in the thyroid glene. . Preesutions must be taken against ingestion, inhalation, and -accidental injection.
" free" !-125 (12 or sourous Nal) is easily absorbed through intact- skin and een penetrate plasties.

solutions and present a serious airborne horard." free" forms are easily velat111:ed, especially in acid
Use of " free" forms of I-125 aust take

olace an a fume hood approved for this pwpose by the Offles of Radiation Safety. 1

thyroid ecunting is reovired for persons handling Caterna.
may be reoutred dwing procedwes involving free I-T25.> 1 aCl of free I-12$ and air sampling
Safety for father details. Contact the Office of Radiation

Maximum permissible earoorne concentretion in acontroJ1ed area is ) x 10-Y uC1/sl overaged over 40 hours.
|

|

.

RADIEtXI! CAL DATA TOR !-131
i posit Life: 8.04 es
| semain e sete tange la fissue - 0.21 en in ole - ist a seeslaim moreissible o*ltleed

taalt value sever (seetonal in Leeds 2.4 m toe, tureen o,een

,

samme Goes antes Prus I sel Pete, tsarese $J1 eA#te' 9 I arme 0.84 uCI Th,rees
$$ edt

2.!00 e4/ar el se asey
,

'

;
sateneste

i mesistien f.ee fa rov tusvi if eer elslateseetlean aeste,sen t,se|- seteneety
gners, g enev e _ e g ser e s s e n,ee,,, ion g

| note- 0.334 mes 7.36t E-revs 0.2e9-0.334 4.48
tot e- 0.606 em 99.4

3 ormers ansttes 0.406 em gemme1 0.0Bo 2.42-
fatal t oeg.) 0.183 100

gamme? 0.2s4 4.esgenasto 0.364 GIJ
geneet? 0.437 7.27
9eenete 0.723 1.40AugLs.icn PresAacnst 14 etners soittes,

I.33

External hazard to whole body from gamme exposure end to skin from beta encoews
remote honeling and/or lead shielding (1.0 cm of leen will reduce arsena emoosure.Use
aoout 15x). Film badge and ring cosimeters required. rate by

Like all r eclolodines,1-131 that'cnters the body concentrates in the thyroid gland.
ingestion. Annalation, and accidental injection. Precautions must be taken against
asseroed throuan intact skin and can penetrate plastica." free" I-131 (!? or acueous Nal) is easil
izeo, esoeelally in acid solutions and present a serious airborne hazard" Free" forma are easily volatal-
farms of 1-131 must take place in a fuse hood approved for this purpose by the Offic

-

Use of " free"'( .

tadiation Safety.
External thyroid counting is required for persons handling e of

free I-131 and air sampling aey be reevired during > 1 act of
ths Office of Radiation Sarety for fwther details. procedures involvina free I-T31. Contac-

L
'

sirborne csncontration in a controlled area is 9 x 10-9 uCi/al, averaged over 40 hours.Manisua permissible

91
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RORER GROUP, INC.

b GOOD SAFETY PRACTICES IN RADIOISOTOPE LABORATORIES
,

!,

1. - NEVER pipette by mouth.

'2.. No smoking or eating permitted in the work areas.

'

.3. Do not apply cosmetics in radioisotope work areas.

wo<

4. Gloves and. buttoned lab coats are required when using
radioisotopes. l

5. Prescribed personal monitors must be worn.

6. Hands, shoes, and clothing should be frequently monitored.

1*

7. Radioisotope work should be conducted on a surface lined ,

with absorbant paper.

'8. Utilize shielding and maximize distance from a radiation -

source whenever possible.

9. Dispose of all radioactive waste in appropriate containers.);

El

10. Refrigerators containing radioisotopes SHALL NOT be used for
i storing food.
1

'

| 11. Monitor radioisotope work areas routinely for contamination;
E identify (label) contaminated areas and alert supervisor /RSO

for appropriate cleanup actions.
,

i

| 12. . REPORT accidental ingestion, inhalation,. injury Hor spills

|- promptly to your supervisor and the RSO.
I
L 13. Maintain: appropriate records of receipt, use, transfer and
| disposal of radioactive. materials.

.

14. Bioassays--thyroid checks and/or urinalysis will be
performed by'the RSO or. designee as-indicated.

15. Assure- compliance with State ~ and Federal Regulations as well
as Rorer's internal regulations.

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

[

1

b

_ _
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RADIATION AND RADIOACTMTY
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A GUIDE FOR THE RADIOISOTOPE LABORATORY- |
WORKER /1-
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Your Responsibilities As Radioisotope Workers
{ .y

.Your Reeponsibilities include The Following:

YOU MUST

Be familiar with the isotope s)-

physical and chemical proper (ties;you are using; know their radiological,
methods of detection, types of, hazardsthat each one presents, etc.

lBe fully knowledgeable of the specific precautions and
-

handling "i
requirements for each isotope you use and of the precautions to be
followed with radioisotopes in general. !s

I

Be familiar with the radiation safety rules and regulations instituted at
-

Rorer,

Inform co workers and visitors to your isotope areas of the presence of
-

|
radioactive material (s) and of any precautions that they should take,

!
'

h. Label all radioactive materials / contaminated surfaces with appropriate
-

stickers.
,

i

Properly secure all radioactive storage items including rooms. !
-

-!

Maintain inventory records including use, waste, disposal and decay.
-

i

j
' Know how to properly use your survey meter.

-
-

Routinely monitor hands, shoes, clothing and work areas .
-

Know how to use any personnel dosimetry devices issued to you. !

-

:

1

- .,

+

%

.

k
'

.

A

1
i
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Radiation and RadioactMty
,

,

'

A Guide for the Radioisotope Laboratory Worker

.!1. INTRODUCTION
'

The use of radation and radiation producing devices has many benellts '

for man. Modcal diagnosis and therapy, scientific research, and power
aroduction are the obvious areas in which these benefits may be gained.

'

iowever, as with any other " tool", there are risks involved with the use of
radionuclides or more specificaty, ioreig radiation. The goal of Rorer's

z

:,

radiation safety program is to allow

with a minimum of risk fl.a. exposure)you as an employee of Rorer to gainbenefits for yourself (e. your salary and for others (e.g. research results)s
'

to radiation). -

.Various Federal and State reguistions, Rorer's radioactive materials
license conditions, and common sense dictate that only persons who are-

',

L

L adequately trained may handle radioisotopes. At the time of hire or at the - ;

time- it becomes evident that you will be routinely working with!

radioisotopes, you will be required 'to com
detailing your previous training and exponence.plete a number of forms

in order to meet the training responsibiNty,' Rorer will provide a variety of
training programs including regular radiation safety orientation lectures;LQ::

= written instructions for ordering, r+:::Wii;i, handling, and disposing of-
-

radiomotopes; instructions and protocols for all the radiation monitonng

-with radiation safety and related topics. = A Guide for-The Radioisotopeprograms; and booklets, pamphlets, and other handout material dealingi

Laboratory Worker is one such booklet and is designed to provide you
'

with a basic knowledge of radiation and radiation protection so that you
can work as safely as paamhla. = An attempt has been made to answer the

should become familiar. It must be emphastred that this booklet does notmost common questions and to address those topics with which you
a

have all the answers and must be used iti conjunction with other training -
,

!
'

matenais, reference books, and on-the-
the radiation safety specialist (962-4116) job training. Feel free to contact
information. at any time should you wish more

1
.

i
,

-

4{,
.

!

.O
|
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| 2

|
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. . 2. Twoes 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 radiat on.

;
'

Although there are hazards associated with these forms of radiation, our
chief concern from a health and safety standpoint is ionizing radiation.

i

s
,

ionizing radiation may be defined as radiation which has sufficient energy
to break chemical bonds by " ionizing" atoms. More specifically, enough
energy is imparted to an atom by either the photon or particle to knock an

;

electron out of its orbit around the nucleus.

lonizing radiation includes alpha particles beta pa ticles and electrons,
protons, positrons, neutrons, gamma ray,s and x rays. The types of"

radiations you will commonly encounter at Rorer- are beta particles,gamma rays and x rays.

Alpha particles are essentially helium nuclei and consist of 2 protons and 2
neutrons and thus carry 2, positive electrical charges. Alphas originate inthe nucleus of some radioisotopes and usuall

,

from 4 to 8 million electron volts (MeV . y have energies which range
penetrating ability and can be stopped by)a sheet of paper or the deadAlphas have very- limited?

'

outer layer of skin and hence are not considered an external radiation
.

hazard.
. However, since they are high energy, charged particles, they '

A produce a very large number of ionizations along the short distance they .
U. 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 deaths annually.

Beta particles are essentially electrons which originate from the nucleus of
certain radioactive isotopes and carry a single electrical charge. Betas are '

generally less energetic than alphas but some isotopes emt betas with
maximum energies in the same region as alpha particles. Bstas penetrate
further;through matter:than alphas do and can therefore present an-

;

'

extemal hazard. Whether a beta emitting radioisotope presents an
,

extemal 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 significant ' external hazard.

*

All -betaemitters and more broadly, ALL radioisoto
-

,

hazard and precautions against inhalation, pes do present an intemalabsorption through skin or-
wounds, injection, or ingestion must be observed.

.

L

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 arise outside of the nucleus. Both can
be considered " massless" quanta or packets of energy. They are similar
to light photons but have greater energy and are invisible Most gamma
emitting 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 to minimize extemal

-

.

; -

exposure, while also taking care to avoid internal contamination.

3

, , . . .--. -- . ____. _ - _ _ _ _ _ _



- - . . - . - .. --__ - ___

.. .

]A
e ,

g i

.t

I!
.

.

;-
Bremsstrahlung-is the name given to radiation produced when beta
particles are cbsorbed in a medom. As the beta is slowed down, some of
Its energy is emitted as x radiation. The int ?

increases with both the increasing energ of this Bremsstrahlung . '

I -

density of the absorbing medium. For "y of the and with increasing
soft" beta emitters like S 35 the'H - energy is low enough that the- Bremsstrahlung produced is

inconsequential. For Isotopes like P 32, the Bremsstrahlung produced ,

. can present a more sonous extemal hazard than the botas.

|

3. Units anql Terma l

The follomng is a partiallistog of the most common radiation units andterms:
-4

Activity:
refers to the number of disintegrations per unit

.

.

t

jtime, and not necessanly the number of
particles given off per unit time by the
radionuclide.

The unit of activity is the Curie (Ci)

1 Curie (Ci) = 2.2 x 1012 dpm or 3.7 x 1010 dps ',

L 8 71 millicurie(mci) = 2.2 x 10 dpm or 3.7 x 10 dps

1 microcurie (uCi) = 2.2 x 10 dpm or 3.7 x 10 dps6 4
,

in the Intomational System of Units (SI), actMty is given in Becquerels t

- (Bq):

1 Bq = 1 dps

Exoosure:
.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).
:

1 Roentgen (R) = 2.58 x 10 4 coulombs /kg air

1 R = 1 esu/cc of air at STP

Q There is no SI unit for exposure.

.-
4

,

o
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6bsorbed Dose: describes the amount of ener

L matter by ionizing ^ radiation. gy imparted to !
The absorbeo:

dose in a region is determined by dividing theix '

energy absorbed in the re
the matter in the region. gion by the mass of - t

A Roentgen of x or .
gamma radiation in tne range of 0.1 to 3.0 MeV ,

in air is 0.87 rad and in tissue is 0.96 rad. For
:

this reason, we frequently regard the exposure-
. in roentgen as being approximately equal too

the absorbed dose in rada.|- .

.

1 rad = 100 orgs/ gram -

D :

: In Si units, the absorbed dose is given in Gray (Gy)
e

1 Gy = 100 rads i

1 rad = 0.01 Gy

-

Dose Ecuivalent: 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 particle imparting the energ
the fact that some particles y. This is due toproduce greater
effects than others fore the same amount of

-

'

imparted energy,' Thus, to arrive at- a dose
equivalent -in tne: unit of rom,; one;needs to -
multiply the absorbed dose (rads) by the - '

;>

- appropriate quality factor and any1 other
modifying factors. '

1

1 rem = rads x OF x MF
, . .

In radiation protection, a genera! rule of thumb is that for x, gamma or beta.

radiation, a Roentgen is a rad is a rem,

in SI units:

100 rems = 1 Seivert (Sv)
1 rem = 0.01 Sv

. tjatt Life:
refers to the time it takes for half of a given sample ofJ radioactive material to -decay. The half life is an
inherent characteristic of the radionuclide, and DOES
NOT CHANGE REGARDLESS OF THE PHYSICAL OR

-

5
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CHEMICAL environment of that the radionuclidehappens to be in,
t,

I

- You can determine the activity of the radionuclide at any given timeL

through this simple equation: i,

A(,) = AQ e 4"## ,1
3

Where A(,) = activity at time t
,,

AQ = activity at time 0
= time

7,, = half life

When using the above formula, remember that the units of t and T1/2 must'

be the same; e.g. sec, min, hours, years, etc. <

1
,

Similarly, the units of AQ and A(,) must be in the same units; e.g. dpm,
,

cpm, Cl, etc.
:
I.

Countino Efficiencv:
is a measure of the detector's ability to -, - p identify and record a count whend radiation is incident upon the detector,

.

i- The counting efficiency will-very from '

[: detector to detector even though. the-
detector is provided- by ~ the same
manufacturer. When using a given i
detector, the counting efficiency will.
generally vary"with"the ' isotope"being

.

counted,- the : physical or chemical-

5

characteristics of the . sample, the
g60iT uy of the counting set .up, the
condition of the detector's owncomponents, etc.-

t

The percent efficiency can be determined from the formula: l

s i

o

Efficiency (%) = Standard count rate (com! x 100 g

Stanoard decay rate (apm)

When you are determining the counting efficiency of your detector you
will want to count the standard under the same conditions you w,ill be -

-

ccunting your sample, in many cases, it will be im
standard of the isotope with which you are working, practical to count a;

in these cases, you e

will need to count a " mock" standard. A proper mock standard should
mimic, as close as possible, the radiation emission of the radionuclide ofQ-'_

"

interest. For example, it is often impractical to keep an NBS traceable |- >

125 standard on hand. A suitable mock standard would be 1129 as theirenergies are comparable.

6
.

-'
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: A detector's efficiency is frequently variable and may change from day to
' day N the work you are performing requires the actMty to be reco d dre i
(e.g. dpm or UCl), you must determine the efficiency at that time. Contact '

the radiation safety s
counter's efficiency. pecialist if you need assistance in determining your
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BIOLOGICAL EFFECTS OF IONIZING RADIATIONp

Since ionizing radiation can break chemical bonds, it has the potential forL !
L damaging cells and cell molecules 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 (affEG,g (future -!generations). The somatic effects may be further- subdivided into short
<

. term and long term effects. Short term effects include er'''

radiodermatitis, epilation (hair loss), hematological changes, ythema or
.

'

radiation s and acute
from large,yndrome. These short term or prompt effects generally result-

acutely delivered doses such as 100 rem or more in a few
hours. Long term or delayed effects include an increase 1 risk of cancer
or cataracts, embryological effects, and a general shortening of life span.
Genetic effects refer to the build up of delstenous genes in the population -
as a result of exposure of the public to radiation, it should be pointed out
that current radiation protection philosophy dictates that any exposure to i

; i

radiation, no matter how small, has some degree of risk associated with
the exposure. This risk may.be so infinitesimal as to be indistinguishable
from the natural occurrence of any given effect (see Cancer and Other
Hegith Risks). Table I is included to demonstrate some biological effects
and the approximates doses at which these effects occur. ;

,

4

RISK TO THE EMBRYO OR FETUS

These are effects that may be observed in children who were exposed
,

during fatal and embryonic stages of development. These may include
birth defects (teratogenic effects) such as damage to the nervous system.
Birth defects of this nature are associated with doses of radiation above
10 rem (acute exoosure to embryo or fetus). Leukemia and other cancerse

may also occur. The risk of additional cases of leukemia during the first
10 years of life is estimated at about 2 in 10,000 per rem of exposurebefore birth. The

National . Council on Radiation Protection and.
Measurement (NCRP) recommends that the developing fetus should not
recetve a radiation dose from occupational exposure of the mother of
more than 0.5 rem during the gestation penod. For more information, see. i

Regulatory Guide 8.13 '(US Nuclear Regulatory Commission), available
from the Radiation Safety Specialist. Pregnant and potentially pregnant 'a
women may wish to schedule a one-to-one session with the RSO for more
detailed instructions /information on this topic.

,<

-

- O

8
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TABLE I

StGM1F1CANCE OF EXTERNAL ' RA01 AT10M LEVELS
EXPOSURE SIGM1FICANCE- i

22 mR/ calendar quartet, continuous Background radiation, sea level,wrote body ( 0.011 mR/hrt out of doors , New Vork City
41 mR/ calendar quartet, co ntinuous Background radiation altitude ofwhole bodu 10,000 ft (ground level)

|34 mRIcalendar quartet, continuous Radiation measured 'inside brickwhole body bui4 ding at s ta tevet-
Approximately 100 mrtml.ytar Averagt per capita dost to U.S.whole body' population, natural backgrouna .i

level
Approximately 90 mrtm/ year Average per capita dos t to USwholt body- population from medical x-rays Anc

nuclear medicine studies
, . . <l mrtalyear Average per capita dost to U.S.' '

; population from nucttar power
.Approximately 1 mrtm/ year Consumer products
Approtincatty 8000 mrad /yr, Estimated dose from radioisotopes ;$I1.$.I$) I........................ $. . I ..I$ I. .$ ... ..I.. i1,250 urem/ quarter Ragstatory 'Linit f or occupational ,

exposure of whole body ( critica4
,organs are gonads , tens of eye, [bent marrow) |

'll,750 mrealquarter Regulatory limit f or occupational
exposure of hands

::5 mrtalquarter Regklatory Limit f or non.
occupational tzpos ures
(including expos ure o f minors )

15,000 mrtmlyear
Recommended single tiss ue 01 organ

,

Limit if not covered in separate
tecommendation

500 mrem / gestation. period
Recommended Limit for developrng
f e tas .

TO

9
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. ' CANCER AND OTHER HEALTH RISKS
;

'

.-. (Adapted in large part from USNRC Regulatory Guide 8.29)
|

The cancer risk associated,ated presented in Table 11 were developed by the
.

National Academy of Science Advisory Committee on the Biological Effects oflonizing Radiaton BEIR), the international . Commission on Radiological |

Atomic Rad (iaton (UNSCEAR).Protecten ICRP) an(d the United Nations Scientific Council on the Effects of|1

it is important to realize that these risk numbers are only estimates. Many
4

difficulties are invoNed in designating research studies that can accurately
*

measure the small increases in cancer incidences due to exposure to radianon''

as compared to the normal rate of cancer. There is still uncertainty and a great
deal of controversy with regard to estrnates of radiation risk. The numbers used
here result from studies involving high doses and high dose rates, and they may

-

not apply to doses ar the lower occupationallevels of exposure. They are based
on a simple linear extrapolation from avasiable data for high doses received over
short penods to low doses received over long time penods. In other words,
these asumates assume that the risk per unit rem dose as determined for high,
short terms doses will be the same at low, ma=%el dose leve6s.
Furthermore, these estimates also assume that there is no threshold of radiaten'

exposure below which there is no health risk.

continuing ex(tensive long range research programs in the fleid of radiation riskCommission NRC) and other agencies both in the United States and abroad areThe Nuclear Regulatory
.

assessment. .

?O- Some members of the National Academy of Sciences BEIR Advisory Committee;
and others feel that the risk estimates presented in Table il are higher than wouldI

actually occur and represent an upper limit on the risk. Other scientists believe .

that the estimates are low and.that the risks could be higher.= However, these

-estimates are considered byinformed decision concoming acceptance of theworker can use to make an the NRC staff to be the best available that the:
risks menaria*M with exposure to radiabon. A worker w
risk :should make, every offert to keep exposure ho decides to acceptthisto radiation As - 1.ow As
Reasonably Achievable (ALARA) to avoid unnecessary risk. The worker, after all,
has the first line of responsibility for protecting himself/herself from radiation -hazaros! >

TAPLF II

*** *'" '' '***" $$"["** '' '*""
gn cance of h

estimates in Table 11 we will u
use an approximate

.

s.. ,. Amani e c. . sii.. 4- aversge- of 300 excess s. m. i. o .ein i w mi r. i. Arie,
cancer deaths cer mdlion Expo.um of Each m i R.m of Redi.iio.

,

'

people, each exposed to 1
rem of ionizing radiation.
Using the linear, ,y ,,,,,, , g 3,3
nonthreshold (hypothesis) Icur,1977 :00risk model discussed
above, of on a group of UNSCEAR.1977 150 35010,000 workers each

.. receives 1 rem, we could
estimate that three would ;w ui .< .

. r.::: m=::::c: r:
g= , f.".,:':|" ':|".n.=.:n,t:::

'

||||.::" :||' *|T|||"
,, - . - .J" 2:: 0 W..:.
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U h-
develop cancer because of that exposure, although the actual number could be

-

more or less than three.
. a

adults in the 20 to 65 year age bracket will develop cancer at some time from allThe Amencen Cancer Society has reporteid that approximately 25 percent of all
,

o '

possible causes such as smoking, food, alcohol, drugs, air pollutants, and!

; natural background radiation. Thus, in any group of 10,000 workers not exposed
to radiation on the job we can expects about 2.500 to develop cancer Again

~

-

<

'

using a linear extrapolation of risk from high dose data, if this entire group of.

10,000 workers were to receive an occupational radiation dose of-1 rem each we
,

could estimate that three additional cancers might occur, which would give a total -
number of about 2,503. This means that a 1 rom dose to each of 10,000 workers

,

'

might increase the cancer rate from 25 percent to 25.03 percent, an increase ofabout 3 hundredths of one percent.

Perhaps the most useful unit for comparison among health risks is the average
number of days of life expectancy lost per unit of exposure to each paracular:

health risk. - Estimates are calculated by looking at a large number of persons
recording the age when death occurs from apparent causes, and estimating the,

number of days of life lost as a result of these earty deaths. The total number of
ds.ys of life lost is then averaged over the total group observed.
Several studies have
compared the projected
lose of life expectancy
resulting from exposure toG r,adiaison with other healthv
nsks. Some TABLE III! representative numbers
are presented in Table 111. Estinarse Las w Lies tapectance reen usas,rm essss -a .

Esta ves er tage er '
These estimates indicate " ' ' * " ' " Lars specte. rte Lost. ,

thGt the health risks.from Saesine to casaastiss/sav
"****

"W - radianon Ovenversat (or 203) 257| | t .5 -saes)-a
exposures are smaller than n accissues constnes . 98

a3 , (( .7 vaans)
the riska associated with gg/gegg, u ,, y 2 vuest

I '

Mona accisants

TLe"'"."e 'e"na'un? !!!!!5:ne-"~"- N
95

and accept in normal day M sicat saaemestie -uvs tu.s.to day SCt!Vities. aveRacE), CALcWLaf ts 6

ALL catastesemes (saatueuass, etc.)
1 aan occupattomat asetation cess,- }.5A second useful 1* *' *n"035as,M*.N"f"feNNUf,ff,Ccmpanson is to look at

atin
estimates of the average ! ""/ " ' " ) 3 0 "'" ' '''"''" '

3

30-number of days of life
7 expectancy lost, from

exposure to radiation and M*fy"y[*"3f"E,7fg' ' C^"'"" " D"''' h
from common - industrial
accidents at radiation-
related facilities and to
compare this number with
days lost from other' -

occupational accidents
'

Table IV shows average.

11
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TNLE IV :
days of life expectancy lost

~

1
-

as a result of fatal Work Estinste. L se ., LIFE (APftnact F a la.esnin MatAapsA"

-related accidents, Note E ng ,,,n ,, p,,, ,,
that . the. data for Iasen n tot Lin ti.en.unct Lost,

,

an Aoccupations other than Att in.ustav
radiation related do not 74 !

j','nica'U, cry,,,, $. include. death riska from a dother possible- hazards
t UUUUtion an. vT:Litist
[scutives ff7

such as exposure to toxic Asa
chemicals, dusts, or

a.gs"ajtj's j{'unusumi temperatures, ,,,,,,,,
.uti.. . c

. Note also that the unlikely ,ty;y " p se,...n , .. m , <
occupational exposure at o..nm.n.,0,.65.*lo 20

aha
. .s ren= per year for so

d'u,u.U.'t.n ., s u..n.mu
1nyears, the maximum 58 ... 250

allowable risk level,. may (nontain acc

....C.I .L.i .t l .t.s ..( .n.i es .n n.5 )..n e A. l A.t.t .......... . .... ... ..... 5 8
muctuaresun in a risk comparable ,6

.to. the average risk in .....
................

mining an. neavy . ...n. ..

coo . ... > s amI WontI Maam e= f=ame. 36 Juss 19 h. a emt... , ,h .. m.a!bizugt Vnconstruction, ntw asastut siria== as w a=" an a==tia= Dscenesa 1975.

;
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. LIMITS AND AMRA
)

Dose limits are designed in principle to keep radiation exposures at a point
where the' incurred nsks are deemed to be " acceptable" by the exposedindividual and/or scsciety. i

,

. . .

Occupatonal limits are . based to a large extent on this idea of "accootable risk".-
.

y
L

Theoretscally, an employee may work all his/her working life around radiation at.
the maximum limits and incur health risks no greater than incurred in many other: j

occupatens. At the same time, both the worker and society gain beneftts from
'

the use of radenon. However, since it is prudent to assume that there is somerisk maannaw iwith any exposure to radiation, it is the of Fladiation Safety to . 1keep exposures as low as reasonably achievable ( ), and any reasonable i

steps which wWI lower personnel exposure should be taken. If you work safety it
is unlikely that you will reach even 10% of the maximum dose limits. Here at (

Rorer, radioisotope research workers generally receive less than 30 mrom per
year to the whole body, and most such workers seldom, if ever, receive any.
measurable occupational exposure above that- due to anatural background
radiation, . Table V lists some extemal exposure limits along-with certain other
extemal radiation levels and their significance.

!

I

TAB!.E V. . Samary of the Biological Si,cmificance of Wriot4s Exposures
>

tapesser stoett tetaes -
......................................................................

.- ' e tu, es,e,e.<44.. ei eene e 44ee ........ ei "
4 en et ees.4 tease e,

'

...e4a 44 see.t # .a, .
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\
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PRINCIPs se op RADIA'rlON PROTECTION
~

,

There are several principles which you should koop in mind in order to work with
radionuclides. Theseinclude:

*

time, distance, shitwding, and containment,
,

i.

Th' e best way to avoid unnecessary exposure is to simply spend asTIME:

little titae as possible in the rsdiaten area. Try to do your work with .
radioactive materials in the minimum time necessary to do the job

-
.

'

s

property. Preliminary trials and " mock runs" WITHOUT using actual .
radenuclides can help in this regard. 3

;

DISTANCE: The radiatien intensity from a point source varies inversely with the.
square of the - distance from the point - source: honos, 'THE !
INVERSE SQUARE LAW":

1,=(dJ' "<

i,=(or a

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

In other words,. doubling the distance between you and a point source of-
radiation decreases your exposure by a factor of 4 for a give

,

example, y, halving the distance quadruples your exposure.n length of time.'Conversel:

L As a practical
assume that using a pair of tongs allows you to keep a vial of 3' n i

radioactive material 16 cm away from your fingers. At this distance the exposureV rate is 8 mR/hr. Assume that you do not use tongs and pick u
fingers (the source inside the vial is.1 cm from your fingers). p the vial with your
to your fingers will be approximately:

The exposure rate
L

|(1 cm) = (16): x i'8) = 2,048 mR/hr
;

(1)3
i

a
L 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 expectE 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 unshielded or inadequately shielded
,

sources with your fingers. Use tongs or forceps
whenever possible; it does make a differencel

SHIELDING: A third way to reduce exposure is to use shielding.- For low
energy beta emitting radionuclides, shielding is unnecessary.

1

1

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 reouired depends on the energy 1

,

of the emitted photons and the amount (actMty) of the
|
'

14
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material to be shielded. Very little lead is needed for a " soft"
(i.e. low energy) x-ray or gamma emNter like I 125; in fact, !

less than 1 mm of lead will absorb virtually all the pMwr.E. ;in the lab, you usually don 1 hevo to calculate how much
shielding you'll need-}ust add inor thicknesses

-
'

around your source and measure its .

with a
radiation survey meter, if the exposure rate is reduced to an

.
;

acceptable level then you have enough shioiding.
.

As noted earlier in this manual, the high energy betas ( such '

as P.32) have a tendency to interact with dense absorbers to
,
'

produce Bremsetrahlung. For this reason, it is good health
physics to shield P 32 first with a low density matenal such

,

I
'

as plexiglass (about 8 mm will sufflos) to stop all the botes.
One should then shield the plexiglass with a high density

-

imaterial such as lead to absorb the Bremsstrahlung '

produced in the plexigions.
.

i

When relying on shielding, be sure that it is both =%=sa
and appropriate. Do not hostate to consult with the RSO

,

regarding shielding requirements for your lab.
>

Containment: In order to minimize the chance of ingestion inhalation, or
n absorption of radionuclides in the body, every, effort must be ;

,

L U made to confino and limit radioactive contamanacon. There
,

should be designated radioisotope work and stora .

Containers should be sealed whenever possible. ge areas.Any viel,
test tube, etc., which contains radioactivity and which will not

i

.

remain under your immediate control IWJST be labeled as
radioactive. . Work areas should be covered with piasec

'

backed absorbent material. Wear lab costs and loves to i

keep contamination off street clothes and skin, 4

yourlab coat buttoned. Each radioisotope laboratory s
'

conduct its own radisson safety program, in addition to :

isurveys done by the Radianon Safety personnel. Should a
radioactrve spill occur, care should be taken to confine the s

radioactivity to the area of the original spill Radioisotopes
which are part of volatile compounds, or which may breakE
down to volatile compounds, must be stored in property ,

functioning fume hoods.
.

)

i

i

O
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SUMMARY

Redenuchdos can and are being used at Rorer with a minimum of risk to-personnel and the public. MCJueiii this safety program depends first and
foremost on each indMdual who handles radioacaNe matonal. That person must
approcate the hazards involved and treat radioactive matonal with the properrespect while also bong fui aware that radionuclides used safety can be avaluable tool in research, booidst is niended to provide some of the basic
n ;wrireh needed by indMduals working in radionuclide research laboratories.
Keep in mind that radiaton safety personnel are ALWAYS avadable to answer
your questions or to address concems regar radation protecten matters orneeds. working hours you may contact Radiaton Spacehst at(x 4116), and

'

evenne hours both the RSO and % Spacellst
can be reached by dialing the Securay Department in your facdity.

,

O

O
,
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, Appendk A,

Isotopo Specific Information
i

forsPr rectric leressetrise
!ryPr or extetNAL Altt0B d PIIN SA NE ffW potlETit StifLPfMB (A8 mayff WTff . SIMS 4130 Tort tap!ATION NAlf IIF( NAlAtpf NAIAEPP ff0NltfPr R asArttIAL of empleg ag....................................................................ftvittPt.................................................get'

In sagt r it.ss y we uro me we w/A neu own. I
.

lie seit r 5,78# v we '*co r "o ** */A Thia weadae eu **ste r so.s t vu ue vu vu vt u tte,atu s ou, a s type me ', th4,4 ene4gyi
'

|353 Seft r 17.4 d We We We he W/A Th4a edadow Gil he-

*

dice seit s* le8 d We he No No W/A Th4a stados eu he,lice y rt.; g yu We ru Mayte lead ou astil y e. seq H.14 4 u4aiaat vu vu say6e Thia lead Thia utadow Threen
(beth law emettyi il ,Nel set.)t

35Il B*, y i.fd W Vu Yu Yu ru Lead oil

(Wal ctystatlptete

lir,Wel 4et.) The ;,

[,

L :
|

-

,

segue I. Tnts te6te u intences a e guen sede4 ease pude eate and me tafeemattes peevaded mag 6e iaeemptase fee aangFee esaunte. La mut easdauemmanuey seat, teu stumpest ases44emeere aan asse emptied eeue =e u nessene.
be ottamed due te as law ea44v44, teveta med,

f. Aav ueteer sov 6e a entent4at ma6eene herud u (usu, dust, mut.e4 e peu of a votattle commemad
trhets arue <n the sueuen tase< ate <y.esta== <eent4(tu ne meet commea deems ed eunet ne eeuemaeae et ne mateuat (see seen a centamaan es44 -Thi4.

.

4

T

S

17

- _ _ _ __ _ _ _ _ _ _ _ __ _ . _ _ . _ _ _ . _ _ . _ _ _ _ _ _ _ . . _ -_ _ _ _ , .



. . _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _

.
.,

*
,

O'

Appendix B

Radiological Data For Isotopes Ccmmonly Used in Research Laboratones
RADIE 00! CAL DATA FOR,3J

Range in
Helf tife mediation tvoe Energy (Mov) Intensitv(5 per dietnteeretion),

_

Alt tissue
12.35 yr 8- een 0.01840 100 0.A5 as 0.006 sesyg 0.00568,

Mentous Peressoible body Br een. . . . . . . . . . Cr i t ical W oen
2120 uC1 (HTC) Total tesy
1000 uti (HfD) Sedy Tiscus

;
Radiation Procoutions: No enternal hemord; shielding not requiredt film badge not

|

i

| reeuares.
t

fritiated cesseunde een be e serious internal radiation hazard. Tritisted nuelete seide!

and nucleic acid preeweers are generally eeneidered to be a este serious internal
radiation hazard then other chaeacal forme.

Precautione should be taken against ingestion, inhalation, accidental injoetten, orsesorttion through the skan.
sw faces, no neuth pipetting, etc.)(e.g. Use protective clothing and steerbent meterial en work
10 eCi of 3H either per container or at my one time. Conteet the Offies of RadiationUrinalyste is reeuired for persons handling more thenSafety. Ext. 7813 for instructione.

Tritiated water voser (HTO or 3H20) le e aO P 4 2 4 * a a 1" **> a * * ia' air *2r ta tai r . "'a usmana bypreduet of exporlaantal resetion(e) or of the hesehdean ef other compounds. *2- '

sodius baronyeride (Na0N6[3H]) le en exaeole of a campsed mese use usually results infritiated
airborne release of HTO veper.

Cantact the Radiation Safety Office for poselble airsonitoring.
uC1/el, overaged ever 40 tr.Masine paroissible airborne concentration in a controlled eres is 5.0 x 10-6e

.

MADIRtEICAL DATA FOR C-14
,

Half 1.ife Radiation Tvec Energy (Mov) Intensity (5 per disinteeretion) Air 'ficoue
Renee in

5730 yeare 8- 0.156 (eau)
28 em 0.0290.049 (evg) itm

Messous Permissible Bod, 8 ween. . . . . . . . . . Crit teel Organ
JUD uca Boey ret
4(N uC1 Total Boey

Regiation Precautione
~

Negligibis externe 1 hererat snzelding not reoutredt file booge not reeuired.
The chief concern regereing 14C is a potential internal resistion horard. Precautions
should be taken against ingestion, inhalation, accidental injection or abeerption throughbroken skin.

Use protective clothing and absorbent material on work surf aces, no pipet.ting by south, etc.
14C say beense airborne wnen used to study certain metabolicprocesses wnich result in the forestion of 14CDt.

14C say attach to duste, eiste, etc. may also result in airborne 14C.Any superimental procedwee in which
Use fuse hoede orother local ventilatten to control any such herarde. Maniaue permissible airborne

concentration of "soldle" 14C in a controlled area is 4 x 10-6 uCi/al, everaged over 40hours.
The WC40hre for sirborne 14CO2 (based on "submarelena dose) le 5 x 10-5 uC1/el.

18
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40!ROGICAL DATA FOR P-32 )

)ele are . i.u on r.pe cnere. (e intensitvit per sisinteor.iton>
;14.3 os 8-

0.695 (svg))1.71 (men
i1001 '

perine Permissible Goe. t /
. . . . . . . . . . Cr it ical Orcen Manistsa lets Renne, in

!

Air flagg6 ,'
6 uci

>tal body
i635 es| 0.76 cm30 uC1 o

Radiation Preesutions:
.

'

32P poses a significant enternal radiation horard.
unshieldes point sowce is acerosisately 300 ared/W.Dese rate et i foot from e 1 mC1

.

:

ta emuse eignifleant -rey preduetion when being atopped in an abaarbing medium.32P botas are also energetic enoughii

(This typeof m-rediation is es11ed Bremostrahlung.) ;

mm of plexigloss or equivalent will stop all the betas).Use low density material to shield the botas (8*

If necessey, high density
shielding (e.g. lead) may then be used to shield any Bremsstrahlung aricing in the low

|
censity bets shield. Minimize time of exposwe end mouisite distance from source to furthercecrease yow dose.

Dose to the hands and fingers may be especially significant if properprecautione are not taken.

innelation, accidental ingestion, or absorption through broken skin.As with all isotopes, take precautions against ingestion,1 <

Use protectivej
clothing and gloves, do not pipette by mouth, etc. Any esperimental procedwe in which 32Pi

' cay become attached to duets, mists, etc. may result in airborne 32P. :

Use fume hoods orother local ventilation to control such hazarde.
for soluble 32P in a controlled area is 8x10-8 uC1/ml, everaged over 40 hours. Maximum permissible airborne contamination

,

*

|
> ;

RADIEDGICAL DATA FOR $-35
,

,

4alf Life Radiation Twoe Eneroy (WeV)
Intensits (t oer cisintecration)

Range In
Air I fissuei

87.4 osys 8- 0.167 (max)
i31 em 0.32 e0.049 (evgi 100

werime Permissible Body Bur oen. . . . . . . . . . Cr it ie el Or ean
90 un irestas400 uC1 total Booy

Rodistion Precautionet

Negligible-external herarat shielding not recuireat fils esoge not rtouitto.
*

.The enter concern regarcang 325 is a potential internal recaation hazaro. Precautions
should be taken against ingestion, inhalation, accidental injection or absoretion through" broken skin.

Use protective clothing eno absorbent metettal on work sur races, no pioet- ,

ting by mouth, etc. '

Cases containing 355 (e.g. 3522) may be formeo curing some chemiest;rocecures eno may pose an airborne hererd.
attaen to custs, mists, etc. may also result in strborne J55.Any enoerinental oroceoures in unich 35S mey

Use fume hooos or otherlocal ventilation to control any such hazaros.
Maxima permise1ble sirborne concentration

,

O of 355 in a controlled ares is 3 x 10-7 uC1/ml, averaged over 40 hours.
,

19
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RAD!! LOGICAL DATA FOR Co-el
.

Weir tire Redistion hoe Enerov (Mev) Intensity (5 per disinteoretion) Range in
Air i Tie

163 days 8- 0.237 (man)
53 on 0.0 :0.077 (erg) 100

Masinus Permissible todv 8 eden.......... Critical Oroen :

30 uti Bone !

Radiation Precautions: '
,

Negligible enternal hazard; shielding not required; film badge not required.
The chief concern regarding Co-45 is a potential internal radiation hersed.
should be taken against ingestion, inhalation, accidental injection or steerbtion throughProcoutions ,

broken skin.
Use protective clothing and absorbent meterial on work surfaces, no pipet-

!

ting by mouth, etc. '

etc. may result in airborne 45Ca.Any experimental procedures in unich 45Ca any attaen to duste, mistai

any such hazards. Use fuse hoods or other local ventilation to control
is ) u 10-4 uC1/al, everaged over 40 hours.Menisus permassible airborne concentration of 45Ca in a controlled are

-

!
t

.

O
RAD!0 LOGICAL DATA rDR @-51

Half Life Radiation hoe Enerov (MeV) Intensitv(5 per disintegration) Half Yalue
Laver in Pb27.7 da y 0.32

,

9.8 0.17 em '

31mus Permissible God, 8 eden.......... Critical Organ i
8 uC1
5 uC1 Lower large intestine

Total Dooy
Radiation Precautione:

Moderats .aternal horard to whole body and extremities.
Camma cose rate from 1 mC1 point

source is 0.016 mR/hr at 1 meter or 160 mfu'hr at 1 cm.=111 reowe exposure rate ey acout 60X). Use leen enielding (1 cm of lead i

,

Use remote nonoling tools for manloulatingunanielded sources or centainers. -

Film badges eeouireo, ring cosameters eeouired forcarsons nanoling mci amounts.
As =tth any radionuclice, take oreeautaons agaane. .'

control measures, etc.):ngestion. injection inhalation or aosoretion througn troken swan (utilize conte snationaccidenta

etc., may result in an airborne hazaro.Any expermental procedure in wnich 51Cr may attaen to dusts, mists
r

,

Use fume noods or other loemi ventilation toi control sen harstos.
10-5 uCi/ml, everaged over 40 hour s.Mexistun permissible airborne concentration in a contro11ec area is:

O
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RADIOLOCICAL DATA FOR ! 125

elf t,re ..d e ioe 1 oe f er v <mov> Inte s>iv<s eer disieieor...on> <W,w,
60.14 es I-rsys 0.0272-0.0355 139.8T-reys 0.0355 6.7 0.002 cm

,

wor t mus Perat e sible todv 6w een. . . . . . . . . . Cr it te el Or gan
4 uC1 Total flody

i

1.1 uck thyress
Radiation Precautiones

Cenerally low esternal hazards chief concern is esposure of entremities and fingers while
i

handling aCl quantities. Minimal leed shielding nessed (0.02 cm of lead will toeureenposwe rete by about 1000m). flla bedoe usually reouired. Ring dosteeter reauired for
pereens handling act amounts. Like all rediolodines, I-125 thet onters the body concent-rette in the thyroid glene. Preceptione must be taken egeinst ingestion, inhalation, and

.eeeidental injeetion.
arree' I-125 (!! or soucous Nel) Is easily abeerbed theough intset !skin and can penetrate plasties.

solutions and present a serious airborne hazard." free' forms are easily volatillaes, especially in acidi

Use of " free * forms of I-125 must take
place an a fune hood approved for this purpose by the Offles of Radiation Safety.
thyre 3d counting is reouired for persons henaling Externa.
may be reoutred dwing procedwes involving free I-T25.> 1 oci of free I-125 and air ssiplingi

Safety for twther details. Contact the Offlee of Radiation
,

-

Maximum permissible earoorne concentration in a
controlled area is 5 x 10-Y uC1/sl everaged over 40 hours.

.

O
RADIEOGICAL DATA FOR !-131

tell titet 4.64 es
atoslaus eersleelble O'ltleelnesteen teve aanget la flesee -- 0.21 em in Air -- 465 m

asse t tesue tever (peetonal in teses 2.4 am toev tureen opeen

Gemme esse estes prue I eCl potet tsarees 0.21 ell /tr e t oyer 0.14 uCl Th,coes
90 wCl

2.100 anner el en eney

intonette
eselselm t.oo taerer tuovi if eer ellin'eeretient tes tatte 7,ee (nees,selevi _t g ey slo en,eece,3,3

intenesty

met e- 0.334 mes 7.M *-revs 0.2et-0.334 4.41totea 0.646 som 99.4
3 oteers anietes 0.406 em gammet 0.00e 2.42-

fetal t eeg.) 0.182 100
pomme? 0.2s4 6.06
pommete 0.M4 41.2
gammet? 0.437 7.27
9 emmet, 0.723 t.40,

Assist.isri Prs:mA2crut to etners esittes 1.33 *

External horard to whole body from gamma exposure and to skin from beta encesure
remote henaling and/or lead shielding (1.0 cm of leso will reduce gauna erooswe. Use
about 15 ). tile booge and ring costmeters reouired. rate ey '

snters the Dooy concentrates in the thyroid gland. t.1ke all r ealolocines,1-131 that
-ingestion, Annalation, and accidental injection. Precautione must be taken against
assorced through intact skin ena can penetrate plastics." free" l-131 (I? or causous Nal) is easil

t

ized, esoecially in acid solutions and present a serious airborne hazard." Tree" forms are easily volatil-
Terms of I-131 must take place in a fuse hood approved for this pwpose by the Office ofUse of " fr ee",lediation Safety.

External thyroid counting is required for persons handling
free 1 131 and air sampliru say be reouired dwing procedures involvino free I-T31> 1 eC1 of
the Office of Radiation Sar;ety for fwther details. Contac-.

airborne concentration in a controlled area is 9 x 10-9 uC1/nl, averaged over 40 hows. Maximum paesiseible
*
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.RORER GROUP, INC.
(~N,
(/ .- ' GOOD' SAFETY PRACTICES IN RADIOISOTOPE LABORATORIES i

i

!

1. NEVER pipette by mouth.
,

2. No smoking or eating permitted in the work areas.
;

3. Do not-apply cosmetics-in radioisotope work areas. [
'!

4. Gloves and buttoned lab coatsu are required when using !
radioisotopes,

i

5. Prescribed-personal monitors must be worn.
i

6. Hands, shoes, and clothing should be frequently monitored. |
t

Il '
' 7. Radioisotope work should be conducted on a' surface lined

with absorbant' paper. :
!

'
8. Utilize shielding and maximize distance from a radiation

source whenever possible. j
;
t

9. Dispose of all radioactive waste in appropriate containers,
j-)s .\ 'i
~

10. Refrigerators containing radioisotopes SHALL NOT be used for ;
;storing food.
,

11. Monitor radioisotope work-areas routinely for contamination; ,

identify (label) contaminated areas and alert supervisor /PSO
for appropriate cleanup actions.

12. REPORT accidental ingestion, inhalation, injury or spills j
promptly to your supervisor and tne RSO.

13. Maintain appropriate records of receipt, use, transfer and *

disposal of radioactive materials.

14. Bioassays--thyroid checks and/or urinalysis will be '

performed by the RSO or designee as indicated.

15. Assure compliance with State and Federal Regulations as well
as Rorer's internal regulations.

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

h
.

b
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