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Item 5 - Radioactive Matedal Requested .

a. Element and Mass Ntimber -
1. Sulphur-35 (S 35)
2. Phosphorus-32 (P-32)-. 4

b. Chemical and/or Physical Form
S-35 and P-32, Labeled nucleotides as triethylammonium salts in aqueous solution.

c. Maximum amount which will be possessed at any one time.
P-32 '40 millicuries
S-35 40 millicuries

Item 6 - Pomose(s) For Which Licensed Material Will Be Used
.

Forensic DNA typing. See enclosed Item 6a. " Statement of Technical Need". See Item 6b.
" Techniques For Labelling Nucleic Acids".See Item 6c " Procedures For The Detection Of
Restriction Fragment length Polymorphisms In Human Use"

Item 7 - Individual (s) Responsible For The Radiation Safety Program And Their Training -
and Exnerience.

See item 7 " Radioactive Material Experience". At the present time only Charles Barna and
Julie A. Howenstein will be using the radioactive materials. Charles Bama will serve as
Radiation Safety Officer. Additional personnel will be added by a license amendment
application to the NRC.

Item 8 - Trainine For Individuals Working In Or Frequenting Restricted Areas

The enclosed items will be used as training materials for individuals' working-in or
frequenting restricted areas. Training will be in accordance with.10 CFR 19.12,

requirements.
(
l

a. " Michigan State Police Laboratories Radiation Safety Manual"

b. " Radiation Safety Training"

c. "MSU Radiation Safety Study Guide"

Item 9- Facilities and Eauipment

See enclosed Drawings A, B, C, and D and personnel monitoring' portabic survey meter i
~

,

and P-32 shielding referenced in Item 10 below. The identified facilities will be secured and
locked when not m use.

:
Item 10 - Radiation Safety Program

See enclosed " Michigan State Police Laboratories Radiation Safety' Manual". In particular,
,

note section " Phosphorus-32 Handling Precautions". The radiation safety program will be
in accordance with 10 CFR Parts 19 and 20 requirements.

Film Badges -
Whole body film badges will be issued on a monthly basis to personnel utilizing P-32;- ;

Additionally, extremity ring badges will be issued on a monthly basis to personnel handling - j

CONTML NO.8 7 2 8 5:
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' P-32 in millicurie' quantities. The film badge firm to be used will be R. S.Landauer Jr. & >

Co.
;

Portable Survey Meter- -
A Ludlum Model 3 with a Ludlum Model 44-9 " pancake" GM detector will be used for S- ''

: 35 and P-32 monitoring. The unit will employ a standard dial 0-5K CPM with multiplier :
ranges of x0.1, x1, x10, and x100. The unit will be calibrated at yearly intervals, or after 'o
instrument repair, by Warren Malchman, Director and Radiation Safety Officer, Office of
Radiation, Chemical & Biological Safety, Michigan State University in the same manner as

. calibrations are performed for the University NRC broad license No. 21-00021-29. (The
percent efficiency of the detector for S-35 and P-32 will determined using NBS traceable
beta reference standards from the New England Nuclear Corp.). The approximate detection '
efficiencies will be 6-8% for S-35 and 30-40% for P-32.

'

,

L !Shielding -
. ..

Shielding will be utilized for P-32 work. The shielding will consist of 1/4" thick lucite - -;
plastic. For millicuric q' antity usage and storage,1/4' thick lucite plastic plus 1/4" oflead .| u

| shecting will be used at the exterior of the lucite shield.'
1

Item 11 - Waste Manacement
1

1 Radioactive waste will be disposed in accordance with 10 CFR Part 20 regulations.
Specific procedures will be as follows:

a. Disposal by decay - S-35 and P-32 will be held for ten (10) halflives and then monitored '
.with the portable survey meter described in Item 10. The material will be disposed as

| ordinary waste if the survey meter readings are no higher than background levels.

b. Disposal by release to the sanitary sewer system in accordance'with 10 CFR 20.303.
.

The Department of State Police Building water utilization is precisely known which is
evidenced by the enclosed Michigan State University letters dated April 18,1988, October -

20,1988 and January 23,1989.

:

i
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MICHIG A N STATEL POLICE

FORENSIC DNA TYP. LNG: STATEMENT OF TECHNICAL NEED

DNA typing is based on the presence ia - human cells of information
stored in linear DNA molecules. In no two individuals, with the
exception of identical twins, - are the- DNA molecules $dentical. In each -
individual, however, the 'DNA molecules in every cell in the ' body are
the same. It is this variation, and its capacity - to identify an
individual, that- is exploited in the forensic - DNA typing procedure.

DNA. typing is' being used worldwide in molecular- biology, medical
research, and other related fields. The forensic potential for this
technique was first realized-in the early 1980's= by - Dr. Alec Jeffreys,
a British scientist,' when he' discovered a ~ unique- class of DNA probes
that detect " repetitive DNA" in the genome. The Jeffreys' DNA
FINGERPRINTING *" probes, and other similar probes - subsequently.
developed, are. currently being used for forensic' identification by
both commercial organizations and the Federal Bureau of Investigation.

Personal identification has always been of. Vital concern to law
.

enforcement. . DNA technology now provides the forensic analyst with
the ability to identify a particular individual based on a drop of
blood or semen, or a ' single ' hair. .In 1988 the, Michigan State Police
forensic laboratories analyzed evidence' from over 2000: violent crlmes.
Many of- these cases were accompanied by requests .from prosecuting
attorneys and law enforcement agencies for DNA~ identifications.

~

Forensic. DNA typing has applications in addition to - the identification
of evidentiary samples found at a crime scene. The technology can -be-

used in the identification of missing or unidentified persons,
including missing children by maternity / paternity testing. DNA typing
information can also be entered-into a centralized computer data bank
thereby creating a suspect file and a source of data for. population
studies. DNA technology will impact substantially not; only on crime -
lab procedures but also the way certain types of violent crimes are
investigated and prosecuted.

Radioisotpic labeling of probes is necessitated in forensic DNA typing-
by the of ten small quantities of evidentiary material available.
Radiolabeled probes have been found to be ten times more sensitive
than currently available non-radioactive -labeling systems.

.

The breakthrough in DNA typing is revolutionizing contemporary
forensic approaches to the analysis of biological samples. It is
therefore paramount that the Michigan State Police address this new
technology.

CONTW' >

u j



_
_

' 'g TQahniquoo<

t for labelling- P #_
g ndcle.ic acids

e.

o
i

l

Flowchart of the nick translation meihodIntroduction
Reskictionwymecutin this chapter the most important nucleic acid labelling Doubh-stranded DNA - toremoveinserttechniques are desenbed. discussed and compared. ;

Particular emphasis is placed on their suitability for JL I

- specific applications. Get tractionate :

For convenience the techniques are discussed under five j(
main headings: ExtractDNA ; .|

j
1. Nick translation j4
2. Primer extension -

+

Purify DNA .- x

3. Methods based on RNA polymerase
I i4. End labelling methods

J
5. Direct labelling methods

,L,

1. Nick translation fn"Penifan"#sd?'
a

Although predating many of the methods to be described
'

*

in the following pages, nick translation remains the J ,k
commonest means of tabelling nucleic acids for 15*C 13 hours

J
hybridization (see figure 2). The technique can be used g
with a variety of labels to generate probes suitable for -

Terminate reaction by.
most hybridization applications. For example, using
[ct?P] deoxynucleoside triphosphates (dNTPs), it is hT add -

relatively simple to generate probes of a specific activity JL(>1 x 10'dpm/pg) high enough to detect singte copy
genes on Southern blots of mammalian DNA (see Removeunincorpotateu

;labelbygolfiltrationor .
figure 3). Nick translation is also appropriate for use in the precipitation

| generation of biotinylated probes (see page 10).
,

JL
A major advantage of nick translation over other uniform . . Phenol extraction should not bev

Ready foruse '
labelling methods is its flexibility with respect to probe used for biotinylated DNA.
size, specific activity and concentration,11 is particularly Figure 2

I suitable for the production of large quantities of probe for

f- use in multiple hybridization reactions and/or where a high
Lane A LaneB sprobe concentrationis required.

mas ' 7C22 '
The nick translation reaction
The nick translation reaction *') involves the
simultaneous action of two enzymes, pancreatic

L deoxyribonuclease I (Dnase 1)* and E. coli DNA g
polymerase I (DNA pol I)*''. Figure 3

Autoradiograph'

Dnase I introduces nicks randomly in each strand alon9 demonstrating the use of nick :|-
the length of a DNA molecute, resulting in both free translated probes to detect a 4- g

1

| 3'-hydroxyl and free 5' phosphate groups. DNA pol I has singfe copy human mos gene -

two major activities which operate at the site of the nick. [ane A and a oth
nge ,

,
A 5' 3' exonuclease activity progressively removes human genorne. (7C22, a
nucleotides from double-stranded DNA working from the marker for cystic fibrosis, lane

B).The robewaslabelledfree 5' end. Simultaneous!y, its 5'-3' polymerase activity
with[c)PJdCTP to a specific

i successively adds nucleotides working from the free 3'.
Y

'

hydroxyl end, using the complementary DNA strand as a Arnersha snck
template. Thus, the initial nick is actually ' translated' alon9 translation kit, code N.5000.

,

the DNA molecule in a 5' 3' direction. The autoradiograph was
exposed overnight at -70'C -

As the Dnase I introduces nicks randomly, the net effect with intensifying screens,

f- is the production of a uniformly labelled population of

CONTML NO 87 2 8 5
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molecules. The process is illustrated diagrammatically in free of vector sequences by gel purification (see page 11) .
figure 4. By the inclusion of one or more radiolabelled since there is some evidence that Dnase I is sensitive to : 4i -

nucleoside triphosphates in the reaction, the DNA can bo . inhibitors in agarose". This problem can be' offset to a s i
labelled to very high specific activity. large extent by using less DNA in the reaction (<100ng), '

n mit ntly redu ing the levelof added contaminants.- Factors affecting the nick translation
reaction Nature of the probe

Navee of the substrate . A wide variety of protocols are in general use for nick ~

Uung standard protocols, ~1pg of relatively pure double. translation. Since their details will determine the quantity,

stranded DNA is required and the reaction is offcctive size and specific activity of labelled probe produced, the
with both linear and circular molecules. The relatively parameters involved will be discussed in some depth. The

,

large quantity of DNA in the reaction leads to high input of examples quoted are for the preparation of "P-labelled ' j
any contaminating material, which can lead to poor probes, but similar considerations apply to other

efficiency when labelling impure DNA substrates. This is a radolabels and to non-radioactive labels. j

particular problem if it is necessary to prepare a probe

i
' ' ' ' ' ' ' ' ' ' ', ',' h ', ', OH3'h '5'P i r i r i r i r i r , , , r

!
'' ' ' ' ' ' ' ' ' ' ' ' ' ' ' " '3*HO PS'ir ir ir ir i r ir Mr ir ir

HO P . Dnase l

|e m 2 6 . . 26 m m m m . 6 e m
5'P ( ) OH3,

i , y , y , y , y , y , y , y ,

lotroducenicks i

3'HO ', ' PS'
.

'' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
ir i r ir i r i r i r ir i, ,

DNA polymerase 1

'' ' ' ' ' ' ' ' ' ' ' ' ' ' '5'P OH3' ' ;
ir i r i r i r i r i r i r i r a

Removalofnucleotide !

(5' 3* exonuclease) -
' ' ' ' ' ' ' ' ' ' '' ' h ' ' ,I

3'HO ',' P5'i r ir ir ir ir ir i r ir r

'

Labelled and unlabelled dNTPs

:|k m k a k Ak A k A kS,P a k a k a k m, OH3, Replacementofnucleotide
4

i

j. , , , , y , , , , y , , , , , , ,

| (5' 3'polymerase)and
{translationofnickby

| 3'HO k one residue'' ' ' ' ' ' ' ' ' ' ' ' k a k a, P5,ir i r i r M r ir ir ir i, ,
|.

~

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
5'P OH3'i r i r i r i r i r i r i r i r i r i

Repeated cycles-
furthernicktranslation

'3'HO ( ) () ()- () () () ) () $ I P5' 4

b - Phosphatebackbone
~

Donature for use as a probe | Hydrogenbond
9 UnlabelleddeoxynucleotideFigure 4

The nick translation reaction. 9 Labelleddeoxynucleotide

i

I
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Dnase'l concentration Fleaction temperature '

The concentration of Dnase i determines the frequency of Nick translation reactions are norma!!y carried out at low

nicks and hence the final single strand length of the _ temperature (~15'C), as the use of higher temperatures

labelled products. Most of the standard protocols resu't in can lead to rapid degradation of the probe due to

a single strand probe length of approximately 500 increased activity of Dnase I and the 5' 3' exonuclease' .
,

'

nucleotides. Lower concentrations can be used to activity'of DNA poll. Investigations of the reaction

produce longer probes and higher concentrations to mechanism at higher temperaturcs ''' have demonstratedt

produce shorter probes (for example, for in situ that nick translation is to some extent replaced by strand

hybridization). . displacement, in this case an otongating strand displaces
residues from the duplex instead of excisirig them by the |

it should also be noted that the use of higher 5 Mxonuclease acMtr Nemese conMms H ,s .i

concentrations of Dnase I allows shorter reaction times as p ssible for template switching to occur, so that the . .
more ends become rapidly available for the DNA pol I. polymerase begins to copy a displaced strand. This leads

-

A chort pre-treatment with a high concentration of Dnase : otheprWonof regimso trastrand
comp |ementarity. These react @ ions are illustrated in

,

forms the basis of a recently described method for rapid
nick translation which also leads to highly efficient Nure5.
incorporation of labelled nucleotides'*'.

J
, , _ .

HO P

5'P -( >--1 H>- | 0 || : it O (? O OH3'

3'HO -O O O O O [,|_O O O O O P5'
'v"

5'P O ;; ;; ; | O ;; || O - G . O OH3', , Displacement of original

3'HO - O O (? i? O O O O O O O F'5'

5'P 'y r

|

<N') !

5'P O O 1|: -0 0 0 0 0- H OH3' Further synthesis of new
| strand and displacement

3'HO O O O - 0 -4 >-9 - PS. of original

_

5'P

s. .

3'HO 1
1

f

5'P -G i| it 'O O it || HP OH3' Template switching ;

-i(new strand now copied

3*HO O O O O O O O OO PS, from displaced strand) -Phosphatebackbone f
| Hydrogenbond

.

Figure 5
A!ternatwo reactions to nick translation at higher temperatures. G Unfabelleddeoxynucleobde .;

1

'

u

8
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Time course - Specific activity
Maximum incorporation can be obtained at incubation ~ The specific activity of a probe prepared by nick
times varying between 30 minutes and 5 hours (see . translation depends both on the extent of replacement of :
figure 6) depending on the precise protocol usod, existing nucleotidos in the.DNA substrate and on the
Apparent reaction rate, as measured by incorporation of specific activity of the input labelled nucleotides". In
labelled precursor, increases with addition of more _ - theory, complete replacement can be obtained if the
enzyme (DNA pol i and /or Dnase l), or when the labelled nucleotido is present at the same level as its
concentration of labelled nucleotido is reduced, for

..
equivalent in the unlabelled DNA template!For example,

example by changing from low to high specifc activity at - 1pg DNA contains approximately 750 picomotes DCMP
the same level of added radioactivity (see page 10). - (assuming equimolar amounts of the four constituent s.

Nick translation reactions should not be left for longer than. . deoxynucleotides). If 750 picomoles [or "P] DCTP
(approximately 300pCi at 400Ci/mmol) are added to the .

is necessary (usually ~3 hours) as both Dnase I and the ,
-

reaction, then complete replacement is theoreticafly5'-3' exonuclease activity of DNA po| | will continue to .,

possible. In practico, a level of ~1000 picomotes
. degrade the DNA causing loss of incorporated label. Both . [or "P] DCTP (400pCi at 400Ci/mmol) is necessary,:enzymes should be inactivated if the reaction mix is to be

because levels of incorporation of labelled nucleotide -
stored before use. Use of chelating agent (EDTA) and/or :

higher than ~75% rarely occur using standard protocolsc 'qdetergent (SDS) is recommended in preference to heat
The specific activity of probe produced under these -denaturation, as this can cause a transient increase in
conditions is 6 6x10"dpm pgnuclease activity.

-I
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}Figure 6 Figure 7
.

Time courses of nick translaton reactions involving Relationship between (a "P] DCTP input and DNA specific 2
[ct "P] DCTP at two different specific activities. Reaction . activity achieved in nick translation. Reaction mixtures (100pl)
mixtures (30pl) contained 0 3pg ADNA restriction ftagments. contained 0 5-1pg ADNA,50 200 picograms Dnase 1. 5-1C : ;j

,

60 picograms Dnase I,3 units DNA polymerase I and a units DNA polymerase I and a two fold excess of each qtwofold excess of each unlabelled dNTP (dATP. dGTP, DTTP) unlabelled dNTP (dATP, dGTP, DTTP) over (a "P] DCTP i

over [a "PJdCTP whose concentra1on was either ~2pH (O) (specifc activity 400Ci/mmol), each reaction was allowed to l
(specifc activity ~2000 3000Ci/mmol) or 10pM (6) (specific proceed until net incorporation of labelled nucleotide had i
bctivity 400Ci/mmol). ceased. The DNA specif c activity was calculated from the

percentage of input radioactivity incorporated. -
1 ,

a 5
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At levels of laballed nucleotide below ~1000 Toble 2. Advantages and disadvantages of nick ,

picomotes'pg DNA, the specific activity of the final translation *
product is gonorally proportional to the amount d la.>el
added (see figure 7) Changing to nucleotides of higher Advantages *

specibe activity (for example 3000Ci/mmo!). witnout 1. Allows control over a variety of parameters, for -

a!!Oring the total microcuries addod, Will not significantly example, probe size, yield, specific activ ty,-
atlect the final spocific activity. However, since the substrato concontration and reaction time.
effectivo labelled nucleotido concentration will be lower, 2. Suocloning is not required.

the rate of rcaction, as monitored by incorporation of 3. Modem (10*-10'dpm/pg) and high (>10*dpm/pg) >

tadiolabel into DNA, will appear to be f aster (f guro 7)- specific activity probes can be produced.
This is simply due to a lower finallevel of replacement in 4. Good Utilization of label (60-70% incorporation)! i

the template. 6, DNA probes allow standard hybridization
temperatures to be used (see page 36).

it is, nevertheless, possibfe to produce a higher specific 6. Large amount of probo produced in standard
,

activity probe using label of higher spor"fic activity, protocols (~1 pg), and so a single labelkng reaction
because a greater amount of label can potentially usually produces sufficient probe for several
be added to the reaction. For example, it is possible to a on
use up to 3000pCi'pg DNA for fabel at 3000Ci/mmol 9e cratin9 micro 9ramquantitiesof -
giving a final probo specific activity of approximately biotinylated probo.
6x10*dpm/pg. Although it is not generally economical to ae u at a na
uso such high levels of label in a reaction containing P ( '

rr.icrogram amounts of DNA,it m, possible to achieve such 10, Leads to very uniform labelling.
specific activities by using less DNA (<100ng). 11. A variety of radiolabels fH,"S and "P) can be

Work carried out at Amorsham has demonstrated that used.
higher specific activities can also be obtained by the 12. More than ono labelled nucleotide can be used
simultaneous use of more than one labelled nucleotido, simultaneously, for example [cc "PJdCTP and

but the officiency of incorporation tends to1allif more than - [cc."P)dATP.
One nucleotide is limitir g. When designing a nick Particularly suitable for purified DNA available in
translation protocol, the optimal specific activity and rotatively large amounts, (for examplo, a plasmid
concentration of probe required for hybridization (see preparation for which the presence of vector ;
page 36) should be considered, and the labelling sequence in hybridization is unimportant). i

parameters changed as necessary,
Disadvantages

Note on the use of blotin with nick translation 1. Unpredictable results with impuro DN A
Nick translak.n is the preferred method for incorporation substrates (particularly DNA in agarose).
of biotinylatec nuclootidos. This is because microgram 2. Uniform labelhng method - not limited to insort
amounts of biotinylated probe can be produced and sequence.
stored for several rhonths. Furthermore, in contrast to 3. Large amount of substrato (~1pg) usually - ;

radioactive probos, biotirytated probes do not lead to required.
clovated non-specific binding when used at high 4. Temperature and time of reaction require careful
concentrations. control to avoid strand displacement and excision of -

*

Applications incorporated label.
5. Requires control of two enzyme activities.-

The major advantages and disadvantages of nick 6. DNA:DNA, hybrids have lower stability than .
translation are outlined in tablo 2. Nick translated probes DNA:RNA and RNA:RNA hybrids (see page 17),- ,

are appropriate for a variety of applications such as the 7. Probe donaturation required.
detuction of single copy genes or low abundance mRNA 8. Probe not strand-specific. Strand reanneating of
in filter hybridization, and for in situ hybridization (seo probes may occur.
chaptors 3 and 4). 9. Will not labei single-stranded DNA.- J

Associated techniques
Reactions analogous to nick translation have been used Products for the nick translation method
in other procedures. For example, by substituting Nick translation kits see page 45
Rnase H for DNaso I, it is possible to carry out nick "P, "S. JH and *l labelled deoxynucleotides ,

translation on an RNA DNA hybrid, leading to see pages 46,47 |!,

replacement of the RNA strand. This is used for second DNA polymerase I see page 47 1;

strand synthesis in the CDNA synthesis procedure of Dnase i soo page 47
'

Gubler and Hoffman'3".
h,

I10



.
,

_

___

,

,

. ,

!

y
A,

> q ,

2. Primer extension For convenience the approachesswillbe considerod asM ['

follows: t
'

methods s #

A. Random primors used with Klonow pofymerasen .

in common with nick translation, primer extension B. Unique primers used with Klonow polymeraso
*

,

methods utilize the ability of DNA polymerases to C. Unique primors used with reverse transcriptase r#

synthesize a now DNA strand complomontary to a D. Random primors used with reverse transcriptase'

temptato strand, starting frorn a free 3' hydroxyl. In this
case the latter is provided by a short oligonuclootide A. Random primers used with Klonow
primor annoaled to the template. polymerase
Two general approachos are possible, in the first, a Hexanuclootidos of random sequence, either derived
mixture of primors of random sequence is used in order to from Dnase I digestion of call thymus DNA or produced
produce a uniformly labebed DNA copy of any sequence. by oligonuclootido synthesis, have boon used to prepare
The second method uses a unique primer to rostrict labelled copics of both DNA and RNA. foinberg and

,

labelling to a particular sequence of interost. Vogelstein""8 first described this approach for tho i

labelling of DN A fragments to very high specific activity |11 is ossential to use a polymerase lacking a 5' 3,
4 00 madon mskaMn @ Roxonuclease activity. Thr wise degradation of the primer

will occur. Both the Klonow fragment of E coli DNA Facters affecting the random priming
polymoraso I, which lacks the 5' 3' exonuclease activity- reaction
and reverse transcriptaso have boon used successfully in
this way. Klonow fracment was originally produced as a Nature of the substrate

'

protease cleavage fragment of Ecoli DNA polymerase i Random priming requires a singlo-stranded template
*'3 * but is rW e.4dely available as a cloned enzyme. which may bo either derived from a suitable single-

stranded bacteriophage (for example M13) or more
frequently produced by brief heat donaturation of a ,

Flowchart of the random primer labelling method double-stranded molecule. If the latter is used, a linear
molecule is preferable to avoid rapid renaturation of r

IDouble-stranded DNA;inI complomontary DNA circles. Random primors, Klonom
polymerase, labelled and unlabelled nucleotido

"~|ar. purified .agarose,from minitysate, {procursors are then added in a suitable buffer and the'

reactionis allowed to proceed.
, , , ,

UnearDNA Circular DNA; Synthesis has been found to occur very off aciently with

jg jg nanogram amounts of DNA (generally 20-30ng). Using
amounts of labelling nucleotido approximately equimolar.

..
.i

Donaturebyboiling. snap t a Unearizewithrestrictionr to the equivalent nucleotide in the DNA templato, lovels ofi

coot v enzyme incorporation as high as 70 80% are routinely achievable
>

J) within 3 hours.

i$sa Random priming has been used successfully to labot '

s, n
* label, Klenow DNA which is relatively impure. For example, it is often'

jg necessary to labol specific DNA fragments which have
been purified by agaroso gol electrophorosis This

3 Shours(Inovernight) -
PuritybygetIdtration(tion Pprocedure is imquently used to separato a cloned insert3 3

or selective precipita from vector sequence which may show some cross-< roomtemperature -

| | hybridization with the target DNA. Feinberg and i

Vogelstein'") have demonstrated that it is possible to label
i) DNA fragments in the presence of low gelling temperature i

Donaturebyboiling E o agarose without prior purification. Work at Amersham has
shown that the procedure also efficiently labels DNA from

[- -| J
A (StoreafterEDTM9 / minilgsates I 'epared by eitner the alkaline * Or boiling
y addition. W ! a.' t lysis' ' methods.

I- Reaction temperature and time

4 As the 5'-3' exonuclease activity of DN A poll is absent |,

e; Ready'foruse &- . from Klonow polymorase, a wide range of temperatures. -

may be adopted for random primer labelling Room

Figure 8 temperature is frequently employed, but 37'C may be

fjf) g , e p y u .
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used for more rapid labelling. thus increasing the flexibility substantially lower than in a nick translation reaction.
in choice of reaction times As there is no significant breause of the lower amount of template generally used,
excision of incorporated nuclootides (see pago 9), Thus random primer labelling is ideal for situations such
reactions may be left to proceed ovcmight if required. The as single copy gone detection on a Southom blot, where
reaction temperatures commonly used permit significant - - high specific activity and low probo concentrat on aro a

strand displacement (see page 8) so that, for example, desirablo (soo figuro 10). In general, the addition of more
starting from 25ng template, a further 30-50ng labelled label to a random primer rcaction leads to the production .
DNA may be synthesized. Both this and the presence of of a probe of higher specific activity, but the efficiency of
unlabelled temptate DNA should be taken into account utilization of thelabelis reduced,
when calculating probe specific activity. The use of more than one labelled nucleotido species has
Specific activity been investigated in some detail at Amersham. At the
Because not synthesis occurs in this reaction, it is same level of irw label there has been found to be little
possible to obtain good incorporation of labelled advantage in using more than ono "P-labelled nucleotide
nuclootide added at a concentration higher than that,01 because, although a slightly highor specific activity may
equivalent nucleotido in the template. As the level of input be achieved, yield of probe and officiency of utilization of
DNA is low, the labelled nuclootido can be of high label are both reduced. With *'S, a slight advantage is
specific activity. Therefore a probo of high specific activity obtained, but with 'H, where limiting nucleotide
will be produced. For example, using 200pCi of an concentrations are not used, a significant improvement in
[u."P]dNTP at 6000CL'mmot, probe specific activitics ,n specific activity is possible. A maximum ofi

excess of 5x10*dpm'pg are achievable. ~12x10'dpm/pg with three labels and ~2x10'dpm'pg
in a standard nick translation reaction, using 1pg of DNA, with four labels can be obtained, as compared to
it would be necessary to use >1 mci of labelled dNTP to ~7-5 x 10'dpm/pg with one label only. In general,
achieve an equivalent probe specific activity. However, it incorporation ratos are reduced when using two or more
should be remembered that the amount of probe labels, and it is advisable to leave the reaction for at least
produced in a typicat random primer labelling reaction is five hours for maximum incorporation.

L'P - O O O O -4 >-4 >-4 > -4 >-4 >-4 > -4 > -4 > ~( >-4 >-4 > 0 0 -4> 0 i ; ( ? - OH3'

3'HO || || {| O --4 >---4 > i| OO | (> ) | i| '| it ') ') ) ) ) P5'' ' ' ' ' '

_

Denature
, vy

3'HO | || || || '| || || (| || ! t it ) 'I | PS'
' ' ' ' '

. .

Anneal random hexanucleotide
r primersy

5'P 4> 1> 0 0 0 0 OH3' 5'P O O O' O O O OH3'

u, , n, n, , a,t 1 1 1. PS,1_h ,1 ,1 1 nI ,a, m, n,m n a a t
3.HO , i, , ,r-i, , - ir i , ,w

~

Klenow polymerase
labelled and untabelled dNTPs, r

5'P O O O O O (; O ;|| ') O O O O O O 4>-f| 0 0 4|-OH3'

3'HO -s e 4; 4 Wip--1>-4>-l>-4)-4>~4)-t>~4)-(>-()-(>-(>-(>-4>-4) i| ' PS''

Phosphatebackbone

Hydrogen bond, r

Denature for use as a probe - 9 Unlabelleddeoxynucicotide
'

Labelled deoxynucleotide
Figure 9
The random primer reaction. O Randomhexanucleotideprimer

.
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Probe size Applications
At Amersham it has bocn found that, with linear wild type
lambda DNA as substrate and standard reaction The major advantages and oisadvantages of random

,

conditions, probe longth is determined largely by the primer labolkng are outlined in tablo 3. In general, random

concentration of radiolabelled nuclootido used as priming is appropriate for those apphcahons detailed for

procursor, Over a range of totalinput label betwecn 10 nick translation, in particular the detection of single copy

and 100 picomoles (20-200 picomoles for $H) with genes or low abundance mRNA on membrane blots.

between one and three labelkng nucleotide species (one Although not widely used for in situ hybridization, the

and four for 'H), average probe size varies between 200 results quoted above suggest that random priming can
2

and 300 bases for #P,100 and 150 bases for 'S, and 400 be used for this apphcation, particularly when using H2

and 500 bases for $H. probos. At Amorsham random priming has also boon
successfully carried out with biotin-11 dVTP as label.

Although probe longth obtained with tritium-labelled
nuclootides may be too great for some in situ
apphcations, this can be remedied by prior sonicahon of Table 3. Advantages and disadvantages of random
the substrate. Exhaustive sonication of DNA yields a primer labelling with Klonow polymerase
population of molecules wHh a mean size of about 200
base pairs. Probes produced from such a template using Advantages
>10 picomoles of two ['H)dNTPs average ~95 bases in 1. High specific activity probes (>10*dpm/pg).
longth. 2. Ethcient utilization of label (70 80%).
In generalit has been found that the variance of sizes 3. Flexible reaction temperature and time (up to

obtained by random primer labelhng is somewhat wider overnight).

than with nick translation. 4. Can label small amounts of DNA.
5. Labels single stranded DNA (and double-

Positionsof DNA stranded after donaturation),

size markersin Kb 6. Labels impure DNA efficiently (minitysate or DNA

A B C in agamse).
7. Severallabelled nucleotidos can be used

23 1- '

simultaneously.
8. Subcloning is not tequired.
9. DNA probes allow standard hybridization

94. temperatures to be used (sce page 36).

6 7- 10, Leads to uniform labelling.**

, 44 11. Incorporated label not excised during reaction.""

I 12. Reaction parameters can be controlled (for
23- example, input label, primer concentration) to
2 0- * Influence probe size, yield, etc.

Ideal for probe sequence available in small amounts
in impure form (for example, gel-purified insert).

| Disadvantages
1. Quantity of probe produced (~70ng); generally
sufficient for a single hybridization only.
2. Relatively inefficient with circular DNA substrates.
3. Uniform labelling method - not limited to insert
sequence.

Figure 10 4. DNA:DNA hybrids have lower stability than
Autoradograph of a Southem blot on Hybond* N membrane. DNA:RNA and RNA:RNA hybrids (see page 17).
of restricted human genomic DNA, probed with a 1 SKb 5. Denaturation of input DNA required.
fragment of the human ralI Dene labelled by the random 6. Probe donaturation required'hexanucleotide priming method using Amersham s Multiptime
labelling system. The probe was labelled to a specihc activity 7. Probe not strand specific. Strand reannealing of
of 5 0x 10*dpm'pg with [a 8'P) DCTP, ~6000Cvmmol. following probes may occur,
excision from an agarose gol. The probe was tabelled in the
preconce of agarose, and the unincorporated [a 8'P) DCTP
was not remcved Each track centained Spg of human DNA
cut with a) ecori. b) Pstl. c) Hindill. The blot was exposed to
x-ray film at -70'C with an intensifying screen for 5 hours.

LNO87ggg a
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B. Unique primers used with Klenow insert sequence cioned into
polymerase multiple clonitig site (MCS)

The use of Klonow polymerase with unique primers to
label DNA was developed out of the M13 dideory MCS 3, MCS ,

5,
soquencing methodology" N, Two major approaches

Single strandedhave been used in the first of these, the oligonucleotide | b ) strand I

M13 recombinantprimer is annoated to the region 5' to the multiple cloning
site of an M13 vector and,in the second, the primer is
annealed to the region 3' to the multiple cloning site.

Nature of the substrate Anneat hybridaation
primer 5' to MCS

For both approaches (that is, primer annealing to region
3' or 5' to the M13 multiple cloning site) a single stranded M
substrateisused Thisisnormallythe(+) strand of anyof 5*.

the M13 vectors, that is, the strand packaged and /
extruded into the culture medium. A typical reaction 3'
requires 50ng of M13 (+) strand templato and 2ng of I |
primor.

Although it is theoretically possible to carry out unique
primer labelling with donatured duplex DNA, in practico ~

fthe degree of specificity of labelled probo is usually low'. labe ed
most probably due to partial renaturation of the template V untabelled(-)dNTPs

5'~

(i) Primer annenled to region 5' to the f
multiple cloning site ( Carryout synthesis

I l withiirrutingThe reaction

|This approach, originally described by Hu and nucleo:.deconcentration

Messing'''', uses a hybridization primer which anneals to 3,
the region 5' to the multiple cloning site on the template. |
DNA synthesis is then initiated and the vector rather than
the insert sequence is copied (see figure 11). To avoid -

read through into the insert sequence the reaction is ; Figure 11
.| ,

Preparation of strand-specific
t limited by a low concentration of labelled nucleotide. The

Use directIyas probe 13 us the
| reaction is terminated by the addition of chelating agent

(EDTA) to remove Mg' and the probe is not denatured 5' to the multiple cloning site.
before use.

| Nature of the probe and appilcation conventional methods. For example, with an insert of ,
| The single-stranded insert acts as a strand-specific probe approximately 500 bases, the offective maximum specific

while the labelled strand complementary to the vector activity is in excess of 5x 10*dpm'pg insert, assuming

sequence acts as a ' tag'. This method is particularly completecopyingof thevector.

suited to screening M13 clones for sequences (ii) Primer annealed to region 3, to thecomplementary to the insert either by plaque screening or multiple Cloning sitedot blot,

The reaction
|

Specific activity The second approach usea the universal sequencing
'

Very high specific activities are theoretically achievable, primer which annoats to the region 3' to the multiple
that is, up to 4 5 x10'dpm'pg DNA using [o#P]dNTP at cloning site on the (+) strand of M13 (see figure 12).
0000Ci'mmol. This assumes complete copying of vector Thus, primer extension produces a labelled copy of any
sequence and excludes the minor contribution of insert insert sequence.
sequence. As the vector is generally much larger than the
insert in M13, the ability to copy the vector in this way Nature of the probe
allows a significant amplification of labelling over that in this case the reaction is not nucleotide-limited, so that a
achievable were the insert itself to be labelled by more , complete copy of the insert is made. As this region is then

:

14
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C. Unique primers used with reverse; g +inserisequence cioned inio

MOS MCS j /*# "U
,

6' 3' Unique primers have been used most frequently iri. -

Single-stranded conjunction with reverse transcriptase in two ways. The J ',
(4 ) strand I W3 recomunant

. 1

first is in the technique of primer extension mapping", by "
which a labelled primer is annealed to an RNA molecute
and is then extended in order to map the 5'-end of the
RNA (see page 39). The second major approach is more

AnnealsequoncinD R' : strictly a method of probe production. By annealing an
prirner 3'to MCS - - o!igo-dT primer io the 3' poly (A) tall of an mRNA molecule,

Q it is possible to synthesize a tabelled CDNA in the

3- presence of reverse transcriptase and appropriate
nucleotidos"^. Such probes can be used for any of the

3' \ ' applications outlined for nick translated and random5' 6
primer labelled probes, but are particularly appropriate for

;
the specific application of subtractive CDNA cloningM

:D. Random primers used with reverseKlenow polymerase,

Q iabelied(-)and transcriptase
untabelled(-)dNTPs

Although very high specific activities are achievable using
an oligo-dT primer and reverse transcriptase, it is d;fficult

| to ensure complete copying of a long message, due to
f f I problems of nucleotide limitation. In most cases it is
I possible to opt for a higher nucleotide concentration and

consequent lower probe specific activity if a complete
| copy is required. For those cases where this is not
| adequate, or where the RNA to be copied is poly (A) , the

Restrictioncut toremoveinsert use of random hexanucleotides with reverse transcriptase

ag is a possible alternative. The main disadvantage of this,

approach is that it will lead to the copying of all RNAv *

Y molecutes present and, X no prior purification of mRNA
, ,,,,,,,,,

| Labelledinsert sequence Vectorsequence has been carried out, ribosomat and transfer RNA will be

j g present in vast excess over message.

GolpurIfyinsert Vb4 Figure 12 Random hexanucleotides have also been used in CDNA
Preparation of strand-specific synthesis and cloning *, either with reverse transcriptase

J M13 probes using the for first strand CDNA synthesis or with Klenow polymerase
ra adDonatureforuse as aprobe gQcQ e9

for second strand synthesis. In some cases, DNA ligasee,
may be required for ligation of the fragments produced in
order to obtain full length copies, because unlike Klenow

rendered double-stranded, it is possible to excise the
polymerase, reverse transcnptase does not cause strand

insert using suitable restriction enzymes which cut in the displaceme'nt
multiple cloning site either side of the insert. The labelled
insert fragment can then be gel-purified and denatured
prior to use as a probe.

Products for primer extension methods
Specific activity Muttiprime DNAlabelling system see
As with the previous procedure, very high specific activity . page 45
probes can be produced (up to 4 5x10'dpm/pg DNA vp,3,3 3H and 51 labelled deoxynucleotides see
with hx?P]dNTP at 6000Ci/mmn!). pages 46,47

Klenow fragment see page 47
Applications Reverse transcriptase see page 47
This method of labelling clones in M13 has been used .in M13 hybridization primer see page 48 '
the DNA fingerprint methodology of JeffreysH", Probes M13 sequencing primer see page 48
produced in this way are also suitable for mapping
studies (see page 38).

15
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3. Methods based on RNA N r**ctiaa '

The RNA pofymerases from a number of bacteriophagesPggYggyggg (ior exampie, saimonei,, pnage sps and coiinnages T3,
T5 and T7)"t"* possess a high degree of specificity for a

.

introduction their own promoters in vitro. Thus, transcription can bo |

The proceduros so far described all utilize the ability of limited to sequences cloned downstream of an j

DNA polymerase to l' corporate labelled deoxynuclootides appropriate promoter. The basic reaction is illus rated in ..n
into new DNA strands. RNA polymerases catalyze the I'gure 14. 4

synthesis of RNA from ribonuclooside triphosphates using Multiple cloning
a DNA template. They thus have the ability to incorporate s te (MCS)

i

labelled ribonucleotides into RNA molecules which can SP6 RNA | T7 RNA |
be used in all the applications appropriate for unitorml/ polymerase \ polymerase

| promoter 7 promoterlabelled DNA probes. Historically, two main approaches ,

Ito the production of RNA probes have boon adopted. The
first involved the use of E. coil RNA polymerase*. This ,

'

enzyme when used in vifro, shows very little template and |

promotor specificity and therefore produces transcripts
which have been initiated and terminated more or less at i

random"S. This approach has now been largely
superseded by the more elegant use of ' acteriophage Insert DNA !u
RNA polymerases(see figure 13). , , j

\ t

l Flowchart of the RNA polymerase based method with Insert DNAinto MCS
double-stranded DNA template, ;

,,e
Transenption vector e :

' containing DNA ofinterestJ
: adjacent to promoter . i ,

JL
Linearize dital to? h |ay

" promotorwithrestriction?
~l' enzyme

,

1 kN *

Add buffer, ribonucleotidos,
labelled NTP, specific r,s

RNApolymerase o <5 II
,

(37'C/400. I hour) - v; Linearize in sitedownstream of ;. !
'

insert (relative chosen to promoter) *
. | g ' Add Dnase to remove : '
|

, template (37'Cc10 minutes) ,) . {, r ;

| r e 5' 3' 5' 3'T7 SP6 2

- m- -m a a m- -m

| k T7 SP6 3' 5' 3' 5'+J )
,

Labelled RNA probe for . SP6 RNA polymerase, "" T7 RNA polymerase,-

usein hybridization
~

labelled (-) and labe''ed (-) and*

untabelled (-) rNTPs,y ,y unlabelled (-)rNTPs
Figure 13 5' 3' 3' 5'

Run-off RNA
transcripts of
defined length !

and sequence J

Figure 14
Preparation of RNA probes using a plasmid containing SP6 and
T7 polymerase promoters.'
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Factors affecting the reaction initiation activity. In contrast, both CTP and UTP as limiting"
nucleotide routinely give high levels of incorporation with -

Nature of substrate SP6 and T7 RN A polymerases. While ATP gives good
The DOOd for a cloning step has led to the development of levels of incorporation with T7 RNA pofymerase, it is less
a variety of vectors in which a phage promotor is present Officient with SP6 RNA polymerase which has a higher

* upstream from a multiple cloning site, thus allowing apparent Km (40pM) for this nuclootido.
transcriptionfromanyclonedinsert Oneof themost
frequently used types of vector contains two phage Probe specific activity
promoters in opposite orientation separated by a multiple Using a radiolabelled nucleotide at 400Cvmmol, the
cloning site. Transcription from vector sequence is specific activity of probo produced is G 7x10"dpm/pg

9 avoided by linearization of the vector downstream of the RNA, while at 800Ci/mmol (200pCi por 20pt reaction) a
insert so that run-nff transcripts are produced The use of specific activity of 13x10*dprrvpg RNA is obtained. A
two promotors allows transcription from either strand to be maximum specific activity of 5x 10'dprrvpg is possible
chosen (see figure 14), so that, for example, sense or anti- using nuclootido at 3000Ci/mmol but, since this requires
sense RNA may be produced *. In the presence of high the addition of 750pCi per 20pl reaction the nucleotido
concentrations of procursor nucleotides it is possible to solution must be evaporated to dryness.
produce large amounts of transcript, up to 10pg from 1pg
template, useful for a variety of apphcations such as in general, it has boon found to be inadvisable to use'

; splicing studies and in vitro translation"r more than one labelled species in bacteriophage RNA
i pofymeraso reactions. This is because the efficiency of

Nucleotide concentration the reaction falls if more than one nucicotide is present at
4

When using the system to produce high specific activity limiting concentration, and the proportion of fulllongth
labelled probes there are several f actors to be transcript is also significantly decreased.
considered, including economical use of labot, desired it should be noted that, in contrast to nick translation or
probo specific activity and requirement for fulllength random priming, the specific activity of the probe
transcripts. In practico It is usual to include the labelled produced is unrelated to the officiency of incorporation of

j nucleotide at a concentration of 12 SpM (approximating to label. This is because the RNA probe does not need to be
the apparent Km of SP6 RNA polymerase for CTP, GTP denatured prior to hybridization. Thus, the excess of

'

; and UTP). This is equivalent to 100pCi of a nucleotide at double-stranded DNA does not participate in the
400Ci/mmoiin a 20pl reaction. For most labelled hybridization and there is no dilution with untabelled

g nucleotides, an incorporation lovel of 80% can be
template. Probe specific activity is therefore determined

j routinely obtained within 60 minutes using 2pg template. solely by the specific activity of the labelled nucleotide,
; This is equivalent to the synthesis of about 250ng of the officiency of incorporation giving a measure of the

transcript The level of incorpo, rated nucleotide is yield of probe from the reaction.i

sufficient to produce a transcript of approximately 450
bases assuming one initiation por template moleculo of in some cases it may be found necessary to remove the
~3Kb size. However, Melton et af* have reported >80% DNA template before hybridization. This can be readily

,
fulliength yield of an SP6 transcript of 1850 bases with achieved by treatment with Rnase free Dnase.

| either CTP, ATP or GTP at 10pM. This suggests that, in
f practice, initiation is limited to only a fraction of template Applications
'

molecules, most of which are then elongated to full length.
Results obtained at Amersham support thic finding with RNA probos have been used in all the applications

previously outlined for DNA probes prepared by the nick
translation and random priming methods (see figure 15).

With a single limiting nuclootide at as low as 2pM. Meltont

et af* report the best yield of full length copy (~50%) to Advantages of RNA probes
be obtained with limiting GTP. A possible explanation of RNA probes have been reported to show higher
this is that in the vector used, as in most other vector sensitivity than equivalent nick translated probes in both
constructs. GTP is the initiating nucleotide. As the Northern blots" and in situ hybridization"*, This is most
apparent Km for initiation is higher than that for probably due to the avoidance of probe reannealing
clongation, when GTP is limiting, the rate of initiation will during hybridization and because RNA:RN A hybrids are
be decreased relative to elongation. This willincrease the more stable than DNA:DNA or DNA:RNA hybrids. A
probability of fulllength transcription occurring before further advantage of RNA probes is that non-specifically
nucleotide exhaustion. A further observation is that, with bound probe can be removed by treatment with Rnase A,
some preparations of SP6 RNA polymerase, probe which is very specific for single-stranded RNA". This
synthesis occurs inefficiently with limiting GTP, specificity also enables transcripts labelled to somewhat
suggesting that these preparations may be deficient in lower specific activity to be used in an attemative;

%o.e7yg ,
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technique to S1 mapping, termed Rnase mapping, for
quant fying rare RNAs or mapping exons, introns andi

ends of genes (see page 38). Finally, there is some
evidence that avoiding probe denaturation before
hybrid:zation leads to lower backgrounds on A B C

.

nitrocellulose. The advantages and disadvantages of
phage polymerase based methods of labelling are
outlined in Iable 4. ,W

Table 4. Advantages and disadvantages of using '

phage pofymerase based methods

Advantages
1. Transcription limited to insert. .

2. Efficient utilization of label (80%).
3. High specific activity probes (>10'dprn/pg).
4. Short reaction time (60 minutes).
5. RNA:DNA and RNA:RNA hybrids have a higher
stability than DNA:DNA hybrids.
6. No requirement for probe denaturation leading to
improved background on nitrocellulose.
7. Probe can be specific for either strand.
8. No strand reannealing of probe during '

hybridization. Figure 15
9. Rnase clean-up possible. Autoradiograph showing a 8P labelled RNA probe with a
10. Template removal possible. specif e activity of 133 x iotiprn'pg. produced with
11. Variety of labels (''P, "S, 'H, biotin) can be used. Amersham's Amprobo* system for the human sis proto-

oncogone hybridized with 10pg of human DNA. The DNA was
ideat Ior multiple use probes; avoids contamination digested with A) BamHl. B) ecori and C) Hindill.
with vector sequences. Autoradography was at 4Cor 2 hours wm an

intensifying screen-
Disadvantages
1.Subcloning required.

. Recent developments in transcription2. Restriction digestion to complet. ion required
(except mlCE system). y ,,g,,,

3. RNA probe must be stored correctly to avoid Pry hbly the most significant disadvantage of RNA
Rnase activity, polymerase based labelling is the requirement to
4. Narrow temperature optima for hybridization for subclone an insert into a vector containing an appropriate
many RNA probes. promotor. However, once an insert has been cloned into
5. Difficult to control probe size without limiting such a vector. DNA probes may still be prepared using
transcription. nick translation or random primer labe!!!ng. A variety of
6. Large amount of template required (12pg) transcription vectors have been developed that can be
(except mlCE system). used as primary cloning vehicles. Two general
7. Small amount of probe produced (~300ng), approaches are discemable. Plasmid vectors are
8. Premature termination may occur. available that, in addition to the presence of one or two
9. Template removal may be required. RNA polymerase promoters, have some of the following
10. Performance depends on labelling nucleotide. feature's:
11. Only a single labelling nucleotide can be used (i) they contain antibiotic resistance markers
efficiently (except for 'H, where concentration is not (11) they allow recombinant selection by
limiting). or complementation of B galactosidase"

(iii) they contain a single strand bacteriophage-derived
origin of replication. This allows production of single.
stranded DNAin the presence of an appropriate helper
phage, thus faciktating sequencing by the dideoxy
method". An altemative approach is to use 3' dNTPs as
chain terminators during transcription by SP6. T7 or T3
RNA polymerases') *

.
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A ditteront toute to vector construction has been to clone Use of mlCE vectors s

one or more phage polymerase promoters into a single-
The reactionstranded bacteriophage such as M13. While rejaining

i colour selection and readily aflowing didooxy sequencing. By anneahng an appropriate oligonucleotide primer and

such vectors provide a means of avoiding a further copying the strand using Klenow polymerase in the
a

j disadvantage of plasmid based systems: the requirement presence of dNTPs, a par %1 duplex is formed (800 figure
,

i to finearize the template in oroer to limit transcription to the 17). T his serves as an ottivent substrate for 17 RNA
l sequence of interest. This is achieved by using the single. polymerase which recognises the double stranded form

1 stranded form of the phage as the initial substrate for the of the T7 promotor and terminates synthesis at the end of

j transcription reaction, as outhned in figure 16 for the mlCE the double-stranded region.The use of an oligonucleotide
as a transcription terminator allows increased flexibility inrzas'

series of vectors originated by Eperon
'' " "

Flowchart of the RNA polymerase based method with no n restrict o e z m
single-stranded mlCE DNA

Purif,od singlo-stranded T7 RNA insert sequence cloned into

mlCE DNA polymerase multiple cloning site (MCS)

J,L P']' ' |

Add primer and buffer i

Jl Single-stranded
) mlCE recombinant

|' Anneat at $560*C 90 min

JL
Add nucleoEs, Klenow ,

.

polymerase
-

JL V
15*C'90 minutes |

JL T7 5'
n Anneal primer,for example

GB*C,10 minutes { | M13 sequencing primer
j

JL --

Add bufier,TIRNA
, -

polymerase ribonucleotides,'

labefled NTP Klenow polymerase,dNTPs
,*,

!

JL
37*C,90 minutes

-

1
T7

|
( l Partialduplex

-

Add Dnase to remove
template 37'C,10 minutes

- T7 RNA polymerase,

| labelled (-) and,v, unlabelled (-)INTPs

1

J, .

Purify by ethanol
precipitation Labelled RNA run off

| | | transcripts of defined lengthg
and sequence

L,
,

Labelled RNA for use as
1

hybridization probe Figure 17 |

Preparation of RNA probes using single-stranded mlCE vector
p
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4. End labelling of nucleicT s ng s ran ed start ng materialis more readily
preparco than is a double-stranded phage or plasmid. SC|dg
Furthermore, as phage RNA polymerases appear to work
more efficiently with circular than with knear DNA A wide variety of techniques is available for introducing .

substrates, it is possible to obtain high levels of label at either the 3' or 5'-ends of linear DNA or RNA.
incorporation at approximately five-fold lower DNA Usually only a single label is introduced, so that the
concentrations than those used in standard transcription specihc activities achievable by such techniques are
reactions Transcription may also be carried out in the significantly lower than those obtained by the uniform
traditiona manner by using the double stranded labelhng methods discussed in the previous sections. An -
rephcative form of the phage. exception to this is T4 DNA polymerase, which can also

be used tointroduce a uniformlabel.
Nature of probe Some of the more commonly used methods for end
it has been observed at Amersham that, when compared labelling both DNA and RNA will now be described,
with conventional systems, a higher proportion of full followed by a general discussion of their applications,
length transcripts is usually produced in the mlCE system These are considered under the categories,5'-end
in the presence of limiting nucleotide concentrations. labelling,3'-end labelling and end repair, although the
Although 'his has not been fully explained, it may be latter is simply a subset of 3'-end labelling.
partially dJe to the lower DNA:nucleotide ratio in this
system. Some of the advantages of the mlCE system over A. 5'-end labelling method
standard plasmid systems are summarized in table 5 T4 polynucleotide kinase based

B. 3'-end labelling method
Table S. Advantages of mlCE vectors over standard (1) Terminal deoxynucleotidyl transferase based
phage polymerase plasmid vecturs. (2) Other 3'-end labelling methods

C. End repair methods
1. No restriction digestion (and subsequent
purification)is required.

' (1) Klonow based
(2)DNA polymerase I based

2. Transcription termination not limited to known (3)T4 DNA polymerase based
restriction site.
3. Use of ohgonucleotides allows a series of .
overlapping transen, pts to be produced. A. 5' end labelling method
4. Efficient transcription irom circular template T4 polynucleotide kinase (PNK) based
allows reduced concentration of input DNA to be method
used.
5. Higher proportion of full-length transcripts. RNA and DNA may be 5'-end labelled using'
6. Single-stranded template more readily prepared T4 polynucleotide kinase. Probab|y the most common use
than p!asmid. for this reaction is to label restriction fragments for Maxam
7. Flexibihty of reaction possible - may use single or and Gilbert sequencing". The enzyme catalyzes a
double stranded template. reversible reaction outhned below. !
8, Colour selection for recombinants. i

9. Can be used directly for sequencing and The reaction
mutagenesis. T4 polynucleotide kinase catalyzes the transfer of the

y-phosphate of a tibonucleoside 5' triphosphate donor to
the 5'-hydroxyl group of a polynucleotide, oligonucleotide

Products for RNA polymerase based methods or nucleoside 3*-phosphate *'. For end labelkng;
(Y '2P]ATP is most frequently used as donor. The

ai ed pr o er SP6 sy tem see page 45 radi labelled y-phosphate group is transferred to DNA or

Paired promoter T7 system see page 45 RNA containing a 5 -hydroxyl terminus. This is termed the

M13 T7 transcription system see page 46 f rward reaction. However, most polynucleotides

2'P, "S and 'H labelled ribonucleotides see have a 5'-phosphate group which must be removed using
alkaline phosphatase before they can be used as

P 77 raJe "P and "S-tabelled ribonucleotides substrates for this reaction. This step may be avoided by
see page 46
SP6 RNA polymerase see page 47
T7 RNA polymerase see page 47

,
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5carrying out an ' exchange' reaction ' with T4 Specific activities i
'

polynucleotide kinase (see figure 18). In this case the Specific activities of 5x10'dprn/picomote ends and :
reaction is driven by excess ADP which causes the 8 x 10'dpm/picomote ends can be achieved with the *

enzyme to transfer the terminal 5' phosphate from DNA to exchange and forward reactions respectively using blunt-
ADP. The DNA is then rephosphorylated by transfer of the ended DNA fragments..

tabelled y-phosphate from [y *P]ATP. Although this '

reaction is more convenient than dephosphorylation Advantages and disadvantages of 5' end labelling
followed by the forward reaction, it usually occurs at a The major advantages of 5'-end labelling are that:,

lower e"iciency. (i) both DNA and RNA can belabelled
(ii) oligonucleotides can be conveniently labelled
(ill) the location of labelled group is known

Nature of the substrate (iv) very small fragments of DNA/RNA can be labelled
Both single and double stranded nucle.ic acids can be (v) restriction digest fragments may be labelled so tha' i
used as substrates. Generally the labelling of blunt or several probes can be prepared at once,
recessed 5' ends in duplex DNA is less efficient than that
of protrud.ng ends, particularly in the case of the A major practical disadvantage of this method is the

| exchange reaction, while 5' hydroxyl ends at nicks in necessity for prior dephosphorylation of substrate if the
; duplex DNA are usually very poor acceptors. Removal of forward reaction is to be used. As with all end labelling

~

a 5' cap from RNA is essential for 5' end labelling"'". methods, the achievable specific activity depends solely
[y "S]ATPyS can also be used as donor, although higher on the specific activity of labelled nucleotido used and

; enzyme concentrations are required for efficient reaction cannot be adjusted by adding more enzyme (assuming '

rates. allavailable ends arelabelled).
'

.

A.

S'P () ( ) ( ) ()---() ( )---() -( ) ( ) OH3'
t

3'HO (? (I () () ()-(Id ) (I (| PS'

~

Alkaline -

j phosphatase >

|
.

| T4 polynucleotide 5'HO j ? ( i-( i-~j )~( |-( )~( )-( )-j >- OH3'
! kinase. ADP, ,

[y rP)ATP

3'HO ji () () () (i j '

(i () (, OH5'y

T4 polynucleotido
y kinase [ySP]ATP

[

5'P j > - ( ) ( ) ( ) ( )-j ) ( ) ( ) ( ) OH3'
I

6 a k a k Phosphatebackbone3'HO -j > ,ak ,a6 ,a ,ak ,a6 ,a 6 PS,
| Hydrogenbond -

, , , , y, , ,, ,

Figute 18 9 Untabellednucleotide
The 5'-end labelhng reaction using T4 polynucleotide kinas9 P Labelled phosphate group
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B. 34nd labelling methods
1)dATP NH,

(1) Terminal deoxynucleotidyl
transferase (tdt) based method N

"g

Terminal deoxynucleotidy! transferase adds "

deoxyribonucleotides onto the 3' ends of DNA fragments. g yNgit can be used in conjunction with "P,3''S or 'H-labelled N
nucleotides to 3'-end labet DNA for a variety of *

applications ~
O O O

his enzy e does not require a template, but will simply HO- - 0 - -O- - OCH, O
add a series of supplied deoxynucleotides onto the | | |
3' cnd of (preferably) single-stranded DNA'*. When OH OH OH 4 e

employing this enzyme to incorporate a single end label, H H
the most reliable approach, developed at Amersham, is to "

m-==
use a dideorynucleoside 5'-triphosphate (usually ' '

[a "P]ddATP) as procursor (see figure 19). As this lacks OH H
a 3' hydroxyl group, polymerization stops when one 2) KTP NH,
residue has been added". The reaction is illustrated in j
figure 20.

N O/ N#
Before the adoption of a dideoxynucleotide terminator, \
cordycepin S'-[a "P] triphosphate ([a *P]KTP) (see figure
19) was frequently used as a labelled terminator with this k/ NNenzyme. KTP, although a!so lacking a 3'-hydroxyl group, ',

does have a hydroxyl group at the 2' position and is a
rather poor substrate for terminal transferase. O O O

.

la?P)ddATP (see figure 19), with a 2' deoxy as well as'a || || || 33'-deoxy group, is a much more officient substrate.
Table 6111ustrates some e!!iciencies obtained using

HO -P - O - P - O - P - OCH, O i

terminal transferase with [a "P]KTP and [a?P]ddATP to
| | |

label 3'-ends, and using T4 polynucleotide kinase and OH OH OH e e

H H[y "P]ATP to label S'-ends. The results demonstrate that. H
for all three categories of onds, the labelling efficieracy ""

r
using [a?P]ddATP is three to four times greater than witn
[a?PjKTP, They also show that for 3'-protruding and H OH
blunt ends. 3'-end labelling with [a#P]ddATP is 3)ddATP NH,

,

significantly more efficient than S'-end labelling of the
complementary strand with [y "P]ATP. Figure 21 shows N/

.

an autoradiograph of 3'-end labelled restriction fragments ""\ j
using [a#P]ddATP.

l

%/ N I
Nature of substrate N
Single-stranded and double-stranded DNA are substrates
for tdt although the end labelling reaction is most O O O
efficient with single-stranded DNA of at least three || ||. || ,.

residues. Recessed 3' ends can be labelled if a cobalt
ion cofactor is supplied"* HO - P - O - P - O - P - OCH, O

| } |
4

U" 0" 0"(2) Other 3%nd labelling methods ' "

s a
Both poly (A) polymerase* and T4 RNA ligase" are used H

,, ,,

to label the 3'-end of RNA molecules, usually in * '.

preparation for chemical" or enzymatic'"' sequencing. H H |

Figure 19
Comparison of the structures of dATP, KTP and ddATP.

-1
I

e
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L'P G i O i i I' O OH3''
, ,

Terminal deorynucleotidyl
3'HO ; si 4, i| i; I' O PS' transferase

* r

[a "P)ddATP

1erminaldeoxynucleotidyt 5'P ii ;, ;; i| 0 i' O OH3'*
,,

transferase 1lor *P)dNTPs 3'OH , ,, ii ;, ;; ;; ;; O PS'v,.

5'P "' ' ' ' ' ' ' ' '' '' " - - ^ '

T T T - T T"~- OH3' Phosphate backbone
' ' ' ' ' ' ' '

3'HC i? 4 ;-1| i' i| d ' ' ' PS. | Hydrogenbond, ,

Figure 20 $ Untabelleddeoxynucleotido
lhe 3'-end labelling reaction using terminal deoxynuclootidyt transferase, 9 Labelleddeoxynucleotide
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Figure 21-
"

Autoradiograph of restriction fragments labelled using
%

Amersham's 3' end labetting kit and separated on a 6%.
polyacrytamide gel.
(i) Psti digest of A-protruding 3' ends*
(ii) Hindill digest of A recessed 3' ends,

(iii) (ii) (i) (iii) Atul digest of pBR322 blunt 3' ends

Table 6. Comparison of 3' ond labelling officiencies with different labols.

Counts incorporated per 10 picomoles of DNA ends (dpmx10'')

Typeof 3' end Type oflambda 5' ends labelled 3' endslabelled with '
digest with

(Y *P)ATP [ot "P)ddATP . [ot "P]KTP

Protruding Pstl 19 16 6 60
Recessed Hind 111 24 5 12 6 35
Blunt Alut 14 61 5 16 5

'\
u
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C. End repair methods (2) DNA polymerase I based method
(1) Klenow based method Although Klonow polymerase is most frequently used.

in the presence of suitable dooxynuclootidos (dNTPs), the DNA polymeraso I holoonzyme is still sometimes used for

5' 3' polymerase activity of the Klonow fragment can be idlirig in restriction fragments with 3' rocessed ends, in
3

used to fdi in from a recessed 3' ond produced by this case it is necessary to inhibit the 5' 3' exonucleaso

restriction endonuclease cleavage, using the a :tivity using high salt and low temperaturo.

corresponding 5'-extension as template (sco figuro 22) The enzyme should not be heat inactivated as this may *

lhe product is a blunt-ended molecule. All four supplied lead to transient activation of the 5' 3' exonuclease.
dN1Ps may be radioactivo, so relatively high specific
activity probes can be produced. When used for this (3) T4 DNA polymerase based method -
application, it should be remembered that the enzymo will
continue to carry out pyrophosphate exchange (removal T4 DNA polymerase has similar properties to the Klonow

fragmentin that it possesseof terminal nucleotide by 3' 5' exonuclease activity 3' S' c.<onuclease activity'ga 5 3 polymeraso and afollowed by repolymerization) when all residuos have ), However, the turnover
boon filled in. At low nucleotide concentrations, this can number for the exonuc! case activity of the T4 enzyme is
cause conversion of all free dNTP corresponding to the about 210-fold greater than that of the Klonow fragment,
terminal nucleotido to dNMP, resulting in loss of the This has the practical advantage that it is possible to
terminal nucleotide. For this reason short reaction times control experimentally which of the Iwo activities is to
(10-15 minutes at room temperature) are recort: mended. predominate simply by omitling or providing
Termination by methods other than heat inactivation is deoxynuchoside triphosphates. The enzyme can be used
also advisable, as raised temperaturo increases the rate tolabel DN Ain two distinct ways:
of the exchange reaction. (I) 3'-ond labelling of DNA.

(11) labelling by replacement synthesis.
Klenow polymeraso may also be used to label blunt ends,
as the 3'- 5' activity of the enzyme is adequate for tho (i)3' end labelling of DNA
removal of terminal 3' nucleotidos, allowing subsequent Using T4 DNA polymerase it is possible to control the
replacement by a labelled equivalent. preciso position of labelling by selective addition of
The major advantages of the method are that; deoxynucleotides. Either [or?P] or [or "S]
(1) it can generally be used after restriction digestion with deoxynucleoside triphosphates can be used in th,si
nointermediato purification. reaction. Three approaches are outlined below,
(ii) relatively high specific activities can be achieved.

Rocessed 3' end
The major disadvantago is that it cannot be used in this case the polymerase activity will synthesize a*
ctficiently for 3'-overhangs. strand complementary to the 5'-overhang. It is thus only

o

5'P HP -( > -( > - ( > ~ (> -( > -1 > -( > -( > -1 > -( > -( > O O O - OH3'

3'HO --O O O O-4 >-4 )-( >-( >-1 )--( >-( >-( >-( W ( > - PS'

Klenow polymerase
y dNTPs

5'P 4>-(> ---( D - ( D -( > ~( > -i > -( > -( > ---(> -( > -( > -4> i? O i| OO | | -( >-OH3'

3'H O -O || 15 || i; i; (? i; it i| CD 0; (? i? O i; i; C; O O PS*
s

Phosphate backbone

| Hydrogenbond
Figure 22 9 Unlabelleddeoxynucleotide
in.Nting reaction using Klenow polymerase 4 Labo'leddeoxynucleotide

.
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necessary to includo a radiolabelled nucleotido f avour incorporation of tabel near,the ends. Hence,
complementary to the first residue in the overhang to uniform labelling is not achieved and, in a mixture of
achieve effectivo labolkng if all four dooxynuclootidos are restnction fragments, the extent to which all moleculos
added the product will be a blunt ended molecule can be labelled is dictated by the size of the smallest
labelled at or near the terminus. The Klonow fragment of fragment present.e

DNA polymeraso I will also carry out this reaction.
Applications of end labelled DNA

Blunt end.

The enzyme is used in the presence of only one labe!Ied The applications of end tabelled molecules are somewhat

dooxynuclootido. Nucleotidos are removed from the different from those described for uniformly labelled

3'-end by the 3' S' exonuclease activity until a reWue nucleic acidt.. Although molecules ond labelled with "P

identical to the radiolabelled nucleotido is reached. When can be used in the detection of mammalian single copy

this nucleotido is removed, the 5' 3' polymeraso activity genes, more rapid results will be achieved if a uniform

of the enzyme inserts a labelled nuclootido in its place. A labelling method is employod. Oligonucleotidos 5' end
continuous series of exchange reactions now occurs at tabelled with "P have been used for both single copy
this point, the overall effect of which is to produce a gono detection"* and the detection of single base

motoculo labelled at its 3' end. If the nuclootido used is mismatches in gol blots or in plaque / colony lifts". S' ond
identical to the initial 3' residuo of the molecule, a labelled labelling with T4 polynuclootido kinase is ti.o most

blunt.cnded moleculo will be produced. If any other convenient means of introducing label into
labelied nucloolide is chosen, then the molecule will be ohgonucloolides(see hgure 23).
lef t with a 5'-overhang

Protruding 3' ond
The 3' overhang will be removed by the powerful 3'- 5' A B
exonuclease activity until the molecule is blunt-onded,
from which point the reaction will proceed as above. - - - - - -

These reactions are most widely used to label restriction e

enzyme fragments, it is often possible to carry out tho - ~ """ ~ ~ ~

initial restriction digestion in T4 polymorase assay butfor - - - - - -

to simphfy the procedure. However, not all restriction - - - ~~ ~ ~

| enzymes are active in this buffer and it is usually - - - - -

advisable to carry out a small scale pilot reaction first. It'

,,,,. ,, ,,,,. _ _

may then be found necessary to include a phenot/
,,,,, ,,,,, _ _ _ ,,,,

chloroform extraction and an ethanol precipitation
~ ~ ~ '""botween theIwo stages.

- - -

(11) Labelling by replacement synthesis - - - - -

DNA can be labelled to high specific activity in a two .- - - -

stago reaction. Initially,long recessed 3' termini are ,,,,, _ ,,,, _

produced by incubation of the DNA with T4 polymerase in ,,, ,,,, ,,,,, ,,, ,,,, _

the absence of added dNTPs. When these are provided
* * *in the second stage, the polymerase activity uses the

- ~

* *"" ** *""' ~ ~DNA as a primor-template for the re-synthesis of
sequences complementary to the long 5'-overhangs. " " - -

Such molecules are frequently used as hybridization
probes.

The main advantages of the method are:
'(i) no hairpin structures occur, in contrast to nick
d ograph showing the use of a [yM] ATP 5' end

translation. labelled mutant ohgonucleotide probe to detect a single base
(ii) either end of the molecule can be isolated following pair rnismatch in the chickon tysozyme gone The mismatch
restriction enzyme digestion and 901 purification for use was introduced using Amersham's in v&o mutagenesis
as a strand-specific probe' system. The nitrocellulose membrane (Hybond C) was

autoradiographed using Hyperfilm-MP, efter washing at room =
The main disadvantage is that the first stage must not be temperature (A) and at 56*C (B). (At 56*C the mutant

o callowed to proccod to the centre of the molecule. Nt aI)d aer to
Reaction conditions are therefore generally chosen to

_25
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Did labe!Iing is used for the most part in situations whor
ditoct detection of the labelled moleculo (for example by Table 7. Advanta0es and disadvanta9es of end
autoradiography) is to take place and where an initial labelling opproaches.
intact molecule is desirable. For example, restriction
tragments with rocessed 3'-ends can be readily end. Advantages
labelled with Klenow polymerose and used either as 001 1. Sultable for mapping studies and for sequencing.

, ,

markors or for further restriction mapping studies. Moro 2. Fragments remain intact (for examp!e, for gol
.

,detal:ed mapping by the S1 nucicaso technique" can markers).
'

!-also be carried out using an ond tabolied restr;ction 3. Most convenient method available for
fragment DI'gonucleotides.

4. Choice of position of labo!(3' or 5').A major application for end-labelled nucloic acids is 5. Variety et enzymes available.
sequencing, both enzymatic"" and chemical'*? methods
of RNA sequencing, and the Maxam and Gilbert method Disadvantages
for DNA sequencing"* utilize end labelled molecules (see 1. Lower specific activities achievable,
page 30). The option of labelling either the 3' or 5' onds 2. Particularly sensitive to contanunating
allows the sequence to be read from either end of the oxonuclease activity.
moleculo. A disadvantage of this technique with double-
stranded DNA is that Iwo 3' or 5'-onds will be labelled.
To avoid overlapping sequences, it is necessary to Products for end labelling methods
remove one labelled fragment by either a strand 3'-ondiabelling kits see page 45
separation gol or restriction digestion followed by gel [cx."P}ddATP see pago 46
purihcation. An attornative is to subclone into a vector that
allows only one end of a restriction fragment to be labelled

rp., "S- and 8H-labelled nucleotides see

(for example by using an enzyme that cuts at
pages 46,47

indeterminate residues within its recognition sequence so T4 polynucleotide kinase see pago 47

that a different sequence can be present at either end of Terminal dooxynucleot;dyl transferase see page 47

an excised insert *) Pofy(A)polymerase see pago 47
T4 RNAligase see pago 47

Although not strictly comparable with uniform fabelling E.coli DNA polymerase I ' Klenow' f ragment seei

i methods, a table of advantages and disadvantages of page47'

end labelling methods in general is given in table 7. T4 DNA polymerase see page 47
E. coliDNA polymeraso I see page 47

| )
}

)

*%,-

,, ,
-



,

.

.

5. Direct labelling Summary
,

The labelling methods described so far have primarily The most frequently used methods for uniformly labelling
utihzod enzymatic reactions to incorporato nucleotidos hybridization probos are nick translation, tandom primer

g labelled with radioisotopes or non-radioactive reporter labelling and in vitro transcription using phage
1 molecules, for exampic biotin. In this section, several polymorases. The characteristics of these reactions are
f examples of diroct labelhng methods which do not use summarized in tables 8 and 9. Table 8 details the

enzymes to incorporate label are brictly outhned. componcots of the reactions whilst tablo ., hsts their major
a

The aim of these methods is to attach the label covalently proporties. The applications Ior which these methods are

to the nucloic acid probo. However, non covalent most appropriate are summarized in table 10. Suitable

approaches such as intercalation of ethidium bromide are applications for unique primer labelling are also given. A
atso used For covalent attachment, both photoactivatable comparable summary of apphcations for ond-tabelled

and chemically reactive groups have been used and nucleic acids is givenin table 11,
exampics of these methods are shown below. The remainder of this booklet is largely concerned with

.

these applications, and discusses in particular the majorA. Photonctivatable analogues fEctors that determine the choice of labelling strategy. For

For uso in non-radioactivo labelling, a photoactivatable convenience these applications will be grouped in four
na s, ass y maq ana%cdanalogue of biotin has boon synthesized and used for

rapid preparation of relatively largo amounts of DNA and f)c
'

cs n "
p y nRN A hybridization probes'24. Upon briel irradiation with

visible light, stable linkages are formed with both singlo- (ii)in situ hybridization

stranded and doublo-stranded nucleic acids. (gggy Nucleic acid sequencing
(iv) Mapping of nucleic acids

Another class of important photochomical reagents for
investigation of nucleic acid structure and function are the The adoption of an appropriate tabelling strategy for any
psoralens. They pnmanly react with pynmidino bases and of these applications requires the Correct choice of both

can be detected by enzymatic methods ' label and labelhng method. In chapter 3, those factors
affecting the choice of label are discussed, while in

B. Direct crosslinking of enzymes chapter 4, factors that are relevant to the choice of
labelling methodology are covered. In addition, chapter 4

Peroxidane and alkaline phosphatase have been directly briefly discusses other features of the above applications
! crosslinked to DN A, thereby obviating the requirement for that can affect the behaviour of the labelled nucleic acid.

a reporter group such as biotin'" '". For examplo Finally, chapter 5 summarizes these considerations and
horseradish peroxidase can be crosslinked to provides guidelines to assist the reader in choosing a
polyethylencimine with p bonzoquinone and the resulting labelling strategy.
conjugates covalently linked to DNA using
gtutaraldehyde"u.

\ C. Other chemical methods
j Those include modihcation of nucleic acids by

acetylaminofluorene", detection by labelled antibodies,(

and 5'-end labolkng of oligodeoxynucleotidos with biotin
through an aminoalkylphosphoramido linker arm"2 * it is,

also possible to carry out direct radioiodination of nucleic
acids.

Whilst direct labelkng may offor more convenience in
preparation of probes than enzymatic methods, there is
currently httie published data on their application and
sensitivities achievable.

27
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PROCEDURE 8 FOR THE DETECTION 0F RESTRICTION FRAGMENT
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I. ISOLATION OF DNA FROM LIQUID BLOOD SAMPLES i

~_- 1. Liquid blood specimens should be collected in an EDTA -

vacutainer tube. Mix well before removing aliquots. Blood can [
be stored at 4C for five days at .nost before being aliquotted and ,'

frozen. Blood is frozen (-80C) in 700 uL aliquots in Sarstedt '

tubes (screw caps).

2. To the thawed blood add 800 uL 1X SSC and mix. Spin 1 minute
in microfuge. j

3. Remove and discard 1.0 ml supernatant into disinfectant. !

4. Add 1.0 ml 1X SSC, vortex, centrifuge 1 minute, remove all '

supernatant fluid. Do not remove pellet. j

5. To the pellet add: 375 uL 0.2M NaAcetate and vortex briefly.
9. 25 uL 10% SDS~"

5 uL Proteinase X (20 mg/ml H 0)
3

Vortex briefly (1 sec)
.

'

Incubate at 56C for 1 hour
,

NOTE: Processing of the allelic control specimens begins at this !

step. See Appendix D. ;

i
6. Add 120 uL phenol / chloroform /isoamyl alcohol; vortex 30 sec. .

This step must be carried out in the fume hood! '

;-

7. Spin 2 minutes '

8. The aqueous layer (on top) is carefully removed.and placed in -i
a new 1.5 ml Eppendorf tube. Do not remove the laver of denatured
orotein that collects at the interface. The new tube now l

contains the DNA; the old tube containing the phenol and |
denatured protein can be discarded.

9. To the aqueous layer add 1.0 ml cold, absolute ETOH !

Mix by inversion of the tube - At this stage you should see a DNA '

precipitate. Note: Tubes can be stored at 4C at this stage. !-

Spin 30 seconds. I

i

10. Remove and discard the supernatant fluid by decantation.

11. To the pellet add 180 uL TE".
Vortex. |
Incubate at 56C for 10 minutes.
Add 20 uL 2.0M NaAcetate and mix 5 seconds by hand.

12. Add 500 uL cold, absolute ETOH
Mix gently by hand to achieve homogeneous solution.

1

Spin lo seconds. ;

Remove supernatant fluid by decantation.

fs- 1

% No eng 7
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13. Wash pellet with 1.0 ml room temperature 70% ETOH.
Spin 30 seconds. Decant supernatant fluid.s_-

Remove the maximum quantity of ETOH with a micropipette
(yellow tip).

14. Place tubes in Speed-Vac centrifuge to remove excess ETOH.
This process should take about 5 ninutes.

15. Add 200 uL TE*4, mix, and < incubate at 56 C overnight.0

Next morning, vortex for 30 seconds.

16. The DNA is ready for quantification by spectrophotometry.
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II. ISOLATION OF DNA FROM BODY FLUID STAINS i

1. Cut the stain into small pieces and place the pieces into a
1.5 ml tube that has a depression in the cap (Sarstedt) . |

2. Add 400 uL stain extraction buffer. *

Add 10 uL Proteinase K
Mix and spin 2 seconds to force cutting into liquid.

;

03. Incubate at 56 C overnight
.

4. Punch a hole in the lid and place the cutting pieces in the. j
lid. Spin 5 minutes. Remove the cutting pieces and the cap. :

Place a new cao on the tube. i
.

5. Add 500 uL phenol / chloroform /isoamyl. This step must be done,
in the fume hood. Shake the tube vigorously by hand to achieve a i
milky emulsion in the tube. Spin the tube for 2 minutes. -

!6.- Transfer aqueous phase ~ (top layer) to a new tube. Do not .
disturb the interface. Discard old tube containing the phenol in
the waste box in the hood.

7. To the aqueous layer add 1.0 ml cold absolute ETOH. ,

8. Mix by hand and place the tube at -20C for 1/2 hour..

._
9. Warm the tube to room temperature and spin 15 minutes.

10. Remove the alcohol by decantation.

11. Wash pellet with 1.0 ml room temperature 70% ETOH.

12. Spin 5 minutes.
.

13. Remove the alcohol by decantation. Remove remaining alcohol '

with a micropipette (yellow tip).

14. Place tube in Speed-Vac to remove remaining ETOH..

15. Resolubilize the DNA in 36 uL TE" at 56C for from 2 hours to i
overnight.
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III. TEST GEL FOR ASSESSING THE QUALITY AND QUANTITY OF DNA |

>

ISOLATED FROM BODY FLUID STAINS '

(n-

1. The DNA at this stage has been solubilized in 36 uL of TE*d
during an incubation at 56 C for from 2 hours to overnight. ' !0

'

2. Remove 4 uL DNA and combine with 2 uL loading solution. Spin :
2 sec. i

!3. Preparation of test gel.
.

| Three sizes of test gels can be run, and each size gel can "
'

have multiple origins. The size used and number of origins
depends on the number of specimens that one needs to test.- ,

-

Gel size Gel vol (ml) Wells /oriain Oricins
.

Baby (6 X 8.3) 25 14 2

Medium (11 X 14) 100 14/15 2

|Large (20 X 25) 325 25 3

All gels use 1% agarose (Sigma type II or Seakem ME) in IX
TAE buffer supplemented with ethidium bromide (EB) at a ratio of
10 uL EB/ 100 ml TAE.,

(
'

~

Gel volume (ml) a acarose/cel uL EB

25 0.25 2.5
.

100 1.00 10.0 <

325 3.25 32.5
,

Add TAE/EB to the agarose.
Bring to a boil to dissolve agarose.
Equilibrate at 56"C. j

Pour agarose into gel form (be sure comb is in place).
Let stand 15 minutes to gel.

4. Pour 1X TAE buffer into electrophoresis tank. The TAE buffershould be supplemented with ethidium bromide (EB) at a ratio of
10 uL EB/ 100 ml buf f er.

5. Place the gel into the tank. Enough buffer should be present'
'to cover the gel. Remove comb.

. 6. The DNA sample mixed with loading solution (6 uL total
volume) is pipetted into the well with the gel submerged. Do net

_ , .
<

t
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ipoke the pipette tip through the bottom of the gel! ;

If the test gel procedure is to be quantitative, DNA' !s_-
standards must be included on the gel. Preparation of the
standards is given in the Reagent Section. Load 6 uL of each
concentration. +

7. Set the voltage at 200 Volts. When the.bromophenol blue
tracking dye has moved 1-2 cm from the origin, the run can be, -

,

stopped. For 11 X 14 gels, this should be about 20 minutes.

8. Remove the gel from the tank. Examine the gel on the
ultraviolet light transilluminator. Intact DNA will move as a

I b,gnd not far from the origin. A smear from the origin to, or
; past the dye front indicates that the DNA has been fragmented and

may not be suitable for restriction. Take a photograph of the
'

gel. Polaroid # 553, f4.5, 1 second, red filter in place. DQ
NOT EXPOSE YOURSELF TO THE UV LIGHT FOR AN EXCESSIVE AMOUNT OF
TIME. ALWAYS WEAR THE FULL PACE SHIELD WHEN WORKING WITH THE
TRANSILLUMINATOR.

9. From the photograph, assess the quantity of DNA in test
specimens by comparison with'the DNA standards. Multiply your
estimate by 8 to obtain the total quantity of DNA in the

( remaining 32 uL of sample.

--
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IV. QUANTIFICATION OF DNA OBTAINED FROM LIQUID BLOOD SAMPLES BY
SPECTROPHOTOMETRY ~

;

s- ;

The DNA obtained from a liquid blood sample has been I
solubilized in 200 uL TE" (Section I, step 15). The following

,description of instrument operation is applicable to the Beckman iDU 7 only.
,

1. The concentration of DNA in the sample will be~ determined on [a Beckman DU 7, using a microcuvette that enables the absorbancy- i
of samples as small as 50 uL to be measured. This instrument
remains on " idle" when not being used. To activate, push _the

.

"ON" button. Follow the menus to set the instrument to read dual iwavelengths of 260 and 280 nm and to determine the ratio 260/280.
.

2. The instrument will self calibrate and then request that you
put in the solvent blank. Pipette 50 uL TE" into the
microcuvette. Rap the cuvette gently on the lab bench to-remove
any air bubbles. Place the cuvette into the sample holder and-

<

push " START". The instrument will determine the absorbancy at ;

both 260 and 280 nm and store these readings for the entire i
working session.

.

3. Empty the cuvette. There is no need to rinse. Place 50 uL ;
.of the DNA sample in the cuvette, put the cuvette in the
instrument and push " START". Both absorbancies will be measuredand their ratio calculated. At the end of the session you can ;print out the entire list of values by pushing " COPY."__

.

4 ., Pipette the 50 uL of sample back into the original sample
tub'e. Rinse the cuvette with TE" before the next sample is
added to the cuvette.
5. Data reduction:

Assume the readings were - Ano = 1.80
1

Ano = 1.00
and the absorbancy ratio - 1.80/1.00 = 1.8

The DNA content of the sample is calculated as follows:

(A o) (50') (0. 2) = ug DNA/200 uLg
,

(1. 80) ( 50) ( 0. 2 ) = 18.0 ug DNA

'50 ug DNA/al yields an A of 1.0no

:

~

6
.
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'V. DICE 8 TION OF DNA WITH KAE III
|

Two digestion procedures are given below. One procedure iss-

to be used for the digestion of DNA recovered from body fluid
stains; whereas the other should be used if digesting the much j

ilarger quantity of DNA recovered from a liquid blood sample.
{
1

A. Body fluid stain DNA
I

1.- There should be 32 uL DNA specimen remaining after test gel. f
2. Combine the following in the DNA specimen tube: |

32 uL DNA
4-uL restriction buffer concentrate (React 2) l

*-

4 uL HAE III (40 international units) ;
40 uL

)|
IMix by hand and spin 2 seconds. I

NOTE The volume of restriction enzyme added should never be . {more than 10% of the final dicestion volume. Also. do not Dermit 4the RAE III for any restriction enFVme. for that attter) to warm
up. Always keen the enzyme on ice.

,

3. Incubate at 37C overnight.
B .- Liquid blood DNA

|1. DNA recovered from liquid blood should be in a volume of 200
{uL TE**.

2. Combine the following in the DNA specimen tube: 3

1

200 uL DNA I

25 uL restriction buffer concentrate (React 2)
; x uL HAE III '

v uL H 0 :

250 uL

Where: x = (5) (ug DNA)/(units HAE III/uL)
y = 25 - x

'

03. Incubate at 37 C overnight.
' . " , ~ '

.
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VI. REPRECIPITATION OF DIGESTED DNA
ts_/ A. Body fluid stain DNA- '

1. To the 40 uL of'DNA digest, add 13 uL of 7.0M ammonium
acetate. Mix by hand.

2. Add 106 uL cold absolute ETOH and mix by hand.
' 03. Place tube at -20 C for 15-30 minutes. Don't let the tube

freeze.

4. Spin tube 15 minutes. Decant the alcohol.

5. Rinse pellet with 1000 uL room temperature 70% ETOH. Spin
-

for 5 minutes and decant supernatant fluid. Remove remaining ETOH
with a micropipette (yellow tip).
6. Put tube in Speed-Vac to remove remaining alcohol. Thisi

should take about 5 minutes.
i 7. Add''16 uL TEd 0to the tube and place at 56 C to dissolve the

DNA. After' restriction the DNA should solubilize quickly.
8.- DNA:is now ready for another test gel (this one to assess the
completeness of restriction) and then an analytical gel.
B ." Liquid blood DNA.

1. To the 250 uL of restriction digest, add 83 uL 7M bn!,OAc andmix.

2. Add 666 uL 100% ETOH and mix by hand.,
03. Place tube at -80 C for 15-30 minutes. Don't let.the tube

freeze.

; 4. . Spin tube 15 minutes. Decant the alcohol.
5. Rinse pellet with 1000 uL room temperature'70% ETOH. Spin
and decant supernatant fluid. Remove remaining ETOH with.a
micropipette (yellow tip).
6. Put tube in Speed-Vac to remove remaining alcohol.- This
should take about 5 minutes.
7. Add 16 uL TE" to the tube and place- at 56 C to dissolve the -0-

DNA. After restriction the DNA should solubilize within 30-60
| minutes.
! 9. DNA is now ready for another test gel (this one to assess the
! completeness of restriction) and then an analytical gel.

8
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VII. = TEST GEL TO MEASUPE COMPLETENESS OF RESTRICTION. DIGESTION.
~ ~

1. Remove 2 uL'of DNA and' combine.with 1-uL loading solution in- )
-

t separate tube. Spin 2' seconds'. Pipette ~the entire 3 uL into-
test gel well.. Run gel under same conditions as described.in- ;

. Section III.-

2. Completely digested DNA will'be present on this test. gel.as'a
smooth streak from.the dye' front bacP. toward the origin. If.a'.

fluorescent large band remains near the origin, the digestion.is .

' int:omplete_ and must be repeated; To redigest, add 18 uL TE"-
to the 14 uL of DNA-that remain'to restore the volume to 32 uL'.
Redigest as per the original digestion procedure.

.
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VIII.~ RESOLUTION OF DNA FRAGRENTS:ON~AN ANALYTICAL GEL
.

The analytical gels are' composed of;1% agarose'in 1X TAE
buffer. The gel dimensions are 11 X 14 X 0.65 cm (100 ml).

4

'1. Preparation of the analytical gel:

Prepare 100 ml of 1X TAE buffer.. Add'10 uL
ethidium bromide (EB) to the buffer.*

t

Weigh out 1.0 g agarose-(Sigma type II or
Seakem ME) into a flask or bottle,'

.|

Add 100 ml TAE-EB
.

Bring to a boil to dissolve agarose

Place at 56*c_ to equilibrate

. Place the gel tray on a leveling platform. H
'

Place a 14-well comb into the-gel tray.
Pour agarose into gel form.

Let stand at least 15 minutes to cool.
2. Pour 1X TAE buffer into:the BRL gelLtank. ' Supplement the, , , <

tank buffer with EB at ratio of 10 uL EB/100 ml TAE..
3. Place the gel into the tank with'the well comb nearest.you, lThe buffer should cover the gel to a depth of_at least 0.51cm.
Remove the comb.

WELL NUMBER 1 IS DEFINED AS THE WELL AT THE FAR LEFT SIDE'OF THE ^

GEL.
.

WELL 1 IS RESERVED FOR THE COMBINATION MARKER (VISUAL + SIZE)

WELL 2 IS REBERVED POR THE HAE III DIGESTED ALLELIC CONTROL

WELLS 6. 10. AND 14 ARE' RESERVED FOR SIZE MARKERS

'4. To the 14 uL digested DNA-add 4 uL loading. solution, mix,. spin
2 seconds and carefully pipette the entire specimen into the
well.

5. Add other samples to their wells. j

6. Set the voltage at 30 volts (maximum amperage) for a run time
of 17 hours.

s- 10
+

f
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7.!After.the: electrophoresis is complete, the gel can be' examined-

on the'UV transilluminator-to evaluate the fragment | separation.
Photograph gels with Polaroid #553 (ASA 400). for 1. second at f 4.5s
with a red filter.

,
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IX. SOUTHERN BLOTTING OF GELS ONTO NYLON MEMBRANESl ,

Slide'the gel from the tray into a plastic _ box that contains1.s-

0.4M NaOH. Gently shake-for 30 minutes.

: Soak BRL blot pad in a separate container of 0.4M NaOH for 15 I

minutes. Discard the dirty NaOH and refill with fresh NaOH for
an additional 15 minutes. During the_same time period,Lfill'a ,

sponge with 0.4M NaOH and place it into a plastic dissecting itray. In a separate container, immerse' Zeta-Probe (BioRad)- imembrane'(exactly 11 X.12.5 cm) in 0.4M NaOH for 15 minutes. aMembrane should be. handled only by gloved hands. '

2. Place the soaked blot pad onto~the sponge. -
.

3. Carefully remove the gel from the NaOH. . When removed, cover
p with a. glass plate. The too of the ael is defined as the cel
) surface that contains the formed wells. Invert the gel, remove

the. top glass plate and slide the gel onto the blot pad. The
oriainal cel too should now be face down on the blot nad with the,

ael oriain nearest to you. With gloved fingers, press down ,

| carefully on the gel,to remove.any air bubbles.
-

9:. Without de'lav, place the presoaked Zeta-Probe membrane'onto-
the c . gel . Be sure the edges of the membrane are square with.the. gel edges. Roll a glass pipette up and down the membrane ''

several times to remove any air bubbles.
. _ . -

Cover the membrane with a piece of Whatman-#3 that has been
cut to 11 X 12.5 cm and wetted with 0.4M NaOH. Roll the surface.

Place 9 blot pads on top of the Whatman #3.
Place 2 - 15 X 20 X 0.4 cm glass plates on top, of thesandwich.

52/ Allow the transfer to proceed for 6 hours _at~ room
temperature'.

6. Remove blot pads and 3 mm paper. Grasp the membrane at theL right corner (origin end), remove and turn it-over. Label themembrane with a pen where your thumb touched the membrane. '

7. Wash the membrane once with 0.2 M Tris, pH 7;5 + 2X SSC for. 115 minutes with gentle shaking. Blot the membrane on a sheet ofWhatman fl.

8. At this stage you can label the membrane with special' inkthat exposes the x-ray film.
9. Sandwich each membrane between 3 mm Whatman (tape edges) and-place in an 80 C vacuum oven 'for 30 minutes.

-
.
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X. HYBRIDIEATION

Normally 60 ml of hybridization solution is'needed.in the. . . .
hybridizationicontainers when hybridizing 11?X 12'.~5 cm-membranes.
Add the membranes to the hybridization solution.one at a time,
making certain that each is covered with solutionJbefore the.next
is added. As many as 6cmembranes can be hybridized.in the same-
container.- After membranes are in the solution, tiltsthe-
container to pool the hyb solution at one corner. Add the.
labelled probes:(VNTR probe and size marker' probes)'and agitate
container to mix. Incubate at 65C overnight with constant-
shaking.

.

1
1

HYBRIDIZATIONESOLUTION.

20. 4 ml STERILE. H 03

12.0 ml 50% PEG ')
4.5 ml 20% SSPE '|

21.0 ml 20%'SDS
57.9 ml .

t

+ probe (Volume = 2.1 ml + x uL probe)
See Anoendix C. sten 12. (
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XI. POST-BYBRIDIEATION WASHES J

1. Pour off the. hybridization solution-slowly..'The membranes ''ms
will stick-to the botton of,the container. Capture.the last .i

drops that collect at the corner of the container with,a Kimwipe.
, Discard the Kimwipe into a-radioisotope. waste container. '

-t
,

2. Carry out the.following' washes, using enougN wash solution to
fill the container one-half. full.

A. 15 minutes in 2X SSC + 0.1% SDS at room temperature J
E

B. 15 minutes in 2X SSC + 0.1% SDS atiroom temperature.

C. 10: minutes * irr o.1X SSC + 0.-1% SDS- at 65C .

B-

^ Length of this-wash depends on VNTR probe. . Ten minutes'is
used for probes YNH-24',.3'HVR, and V1. Probe MS-1 requires at
least a 45 minute wash.

8The solution for this wash must-be at 650 before'use.

3. Lightly blot the membrane on'#1 Whatman - DO NOT LET THE
MEMBRANE DRY OUT!

}
:
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XII. AUTORADIOGRAPHY

s,_/ 1. Wrap the-damp membranes'in Glad.cr Saran wrap. Do not'uso.
'

the Reynolds food wrap for this step! In the darkroom under red:light illumination,3 place the membranes DNA side down onto XAR-' film. Tape the membranes to this film. Place ~another sheetfof:
XAR onto the.back of the membranes and'close'the cassette.>0 Placethe cassette at -80 C.
2.

The XAR film on the back side of the membranes can-be' removedafter a'short exposure period which can be as short as a few
hours or as-long asfseveral days. The-back film is to betused asa. guide for determining theflength of time the front film needs-
to be left in-place.

.

NOTE: ' Application'of 2 ug DNA per analytical gel lane and-
hybridization under the conditions' described in this. procedure-
will yield satisfactory autorad results'within 1-2-days.

,
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XIII.. BLOT.8 TRIPPING = PROCEDURE

1. . Remove plastic wrap from membranes.m-

2.- Place membranes in the following solution:

110 ml' formamide
20 ml 20X SSPE
10 ml 20% SDS

Q.S. with H 0 to 200 ml.3

03. Shake membranes for 45-90 minutes at 65 C
4. Rinse the stripped blot _in-200 ml of 0.1X'SSC + 0.1% SDS for'
1 minute at room temperature.-

6.. ~ Place'the blot on. filter paper to remove excess fluid.
Relabel the membrane'with ballpen if required.

i

!

7. Place-the blot in the hybridization solution'for the next' !
probing. 2

NOTE:- If membr' anes are to be'st'ored for an indefinite period of
time, carry out the stripping and rinsing steps:as described.-'-

Then, rewrap the membranes with plastic wrap and. freeze at -80.

~: '
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'XIV. RESOLUTICN OF SPERM' CELL DNA AND VAGINAL CELL:DNA ~ -d
'

1. Remove the swab.from the applicator stick and place =into|a -l
1.5 ml tube.

g 2. Add 450 uL HEPES-buffr, red saline, pH 7.S, or phosphate. i

buffered saline'to.the swab. . Add 50 uL '20% Sarkosyl to the tube
and-mix. g x ggs yd gu,J P;io od /\ -(nte KirmM, In festeg.

_

r j)oO Siff!LOHL
3. Rock tube overnight a C.

[

4. Punch <a holezin the. lid of the tube. Place the.. swab into the-
lid and centrifuge for 3 minutes.

Remo've and- discard supernatant(SfMT) bC'01%n j DNA l'i?f3EW
_

fluid. g o W e g: -5.-

6. Place a new cap on'the tube.-
'

,

7. Put the swab back into the~ tube'and add:
i

400 uL Tris-EDTA-Nacl (TNE)
50 uL'10%-SDS'

'

50 uL H2O

5 uL PaseK g g g yv g)
505 uL'

Mix and place the tube at 37C'for-2 hours.
t

| 8. Punch a hole in the lid of the tube. Place the swab into the'

lid and spin for 5 minutes.
1 !~

l 9.- Remove the supernatant fluid and save (female fraction). I

Discard the swab. p
,.. ,

!
.

. SULK.
~

i10. Place a new cap on the tube. pd /CMLo/u> Ed
.

'11. To the pellet, add: O |

150 uL'TNE ,d- |
'

100 uL 10% sarkosyl
. , . . - |,

40 uL O.39M dithiothreitol '(DTT) ~. 3 p t Wa"l6 - '

100 uL H2O "' #Vpy -

;

10 uL PaseK Smm 1

400 uL-

forhMix and incubate at

12. Extract the incubation mixture with an. equal volume.of' !
phenol: chloroform:isoamyl alcohol. Continue processing as if a ,

regular stain extract were being handled. j
:

'!

s. '17.,
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-APPENDIE A

REAGENTS FOR DNA TYPING PROCEDURES
'

* Solutions that must be autoclaved~%-

'

53'.'96 g anhydrous NH 0Ac1. * AMMONIUM ACETATE 7M -

4
bring to 100 ml with'H O

2

2. DNA QUANTIFICATION STANDARDS- For use on test gels

Lambda phage-DNA at 250 ug/ml = stock

-Carry out serial doubling dilutions of the, stock with TEd-
-to obtain the solutions shown below. Combine:1.0 ml aliquots of-
diluted standards with loading solution as shown.

O
s

1 ml at 125 ug/ml + 0.5 ml loading solution'= 500 ng/6 uL
1 ml at 62.5'ug/ml + ". " " = 250 ng/6 uL \

1 ml at 31.3 ug/ml.+ = 125 ng/6 uL|" " "
,

1 ml-at 15.6 ug/ml + " " '" 63 ng/6 uL=

1 ml at 7.8 ug/ml + " " " 31 ng/6 uL-=

1 al at 3.9 ug/ml + 15 ng/6 uL !" " " =
, . _ . . .

NOTE: Similar quantitative standards of DNA can be obtained
commercially.

!
3. * EDTA 0.5M - EDTA-2H O 186.1 g2

dissolve in 800 ml of water - add about
15-20 g of NaOH pellets to drop the pH
toward 8.0. When fully dissolved, add

.

'

more NaOH to bring the pH'to 8.0.
Adjust volume to 1.0 L.

4. ETHIDIUM BROMIDE- 5 mg ethidium bromide /ml H 0. Keep bottle I
2

wrapped in foil to protect from light.
HQ,TAGENIC 83BSTANCEIi

1

5. HERRING SPERM DNA- herring sperm DNA - 500 mg
-Q.S. H O 50 ml ,

'
2

Denature by placing in boiling water
for 5 minutes,

i

6. LOADING SOLUTION- Glycerol 50%
iBromophenol blue 0.1% )

EDTA 0.1M
solvent is TE"

--

18-
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/
7. * Nacl SM- Nacl 292.2 g j

dissolve and adjustivolume to_1.0 L !

-l
<8. NaOH 4M - dissolve 800 g NaOH pellets ,in 4200ml H O I1 2s_, .

adjust volume to 5.0 - L with H O l2
1

o 9. PEG 50% - polyethylene glycol (MW-8000) 150g j
bring to 100 ml; with H O

.

'

_ 2

10. PHENOL / CHLOROFORM /ISOANYL ALCOBOL -
,

.

CAUTION ~ PHENOL'IS VERY CAUSTIC - BE CAREFUL !

! Melt phenol at 65 C and pour.100g Linto a Bellco bottle. Add,

'200'ag 8-hydroxyquinoline:and mix the solution thoroughly. j.

'
,

Add an equal volume of 1.M Tris,cpH 7.5, transfer.to a i
separatory: funnel and mix. Let phases separate.-
'e I,

; Drain lower phase _(phenol)-into the bottle. Drain ~ upper)-

_ phase into a beaker.
,

i . Add equal volume of 0.OlM Tris, pH'7.5 to the phenol, '

transfer to the separatory:. funnel'.and' mix. I

Capture lower phase. Capturc-the upper phase-and' measure |
its pH. If the pH of the upper phase'is 7.5,'then'ccase
equilibration procedure. XIf pH is <7.5' repeat:the equilibrations-

against 0.01M Triu until-the pH of the upper. phase equals 7.5.-

_j

Combine the phenol with a solution ~ composed of 100 ml'.

chloroform + 4 ml isoamyl alcohol.

Cover the solution with 0.01M Tris and store at 4 C.
.

|

11. PROTEINA8E K- 500 mg proteinase K-
t dissolve in 25 ml H O

aliquot into convenient size' volumes- I
i and freeze.
.

12. SDS 10%- SDS 100 g
700 ml H O - heat to'about 65C to dissolve2' adjust volume to 1.0 L

13. SDS 20%- SDS 200 g
700 ml H O - heat to about 65C to dissolve2

adjust volume to 1.0 L '

V
14.*B80 20X- Nacl 175.3 g

Na citrate . 88.2 g3

dissolve in 800 ml H O2
*

v 19
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1

i.

.cdjust to pH 7.0 with hcl
!

.

. bring to 1. 0_ L with H 0 -
|

3

15.1 0.11 SSC: 0.5% SDS -~ 5 ml 20X SSC- '

25 ml 20%' SDS
adjust ' volume to 1.0 L with H O,

'

2

16. 2X'8803'0.1% SDS- 100 ml~ 20X SSC'
15 ml 20% SDS
ladjust volume. to 1. 0 L with H 0.

2 ;

17.to.11 SSC 0.1% SDB- 5 ml' 20X SSC
5 ml 20%~SDS
adjust volume'to 1.0 L with H O

2

18. 201 SSPE 3.6 M Nacl 210.4 g
0. 2 M NaH PO -(anhy) 24.0 g4

O. 02M Na: EDTA-2H O 7;4 92

dissolve and titrate to pH 7.0 with NaOH
Q.S. 1. 0 L with H O2 -4

.

19. ' STAIN EXTRACTION BUFFER - 0.010M TRIS . l
.

1.21g- '

O 01M Na EDTA-2H O 3.70g.2 2
0.100M NaC1' '5.84g j

,

0.039M DTT 6.02g ;' dissolve in 500 ml H O2
adjust pH to 8.0.with hcl "

add 100 ml 20% SDS
adjust volume to 1. 0 ' L with ' H O_.

2

20. *TAE 20X - TRIS base 96.6 g
Glacial HAc 22.8 ml

~'
-

|0.5 M' EDTA, pH S . O 40.0 mladjust volume .to 1.0 L with H 0. !

j2

21{k*TEd- TRIS base (10 mM) .1.21 ge
Na
'di: EDTA (0.1 mM) 0.037 g

ssolve Tris in 800 ml H O and ' adjust 1pH 'to 7.5 ;

add EDTA, after solution,2 recheck the pH j
;

bring volume to 1.0 L

22. * TRIS 2M- TRIS base 242.2 g
pH 7.5 dissolve in 800 ml 3 0 1

adjust pH~to-7.5'with concentrated hcl- |
2

adjust volume to 1.0 L with H O -j

t 2 -,

23. * TRIS 2M- TRIS base '242.2 g
pH 8.0 dissolve in 800 ml H O

; adjust pH to 8.0 with concentrated hcl .!2

adjust volume to 1.0: L with H 0- ;

2 i

!

!

I
--

20 !

1 5

|

|
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_ -2 4. 0.2N..TRISt 21-CSC,,pH.7.5-- 100 ml 2M' Tris' f

+

100 ml 20X-SSC
= adjust . volume to l.:

[
.

2 5 .' TNE-- ' TRIS-basek O'.12119s_/ Nacl 0.584'g> '

!EDTA . 0.037 g
'

;

dissolve 'in EHF ml: H 03
titrate to pH 8.0 with NaOH,

,

.Q.S. 100 ml with' water ,

:
26. SARROSYL -20% -~N-lauroylsarcosine 20g

,

-

Q.S. with H O to 100 ml
. E2

filter sterll'ize through 0.22 u filter !
.

, . ;

,

4

4

i
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APPENDIX B

MOLECULAR WEIGHT:AND VISUAL MARKERS

There are three types of-markers used in this RFLP
procedure. (1) Visual marker; (2) combination marker; andL(3)=s_-

Holecular Weight marker (AKA ladder). 'Each marker is available'
commercially in ready to use form.:

-The molecular. weight markers are purchased also in
!radiolabeled form for use during hybridization. j

A. Handling of markers-

1. Visual marker: For use on yield gels and post-
restriction digestion gels.

i

A. Supplied |already mixed with loading
solution. *

B. -Use 10 uL in lane #1 of'each gel.
2. Combination marker:''For use in-well #1.of each

analytical gel.

A. Calculate the volume of combination
marker needed for gels. The marker is-
already mixed with loading solution. Each' l

gel requires 14 uL marker,-

B. Place the tube containing the correct'ss

volume of combination marker into a 65 CU
water bath for 5 minutes immediately prior to q

4use.

3. Molecular weiaht marker: For'use in wells'6, 10, and 14
of analytical gels.

>

A. Calculate the volume of molecular weight~

marker needed for gels. The marker.has-already been mixed with loading solution.
Each well requires 14 uL. Thus, 3 X 14 uL 'tare needed.for each analytical. gel.

I
iB. . Place the tube'containing the correct

volume of molecular weight marker into-a 65"O-
water bath for 5' minutes immediately prior to
use. ,

.

%#

I

% LNo87fg3
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.-B.- -Use.of radiolabeled molecular weight marker. ,

.;

The' radiolabeled molecular weightimarker can be obtained-commercially. ItLis furnished. ready for use after addition of-c > the: probe denaturation solution and boiling, ;one. unit of labeled -

molecular weight marker contains 1 X 10"DPM.of each DNA species
andLis: designed for use in 60 ml.hybridizationisolution.

i

A. Transfer one-u'it of radiolabeled markern
into a:20 ml tube that contains:;

'

'

O.6 ml 0.2M NaOH-
,,, 1.5 al denatured herring sperm DNA

B. Place tube into boiling water for 5',

'

minutes.

; C. . Add.. entire-solution to. hybridization !solution in the hybridization container.
.

t

%,.

5

!

I

1

1
,

|
\

I

i

|

..
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APPENDIX C

~<

Several locus-specific DNA probes can be obtainedcommercially in prelabeled form.-
100 ng- probe labeled with .30 X 10' 'dpm in a microfuge tube andThese probes are-furnished as
denaturation' solution (see final step in this-appendix).are ready to use for hybridization after addition to the probe

LABELING'OF LOCUS-SPECIFIC DNA PROBES

DNA Labeling System. Probe labeling is' carried out using the BRL Random Primers
modified as-follows: The protocol recommended by BRL has been

1.-
Place 1 uL (100 ng) probe in' a 1.5 ml screw-cap ' !tube. Add 22.uL H O and mix. !2

j2. Place the tube in boiling water'for 8 minutes.
,Immediately-after heating, place.the tube into a slurry
of crushed ice and water for 5 minutes. i

. 3. While on ice, add'to the tube:
42 uL dATP

2 uL dGTPi- 2 uL DTTP-

._. o

15 uL random primers buffer mixture 1

5 uL **P-DCTP (50 uCi at 3000 Ci/mmole) * !

mix

1 uL Klenow fragment
!

mix and then spin-for 2 seconds
1

50 uL = final labeling volume-
i4.

Incubate at room' temperature (25 C) for 3' hours toU
iovernight. I

,

radioactivity.-* It is very easy to contaminate the tube threads.with ,
.

Once the threads are contaminated,
,thence transferred to anything else th t iradioactivity will be transferred to the worker's fingers and

the

check fingers for radioactivity frequently.such a senario, spin the tube each time its contents are mixed.
a s touched. To avoid

;

'

v
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te 5. After'. incubation, prscipitate the1DNA'with_ spermine.'

-50'uL reaction. mixture
140 uL TEd

4 uL herring sperm DNA at 10 mg/mlu
mix

4 uL 0.1 M spermine-4 hcl

on' ice for 15 minutes (can go less time)-

6.. Spin 10 min microfuge, at 4C-
_

Rinse pellet with .396L uL TE-4 -+ 4 uL 'spermineRemove supernantant and-place-in radioactive storage bottle
_

'

_

vortex;briefly
Spin 2 min-at 4C

Remove and discard supernatant-(place in radioactive | storage;
. .

bottle)_
_

7. .Resuspend pellet in 520 uL TE-4
+ 40 uL 5 M NACL-
mix and ' place at 56 C for 15-30 minutes.0

8.
1.5 m1 screw-cap tube. Remove 2 uL labeled probe and place in'the exact' bottom of a
tube it will not be. counted properly.-If 2 uL is deposited onto1the side of the-
necessary to place .the 2 uL at the bottom. Spin 2 seconds if-

,
'

>

9.
Place the ~ tube containing 2 uL probe into radioactivitycounter. Counter is a-Dupont

the counter.and count to.2% precision.' Bench-Count' model BC2OOO.-
_

Start :j
!10.

Calculate dpm isotope.present in probe preparation
Example: counts / minute (cpm 10,000counting efficiency) == 6.8-%volume probe counted = (instrument specific)

2 uL i

Calculations:
(10000 cpm) (1/0.068) (1/2) = 73529 dpm/uL

;

(73529 dpm/uL)'(560 uL) = 4.1 X 10 dpm total7

7., 4.1 X 10 dpm/0.1 ug DNA = 4.1 X 10' dpm/ug

11.
solution to achieve 5 X 10' dpm/ml solution. Calculate uL probe that must be added to. hybridization

Example: 60 ml h5 X'10'ybridization solutiondpm/ml hybridization solution
probe label = 73529 dpm/uL

<

(60 ml)(5 X 108 dp'm/ml)/(73529 dpm/uL) = 408 uL

25
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. Immediately before- labeled crobe- is- to be added to tho '
.

*p244X-)
~

hybridization chamber, it must be-boiled. combine:tho'followina L,

O -15 ml screw-can clastic tuber jN' -

- d
O.6 ml 0.2M'NaOH i
1.5 ml.. denatured: herring sperm DNA~

:x uL_ labeled-probe.-(e.g. 4 08 uL) '

boiling water 5. minutes -]
Add entire volume to hybridization solution-

1
1

^

,

I

I

|
J

1

.

t

$

e

b

' n. /

.

I
'1

,

i
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|
|

|

|
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? APPENDIX DL
!

''

ALLELIC CONTROL ;

Allelic control is,obtained(commercially. Use cell:line, c., K562. -
i |y..

The allelic control .is furnish'ed as :2.5 X 10' cells / tube.
.

1.
|

~

,

2.- Process cell pellet beginning with I. Isolation.of-DNA'from'-liquid blood samples,. step 5.
3. Exactly,0.1 ug allelic control DNA must be mixed with. loading-
solution and placed in well #2 of each analytical gel.

>

!

:
.

(

}
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RADIOACTIVE MATERIAL EXPERIENCE

~ Charles Barna:

1. ) . Thyroid Uptake" Testing (T-3,-T-4) us i ng "I 4< M I .
Akron Medical Laboratories, Akron,=-Ohio.
(1969-1973)

-

2.) DNA sequencing serninar, Nov. 1988.atJMichisan' State
University. **P labeling'was used.. Safety Lecture
was given by-Office of Radiation, Chernical and Biological -
Safety, Michigan State University.'

'

. ..
.

3.) DNA typing, 4 week coarse,-Jan.: 1989, at the FBI
j

Training Acaderny' in conjunction with the University of; '

Virginia. '*P labels were used. Four hours,of class
roorn lecture were provided on Radiation Safe 6y.

Julie A. Howenstine:

1.) 40 hours of coursework'through.the Michigan. State
e University College of Veterinary Medicine.in Radiology.

This course included lectures; on rneasurernent of radiation
e> posure, radiation safety--and the biophysical effects

q
of radiation.

!

2.) 15 rnonths of clinical veterinary rnedical - experience in
the use of diagnostic.X-rays. f

3.) 16 hours of lecture and lab experience at a;DNA:. (
.

!sequencing serninar, . Nov. 1988 at Michigan State:
University. * P' labeling.was used. A safety lecture !
was given by Office-of Radiation, Chernical and
Biological Safety, Michigan. State University

. isPecifically dedicated to the:use-of *2P'and included i

provision of the USNRC Regulatory Guide 8.'j3.
i

i
4.) DNA Typing, 4 week course,-Jan. 1989,'at the FBI

'!Training Acaderny in conjunction with~the University i
of Virginia. *"P labels were used. Four hours of
classroorn lecture were Provided on radiation safety
includin9 Provision of the USNRC Rules and
Regulations Parts 19 and 20 and Regulation 8.13.

\
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PREFACE . ,

This manual has been compiled in order to present quidelines and procedures for obtaining - !
radioactive materials by the Michigan Department of State Police employees and to pro' vide -

- general information concerning radiation safety requirements for the Michigan Department .
of State Police laboratories. Information is also presented on the responsibilities of the.

,

radiation worker along with a description of the rules an& regulations governing
'

~

occupational exposure to ionizing radiation. Questions can be directed to the Radiation
Safety Officer Charles Barna, telephone 332-2521, extension 371.
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L GENERAL '

h
r

.

: Scope of the Manual

This manual describes the rules and procedures to be followed in obtaining and using-
radioactive materials on the Department of State Police laboratories. Standards.fo' thisr s

- manual are based upon the U.S. Nuclear Regulatory Commission's Code of Federal
Regulatiors, Title 10, Parts 19 & 20, and the Michigan Department of Public Health's -

Division of Radiological Health Document titled " Ionizing Radiation Rules Governing
Radioisotope Material and Electronic Product Radiation". These and other radiation safety .
related documents are kept on fue at the Department of State Police Laboratories and upon
request, can be borrowed or copied.-

'

-

Training of Radiation Workers |

All. Department of State Police radioisotope workers are required to attend a riidiation safety -
, class sponsored by the Office of Radiation, Chemical & Biological Safety (ORCBS) at -
p Michigan State University and pass an exam before the employee will be allowed to work y

with radioisotopes at the laboratories of Department of State Police. Also,' each"

;
radioisotope worker must sign a statement that he/she has read this manual and understands '

its contents (see Appendix A). Additionally, the enclosed " Michigan State ~ University '

Radiation Safety Study Guide" and " Radiation Safety Training Guide" are part of the.
E training materials. At the discretion of the Department of State Police Radiation Safety i

Officer, additional training may. be required.
|-

^
I

I
.

.

Responsibilities ofthe Radioisotope Laboratory Workers '

0 3

-Radioisotope workers are directly responsible for ~ compliance with'all regulations !

governing radiation safety in the laboratory and for safe practices by other investigators or .!
technicians who work under their supervision. They have an obligation to- 1

I

(1) Insure that individuals working under their control are properly supervised and have l
the training required to enable safe working habits and prevention of exposure to '

.

others or contamination of the surroundings. (Inadequate supervision and lack of
training have been cited in radiation lawsuits as indicative of negligence).

(2) De aware of the unknown radiation hazards inherent in a proposed activity. If these
hazards are not covered by the general program of laboratory safety, they are

;

responsible for instructing personnel in safe practices 'or in directing personnel to i
sources ofinformation conceming safe practices.- |(3) Be aware of the various forms of radiation which are present.

!(4) Avoid any unnecessary exposure, either to themselves or to other workers under '

them.
'

d

(5) Understand the risks associated with the possession, use and shipment of all
!

radioactive materials. Because federal and state regulations control the use and 1
shipping of radioactive materials and other certain chemicals, they must be aware of '

these laws and comply with them. If you are not sure of the proper procedures, call
the Radiation Safety Officer !

(6) Keep current working records of the receipt and the disposition of radioactive material
in their possession including use in research, waste -disposal, transfer, storage, etc. ,

(7) Post warnings and restrict entry to areas that contain potentially hazardous
radioactivity or chemicals j
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(8) Once notified in writing by a female radiation worker that_ sh'e is pregnant the' -

Radiation Safety Officer will be immediately notified and aid in complying with NRC-
reg. guide 8.13 (see Appendix D).

'

Failure to comply with the rules and regulations set forth above and throughout this manual
may lead to disciplinary actions and/or the cessation of all radiois'otope shipments and,
experiments. If it becomes necessary to halt the purchase of radioisotopes due.to' a,
violation of the Michigan Department of State Police safety regulations, the Radiation
Safety Officer (RSO) and address the safety concerns and violations before reinstatement of -

.

the use of radioactive materials can occur. The RSO reserves the right to permanently -
terminate any radioisotope use when appropriate.

Ordering Radioactive Materials -

Any purchase of radioactive materials must be approved by the Radiation Safety Officer. 1
All requisitions should be sent to the purchasing department directly which then will contact -
the Radiation Safety Officer for approval. The mformation that purchasing needs from the
approved user is their name, department, account number, requisition number, element and
mass number, chemical form, activity and company from which the radioisotope will be
purchased. All shipments of radioactive materials received on Department of State Police
property must be inventoried. The inventory will be maintained by the Radiation Safety
Officer. ]

Shipment of Radioactive Materials off The Michigan State Police Laboratory !0

: -

: All shipments of radioactive materials off the Michigan Department of. State Police
B Laboratory must have prior consent of the RSO. Federal and State law requires that the - i
F shipper must obtain the receiver's approval and their respective Nuclear Regulatory License - -I
: number or the State License number prior to'the shipment of.the material. : All shipments: i

must be in accordance with the packaging and labeling requirements set forth by the ,|.

Department of Transportation (DOT) and an appropriate record be made of the dose rates ' j
on contact with the package and dose rates at three feet from the package (an ion chamber -
must be used). Also, the record must contain information on the shipper, receiver,
nuclide(s) and activity, phone numbers of shipper and receiver, and performance of a

'

survey for removable radioactivity. If assistance is needed, call the Radiation' Safety ' i,
' Officer _j-

i
~

~i
; Receiving and Monitoring Radioisotope Shipments

-|
(1) Monitor the radiation level of the package (wear protective gloves when doing this). i

(2) Wipe the outside of the package for removable contamination. ;

(3) Note radiation units stated on the package, verify and record shipment monitoring ' l
.

record.
'

(4) Place package in a vented hood..

(5) Open outer and inner package and verify that the contents agree in name and quantity-. .j
with the packing slip.

(6) Measure the radiation field of the unshielded container. If necessary, place container - i

behind shielding.
(7) Check for possible breakage of container seals, loss of liquid, or change of color of- i

the packing material. Report all leakage and broken containers to the Radiation Safety ,

Officerimmediately. Q
(9) Wipe test the inner contents of package and record results on shipment monitoring 1

record. -
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Table I- - .
.

<

Removable Radioactive Contamination Limits

Alpha Emittgrs High Risk Beta or _ Low Risk Beta or;
!. dpm/100cm Gamma Emgtters ~ Gamma Emgtters. .

'

dpm/100cm dpm/100cm ~ !

Unres'tricted Areas 22 .. 220' - 2,2'00 ~ |;

A Restricted Areas 220~ 2,200 1.2,2000' [
Personal Clothing _ 22 220 -2,200-u,

'

Outside Restricted
Areas t - i

-

Personal Clothing; 220. 2,200 2,2000
Inside Restricted
Areas - :

Skin 22 220 2,200
,,

5

i RadioisotopeInventory
I

A routine inventory of radioactive materials is conducted periodically. The Radiation Safetyi

i Officer will maintain a list ofisotopes possessed under the NRC license. The Radiation -
1' Safety Officer is required to review this list and make necessary corrections to the '

mventory.

Terminating Employment at Department of State Police -
,

All radiation workers that terminate their education and/or employment at Department of
State Police shall notify the RSO and their respective film badges must be retumed.
The RSO maintains film badge records for all radiation workers. This information can be
forwarded to any future employer at the request of the employce. When requesting this i
data, please include employment dates, full legal name while employed at Department of .
State Police and social security number.

,
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REGULATIONS REGARDING RADIATION SAFETY

Ionizing Radiation
.

Ionizing radiatior , siinpiy put, is the ability to remove electrons from atoms. The result of
.

ionization is the production of free electrons with their negative charges and ionized atoms -
with their positive charges. The types of radiation involved that can remove atomic
electrons can be classified into two groups: 1) photons such as X and gamma rays, and 2) .
particles such as beta rays, alpha particles, neutrons and protons. Photons are pure energy-
and have no mass whereas the particles have typically both mass and charge. Both remove
electrons but by their naturcs, interact with matter differently.1

*

Ionized atoms, regardless of how they were formed, are much more active chemically than
neutral atoms.~ These chemically active ions can form compounds that interfere with the. !
process 'of cell division and metabolism. The degree of damage suffered by an individual:
exposed to ionizing radiation is a function of several factors: type of radiation involved, .
intensity of the radiation,its energy, and length of exposure.

i

External and Internal Radiation Hazards j
Injury, as a result of being irradiated,is caused mainly by ionizations within the tissues of !
the body. There are two main potential' hazards connected with work-involving i

radioactivity: external exposure to radiation and internal deposition of radioactive materials. ;

.

External hazards arise when the radiation source is external to the body and the body isI

penetrated by iore. zing radiation. These radiations can be X or gamma rays, neutrons,-,

alpha particles or beta particles. Beta particles do not normally penetrate beyond the skin,-i

but when sufficiently intense, can cause skin and/or eye damage. Very energetic beta raysi

such as those emitted from P-32 can penetrate several centimeters into the skin and
shielding may be needed in order minimize the external radiation exposure. Typically; a
half-inch thickness of lucite is an effective shield for most beta rays. - Alpha particles,.
because of their higher mass, slower velocity, and greater electrical charge compared to-
beta rays, are capable of travelling a few inches in air and rarely penetrate the outer dead

,skin layer of the body. Typically, alpha particles are not an external radiation hazard. X L

and gamma rays along with neutron radiation, on the other hand are very penetrating, and ' i
are of primary importance when evaluating the external radiation exposure. The onset of

q
first observable effects of acute radiation exposure ( diminished red blood cell count ) may !occur at a dose of approximately 100 REM of radiation. The lethal dose for humans

!
wherein 50% of the exposed population may die from a one time exposure to the whole '

body is about 500 REM assuming no medical intervention.
j
i

Exposure to external radiation may be controlled by limiting the working time in the -
radiation field, by working at a distance from the source of radiation, and/or by inserting
shielding between the worker and the source.

Internal hazards arise when radiation is emanated from internal deposits of radioactive A I
materials within the body. Although external hazards are primarily caused by X-rays,> >

gamma rays and neutrons, all forms of radiation, including alpha and beta particles, can | '

cause internal radiation hazards. Alpha particles create a high concentration of ions along '
.

I:. its path and can cause severe damage to mternal organs and tissues when they are inges,ted,
injected or inhaled. Once these particles get into the body, serious damage can occur smcet

;
there is no protective dead skin layer to shield the organs and the tissues. The internal ' ;

hazard is not limited to the intake of large amounts at one time. Often a chronic hazard can
arise from small accumulations of radioactive materials over a long period of time. '

-
.
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It is known that many substances taken into the body will concentrate in certain body |
organs. For example, iodine will concentrate in the thyroid. When iodine is inhaled or (

" ingested, the body cannot distinguish stabic iodine from radioactive iodine, and on the i

average about 35% of the inhaled iodine will become affixed to the thyroid gland within 24 '

hours. Other elements such as calcium, strontium, radium and plutonium concentrate in the !

bones. IIere, high dose rates can occur to the bone over very long ocriods of time since the i

body climinates these materials very slowly once they are incorporated into the bone -|
structu'e. The blood forming organs are very radiosensitive as these cells are in the S- !

phase of mitotic activity more often than other cells, llence,if there is a significant long- *

term exp'osure to radioisotopes, chronic diseases such as leukemia and/or osteosarcoma can ,

occur. Ihe induction time for the onset of these types of diseases is typically in excess of i
20 years. >

!

L

PersonnelMonitoring
,

Film badges must be wom routinely by all personnel where significant exposure to |
penetrating radiation (i.e.P-32)is possible. The badges are changed monthly and each

,

*

mdividual is responsible for seeing that his/her badge has the current month's dosimeter
inserted within the holder. These badges are your legal documentation of external radiation #

exposure received while working at Department of State Police. These badges are not to
leave your immediate work area. They are not to be taken home or used off laboratory
where a non occupational exposure may occur. If you are travelling to another facility, do ;

not bring your Department of State Police radiation badge. It is the responsibility of that'

particular facility to see that a new dosimeter is issued. These badges are heat sensitive and
. If left in a car where the tcmperature may be high, a dose will be recorded and it will |l'

become very difficult to distinguish a true radiation dose from a dose caused by exposure to
[ excessive heat. Also, for those individuals who use X ray e,quipr6ent and/or high energy

beta cminers, finger rin badges should be used in conjunction with the whole-body film
'

badge. This whole-bod film badoe should be worn on the torso with the name tag facing
the source of suspected diation. $Vith finger ring badges, the same holds tme as the name
tag must directly face the radiation source. Care should be taken to make sure that your
badges do not become contaminated with radioactive materials. Lost or misplaced badges :

should be reported immediately to the RSO. At any time, any individual can call the RSO
for the film sadge dose data. The RSO will not contact every badge holder every month.
Only those with significant doses (i.e. greater than 100 mrem per month to the whole body)
will be contacted. If you suspect that you might have received a high dose. call the RSO
and your badge will be sent out immediately and a spare badge will be issued for the
intenm period. On an emergency basis, film badges can be sent off and results obtained -|within a week.

;
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Radiation Dose Units
.

IThe roentgen, abbieviated as "R", is the unit for measuring the quantity of X or ;;amma ray
radiation in terms of the amount ofionization produced in air. One roentgen is tie quantity
of X or gamma ray radiation that will produce ions (of one sign) earrying a charge of
2.f 8E-04 coulombs per kilogram of air. An exposure to one roentgen of radiation will
yield 89.6 ergs of energy deposition pe grarn of air. If human tissue is exposed to one ,

roentgen of radiation,96 crgs of energy will be deposited per gram of tissue. The roentgen
i

is easy to measure as an ion chamber is a device that will measure the ions produced in air
directly. The ion chamber has a read-out in milli roentgen per hour and is a very close
approximation of tissue exposure.

The RAD and the REM are the two main radiation units used when assessing radiation-
'

,

dose. The RAD (radiation absorbed dose) refers to the energy deposition by any type of
radiation in any type of material. Specifically, one rad equals 100 crgs of energy i

deposition per gram of absorber. The REM (radiation equivalent man) takes into account
:

the biological effectiveness of different radiations. Some types of radiation cause more ;

damage to biological tissue than other types. For example, one rad of alpha particles is
twenty times more damaging than one rad of gamma rays. To account for these :
differences, a number called a quality factor (QF) is used in conjunction with the radiation I

absorbed dose in order to determine the dose equivalent in rem: i

!

REM Dose - RAD Dose X QF i
'

.

For X rays, gamma rays, and beta particles the quality factor is one. Therefore, the i
. .

roentgen, rad and rem are approximately equal when considering the above types of
.,

;

radiations.,

't

The dose rate is proportional to the radiation flux (number of particles or photons per.-
.

square centimeter per second) and is expressed in rem / hour or millirem / hour. Your
radiation film badge readings are reported m millirem. The dose rate can be estimated by
using as ion chamber as previously mentioned when the radiation source is a gamma or X-
ray emitter. The ion chamber can be useful in estimating dose for most beta radiations, but,

in the case of ulpha or T.cutron radiations, special detectors are required.. If you find that
you havc a need to monitor neutron radiation dose rates, call the RSO for additional
Information. *

Maximum Fermissible Exposure
}

Exposure standards have been established and set at a level where apparent injury during a
.

normal lifetime to ionizing radiation is not expected. This limit is called the 'mayimum :
permissible exposure"

Maximum permissible e;posure to extemal radiation is given in Table II. However, I
personnel s aould not completely disregard exposures at or below these limits. It is the '

responsibility of each individual to keep his exposure to all radiation as low as practical and
| to avoid all exposures to radiation when such exposures are unnecessary.

,

1
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TAllLE II i

MAXIMUN PERMISSillLE EXPOSURES TO EXTERNAL RADI ATION IN i
MILLIREM FOR R ADIATION WORKERS * !

:
Part of Body Quarterly i

_ .

Whole Body, Head and 1,250 i

Trunk, Active Blood
Forming Organs, Lens of
Eye, Gonads

IIands and Forcarms, 18,750
|Feet and Ankles
,

Skin of Whole Body .7,500 I
t

* These limits a c for those workers who are 18 years of age or older. For those [less than 18 years of age, the dose limitations are 10% of the limits listed above..

Therefore, minors must receive special permission in order to work in a rad's tion
area and the :..R So.: must be natified.

;
>

An execption to the above stated limits can be allowed when there is documented evidence !
that a worker's previous exposure is low enough, the Department of State Police Radiation - ,

Safety Officer may permit a dose of up to three rems in one calender quarter. The State of'
Michigan regulations require the annual dose to be less than five rems m all circumstances.

1 +

'In addition, a worker's accumulated dose may not exceed 5(N-18) rems, where N is the 4
person's age in years,i.e. the lifetime occupational dose may not exceed an average of five

| rems for each year above the age of 18. '

Female Staff of Child Bearing Age

A special situation arises when a radiation worker becomes pregnant. Under these
conditions, radiation exposure could also involve exposure to the embryo or fetus. A
number of studies have mdicated that the embryo or fetus is more sensitive than the adult,- '

particularly during the first three months ofpregnancy . This can be a problem since manyt

| women are unaware of their pregnancy dunng :he first month or two of gestation. Hence,
the NRC and the State of Michigan requires that all occupationally exposed women bc ;t

instructed concerning the health protection problems associated with prenatal radiation '
!' exposure and sign a statement the they are familiar with the risks involved as stated in the

.NRC Regulatory Guide 8.13. ' - - r! ud i -

..

'

There are relatively few places in the Michigan State Police Laboratories where radiation - !
i

levels are high enough that a fetus would receive 500 millirem before birth. (Maximum
'

permissible exposure during gestation period is 500 millirem.) If a radiation worker is a

pregnant, she should notify her supervisor in writing to this effect. By doing so, a
complete assessment of her radiation exposure potential can be made. If appropnate, a-
change in work assignment or location may be required in order to assure a low radiation .
exposure potential to the fetus. Failure to notify a pregnant worker's supervisor of her
condition will maintain the dose limit to the whole body at 1,250 mit per calendar quarter i

under the law.

!

,

1
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Exposure of Non-Radiation Workers

Visitors to a radiation laboratory who are not classified as radiation workers by their
employers and must not receive a radiation dose in excess of:

A. Two millirem in any one hour.
B.125 millirem in any one calendar quarter.

Posting of Radioisotope Areas and Warning Signs

All rooms or areas in which regulated quantities of radioactive materials are used or stored
must be posted with a " Caution Radioactive Material" sign, a NRC Licensing and
Regulation Information Bulletin", sign, and a NRC-3 form " Notice To Workers" sign.-
Door signt must include emergency personnel names and phone numbers, and where
he\she can be reached in the event of an emergency. These items may be obtained from the
RSO.

Warning signs are used to mark areas where hazardous radiation levels could exist. In
addition, entrance to any room containing radioactive material should be labeled with the
radiation caution symbol and the phrase " caution radioactive materials". The terms
" Radiation area" and "high radiation area" are defined he e and should be used whenever
appropriate on waming signs. A " radiation area" means any area amessible to personnel in
which radiation exists at such a level that a major portion of the body could necive a dose 1
of five mR or more in one hour or 100 mR in any five consecutive days. Properly wordedI

signs should be posted to designate the area as restricted for access,i
n '

A "high radiation area" means any. area accessible to personnel in which there exists
radiation at such levels that a major portion of the body could receive a dose of 100 mR in
one hours time. Ropes or fences should be used in addition to warning signs to clearly
mark the restricted area.

Warning signs are available at the RSO. Indiscriminate use of warning signs is not
permitted. If you have questions, call RSO. '

TableIII

DEFINITION OF RADIATION WARNING SIGNS

Amount of Radition Designation

Any Radioactive Materialor Caution or Danger " Radioactive
Radiation Material" or Radiation

5 to 100 mrem / hour Caution or Danger " Radiation Area"

100 mrem / hour or greater Caution or Danger"High Radiation"

NO. 8728 y.



a

," 10
*

i

10
Labeling Requirements |

|

All trays, racks, t.tock solutions, tools , etc. which contain radioactive material or are i

contaminated must be labeled with the radioactive materials tape which contains information ;

on the type of radiation present, date, and the total activity in disintegrations per minute or )
in microcuries. It is not reasonable to expect that each tube or vial be labeled, but the tray

'

or rack that holds them must be labeled (e.g., scintillation vials do not need to be
individually labeled but the tray or box that they are stored in must have the above i

General Rules for Radioisotope Laboratories
t

(1) Do not eat, drink or smoke in radiation areas. " Eating" includes consuming gum,
candy beverages and chewing tobacco.

(2) Refrigerators must not be used jointly for foods and radioactive materints.
(3) Gloves should be worn during operations in which contamination of the hands is

aossible.
(4) bo not pipette radioactive liquids by mouth.
(5) Store and transport radioactive materials in such a manner as to prevent breakage and

spillage.
(6) Use ventilation hoods or glove boxes if the radioactivity can become airbome.
(7) The individual (s) responsible for any contamination will be required to decontaminate

the area of concern under the supervision of the RSO.
(8) Regularly check your hands, clothing and shoes for contamination prior to leaving the

work area after working with radioactive material.
(9) Always dispose of radioactive waste in a radioactive waste container.
(10) Always wear your assigned film badge (s)

- (11) Women must receive a copy of the NRC Guide 8.13 renatal radiation exposure)
| and present a signed consent form to the principle inves gator.

RSO Services Offered to the Department of State Police Laboratory

' ' The RSO offers a wide range of services that include environmental monitoring, waste!

reduction and separation consultations, advice on shielding concerns, internal dosimetric
L cvaluation, and a wide selection of safety related materials and catalogues that an

investigator may find useful when designing or redesigning a radioisotope laboratory. The
RSO also keeps all pertinent historical records regarding radiation surveys and audits,
personnel momtoring and radioisotope purchases.'

| w
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RADIATION LABORATORIES ,

i

Laboratory Design and Equipment ;

Working with radioactive materials requires the use of specially designed laboratories and '

equipment. Smooth, continuous, non-absorbant surfaces such as stainless steel or.,

| linoleum are essential as base materials in a radiation work area. In areas where
contamination is likely those base materials should be covered with absorbent and

! disposabic material like polyback absorbant lab paper, Equipment such as glassware, tools, '

synnges, etc. used in the handling of radioactive materials should not be used for other !
!

work or allowed to leave the lab unless it can be shown that the equipment is free from
,

removable contamination. It is strongly recommended that a marked storage cabinet be|

used to store this type of equipment. Also, fume hoods with flow rates not less than 100
linear feet per minute should be used whenever working with radioactive materials where
the potential for vaporization / volatilization exists.

|

Monitoring Instruments

|Every laboratory using radioactive materials must possess or have availabic for immediate
use appropriate radiation monitoring equipment. This equi
order, cahbrated and looked at by the RSO once a year. pment must be in good workingResults of this calibration and,

'

examination will be forwarded on to the laboratory supervisor. Equipment that has not
! passed this annual examination must be removed from service until it is repaired or replaced

to the satisfaction of the Radiation Safety Officer.

Radiation Surveys
I

The Radiation Safety Officer or his designate will make surveys of the radioisotopei

labs.during and after each experimental procedure when radioisotopes are used. Written -
records will be maintained for inspection by the U,S. Nuclear Regulatory Commission.
Such things as inventory assessment, contamination control, personnel monitoring,
training and waste disposal methodology will be addresses during these surveys. Copies
of the results of these surveys will be maintained in a permanent file and a subsequent
inspection will be conducted in the event problems have been detected that need corrective
action. By doing this, the potential for internal contamination cab be evaluated and
addressed. When removable radioactivity. is found ' to occur, the area must be
decontaminated and then re-surveyed and documented. Table I lists the limits in which
removable radioactivity should not exceed. However, alldetectable levels of removable

! contamination should be removed whenever possible. It is understood that certain areas
L may be routinely contaminated, such as internal aarts of equipment and the inside areas of
| glassware, and that it may not be practical to clean these surfaces. If this occurs, signs'
| must be posted and protective clothing and gloves should be used when in contact with
) these areas.

y s
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Security of Radioactive Materials

Precautions must be taken to prevent the tampering of radioactive materials by unauthorized
personnel. This means that radioactive materials should be kept in locked containers or
rooms that are not readily accessible to unauthorized visitors. Any loss of radioactive -
materials must be reponed to the Radiation Safety Officer immediately.-

.

Disposalof RadioactiveWaste

All radioactive waste shall be separated from non-radioactive waste. Under no
circumstances is it permissible to dispose of any radioactive material into the non-
radioactive trash or into any drains. The issues of radioactive waste disposalis becoming
very complex due not only to the radioactive nature of the waste and its inherent disposal
problems, but also of recent concem is the chemical hazards associated with the same
waste. Hence,it is now possible to have not only radioactive waste, but hazardous waste
which is regulated differently. Essentially, all waste needs to be properly manifested
regarding not only the the isotope and activity, but also its contents and chemistry and/or
presence of biohazards.

.

RADIOLOGICALHEALTH EMERGENCIES

*

The term " radiological health emergency" applies to any incident where the use ofionizing
radiation might produce a significant radiation exposure or contamination to personnel or
work areas. In the event of a radiological health emergency, notify the Radiation Safety
Officer during normal work hours. If the accident occurs in the evening or on weekends,
call 0PERATIONS Ext 100mmediately. Your call will be directed to a radiation health
specialist who will need the following mformation in order to evaluate the seriousness of
the situation: What radionuclides are involved and what amount of activity has been
released? How many persons have been exposed? What chemical form is the radionuclide
in? Is it a gas or is it a liquid, a solvent, acid, base, carcinogen, etc.? Has the spill or
condition stabilized (exa2nple:is the building afire or is the source still leaking or is the spill

*

spreading)? In the event of serious injury due to exposure and/or contamination, an
ambulance may be dispatched at the discretion of the radiation safety specialist whereby
victims will be transponed to Sparrow Hospitalin Lansing, Michigan for treatment. Upon
arrival at Sparrow Hospital, the victims (s) will be met by appropriate radiation safety
personnel who will oversee the treatment and decontamination procedure.

9

Handling ofRadioactive Spills

In the event of a MINOR spill of radioactive material, the following procedure should be
followed:

(1) Notify all persons in the area that a spill has occurred.
(2) Prevent the spread by covering the spill,if necessary, with absorbant paper.
(3) Using disposable gloves, carefully fold up the the absorbant paper and pad and

deposit in an appropriated radioactive waste container,

i
j

|
-
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(4) Document spill in radiation survey log book and perform a follow up radiation survey |
using the appropriate monitoring equipment in order to evaluate the presence of ;

contamination on an individual's skin and clothing and on lab equipment. ;

(5) Report the incident to the Radiation Safety Officer Ext . 371 i

In the event of a MAJOR spill, the following procedure should be instituted: f
'

(1) Notify all penons in the area that a mCor spill has occurred and vacate the area.
(2) If possible, prevent the spreading of the radioactive material by usin g absorbant

'
.

paper. Do not attempt to e can it up. Confine all potentially contaminate (individuals
! m order to prevent the further spread of contamination.
| (3)' If possible, shleid the source, but only if it can be done without significantly

increasing your radiation er:osure.!

(4) Leave the affected room and lock the doors in order to prevent entry.
I~ (5) Call the Radiation Safety Officer ext 371 if incidents occur during normal work

hours. Call the Opera tions after normal hoursExt. 100
| (6) Remove all contaminated clothing and await instructions concerning clean u

- theRadiation Safety Officeror Office of Radiation, Chemical &p fromBio. Safety-
,

Michigan State Univ.
C-124 Engineering Research Bldg.
E. Lansing, MI 48824
(517) 355-0153

I
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APPENDIX A ,

RADIATION WORKER CONSENTFORM ..

Work in a laboratory where potentially hazardous materials and equipment could pose a
risk of illness or injuiy requires knowledge, skill and common sense in order to achieve
safe laboratory practice. Towards this end,it is critical that all workers in raGolsotope
laboratories avail themselves of a maximum of safety training and safety related
information.

,

I verify that I have had access to and/or have received the following safety information:'

(1)' RSO Radiation and Chemical Safety Training Class. ,

(2) Radiation Safety Certification Exammation
(3) Radiation Safety Manual ( _1988 Edition)
(4) Radiation Safety Study Guide ,

(5) NRC Reg. Guide 8.13 (Female Radiation Workers Only)
(6) Hazardous Waste Handling & Disposal Procedures

I have read and understand the written information listed above. I agree to comply with the
policies, procedures and practices delineated in the above documents to the best of my
ability,

l I understand d.at this statement does not negate any rights and responsibilities as set forth
in the Employee Rights and Responsibilities Handbook. I further understand that this!

statement of consent is required strictly as an acknowledgement of my responsibilities and '

that I have completed the reqr.isite training for my particular job description at Department '

of State Police.
,

(Principal Investigator Signature) ~ (Signature) .

| >

*
|

| ?
'

f
,

(Position /I'itic) ;

l .- 1

(Department)

j
j

(Date)
I

|
1
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RESULATORY GUIDE 8.13
(Task OP 0314)

INSTRUCTION CONCERNING PRENATAL RADIATION EXPOSURE

' A. INT 9tODUCTION - basis for this guide. The information colleetion
seguimments in <10 CFR Parts 19 and 20 have been

Section 19.12. "lastructions to Waskers," of 10 CFA cleased under OMB Clearance Nos. - 3150 0044 and
Part 19.."Notises, lastructions, and Reports to Workene; 3150 0014, respectively.
laspections," sequins that all individuals working in or
frequenting any portion of a :==*=*ad ares! be lastructed B. D68 CUSS 60N
in the health protection psobisms assoaisted with expo-
sure to radioeotive materials or sedistion,in pesonations It has been known alaen 1906 that cells that are divid-
or procedume to minhales empeone, and la the seguia- ing .ory rapidly and are undifferentiated la their structum
tions that they eso espected to observe. The pressat and function are generally moes esseltive to radiation. In

;
10 CFR Part* 20 " Standards for Protection Against the embryo stage, oous meet' both these critaria and -4

; Radiation," has no special limiit for esposure of the .thus would be espooted to be highly sonettive to radia- |
embryo / fetus.8 This guide describes the instructions as tion. Furthermore, there is direct evidence that the -i
employer shotid provide to workere and supervisose embryo /fotus is radiosensitive. . There is also evidence ;

ooneerains hianariant sinks to the embryo / fetus exposed that it is especially sensitive to certain radiation effects '

to radiation, a dose lhait for the embryo / fetus that is during certain periods after conooption, particularlya

under consideration, and eugestions for reducing radia- during the Bret 2 to 3 months after conception when a
tion exposure, wasman may not be aware that she is psegnant.

,

This regulatory guide takes into consideration a Section 20.104 of- 10 CFR Part 20 places different
.( proposed revision to 10 CFR Part 20, which lacorporates radiation dose limits on- workers who are minors than.' the radiation protectica guidance for the embryo / fetus on adult workers. Workers. under the age of 18 are

approved by the President in January 1987 (Ref.1). Ihnited to one tenth of the adult radiation does limits.
This revision to Part 20 was issued la January 1936 for However, the present NRC :=rul=*ia== do not establish
comment as a proposed rule. Comments on the guide as does lhaits spanifkally for the embryo / fetus,
it . pertains to t.he proposed Part 20 are encousaged. If
the new Part 20 is codified, this segulatory guide will The NRC's present limit on the radiation does that
be revised to conform to the new regulation and will can be received on the job is 1,250 millirems per
incorporats appropriate public. comments. quarter (3 months).3 Working minors (those under 18)

are limited to a dose equal to one-tenth that of adults,
Any information collection activities mentioned in 125 millimms per quarter. (See : $ 20.101 of 10 CFR

this regulatory guide are cont @d as seguirements in Part 20.)
10 CFR Parts 19 or 20, whkr provide the regulatory

Because of the sensitivity of the unborn child, the
a on M@n hchn and WasumI Reestated esos means any esos that has eenereRed asenes t

pseeeet amendosas som teins espesse so remessa and remesses,o ments (NCRP) has recommended that the dose equivalente
meansa.

Sg ,,,g ,,ger mesh the proposed verstales to le CFR Part 2e. 8The lindt is 3.ees mairess per quarter if the worker's oesape.
,an,o,ema en e.stryo/r$s,t.us.".i.s used thu6 thh da==ame to tiemel dess bestory is known and the overses does does not aussedterm "ee
e ses o e r. s,een naure m men.

UaNaC naSUI AToFt'GulDa8 The oulees e,e lesues to the following to. .,oes el.4sions

sethe$1s N C ete ,e t. some, nogeto.s

w.*4:;mnw' '"gfon.,*g,j",*J" o."t s c.?,,::em e u".m ,:.=*e=tp==m=mm p a a"_g. .roeucts

'"me"S*e",3 Lit ==:r'f., , A*M s. 2, 'A: 'A !L. a. ^.=L" *"* '"""'*' ""*"*
e

" 9"'"".,.o.m,,,' e .e:,v e.,b. i.se,,r.|WJ.re " " " ' ' ' " " " " "
E.TJ' V **t%'"' .=i 34'i,R' .'2'" !L*o". '".=j
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to the unbora chEd from - . '''- ' esposum of the tions about the riska of radiation exposwo to the

espectant mother be lindeed to 500 metroms for the embryo / fetus.

entire paganocy (Ret 2). The 1987 Preeldential smidanos The lastructions should be pressated both orauy
,

(Ref.1) specifies en effecthe does equhelsat limit of
la pelated fana, and the instructions abound include, as

l

,

'

500 miseens to the unborn ohed if the pregnancy has a mindmum, the information provided in Appendia Abeen declared by the mother; the geidamos also recoop
(lostructor's Guide) to this guide. ladividuals should be 4

mands that substantial vadations la the rate of espasse
given the opportually to ask questions and la tura ,

be avoided. The NRC (la i 20.208 of its ,;;;M revi-
should be questioned to determias whether they under. [sion to Past 20) has proposed adoption of the above '

etand the lastructices. An :- ;^"' method of enounns .
hadts om does and rate of esposwe. that the infonastion is understood is to give a shaple .!

#

la 1971, the NCRP cosamented on the : . - ' ' ~ ' written test covedas the material included in Appen-
dia 3 (Pregnant Weeker's Guide). This approach should i

esposure of fortue women (Ref.2) and suspected that higidight for instructees those parts of the instructionsfortue womes abould be sosployed oedy where the annual that cause diffloulties and thereby lead to appropriate - ;
,

dess would be unlikely to emosed 2 or 3 soms and would be
t=adibatiama la the instructional ourdeutum. |

accumulated at a mese or less steady rete, la 1977, the !

ICRP recommended that, when paganacy has been dGas- D. IRM.88tENTATION !

nosed, the woman week only whose it is unlikely t'at the
.

samuel does would anosed 0.30 of the does. equivalent Madt The purpose of this section is to provide information
!

of $ rems (Ref.3). In other words, the ICRP has reooat- to applicants and llosasses regarding the NRC staff's
>

mended that pregnant women not wask where the sasual
pleas for uslag this regulatory guide.

<

does might sansed 1.5 rom. !

C. R800LATORY POSITION
Except in thces cases in .which an applicant or

. .

iliosasse proposes an acceptable alternative method for -
~ .omplying with specified portions of the Comausanon's .

lastructions on radiation risks should .be provided t

to workers, laciuding supervisoas, la nocordamos with . - - " ^ ' = . the NRC wGI use 'the material described
,

in this guide to evaluate the instructional prograra ;

{ 19.12 of 10 CFR Part IP befoes they are aBowed to |
work in a restdcted area. In providing lastructions on pressated to individuals, including supervisors, working- .
radistica risks, employers should laclude specific instrus- in or frequenting any portion of a restricts:1 area.

|
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APPENDlX A

INSTRUCTOR'8 GUIDE

EPPECTS ON THE ERgBRYO/PETUS OF EXPOSURE TO RADIATIM
.

AND OTHER ENVIRONR4 ENTAL. HAZARDS =

In order to decide whether to continue working excess cases of small head size was 5 per thousand; at 8 =
while exposed to ionizing radiation during her pres- to 11 weeks, it was 9 per thousand (Ref. 7).
nancy, a woman should undermand the potential effects ~

on an embryo / fetus, including thoes that may be pro- In another study, the highest risk of mental retards-
duced by various environmental riska such as smoking tion occurred during the g to 15 week period after
and drinking. This wiD apow her to compare these risks conception (Ref. 8). A recent EPA study (Ref.16) has

,

with those produced by exposure to ionising radiation. calculated that excess cases of mental retardation per
live birth lie between 0.5 and 4 per thousand per red.

..

-

-

Table I provides information on the potential effects
-

-

resulting from exposure of an embryo /fotus to radiation 1.3 Genetic Effects
and nonradiation risks. The second column gives the

_

rate at which the effect is produced by natural carese Radiation induuod genetic effects have not been observed
in terms of the number per thousand cessa. The fourth to date in humans. The largest source of material for
column gives the number of additional effects per genetic studies involves the survivors of Hirosidma and
thousand os es believed to be produced by exposure to Nagasaki, but the 77,000 births that occurred among

_the specified amount of the risk factor. the survivors showed no evidence of genetic effects. For =

dosse received by the pregnant worker in the course of -

The following section discusses the studies from employment considered in this guide, the does tsceived
which the information in Table I was derived. The by the embryo / fetus apparently would have e negligible -

results of exposure of the embryo / fetus to the risk effect on descendants (Refa.17 and 18).
a tors and the dependence on the amount of theh exposure are explained. 2. NONRADIATION RISKSg,,

1. RADIATION RISKS 2.1 Occupation
~

1.1 Childhood Cancer A recent study (Ref. 9) involving the birth rNords of -

130,000 chlMren in the State of Washingtor intacit s
Numerous studies of radiationinduced cididhood cas. car that the risk of death to the u.1 born child is mhtM t s

have been performed, but a number of them are con- the occupation r+f the mother, Worters in tSe :.,e:a4 -

troversial, ne National Academy of 56sace (NAS) REIR industry, the chemical mdustry, mediotl to:hnom the =

report reevaluated the data from thues studies and even wood industry, the textile industry, and farms exnhted
reanalyzed the results. Some of th3 strongset napport for stillbirths or spontaneous abortions st a rats of 90 per ]a causal relationahlp is provided by twin data from the th. . sand above that of worksrs in the contrel grour) qOxford survey (Ref. 4). For raaternal radiation 6caos of which consisted of workers in several otbet in mstritt g1,000 mDlirems, the excess number of deaths (above those

occurrms from natural ==a) was found to be 0.6 2.2 Alcohol
.

*

death per thousand children (Ref. 4).
k

it has been recogMred since ancient times that tico-
1.2 Mental Retardation and Aboormal Ssaannese of the hM esasuntraion had an offect on the unborn child. Cu. '

Head (Microcephaly) thapinten law forbade the consumrtion of wine oti the H
_

wedding night so that a defecdv child nught not be i
Studies of Japanese chDdren who were exposed whue in conceived. Recent studies havt indlested that small j I

the womb to the atomic bomb radiation at H!roeluma and amounts of akohol consumption have only the rninor JNagnanH have shown evidence of both small head size and effect of reducir3 the bir'.h reir,ht alightly, but when 2
mental retardation. Most of the children were exposed to consumption increases to 2 te 4 drinks par day, a 7at. Qradiation doses in the range of 1 to 50 rada. The impor- tern of abnormalities called the fetal alcohol syndre>=ne ;tance of the most recent study lies in the fact that (FAS) begins to appear (Ref.11). TW synd:oiac censii44 -

investigators were able to show that the gestational age of reduced growth in the unbora child, 'aulty brain ano-
(age of the embryo / fetus after conception) at the time the tion, and abnormal facial featurss. Thare is a syndrome

4 chudren were exposed was a critical factor (Ref. 7). The that has the same symptoms as full-blown FAS that
approximate risk of small h1ad size as a function of occurs in children born to mothers who have notgestational age is shown in Table 1. For a radiation does consumed alcohol. This naturally occurring syndrome
of 1,000 millirems at 4 to 7 weekr, after conception, the occurs in about I to 2 cases per thousand (Ref.10).
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TABL81

EPPSCTS OF RISK FACTOR 8 ON PRE 986ANCY OUTCOSIE

' Number Occurring Excess Occurrences
Effect from Netwn!Causes Risk Factor from Risk Factor

RADIATION RISR8

Chadhood Caneer

Cancer death in chGdren - 1.4 per thoussed Radiation dose of 1000 millirems 0.6 per thousand
(Ref. $) received before birth (Ref. 4)

Abnormalities
.

Radiation does of 1000 millireds
received during specific periods
after conception:

Small head eine 40 per thousand 4-7 weeks after conception 5 per thousand
(Ref. 6) (Ref. 7)

Small head size 40 per thousand 8.!! weeks after conception 9 per thousand
(Ref. 6) (Ref.7)

Mental retardation 4 per thousand Radiation does of 1000 millirade 4 per thousand.

(Ref. 8) received 8 to !$ weeks aftit (Ref. 8)
conception

NONRADIATION RISR8

Ooompetion

StH1 birth or spontaneous. 200 per thousand Work in high risk occupations 90 per thousandabortion (Ref. 9) (see text) (Ref. 9) :

Alcohol Coesumption (see text)-

7cttl thebol syndrome I to 2 per thousand 2 4 drinks per day 100 per thousand
(Ref.10) (Ref. I1)

Fvtal alcohol syndrome I to 2 per thousand More than 4 drinks per day 200 per thousand
(Ref.10) (Ref. I1)

Fetal alcohol syndome I to 2 per thousand Chronic alcoholic (more than 350 per thousand*

(Ref.10) 10 drinks per day) (Ref.1P
Peranstalinfant death 23 per thousand Chronic alcoholic (more than 170 per thousand
(s'ound the time of bEh) (Refs.13,14) 10 drinks per day) (Ref.15)

,

;

Smoking

Perinstaunfut death 23 per thousand Less than 1 pack per day 5 per thousand .
(Refs.13.14) (Ref.13)

Perinata' infant death 23 per thousand One pack or more per day 10 per thousand
(Refs.13,14) (Ret.13)

o

,
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For mothers who consune 2 to 4 drinks per day, thousand f er mothers who smoke one or more packs
the escoes occurrences number about 100 per thoussad; per day (Ref.13). Jand for thoes who sonates more than 4 drinks per
day, excess occurrences number 200 per thouanad. 2.4 * =aa8 -

' The most sensitive period for this effect of alcohol i

appears to be the first few weeks after conception, Numerous other risks affect the embryo /fotus, only a |
before the mother 40 be realines she is pregnant (Refa.10 few of which are touched upon here. Most people are :

and II). Also,17% or 170 per thousand of the embryo / familiar with the drug thalidomide (a sedative given to f
fetuses of chronic alcoholios develop FAS and die before some pregnant women), which causes children to be i

birth (Ref.15). FAS was first identified la 1973 in the born with missing limbs, and the more recent use of the
United States where less than fullblown effects of the drug diethylstilbestrol (DRS), a synthetic estrogen given |

syndreme are now referred to as fetal alcohol effects to some women to treat menstrual disorders, which i

(FAE) (Ref.12). Produced vaginal cancers in the daughters born to ,

women who took the drug. IJving at high altitudes also
2.3 Smoldes gives rise to an increase in the number of low-birth-weight

children born, while an increase in Down's Syndrome
Smoking during preganacy amuses reduced birth (mongolism) occurs la children born to mothers who are

weights in babies amounting to 5 to 9 ounces on the over 35 years of age. The rapid powth in the ese of ,

average. In addition, there is an lamessed risk of $ ultrasound in recent years has sparked an ongoing
'

infant deaths per thousnad for mothers who smoke lavestigation into the sinks of using ultrasound for
less than one pack per day and 10 infant deaths per diagnostic procedusse (Ret 19).

;

) Th -
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|

|
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APPENOlX 8

i PREGNANT WORKER'S GulDE
!

j- POSSitLE HEALTH Ml8K8 TO CHILDREN OP WOWN WHO ARE ;

| EXPOSED TO RADIATlON DURING PREGNANCY j

i,

| During pregnancy, you should be aware of things in X Ray Procedure Averase Dose' i

your surroundings or in your style of Efe that could |
affect your unborn child. For those of you who work Normal chest examination 10 millirem {in or visit areas designated as Restricted Areas (where Normal dental ====iastion 10 milhrem ;
access is controDed to protect individuals from being Rib case examination 140 millirem t
exposed to radiation and radioactive materials), it is Gan bladder examination 170 minirem !
desirable that you understand the biological risks' of Benum enema examination 500 millirem !
racistion to your unborn chud. Pelvic exa-la=*ian 600 minirem

|
t

Everyone is exposed daDy to various kinds of radia- 5.veressione by e teeter of (above end below) are not unneuat
tion: heat, light, ultraviolet, microwave, ionizing, and so - i

on. For the purposes of this guide, only ionizing radia- |tion (such as r rays, -samma rays, neutrons, and other
high speed atomic particles) is considered. Actually, NRC POSITION '

everything is radioactive and all human activities involve
exposure to radiation. People are exposed to different NRC regulations and guidance are based on thi

;amounts of natural "backstound" lonizing radiation conservative assumption that sny amount of radiation '

depending on where they live. Redon gas in homes is a no matter how small, can have a harmful effect on at
problem of growing concern. Background radiation comes adult, chud, or unborn child. Thas assumption is said tc .

from three sources: be conservative because uere are no data showing II !
Average effects from small dosos, the National Academy of !

Annual Done Sciences recently axpressed " uncertainty as to whether a !
Terrestral . radiation from scil does of, say, I rad would have any effect at all? '

and rocks 50 millirem Although it is known that the unborn child is mort |
Cosmic . radiation from outer sensitive to radiation than adults, particularly during j

space 4.c 'sillirem certain stages of development, the NRC has not estat> !

Radioacthaty normally found lished a special dose limit for protection of the unbors {
within the human body 25 minirem chGd. Such a Emit could result in job discrimination for i

women of child-bearing asc and perhaps in the invasion .

-

i 125 millirem * of pdvocy (if pregnancy tests were required) if a sepa- i
Dosage raner (geographic and rate regulatory dose limit were specified for the unbors j,

! other factors) 75 to 5,000 minirem child. Therefore, the NRC has taken the position that i

special protection of the unborn child should be volun- |

The first two of these sources expose the body from tary and should be based ou decisions made by workers i
the outside, and the last one exposes it from the inside, and employers who are well informed about the risks
The average person is thus exposed to a total dose of involved,

tabout 125 millirems per year from natural background
i

radiation. For the NRC position to be effective, it is important ;

that both the employee and the employer understand
In addition to exposure _ frota normal background the risk to the unborn child fro.n radiation received as

radiation, medical procedures may' contribute to the a result of the occupati6nal exposure of the mother. !

dose people receive. The following table lists the average This document tries to explain the risk as clearly as _ |doses received by the bone marrow (the blood-forming possible and to compare it with othat risks to the
cells) from different medical applications. unborn child during pregnancy. It is hoped this will j.

*Radiestos deses to sids da-== are damershed in two derresent help pregnant employees balance the risk to the unborn
t

unism. The red is a measure of the amount of essesy absorted in e - child against the benefits of employment to decide if '

"'"'" E #troan M Y o!"re" d **'m*e*r n"e"el N the risk is worth taking. This document also discusses
i meet g g esg e ,m g y ,,ti g ,t, hat m n,,e ,os,g g methods of keeping the dose, and therefore the risk, to j

tg g,g
l. to of a red and a sesa,sempestevoir. the unborn chud as low as is reasonably achievable.

;

I
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RADIATION 000E L40AIT8 dures to unit the does to the 500 mdlirem reconunended
limit,

The NRC's pseemt Matt on the radiation does that can
be received on the job b 1,250 mamrome per quarter (3 It h important that the employee inform the
months).* Working minces (theos under 18) are Haitad to a employer of her condition as soon as she reauses she is
does equal to cas tenth that of adaks,125 miEreme per pregnant if the does to the unborn child is to be
quarter.(See i 20.101 of 10 CFR Part 20.) minimired.

Because of the sensitivity of the unborn child, the National INTERNAL HAZARDS
Council on Radiation Protection and Measuressents(NCRP)
has reco==aadad that the dose NJ "" to the unborn This document has been directed prunaruy toward a
chad from occupational expoems of the espectant mother d'am- of radiation doses roosived from sources outside
be limited to 500 maltrans for the eethe pseganacy (Ref. 2). the body. Workers should also be aware.that there is a
The 1987 Presuleatial guidense (Ref.1) specifies an effective risk of radioactive material entering the body in work-
does equivalent ihait of $00 miWreas to the unborn childif places where unsealed radioactive materialis used. Nuclear
the prest.ancy has been dealerod by the mother;the pidaara medicine c2inics, laboratories, and certain wanufacturers
also recommeads that sabotential variations la the rate of use radioactive material in bulk form, often as a liquid or a ,

'

exposure be avoided. The NRC Qa } 20.208 ofits proposed gas. A list of the commonly used materials and safety
revision to Part 20) has proposed adoption of the above precautions for each is beyond the scope of this document,
limits on does and rate of exposure. but certain gaaeral precautions might include the following: .

<

ADVICE POR EhPLOYRE AND ERAPLOYER 1. Do not smoke, est, drink, or apply cosmetics
around radioactive material

Although the riska to the unborn child are smau under
normal working conditions, it is stG1 advisable to limit the 2. Do not pipette solutions by mouth,
radiation dose from occupational exposure to no more than
500 minireme for the total pregnancy. Employee and 3. Uso disposable gloves whDe handling radioactive
senployer should week together to decide the best method material when feasible.
for accomplialung this goal Some methods that might be

9 used include reducing the time spent in radiation areas,
4. Wash hands after working around radioactive

worring some =hialding over the abdominal area, and keeping material
an extra di=emar= from radiation sources when possible. The

.

i<

employer or health phyacist wG1 be able to estimate the $. Wear lab costs or other protective clothing when-
probable does to the unborn chud during the normalnine- over there is a possibility of spills,
month pregnancy period and to inform the employee of the
amount. If the predicted does exceeds 500 minirems, the Remember that the employer is requhed to have
employee and employer should work out schedules or proco- demonstrated that it will have safe procedures and

practices before the NRC issues it a license to use
radioactive material Workers are urged to follow estab.
lished procedures and consult the employer's radiation

, Tim uses y muereas per e afg safety officer or health physicist whenever problems or,
s.ooo manoes par year. questions arise.

,

j

9
,

..
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1. TYPES OF IONIZING RADI ATION
.

cs

Beta Radiation
*

A beta particle is an electron emitted by an unstable nucleus'

;in which a neutron is transformed spontaneously into a proton. Beta
' W.i

:. .

rays s.re typically emitted with energies ranging up to about 2 HeV ?.
.

which implies that its range in aluminum is less than 1/8 inch;.

.Therefore, an aluminum shield can be used to discriminate between
- *

nbeta and gamma rays emitted into a G-H detector.
Beta radiation loses energy readily to atomic electrons as $ -

, it passes through matter, and can eventually stop if the absorber is $yi
' thick enough. X-rays can be produced when high speed electrons are

*

,

ig:slowed down rapidly by striking a target. When beta radiation from a @,Q
radioactive source impinges on a shielding material, this kind-of X- L-ray, called bremsstrahlung, is produced. The efficiency.of this
process is greater for shielding material of high atomic number. This ;m.

4

is the reason for using low atomic number materials such as Lucitefor shiciding beta sources. .

.

'

" Beta plus" or positron radiation results from transformation
of a proton into a neutron by the same nuclear process. Positrons

*' '

*

are detected as 511 kev gamma rays because they combine readily' with
electrons and annihilate each other.

~ Gamma and X- Radiation '
.

j

Gamma rays are photons with well-defined energies which are
'

emitted by nuclei undergoing radioactive decay. X-rays are photons
-

emitted by atomic electrons which have been perturbed from their 1p '

-

. normal orbits around the nucleus by some disturbance (for example the
'

4;
change in the charge of the nucleus caused by radioactive decay). X-
and , gamma rays havi.1g energy below S HeV are absorbed or scattered by
atomic electro.ns through the processes called the photoelectic effectand Compton scattering.

'wAt higher energies, the pair productioh
process becomes the dominant way photons are absorbed. Considering' 'fg,

!
cll three processes, the most effective shielding materials are those ~ S

I ~;
-with a high density of electrons, which are elements of high atomic el' ,
number and high density, such as lead. Remernber, anything works if it

'

is thick enough. Space and cost are typically ma.}or concerns when S. '

selecting shielding material. 4
?

Alpha Radiation 9:*
.

Alpha particle , are helium nuclei emitted from heavy nuclei
.

(greater than a mass of 210) which has undergone decay and have at.
''

'

energy ranging from 14 HeV to 9 HeV. The range of an alpha part.icle is '+.

very small and therefore, a sheet of paper or even' the dead skin; .;

layer of the body can readily shield these particles.
~J

Since alpha par ticles deposit their energy in a small regionaround the source, they therefore can be more dangerous than other
radionuclides if the radiation gets uthi" the body as the internal '

.t

.
-

4
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._ organs of the body have' no protective dead skin layer,' and small'
portions of the body can receive high radiation doses once- these
ma,torials are incorporated- into . specific organ structures such as

.

one.
-

Neutron Radiation .
_,

Heutrons are' produced by nuclear. reactions. Since neutrons are
not charged they penetrate shielding more easily than alpha and beta

, rays. Heutrons are not emitted by most radioactive sources except for
the nuclides which decay by spontaneous- fission, such as-

52 '

00'
'(californium), an1 alpha emitting sources like radium or plutonium,in.combination with beryllium. ,

.

, Heutrons lose energy ma. inly by collisions.with nuclei, not. by
. . '

,

' collisions with atomic electrons, land this ' collision probability
, decreases when the neutron energy. increases. When a neutron scatters .,

!o.ft a nucleus it gives up someLof its energy to the targ t.

- e nucleus. ,

\The maxirnum energy transfer occurs when the target nucleus .has the
same mass as: the' neutron. This 'is why paraffin or other substances

. that contain. hydrogen are_ sometimes used(in shie'iding neutron
. .

,

sources. Certain elements,- such as boron .and cadmium, also have .
-

.especially large nuclear cross sections for capture of very low
energy neutrons. Heutron' shields containing hydrogen (which lowers;
the energy) and boron (which captures the" low-energy neutrons) can beuseful in shielding small sources.

.

Questions for Review.
1) Name T types of ionizing radiation.

~
'

.

2) What pro ~ cess produces neutron radiation?
.

.

3) Hou would you. shield a low energy neutron beana '

4)' What materiai is used to shield sources of ymma rays?
..

What'precaution should be taken when shielding a gqws aource that also
'

. emits betas?
. .

5) Under what circumstances would exposure to alpha radiation _NOT be:
.

. harmful to the body? *

considered especially hazardous. Radionuclides that. emit alpha particles, are'

Explain this.
9

.

.

%

i
>

.
.

J
2
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2. SHIELDIl4G PRIl4CIPLES AND METHODS
.

Distance.

The inverse square. law applies for point sources of radiation'(in a-vacuum, i.e.' neglect.ing attenuation by any rnaterial traversed.

lby the radiation). The source or radiation can be regarded as the
'

icenter of' a sphere from which many radii (rays) emerge. Radiation 1s-
.

,

,M[ characterized by rays, that ;is,. particles' emitted from the source9, move on straight lines. ,_ f
,)I '' ,';F IT.the radiation intensity -(or dose rate) is measured at a '

.. -

.

, t point whose distance from the. source is.kriown, the intensity (or dose,

,... rate) at- any other distance Trom the. source can be calculated from
'

,

pthefinverse square law, expressed by the following equation:
-

^d.

.

;
d'M'2 ' 27,, -D R =D N2 ' "h'#*
IO

G*j 3 2
. ,

,

. .

D is the dose, rate at' distance R ; and
..

'
'"j '

g ,

D is the dose rate:at distance''R '2 2 '

.

In practice, the inverse , square law is a good approximation
only uhen the distance R from source to detector is much larger that,1 -
the dimensions or both the source and the detector. - - '

Example: The dose rate of gamma rays from a OCo source is measured
to be 7.0 mR/hr at a distance of 30 cm. What is the dose rate at 90 ,

-cm?

70 x (30)2 =D x (90)2 -

2
'

:

D2 = 7.8 mR/hr '
. <

, Absorber .

-
.

Any material object that interacts with and reduces the amobnt. C
7 '

. 00 radiation is called an absorber.
Eradia tion. - It ab'sorbs energy from the '

*
*

Certain radiations (neutrons and gamma rays) are af tenuated
-

^ 4'fpxponentially with respect to absorber thickness. ' For. these the;" hair-value-layer"' is a useral concept. The hair value layer is the .(.
'

- '

2

( thickness or ' shielding requin 4 to reduce the radiation levels to one - "
.. half ~or the original intensity. The half value layer. depends on' the

'
,

, article energy, type or r'adiation and-on the material proporties or
'p '

'the absorber .

Example: The hair value layer for 0.5 HeV gamma rays absorbed
in lead is~ 0.110 cm. Ilou thick must the walls or a
lead container be to reduce the gamma radiation from a

.

.

source or 0.5 HeV gamma rays to 1/16 'or the unshieldedintensity?
'

.
~

3

.

y..

t

.

- Q:



m -.
1 7 q

> -.

.. -'' : -o
*,

Answer: '1/16 = 1/2 x 1/2 x 1/2 x 1/2, so 4 half value
-.,

layers are needed. Wall thickness required is 4 x0.4 cm, ' or 1.6 cm. .

.

' Half Value Layers (in em)
for Gammas and X-Radiation in Selected _Materials

0Energy Lead Iron Alumi-- Water Air # Stone . ,

e(HeV) num . concrete .-
'.

^% {- tJ03 .16 .85 2.46 5.82 5.13 2.76
p ,-.

O.5 . 4 0. 1.06 2.94- 7.53 .6.24 3.39
'

'

,.

.1.0 .82 1.4 7 '. 4.22 9.76' 8.45 4.65 -

a

1.5 1.17 1.83 5.06- 12.16- 10.34 5.72 0-
,

2.0 1.36 2.07 6.19. 13.86 12.38 6. 66.- )

'

' .
*-

~2.5 1.44- 2.29. 6.79- 15.75 3.86 Sr:,13.0 1.47- 2.48 .7.37 - 17.77 15.07 8.15 g.. mp
Density (g/cc) 11.35 7.86 . 2. 82' '1.0 .00129. 2.35 R/

mp -

- *
.

* multiply tiy 1000- ,.,
.-4

,

.', .

Ref.-
" Health Physics and Radiological Health Handbook", B. Shleien -.

.

= '

.

and M.S. Terpilak '

eds., Nucleon Lectern Associates (1984) 133g

'- -

Absorbed Dose '

.

radiation intensity and the time.of exposure:The dose of radiation absorbed by - the ' body depends- on
,

.

Dose = Dose rate x time,
,

'

Example:' If the daily dose ~ limit is 100 mrem,' the time that a
s

worker may remain in a 1.5 rem /hr, radiation field is: .

s

0.10 rem / 1.5 rem /hr = 0.067 br,1.e. 4;0 min.'
.

.

-
'

' {, ..
'

,

. Range
.

~.
,

..

This term applies 'to charged particles in; bome absorber. The
range is the distance traveled by the particle in the absorber as it ,'

' slows down from its initial energy to zero energy. The range' depends4|;. '

.

on the particle 9harge, mass and energy, and on absorber properties ;;c T,

(mainly electron density). Note that the ' range of .5 heV alpha '!i ,

'

particles -(typical for alpha-emitting radionuclides) is 3.7 cm in.
, .

r!C,

r, ,Gir.
.

+

-[
-

Radioactive Decay . )'

Each radionuclide decays with a charateristic' physical- half-
life, defined as the time required for one half of the. nuclei in a

.

-

Dample to decay. The probability per- unit time that any particular- ~,. !

:

nucleus
in the sample will undergo radioactive disintegration is !

4

.

-

- _.J
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constant. The activity (disintegrations per unit time) is4

proportional to the number of radioactive atoms in the sample. This,

implies that the dose rate will decrease with time.
If the activity of a substance having half life T is measured

to'bc A at some initial time, the activity af ter a time
,t.,, has

olapsed is an exponential function which may be written as follows:

A = A, e-(0.SM) .

,

Summary .;. ' .

1) Increa'se distance from source whenever possible (e.g. crec't
.

*

fences and warning signs). '

2.) Hinimize working time near the source. .

3.) For charged particles (alpha and beta) -- use absorber ; '. '

thicker than the range of the particle to completely absorb the
'-

particles,
.' w'

4.) For X- or gamma rays -- determine.the - required thickness .

of lead or other suitabic shiciding either by experiment or. by ,
-

calculating with a table of half-value layers'(or equivalent data,
'

, .

such as mass attenuation coefficient).
S'.) For neutrons -- similar to 4), except concrete and iron

are better absorbers of fast neutrons than lead. I
*

*

'
'

_ Questions for Review "

.

1) A beam of neutrons is attenuated by placing a steel plate in the
, ,

beam. Without the plate present the flux of neutrons is 2000 .

neutrons /sq cm/s.
reduced to 500 neutro'ns/sq cm/s.With a 2-inch thick plate in the beam the~ flux is

a) What is the " half value layer" in steel for neutrons of the
-

energy found in this beam?
b) Using the answer from part (a) calculate the flux that will . -

be measured when a 4-inch thick plate is placed in the beam.. ,

2) What materials are especially effective at absorbing very low.

'

energy (thermal) neutrons? 4 -

-

3) What factors can be used to control the dose of radiatiby the body when working with ' adioactive material? on absorbed *

r !
*

s

4) What is the definition of " range"?
- <

5) For which of th'e following radiations can a range in aluminum be '

determined? '

.

'
*

, ,

Energy Radiation .
'

1. 5 HeV alpha particles
.

2 1.2 HeV beta particles
3. 1.2 HeV .gamma rays
4 3.5 MeV neutrons

.

.

.

,
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6)}The activity of a pui'e radioactive source or M.Cu (beta and -.Eamma,

. . . ..

emitter, hair life -12.711 h) 'is measured ' at time.b to be 6 x 106,

3,

disintegrations- per second; . What.will the a'ctivity be 38 hours.

later? At time E the radiation: dose rate'is measured'to be'16 mrem /h
~

at'.afcertain. distance from the source.. What' dose rate will . be
Jmeasured 38 h later.at. the.- same ~ d1'.tance?
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3. UNITS AND DEFINITIONS
,

L ' Contamination -

(1) radioactive rnaterial which is . inadvertently released.
'e

.

(2) . radioactive material in a form that makes it easily
transferrable onto or.into a person, creating an internal hazard.

'
.

.

Energy units .

..

'eV equals electron volt which is .the amount. of. potential an
,

.

electron has.
-

'

Hultiply HeV by 1.602 x 10'I3 to obtAin joules.
.' Hultiply joules by 1 x 10 to obtain ergs. '.-

7
.

,

+ .c.3,

' Quantity of radiation: ,' .'

._ Roentgen -- Amount of X- or gamma ra31ation that will produce ['''in air ions (of one sign) carrying a charge,of 2.58 x .' '

, .,

-

.

10 coulombs'per kilogram of air. In terms of energy', deposition in air this corresponds:to' depositing 8c.3
-

ergs /g in air. One roentgen (abbreviated .1 R) also '-
will deposit 96 erg /g in biological tissue.

'

particle flux --particles /sq. cm/second .

r

fluence -- number of particles per unit area of irradiated }

. surface, regardless of rate (example: neutrons /sq. em.

Absorbed dose: Energy deposited b/ radiation in an -absorber.

*

exposed to the radiation. -
.

1 gray = .) joule /kg = 100 rad .,

1 rad = 100 crg/g ,.- .
. .

Q_ uality factor - .The quality factor-Q is a' multiplier used to
.

.t, 7 ake into account the different ability of radiation types to cause
''

damage to biological systems. It is a pure number (dimensionless).
. .

y -
,

Examples of,Q values are the following:
' ' '

,
.

'

:. ~

Radiation type Q .

,
.

X, gamma, beta 1
,

slow neutroh 3 b
'

fas t ' neutron 10- .
,

alpha 20
,

'

:...

Dose equivalent -- Energy deposited in biological tissue
,

corrected for the ability of the particular type' of radiation to
'

cause biological damage. - Dose equivalent is the absorbed do.se of
gamma rays that would produco .the same biological effect as the
actual radiation used. There are two units for. dose equivalent in'

common use:.
i .

s

-

7

.

.
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sievert -- dose equivalent. [Sv) = Q x absorbed dose (Cy)
rem -- dose equivalent,[ rem) = Q x absorbed dose [ rad). *

Dose rate .

1 Sv/hr is the same as 100 rem /hr
1 rem /hr is the same as- 10000 micro-Sv/hr-.

1 mrem /hr is 'the same as 10 micro-Sv/hr j,

I
.

% '

_ Activity -- Rate of nuclear disintegrations in a sample of
radioactive material. The following units are used to express -

_

..

activity: -.
.

. . -

disintegration / min.. . 4

1 bequerel = 1 disintegration /s t t,

n .

10|1 Curie = 3.70 x 10 disintegration /s
+ ''

.

b .D. .
'

.
.

~
,.;>;. -.

. .

Summary of SI units'(international standard)
I

' '

Heasured quantity Unit Abbreviation ' Definition- ;
'

1. Absorbed dose gray Gy ) joule /kg2. Dose equivalent sievert Sv Q x absorbed dose
. .

3. Activity bequerel Bq 1 disintegration./ s :
'

. .

b

Questions for Review i
'

*

,

1) Define absorbed dose, quality. factor and dose equivalent.
.

'

. 2) Suppose the radiation field of a. source of gamma' rays produces .1
-

i
.

'

: roentgen of gammas in 10 minutes in the air at a certain point in.
-

space.
,

a) What is the absorbed dose in the air at that poin't in a '10m.inute' exposure? -

b) If the air is replaced by biological . tissue, what is| t'hh
' '

,,

', ,

.cbsorbed dose in the tissue-in 10 minutes?
, '

,

c) What is the dose equivalent for the tissue in part b)?
*,x

'

3) A tumor is, irradiated with fast neutirons to an' absorbed dose of ' .M*
.

i
100 rads.

^'

What is' the dose' equivalent obtained by the tumor?
;

-

,

J)|A Pu-De neutron source has an emission rate of 727,000' neutrons'/s. 1

1-

. What is the flux (in neutrons /cm /s) at 2 meters distance?
.-

|

' 5)' Indium exposed 'to neutrons forms the radioactive I
in' nucleus

with half life 54.2 min. If the actt'vity or IN,

In in a sample is
' times have elapsed: initially 0.32 MBq, what will the. activity be af ter the followingI h? I day? 1 week? ,

i
!

8 !

;

i

. . .
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II. RADI ATION DETECTORS
Ion Chambers .

-4

An ion chamber consists of a negative and a positive electrode
in a chamber filled with gas (usually air). Sufficient voltage is'

cpplied to collect ion pairs.from the interaction of radiation with
.the gas. The collected charge and resulting current depends on the

1

*

cverage number of radiations, thus the exposure rate of. the chamber .

to ionizing radiation (compare this description to the. definition of' the roentgen).
~,

lon-chambers' measure exposure rates, for example, [
-

[ milliroentgen / hour. They should not be used for routine surveys to
-

detect radiation as other kinds of detectors are more sensitive.
-

.

.|Also, they must have thin wihdows to be resposive to betas, but the
. cap which covers the window.should be present to get the proper.

detector response to high energy gamma rays. Keep in mind that the' ' -

roentgen is ~ defined in terms of the ionizing effect of X- and gammaradiation on air.
'. n ..Celger-Hueller Counter -

.
' '

The GM counter fis constructed much like the' ion chamber except'
'

.

'
y

.that the voltage on th,e electrodes is high enough that all radiations- ,

produce essentially the same number of ion pa, irs, thus a large
current pulse. It is sensitive- to small amounts of alpha, beta, and
gamma radiation, and is used to detect the presence of radioactivity.
Only simple electronics are needed ' to read out the pulses. A- thin

.

window GM counter is less than 0.5% efficient for detecting gammas. .

'

and about 10% efficient for detec. ting betas. Depending on energy and
window thickness, alpha particles may' be detected within 1 or 2 cm of '

the alpha source. (.
.

A sheet of paper will absorb alphas and will transmit betas;
.

1/8 inch aluminum will stop many betas. These materials.are
,N , ~ convenient for distinguishing between the various- possible types of..

.

radiation detected by the G-H counter.
'

Sodium-lodide Detector
The NaI detector consists of a Na1 crystal coupled to a '

photomultiplier tube. The crystal produces scintillations of. lighb
,

. '

when irradiated with gammas or X-rays. The PM tube collects the light
*

.

end produces current pulses proportional to the radiation. energy-
- ,

.,

deposited in the crystal. A 2"x 2" NaI detector is about 25%
'

,

*

officient for detecting gamma rays greater than ll00HeV. For photons
'

.

less than 100 kev, a low energy gamma (i.EG) probe is best and has an
- ''

.

.

- efficiency of up t,o 50% for 125 4,,

1. For intermediate energies froin 100~

kev to 1100 KcV, D'a 1"x 1"
efficiency of about 25%. Nal detector preforms well with an

'

Alpha Particle Scintillation Probe .

This detector works like the Na1 detector except that a zinc \
. - +_

sulfide screen takes the place of the Nal crystal as the detector.
Alphas interacting with ZnS produce light, which is transmitted via a-
plastic light guide to a PH tube. This detector ~1s - about130110%.efficient for detecting 5 HeV alpha particles.

9

.

4
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Film Badges,

'~ ~

!The Landauer film badge has four thicknesses of' plastic, a '

'
ihole,'and a metal foil, all in front of film. From the response of

the film to the filtered radiation it is possible to distinguish
{between betas, gammas, and x-rays with some rough energy information.

The B1 series also contains a plastic chip -in. which neutrons will *

cause protons to recoil and thus ' ionize. The tracks of ionization
1damage can be observed after etching the chip. Film badges are

" permanent" records of radiation as they can be stored and reviewed j
~

ct some later date. They are' the most useful for legal records.
|

,-
,

Efficiency _ .
.

. '

<

i
-_

.

..
*

Efficiency = (counts / min.) / (disintegrations / min.) '

Efficiency is defined for. pulse-type detectors only',' that is, j
' .'-

detectors whose output is a pulse for each particle detected. It may
-be regarded as the fraction of particles counted' compared withithe-

' "'
,

'

total number emitted if the radionuclide being measured emits one- ,''

particle per _ disintegration. The definition.given above is used even ,

.

'

1when ' estimating the activity of sources of unknown composition. , . . ,

.i< jAs defined here, efficiency takes both detector sensitivity
-

'

'

,and source-detector geometry (solid' angle) ,into account. ;
,This '

implies that the position and si::e of the source will be preserved or i.-

*

reproduced when the detector is used to measure ' activity. Often the
.

,

efficiency is measured with the standard source in contact with the
.
'

detector face. -
-

<

<Survey Procedures

When_using monitoring instruments you should keep _the ,

following points in mind:
1) Take the response time of the instrument into account,. to.

.

-
_

avoid moving it too fast (about 0.5 inch /s suggested),-
2) Hold the detector close 'to the surface, on account of the . 2

'

tmall range of alpha and beta particles.
3) Distinguish. alpha, beta and gamma radiations,using

_

-

cppropriate detectors and absorbers.
,

,
_ ..

_ 0estions for ReviewQ
'

,

>
,

.

4,1) List the radi.ation detectors that would 'best detect the presence.
-

r

of each type of radiation: '

* '
t.

'
*

Neutrons -

,
. .

,

Alphas s ..
" 'Betas ,

,

-
,

Gammas ,

',,

. 2) What is the most efficient type of portable detector for gammas?
..

.

' 3) What is the most convenient detector for' measuring dose rate of '

gammas? Of neutrons? -

-

II) Which detectors are used to survey for low- level radioactive .

contamination?

.

11
.

.

.*

W
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a 5) Define: efficiency andclist the de' ectors in the- chapter to.- khich
-

t
~

''.the boncept:or erriciency. applies.; ,

,.1,,,
.

4' '

(6) shy are s~ome neutron detectors placed in' a cadmiu.m container?
.

What is the. purpose of the parartin surrounding the detector?
:
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5. OTHER HONITORING INSTRUMENTS
,

f Ratemeters

A ratemeter displays the number of pulses (" counts") per
minute corresponding to ionization events in the detector. .

. A
ratemeter is appropriate for use with GM counters, sodium iodide
detectors, alpha particle scintillat *on probes and neutron detectors.;It is not used with ion chambers.
'_ A ratemeter actually displays a time average counting rate.

cThe averaging time is typically selectable with a switch, e. g. 5 s -
-.

..or 11 s to reach 90 percent of- final reading. .

_Ratemetei readings are
cubject to statistical fluctuations because of random effects in the,

: detection process and in the radiation source. ,
-

-

1JScalers' 9

,

. A scaler registers the
~(" counts") regardless of the counting rate.-total number of detector, pulsesSome scalers are
icquipped with a clock that can automatically end the counting after a * *
preset time.

A s~caler can measure radiation intensity (counting
'-

rate) more precisely than a ratemeter because (1) the averaging time
can be made as long as desired, and (2) averaging over a longer time

'
.

. increases t.he statistical accuracy of the average counting rate
-

' measured by the scaler.
'

.

. Detector power supplies
,

..

Hany ratemeters and scalers designed for use with portable ,

detectors have a- detector power supp.ly built in. -The power supply
. voltage is regulated, and the voltage is adjustable (e.g. 0.5 to 1.5

*

kV).to match the requirement.s of the detector.
, ,

.

If an external Ivoltmeter is connected, it must have. a very high input resistance to
'

,_

. avoid overloading the power supply and thereby getting an inaccurate k

a voltage reading. For example, the output impedance of the detector q.

power' suppl!/ in a-Ludlum Model 3 portable ratemeter is 1 megohm.
. It

g

.Will overload on resistive loads below 60 megohms. The manufacturerrecommends using a voltage divider with -

-resistance, or an electrostatic voltmeter to measure the detector 1000 megohms input-

voltage.
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' MICillG AN; STATE UNIVERSITY>

, PHYSICAL PLANT DIY1510N ' LAST LANSING * MICHIGAN * 48824 1217
' POWIR AND WATER DEPARTMENT '

~

T.B. $1 MON POWER PLANT '

April 8, 1988

.Mrs.-E. Eaton
City of East: Lansing
Water Department-
East Lansing, MI 48824

Dear Mrs. Eaton:

Subj ect: VATER UTILIZATION REPORT-
1st. Quarter 1988

The -- following L tabulation summarizes total gallons of/ water pumpe.,6 by the-
University' Vater-System and also'the amount supplied to;various agencies by
the University.

JANUARY FEBRUARY MARCH
- {

TOTAL GALLONS SERVICE VATER-

UNIVERSITY WATER SYSTEM
Total gallons pumped: 90,339,000' 90,286'000 82,159,000,

TOTAL GALLONS SUPPLIED 1

<

STATE CONTROL LABORATORY ..'

Meter # 2708391 j.3( * * //50.TI 485,400 - 427,100-
544,000'.s ..-d . ', .

H.S.U. CREDIT UNION 4- <

Bldg. Meter # 109812813-3/-22, 34,'400 31,800- 38,900 '

-/-.- f'g . ,Irrigation Meter # 5247415 0 0 .0 -/,,

.'

STATE POLICE
.

Bldg. Meter # 5992318j'- .[F 3,155,000? 3,297,0004 3,560,000
(A,974'.[2 h ).

Sincerely yours,
~. ; 0 |g,

.

}_ '", =

b . :F K'avanagh ,Y
[,8Director

QTREPORT
c: N. E. : Cralg

file

.

p.no.e7a4 q
i. ,, ..s,-. a. .,r,.., c,,.... . , ,.. .,.. . + .

,

4 n;j-
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MICHIGAN STATE. UNIVERSITY

:PensicAt r: ANT oivisioN- JtAsT LANs No . xiancAN * 4H24120
POWIR AND WATER DEPARTMENT

T.B. slMON POWER PLANT

July:.13, 1988-

P

Mrs. E. Eaton
: City-of East Lansing
-Water Department
East-. Lansing, MI. 48824

Dear Mrs. Eaton:

.- Subj ect : ' WATER UTILIZATION REPORT
2nd.-Quarter-1988 .

The following tabulation -- summarizes total , gallons of L vater pumped ' by .; the
1 University Water-System and also~the amount supplied-to various~ agencies by:
the University.

.

APRIL 'MNY JUNE.

p
TOTAL GALLONS SERVICE WATER

UNIVERSITY WATER SYSTEM
Total gallons pumped: 94,405,000 -105,547,000 94,811,000

TOTAL GALLONS SUPPLIED

STATE' CONTROL LABORATORY
,,

Meter # 2708391 473,300 444,700:
488,200}.(4.}*-c'

'

M.S.U. CREDIT UNION
Bldg. Meter # 10981281- 64,600 53,200 92,8001/.90I '

,

Irrigation Meter # 5247415 0' 174',000. 310,1001 g. ',
.., j.

STATE = POLICE '
'

Bldg. Meter # 5992318 3,762,000 4,'448',000. 5,133,000'
...:.!i ;
.

rely yours, 'I'^~-

L
~ k , (QQ

R. L. Ellerhorst |
-

,

-l
QTREPORT ''

c: N. E. Craig
file

,i

.j
8

btwis en.gfie ari,, Action /Epslooto'tunitylNstitution '
.
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MICHIGAN STATE UNIVERSITY

PHUICAL PL ANT DIV1510N EAST LAN5ING * MICHIGIN * 49824 1217 .'

POWIR AND WATIR DEPARTMENT

g.$,i,
- T.S. SIMON POV IR PLANT

o
,

. c
gC October 20, 1988

f, ,
,

Mrs.:E..Eaton
. City of= East Lansing *

Water. Department
_ X

EastiLansing,:HI ~48824- .

. Dear Mrs. Eaton:
..

' Subj ect : WATER UTILIZATION REPORT'
3rd. Quarter 1988..

,

The following r tabulation summarizes total . gallons of ' water ' pumpe'd: by the;
University Water system and also.the amount supplied to various agencies-by
the. University.

JULY ' AUGUST SEPTEMBER
,

*i
TOTAL GALLONS SERVICE WATER- l'

UNIVERSITY WATER SYSTEM
.

. -)Total gallons pumped: 93,955,000 ~91,378,000 88,226,000~ !

TOTAL CALLONS SUPPLIED '.

.

STATE CONTROL 1ABORATORY
,

Meter # 2708391 672,'100 '877)400 653,'300 . '. I4 '-

g. .

, M.S.U. CREDIT UNIDN ", '

|- Bldg. Meter.#'10981281 84,700 64,300 48,700
,

~ 'l. j
'

|
p' , t' [I]J .i i

|- Irrigation Meter # 5247415 347,100 328,200 284',600
' ,; ,, 3. -,

i STATE POLICE g' . ,
-

-

Bldg.. Meter # 5992318 5,607,000 5,307,000.
4;398,000 ( '. ~j'3

'. T,

Sincerely yours, I

-( Y f,I[gt:
-tf \ b,.|QAST | ' '' :] }$~

.

R. L. E11erhorst j g)
.!

QTREPORT- |.
c: N. E. Craig j

ORCBS, K. Bronson
i

.

file-

f|I'
I

CQgB01. N0.87 2 8 5 j. .

i
.!

. M.fUis on Affirmative Action /Epsi Ottortunity lastitutio '

,
-

b
.
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MICHIG AN STATE UNIVER$1TY

PHYSICAL PLANT DIVislON EAST LANSLNG * MICHIGAN * 48828-1217,

*

POWER AND WATfR DEPARTMENT ~
T,B. SIMON POWER PLANT '

. January 23,- 1989

.
,

'

g* (,44
i

Mrs. E. Eaton. C>

;
City of East Lansing

-Water Department.
East Lansing,=MI ' 48824'

Dear Mrs.-Eaton:

' Subject: WATER UTILIZATION REPORT
4th. Quarter.1988 I

-

!

The followingi tabulation o summarizes totall .gallo'ns L of water 1 pumped' by ~ the : |

-

; University. Water System and also the amount. supplied'to'various agencies by: - '

&( the University.
,

OCTOBER. NOVEMBER -DECEMBER

TOTAL GALLONS SERVICE WATER

g UNIVERSITY WATER SYSTEM
Total gallons pumped: 101,003,000 87,469;000' 62,094,000=

TOTAL GALLONS SUPPLIED

STATE CONTROL LABORATORY
bMeter # 2708391 703,300 1620,100: 669,700;I[+,.,-

'

m
M.S.U. CREDIT UNION-
Bldg. Meter # 10981281 36,700 33,900 . .,33,000

Irrigation Meter #'-5247415 168,400f = . -
' h @g. b ' l

-

; --

STATE POLICE '
' Bldg. Meter # 5992318 3,729,000 '3,321,000- '3,601,000!

~

''

. g' -): '

cerely-yours,
,

. hWhk ..\Mk
R. L. E11erhorst '-

|}
'

i {1
QTREPORT
c; N. E. Craig,

.

-ORCBS, K. Bronson
D. Coon
file g$$

bl5 U is en Njirneatore Acts'on/Eg asal Opportannusy lostita,sion --,
_ , .

s

+
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" INTRODUCTION;
,

This Study Guide serves-as'a text'for the basic radiation protection
information, required for radiation workers.s -.This guide is offered to
satisfy State and Federal regulations requiring that individuals working -,

with radioactive materials' and' radiation producing machines' be 'adequatelyt i

trained. The practical problem. sets at the'end of each chapter'and their-
-detailed solutions also make-the Guide useful for,self-study in theJevent
-that participation in the formal course-is not possible..

The' concepts and ideas . presented'in the text require a working knowledge
of biology, phy' sics and advanced mathmatics. While the material ~is pre-
sented in its most basic fonn, undoubtedly some ambiguities will remain.
A biblography and an extensive = reference section _is provided for the in-
'terested student to further his or her education-in this' area.- ;

The Office of Radiation,[ Chemical and Biological Safety is available-to
answer any question or:to aid any user in the Radiation Science. field. {
We welcome all inquiries.and 'would appreciate comments and' suggestions -
on how to_ improve this' Study Guide..-

-

!

Note: The Study Guide is an adjunct to:the MSU Radiation Safety Manual.
<

Uall une Otrice of Radiation,_ Chemical and Biological Safety.
(5-0153 or 3-6675) to request copies.,
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CHAPTER I FUNDAMENTAL ~ RADIATION CONCEPTS.- ;
.

.

l. : The Radioactive Atom
.

All matter is composed'of, elements and all elements are composed of atoms.-.

The atom contains's nucleus consisting Lof protons and neutrons with1 electrons-
~

revolving in circular and eliptical orbics about the nucleus. . Electrons carry
- a negative charge, protons carry a positive charge, and= the neutrons have no''

' electrical charge. An atos normally has one electron in orbit for each proton
in the nucleus, leaving the atom: electrically neutral.

The atomic structure of_an element is-denoted as:-

A:

g
~ Z

where:
_

X is the chemical' symbol of the' element, *

Z is the atomic number, defined as.the number of protons _in the-
nuclous. This determines the chemical-identity of the.einme2t.

~~1 A is-the mass number. It-is the a m of the numbers of'procer. and
neutrons in the nucleus.:

'

A - Z gives the number of neutrons. An element'may have-d uferent

:
-

numbers of neutrons and- still be chemically. the - same..

Each individual-arrangement of protons and-neutrons is referred to'as'a'

. nuclide. Nuclides which. differ only in the number of < neutrons are called
imutopes. Thus, isotopes can-be defined-as a group of nuclides having:the',

same atomic number, but different atomic masses. Examples of isotopes of-
Hydrogen:'

1.
'

H Hydrogen

2
H

t
Deuteritan

-

3
H Trititan1

Moot nucliden are unstable or" radioactive''.- Radioactivity is defined te
the spontaneous' disintegration of unstable nuclei with the resulting emissica
of nuclear energy that results in the formation of new elements. Radioactive :,

nuclides attempt to reach stability by one or more ofi five-- (5). modes as -
outlined in the next section.

.

.

.1

-
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2. . Radioactive Decay Modes -

A) Alpha Decay ;|

i) Generalized Atomic' Equation:
q

.1

L A-4 '

# ""4He (HeMum Nucleus)g^ " Z-2 2,

1

occurs with Z > 82 -l
. i

-
'

'ii)', Reaction in Nucleus:

' '

Alpha particles are emitted when the neutron to proton ratio is too ' low.' . '

Sometimes the. nucleus, after entitting an alpha particle, is still lef t <in a
- semi-excited: state. To rid itself of excess enargy,'the nucleus emits gansas
rays'of energies corresponding to1 the differences between the excited state.

,

cnd the ground or, stable. state. Alpha particles are emitted with discrecei
Energies.. '

iii)- Specific Examples of Alpha Decay: |

N + 5.49 MeV a (85%) ' + 5.44 MeV a (13%) . + 7's3p~

Rn + . 4. 78 MeV c '(94. 3%) + - 4. 59 MeV a (5. 7%) + 7'sRa ~
88 86

'

B) Beta (B') Decay
.y

i

i) . Generalized Atomic Equation:

A
. X ~ g,, Y + S' + o v 'S" = electron emitted from nucleus'=

'

e

v - neutrino

,

ii) Reaction in Nucleus:d

.

|
''

When the neutron to proton' ratio is too high, a neutron de'ays.into a-c
proton and electron with the electron being ejected from the nucleus. Beta

~

pnrticles are unitted with a continuous energy spectrum up; to ;some maximum value.- W
,

Bata decay.is accompanied by a neutrino,-.a massless, chargelass particle in i

order to conserve energy. 1 Beta decay-is also' accompanied by the-emission of.
gansna rays when the nucleus is left in an semi-excited state following the - '

j emission of a beta particle. '

,

1' iii) Specific Examples of Beta Decay: J
3 -

s

1H- He + 0. 01% MeV S (100%) +e y
'

o .

I0 ~

N + 0.156 MeV S (100%) +OC - v6 7

,

!

131 131
Xe + 0.6 MeV S- (85%) 0. 315 'MeV S~ (25%) + 7 's + O

~

+7 v,

. '53 54 oy

* * ~2~- - -- -. -.- .

'
'

. .. -- . . . . _ . . , . , . . . . . . . . - . . . _ _ , - . _ .
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- C) Positron ([) Decay

1) Generalized Atomic Equation:;
I

h g,fY +[ +O [ = beta particle with a' positive -v
O charge = positron = 0,,

+1
11) Reaction in Nucleus:

'When the neutron.to proton ratio is too low and alpha decay is:not-

,

energetically possible, L the ~ nucleus emits a positron resulting from thef '

transfomation of s proton into a neutron. When the positron comes in
contact with a free electron, the two particles combine and are annihilated,
giving rise to two' gamma rays whose energies correspond to the rest mass.
equivalent of the particles ,(O.511 MeV/y).
by gamma and/or X-Ray. emission..

- Positron decay is also accompanied
.

iii)- Specific Examples of Positron Deccy:

'

2.22 MeV 0+ + 7'sNe F +-
3

tha ghe + 0.546 MeV [ + y's-

D) Electron Capture ,

1) Generalized Atomic' Equation:
.

A |X-Rays +8X + O Y +e vg g,g ,

-1
.

11) Reaction in Nucleus:

One of the orbital electrons-is captured by the nucleus and cciabines
with a proton to form a neutron. Electron capture competes .with positron
decay when there is a low neutron.to proton ratio.' If the atom is unable
to meet the energy requirements of positron decay,- then decay. occurs by -
electron capture. Whenever an atom decays by electron capture, X-Rays are
emitted that are characteristic of' the daughter nuclide; y-rays' may .also be emitted.

iii) Specific Examples.of Electron Capture:

'

Mn +}e- Cr + 0. 835 MeV X-Rays + v~.
,,

0. 035 MeV y-ray (6.67%) + X-Rays - + vI Te ++1,e -.

*
.

. .

1

.

'- 3 --
'
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- E) - Nuclear Transition-Gauma Ray Emissio_n i

.

1) Generalized Atomic Equation: -

excited nucleus '-. excited metastable nucleus - ground ' state nucleus

ii)' Reaction'in Nucleus::

Comma rays carry away the excess energy of a partially excited nucleus
following-particle' emission from an excited parent nucleus,

iii) ' Specific examples.of nuclear transition can-be seen from previous
examples of sipha,. beta , and positron decays.

3. The Radioactive Decay Ecuation -

-A radioactive nuclide' disintegrates or' decays spontaneously at a rate
d: spending on the-number of original atoms present and upon its decay constant,-

-lambda = (A). This constant, K, is defined as the instantaneous fraction of
~

.ctoms. decaying per unit tima.- Each radioactive nuclide has its own character-
istic decay constant. ,

The instantaneous time rate of change of the number.of atoms, N, for

e radionuclide is given by: .

g=-AN
dt

If ve started with N radioactive atoms at some time t = 0, the number of - .o
atoms present at. some other time N st can be obtained by integrating.

'

i

!

| g = - Adt

| N
l N t.g.

Adt i

N . pdN
'= -

o ,.

in -- -At
- o-

N -AtJ =e

N, .;

-AteNt.=No

The e' * term indicgtes that-the radioactive atoms decay exponentially.

This equation, N =N e is called the decay equation.
g o ,

.

.; .4r
~ .'. ,.-

_. __ -
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~ If we were to substitute into the decay- equation the time, . T. it takes-
'

for the reducation of a quantity of radioactive atoms to half of the original,.

,

we get:

1N *
T N,

-2
,

.

f N, = N,e' 1/2

. . .

f = e"AT1/2 -

.

in f = .-ATg in f = in 1 - ~ In 2;
'

in1=0
.

--In 2 = -A 71/2

T In 2 In 2 = 0.693/2 = |A
!

;

'.* A = 0.693

i . . . |Thus, the decay constant, A, can be calculated for any radioactive nuclide
!from its - half-life. ~

q,

4.- Radioactivity Units-
* *

. . '!
The instantaneous number of atoms, N, remaining at :a particular instant '

in time is.given by:

A =-A N

-!Where A is the activity, defined.as the instantaneous number of atoms' -Idecaying per: unit time. The' activity. determines the quantity of radioactive.' "imaterial-in a sample. The special unit for s' tivity is. called: the Curie (C1),e
and is based on the decay rate of l' gram of radium:: . ]

.
'

1 Curie' = 3.7-x 1010: disintegrations per second'(dps)-.

i

OR !
~'

12-

1 Curie =.2.22 x 10 disintegrations'per minute (dpm) !
,

''

j,

I
.

i

3

'

. -5- :

.1
. - - . 2-. , . ,
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Because the Curie is a very large quantity, fractions of the Curie are
often used:

,

1 millicurie = (mci) = ,2. 22 x 10' dpm = 10~3 Curies

6 -61 microcurie = (uci) = 2. 22 x 10 dpm = 10 Curies

31 nanocurie = (nci) = t.22 x 10 dpm = 10 Curies

1 picocurie = (pCi) = 2. 22 dpm = 10 Curies
--

Since radioactive material is measured in units of activity, the decay
equation now takes the form:

A - A, e' *
_

Where: A= Activity after some time t--

)

--- A, = Original activity of the sample

A = The radioactive decay constant equal to 0.693
1/2,

g t = Decay time
L '

Note - the decay time and half-life must be in the same units of time.
,

It should be mentioned that the International System (SI) of units has
defined the Becquerel (Bq) as the uut of activity, equal to 1 disintegration
per second. The Becquerel is already in use in some parts of the world and
will eventually replace the Curie.

5. Interactions of Radiations with Matter
\

Radiation interacting with matter can be either scattered or absorbed.
'Ihe mechanisms of the absorption of radiation is of interest because:
a) absorption in the body tissues may result in biological injury; b) absorp-
tion is the principle upon which detection of radiation is based; c) the:

degree of absorption is the primary factor in determining proper shielding
requirements.

- The transfer of energy from emitted radiations to matter occurs in two
major ways: ionizatioa and excitation.

-

Ionization: The process resulting in the removal of an electron from
an atom, leaving the atom with a net positive charge.

Excitation: Addition of energy to an atomic system, transferring it
- from the ground state to an excited state.

'

-

=-

- -6-

_
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j Radiation can be classified into two groups:

1) . Particulate radiation '(charged particles)'such as alpha and beta
particles ;, or

2) Electromagnetic radiation such as X or 'gansna rays.
.

A) Interaction of Charged Particles

All atoms are normally electrically neutral. When a charged particle,_

strikes an, orbital electron it ejects it from the atom, resulting in the
formation of an ion pair. Since the removal of the electron from the atom

. decreases theitotal number ~of negative' charges by one, it leaves the atom
with a net-positive charga. The ion pair consists of:

1) The positively charged atom

2) The'' negatively charged electron
.

. Such particles capable of creating ion pairs .in this manner are called
ionizing radiation.

|

The term used'to compare and relate the ionizing powers of different ;

types of charged particles is called the " specific ionization". Specific
ionization is defined as the number of ion pairs per unit path' length
formed by ionizing radiation in a medium: ' ,

.

j.

!
Specific ionization = #- of ion pairs- formed |

-

cm_of path

iThe specific ionization is dependent on-the-velocity of the charged
particle (and therefore its energy), and the density of the absorbing
material (the_ number of atoms available for ionization).

1) Alpha Particles.

An alpha particle is a helium nucleus stripped of its orbital electrons.
It is emitted' from a radioactive atom with a velocity of about 1/20 that of-

ithe speed of light and with energies ranging from 4 to 9 Mey. Alphas cause !ionizations .in matter when they are deflected by the positive charge of a - !

nucleus and pull the orbital electrons (attracted by the alpha's positive'
. :charge)'along with them. Alpha particles also_cause excitation along their
]

-

path by pulling inner orbital electrons'to outer orbits.. No ion pairits
formed,,but energy is lost from the alpha particle and added to'the' atom.'

|

,

The added energy is then given off by the atom as fluctrescent radiation or' t

low energy-X-Rays'when the electrons drop back down to_the inner orbital
vacancies.

Because of. its relatively large mass- (2 neutrons and 2 protons),' high "

electrical charge (2+) and low velocity, the specific ionization of an cipha-
:particle is very high. -That is, it creates many ion pairs in a very short t

path length.- Because of this, it loses all of its_ energy in a very short-

O dis'tance. The range.in air is only several centimeters even for the most
energetic. alpha particles.

d

-7-
- -

,

,,
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. Since: the alpha' particle has: a -very limited range in matter, it presents .;

' no' external radiation hazard: to man; Many alpha particles cannot penetratt.
"

'

the protective layer of skin. However, once inside.the body, surrounded by .

living tissue, damage will be = to. the local area in which the alpha emitter is ,

'
y deposited. Th.us, ' alpha emitters are-an internal hasard and intake to the
|' body. must be prevented.- (See Chapter IV,'? Radiation Protection Techniques"). 's

_

|

| 11) Beta Particles-
,

V . . .. . . .. ;

' Beta particles are emitted from the nucleus of a radioactive atom with a- ' ,
r-1| | wide range of energies up to some maximum value. When a. beta is emitted that

Lis below the maximum.value,,the. neutrino carries away the rest of the energy.
,

Beta particles, like alpha particles, ylose their energy' by ionization and
excitation, but bec'ause of their'small mass (1/7300 of an alpha) and lower "

: charge (1/2 of that'of an alpha)'the interactions take place at less frequent:
intervals. 'Therefore,.the beta particles do not produce as many ion pairs
per: centimeter. of path as alpha particles,- and thus, have a greater range in
matter. The beta particle's range in matter depends'on the: energy and the
composition of the material. (See Appendix II, " Penetration Ability of Beta
Radiation")..

.

. Beta particles can interact with a nucleus Jof an element and give rise to
- X-rays by .a method called Bremsstrahlung.: - Bremsstrahlung (German for " Breaking
Radiation") occurs when a high. speed beta particle approaches. the nucleus of
en atom. The electrical' interaction between the negative beta particle and
the positively charged- nucleus causes 'the' beta particle to be deflected from
its original path or stopped.all together. This stoppage or deflection results s

i- in a change in velocity of the beta particle with- the emission of X-rays of
various- energies.. The likelihood 'of Bremsstrahlung production increases with
increasing atomic number of the absorber. For this reason, beta shields are

L made from low atomic numbered. materials, like. aluminum or plastics. ;

..- .!
Beta particles require an energy of greater than 70 kev to penetrate the

''

t protective layer of the skin,' and thus, are somewhat .of an external hazard.
I The beta can also constitute an internal hazard. A beta particle has a greatera

! rcnge in tissue compared to an alpha particle due to its low specific ionization-
it gives up < less ' energy per unit volume of tissue and,- therefore, is not as

7

, effective in causing damage as an alpha particle.'

| B) Interaction of X-Rays and nanna-Rays
4

*

Prom a practical radiation protection point of view, -X-rays and gansna rays
are identical, differing only in their place of origin. - n==nm rays are emitted
from excited nuclei'with a discrete energy. X-rays are emitted when the extra-,

nuclear atomic structure undergoes a transition; i.'e., an' outer shell electron
rcplaces a missing lower shell electron and an X-ray is produced. The energy'

of the X-ray is approximately equal' to the difference in the electron energy
1svels.

'

Since X and y rays are chargeless, they do not interact by electrostatic forces
; as in the case of charged particles, which cause ionization of matter directly

.along their path of travel. However, X.and gamma rays do have' sufficient.

. - energy'to release high energy secondary charged particles ~(electrons).from
| matter through one of three basic interactions: The Photoelectric Effect, the

Compton Effect, and Pair Production. The high speed electrons resulting from''

these interactions then cause ionization of the tydium.'

:
.

Y -8-
T , ..

*

.
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1) We Photoelectric Effect '

- The' Photoelectric Effect is the interaction of, X- or 7-ray photons * as
well as other photons (such as light), whereby all of the energy of the photon
is= transferred to an inner shell electron (usually the K shell), ejecting it

. tfrom the atom and leaving the atom with an' inner shell vacancy. This shell' '
*

vacancy creates an excitation energy which corresponds to the Binding Energy- |(BE) of. the' ejected photoelectron. - !

*
,

X.or 7
photon -

-

with - .

;energy - -

jEX or E7 A
ZX' I| je . photoelectron

.

.

E
photoelectron Eg or E7 .BE of inner shell electron ejected=

i

The Kinetic Energy (KE) of the photoelectron is equal to the energy'of the
X- or 7-ray photon minus the BE of the electron ejected.

If the X or 7 photon does not have sufficient. energy. to knock the inner
1shell electron loose, the reaction will not occur.

*

The resultant atom is now in an excited state and will decay to the ground
l

state by emission of X-rays and fluorescent radiation with the total energy
equal to the BE'of the photoelectron. The energies of the. secondary radiations.
are usually much lower than the primary X- or 7-ray energies.

p Application of the Photoelectric Effect

!, Gamma rays emitted from excited nuclei, and X-rays emitted from excited
atoms, have discrete energy characteristics of the specific.nuclides and i

elements, respectively. - Thus, the energy of these 7 of X photons can be used
as " finger prints" to identify unknown nuclides and elements.

1:

|
|

*A photon, as described by the Quantum Theory, is a " particle" or " quantum"
that contains a discrete quantitg of electromagnetic energy which travels

~

J

at the speed of light, or 3 x 10 meters per second.,

Ox)..
.

9
_ . .
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;- 11) The Compton Effect ( named a'fter A.H. Compton)'
.

Photons with energies much greater than the BE of.'the electrons in an- atom- - '

ray' interact through assentially elastic scattering interactions in which the _

-

total KE of the system is conserved.- In this interaction, the, electron appears
-

-

'

to'the photon as a free electron.

,

:
p,

7'
-

.

A
e

y photon I ZX l

w
0

,

?

i

.[e Compton electron
|

'I
_

>

The primary 7 loses part of its energy to the Compton electron which ge'es .'
scattered at an angle O from the original ~ direction of the incident 7, while
the Compton scattered 7 (y') is scattered at an angle w (see diagram). In
this process the scattered photon and' Compton electron share the energy of'

| 'the incident photon (7).

The KE carried off _by the Compton; electron may be deposited locally (i.e.,
cbsorbed immediately by the= surroundings). However, the energy carried-off
by the Compton scattered photon is not deposited locally. Therefore, this

,

scattered photon can significantly contribute to the dose outside's shielding
epparatus. ,

.

Application of the Compton Effect
!

Due- to its characteristic peaks, the Compton Effect aids 'in the identifi- '

cetion of unknown nuclides. However, in a detecting-system,:the compton
scattered electron can mask lower energy photons interacting by the photo-
elsetric effect making interpretation of results- difficult.

.

l:iii) Pair Production !

High energy gamma photons transfer their energy primarily b'y pair production.
A high energy X- or 7-ray passing close to a nucleus suddenly disappears and -

11_

cn electron and a positron appear in its place.- This interaction must take !

place in the neighborhood of a nucleus to conserve momentum. '(See diagram on j
I

tha following page. )

- 10 -
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A'

X or_7 photon gX W .-
'

-s

%
-

' s
s

~ %g

Y
s sE7 = KE, + KE. ' + ' 2 m c goe irepresents the energyo

required to create an

electron at rest (0. 51 MeV)-
.

Since both particles. are created from energy supplied by the incident
photon, the process is energ tically possible only if E or E
than 1.02 MeV. 7 X is greater

.

When the positron-slows-down (i.e., loses'its KE), it*will annihilate
itself by combining 'with an- electron. - This produces two_ photons with an

.;energy of 0. 51= MeV each. This " annihilation radiation" represents the energy I

O.. equivalent of the rest mass of two electrons which is -converted to pure energy !. : according toL the principles of Einstein's theories, in particular, E = mc2
where E = energy of two 0.51 MeV photons

a = the rest mass of two electrons (1/1840 amu) -I
c = . the velocity of light -(3 x 108 m/sec) .i

!

i

0.51 MeV photon

i

,

0.51 MeV photon

.

s
Applications of Pair Production

Again, due to characteristic peaks observed for various known nuclides,
Pair Production is an aid in the identification of unknowns.

- 11 -
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6. Radiatien Units
i

Radiations are measured in three basic units - the Roentgen, the rad, and *

the Rem:

The Roentaen (R) is a measure of radiation exposure and is defined as
that amount of X or gasuna radiation which produces in 1 cc of air at standard f,

tteperature and pressure, secundary energetically charged particles that
when completely stopped, produce ions of either sign equal to one electro- {,static unit of charge. .

The rad (radiation absorbed dose) is a measure of energy deposition in
cny medium by all types of radiation. The rad is equal to 100 erss/ gram.
The SI unit for absorbed dose is the Gray (Gy), equal to 1 Joule /kg. 1 Gy = 100 rads.

Note- In radiation protection, the Roentgen and rad are often used inter-
changably since in tissue,1 Roentgen = 93 ergs /gm and 1 rad = 1.08 Roentgens. j

Strictly speaking, though,- the Roentgen is a unit of exposure and applies only
to X or gansna radiations. Roentgens can be directly measured - portable survey
instruments are calibraced in units of R/Hr (exposure rate-see' Chapter II).
The rad on the other hand, refers to the quantity of radiation absorbed per
unit mass and thus, is a unit of dose.

'Ihe Ram (Roentgen equivalent man) is a unit of dose equivalent used for
.

radiation safety purposes. The Rem is defined as the dose (in rads) multiplied
by an appropriate Quality Factor (QF). The Quality Factor is a tem used .to
take into account the different abilities of radiation. types to cause damage .

in a biological system. Below is a table listing Quality Factors for various *

types of radiations: '

Quality
Radiation Factor

X, y or S 1

Slow neutrons (low KE) 3

Fast neutrons (high KE); Protons 10

Alpha particles 20

Thus, the Rem allows us to add doses of different radiation types to obtain
a total biologically effective dose.

|

I Example: What is an individual's dose equivalent from 10 mR of gamma rays,
L 5 mrads of S particles and 10 mrads of fast neutrons?

(m = milli = 1/1000)
mrads x QF = mRems |Dose Ecuivalent =

|

cansna dose equivalent 10 x1 10
|

= =

|
Beta dose equivalent 5 x 1- 5= =

|
Fast neutron dose equivalent 10 x 10 = 100=

TOTAL 115 mRems -

|
'

The SI unit for dose equivalent is the Sievert (Sv) and is equal to
1 Joule /kg. 1 Sievert = 100 Rem.

|

- 12 -
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Probles set 1

O
= Multiple choice questions may have more than one correct response. . Refer
to Appendix IV for reference dats.

1. - The structural difference between various nuclides 'of an element' are.
des to different numbers of:

a) electrons-

b) protons

c) neutrinos

'd) neutrons '

|
i2. Beta decay.results in:

a) decrease in atomic number and mass number of nucleus I

b) decrease in atomic number
9

!c) increase in atomic number '

d) increase in atomic number and mass number !O ;

e). increase in atomic number and decrease in mass. number

3. One millicurie equals:

a) 3.7 x 10 dps
_j

10'

b) 3.7 x 10 dps-
Ic) 2.22 x 10 dpm
0d) 2.22 x 10 dpm

e) none of the above

4. The decay constant, A, is equal tor

a) A/N

b) 0.693/T1/2
i

.

c) 0.693/t
-NT

O. -1

d). e
.

-13 -
,. . .

__-



_ _.

Frtbien Stt 1 continueo. ..

'

'

5. Gamma rays. interact directly with matter by:
. -

a)' ionisation and excitation '-

-.

b) compton scattering

c) pair! Production.

d) photoelectric effect

6. A charged particle interacts with matter by:'

a) a compton scattering

b) photoelectric effect

c) excitation and ionization

- d) pair production

7. The activity of a radioactive sample is measured in which of the following
units?

*

a) Roentgens

b) Curies

c) Rems

d) Rads

8. The Ram is equal to: '

a) Roentgens x Quality Factor

b) Roentgens x Rads

c) Roentgens / Quality Factor

d) Rads x Quality Factor

9. An exposure to 1 mR of gaena, 10 mrad of S' particles, and.5 miad of-
-fast neutron radiations would give an individual a dose equivalent of:

.

a) 16 mRea

b) 16 uCi
'

.

c) 61 mrem

d) 61 mRads
.

O
- 14 -
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: 10. List the names and give specific examples for the types of radioactive -
~

M decay processes in which particles are emitted:

Name of process Example-

a)~-

b)

c)'
'

11. Now, do the same for two types of decay which 'o not emit particles:d *

a)

b)

12. A' particular radioisotope ' sample with a half-life'of 30 minutes is-
determined to have an activity of 10,000 dpm at noen. -

.

'

a) What is the value of its decay-. constant (A)? (show units too)

b) How many radioactive ^ atoms must have been prese'nt in the-

sample at noon?
< -

| \ c) How many dpm will it exhibit at 1:30 PM?
,

13.- At 9:00 AM, Tuesday, you assay an unknown radioactive sample and get
. 15,000 dpm. The next day at 9:00 AM you assay the sample again and find ;

; it has decayed to 3,885 dpm. What is the half-life of the. isotope? What
; is the isotope?
|-

'

.
,

,

14. Assume that you have converted an ancient piece of wood to benzene for.
Carbon-14 dating. You obtsined 3 grams of benzene. The disintegration rate
of this sample you found to be 18 dpm. Your modern carbon sample has a
disintegration rate of 9 dpm per gram of benzene. - Calculate the age of the .i
wood sample. '

;

.

15. A user requires 2 mci of Cu-64 for his experiments. If the delivery time
is three days, what activity must the Vendor-ship in order for the user
to receive the correct activity? .

O
.

*'
. %NML No. 8 7 g g .

*
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CHAPTER II- RADIATION INSTRUMENTATION

1. ' Portable Survey Instruments 1

The major princise for sensing and' measuring radiations in survey
instruments - is based on the ionizations radiation produces when interacting- +

in a gas. filled detector. -As described in the previous chapter,. radiations,

passing'through matter create ion pairs. In a detector, these' ion pairs
.

are collected to form a electrical signal' through the .use of an electric
field. The signal,-either a current or a pulse, is then used to register' !the-presence or amount of radiation. There are a number of~different types". '-

of radiation detectors, each operating on this' basic principle, but designed '

for specific purposes.- The two major types of portable' radiation survey |instruments, the Ion Chamber' and Geiger Counter are discussed below. '

'

,

A) Ionization Chambers

Ionization chamber type instruments are designed.to measure exposure. !
rates of ionizing radiations in units of mR/Hr or R/Hr. The: detector is
usually cylindrical, filled with air and fixed to the .insertsnent. When
radiation interacts with the air in the detector,' ion pairs are created and .
collected generating'a:small current.,'Since we have defined the Roentgen

.

i
in terms of the amount of ionization charge deposited in air, measurement of
this ionization current will indicate the exposure rate. '

B)' Geiner Counter -

O$
The most coimmon type of portable radiation survey instrument is the

Geiger Counter,also known as a Geiger-Muller (GM) Counter. he a counter's
~ detector consists of a tube filled with. a mixture of "Q-gas", containing

.

987, helium and 1.3 % butane; and usually can be resowed from the instrument
to survey an area. Instead of measuring the average current produced over -
many. interactions, as in Ion Chambers, the output is recorded for each
individual interaction in the detector. Thus, a single ionizing event causes;.
the W tube to produce a " pulse". or " count". Because all pulses from the.'

'

tube are the same size regardless of the number of original' ion pairs.that
initiated the process,. the a counter cannot distinguish between radiation
types or energies. This is why most- E counters are calibrated in " counts
per minute" (cpm). However, 2 counters ' can be use to measure. exposure rates
in mR/Br or R/Hr as long as the energy of the X or gamma radiation is known-
and the instrument is calibrated for this particular fixed energy. At best,

,

for a given X or gamma ray energy, the count rate will respond linearly with '

the intensity of the radiation field. However, in most applications,1the;
radioactive source will- have X or gansna rays of'various energies which -can
result in erroneous and unreliable readings. Therefore, m counters are
primarily used to detect the presence of radioactive material.

.

2. Use of Radiation Survey Instruments

Radiatiion Instruments are designed with specific purpose in mind. Choose
the instrument depending on your particular needs. Generally, Geiger Counters

| are more sensitive than Ion Chambers and can monitor. low levels of contamination
in the laboratory. If you wish to measure radiation levels in the laboratory,

Os then an Ion Chamber is the proper instrument to use. Each instrument comes with
'

. .

'
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cn operating manual that describes its function and limitations such as warm
up time, battery life, operating temperature range, minimum sensitivities, etc.
Outlined below are simple instructions on the proper use of portable radiation .
survey instrtunents.

c) Read the instrument's operating manual. Gain familiarity with the controls
and operating characteristics.

b) Check the batteries. Most instruments have a battery check indicator.
Replace weak batteries. Turn off the instrument when not in use. When- !storing the instrument for' extended periods, remove the batteries to

;

prevent damage from leakage. '

. . \
c) Check the operability of tLe' detector. Pass the detector ove.r a radio-

active check source (sometimes attached to the side or end of the
instrument) to verify that the detector responds to radiation.

d) Determine the instrument's response time. By passing the detector at
varying speeds over a check source, you can determine how long it takes
for the detector to respond to the radiation.. It is possible to miss
contamination or radiation fields if the detector is moved too rapidly |over the area being surveyed.

,

e) Determine the operating background. Note the instrument's response in j
an area free of contamination or radiation levels. This is normally due
to natural sources of radiation called " background" (see Chapter III,
Part 3). Subtract this value from the " gross" reading to obtain the " net"
result due to the sample (S) itself: S S S" ~~

net gross background.

O. .When using portable instruments, caution should be used when extending !detector cords as thi,s may generate electrical noise and register as " counts".
A ls o, thin window Gi tubes used to detect alpha and low energy beta particles ;

| ora fragile and can easily break if dropped or punctured. In a mixed beta- i

gensna field, the reading due to beta' radiation only will be the reading with
tha beta shield off the detector minus the reading with the beta shield on
tha detector. i

.

'

3. Calibrations and Efficiency I

In order for the results of a survey instrument to be meaningful, the
instrument must be calibrated. Calibrations should be performed at least

t
every six months or when battery or test functions indicate a problem. Ion

[Chambers are usually calibrated against Cs-137, Co-60, or an X-ray radiation
field. The true exposure rate is determined by multiplying correction factors *

(if any) by the reading on the instrument. 01 counters are usually calibrated
-against a specified reference standard at a fixed distance from the detector
(usually 1 centimeter) and a variable pulse generator. ,

t

Efficiencies for instruments expressing results in terms of count rates can
ba calculated from the following formula:

Efficiency = Observed Standard Count Rate (cpm)
Known Standard Disintegration Rate (dpm)

.

|' Divide the observed sample count rate by the detector efficiency to obtair. the
actual disintegration rate. i

17 --
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m[) : Example: ' A Carbon-14 standard has a disintegration rate of 85,000 dpm. .Your.
; V, Gi counter measures a count rate of 4500 cpm. If the background is'

~

3

L- 250 cym, what .is the efficiency of the counter? ' J

l,

Efficiency =? 4500 cpm - 250 ene = 0.05 c/d x 100 = 57.|
.

'- 85,000 dpm.
.1

E - 4. Countina Statistics I

| Since-radioactive decay is a random process, the number of disintegrations
' = in a given time will fluctuate around an average value. The best estimation.

of this function is given- by the standard deviation (a). - For- s single measure- -

ment, N, . the'stsudard deviation' represents :68% probability that the actual
value lies within the range N i a. . '1he standard deviation for. a large number
of measured events (i.e. ' counts) is given by the square- root of N:-

JN.a =

. However, it is usually the counting rate which is of interest and the
standard deviation becomes:

.

JNe =
r t = counting time

O * '

dxample: What is the standard deviation of the count rate for a sample' that
yielded 1,000 counts in two minutes and for a- sample that yielded
10,000 counts in twenty minutes?.

1

Count Rate = 1000~ counts J 1000 500 15.8 epm=

1 2 minutes 2

Count Rate = 10000 counts J 10000 = -500 5 cpm
20 minutes 20 -

One can see that in counting, greater statistical accuracy can be
achieved by increasing the total counts .which is usually accomplished by '

increasing the counting time of the sample. Generally, between 1,000 and :
-

10,000 gounts are needed for a sample to have statistical ~ validity.,

1

5. Liquid Scintillation Counting Techniques
.

The'following is a laboratory experiment on liquid scintillation counting
techniques. ~ ~ ' ~ ' '-

O
.

1

- 18 -.
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Experiment.# 9: LIQUID SCINTILLATION COUNTING TECHNIQUES y.

i ....................................... ..........................................

A widely used technique' for the measurment of radioactivity of weak beta ]
_

| emitters as H3. -Cl4 and S s is' liquid scintillation counting. Here, the sample3

J

is dissolved in a solvent which also, contains a soluble phosphor. This mixture .

is then placed in a position where a photomultiplier can detect the'11ght emitted |
Ifrom the counting vial. The method offers advantages in- that the problem of.

self-absorption is eliminated, there are no problems of unifomity of plating,
i

films of sample cannot peel- off and either be lost or contaminate the counter. ;

- The main problems encountered are .those- of solubility of both the sample and ;
;

the phosphor in'a suitable solvent. |

The simplest liquid . scintillation systems consist of a single photo-- )
i

multiplier tube attached to 'a scaler. Such a system is quite adequate for
.,

either carbon-14 or sulphur-35 counting if there is sufficient activ'ity in the . ,

sample. The background counting rate is quite high, however, due to noise
?

characteristics of the photomultiplier tube which produces pulses of approx-
.

imatelythesamesizerangeas.thesampies. The use of this type of system for -

counting titium is quite limited due to the small pulses originating from the !

i

sample with the high background counting rate in the same range of pulse heights. |

The use of a single channel analyzer with such a system helps for-the counting ,

of isotopes with a beta energy equal or greater than carbon-l4' , but background
'

,

counting rates are quite high for tritium.

More refined systems for liquid scintillation counting incorporates a ;

second photomultiplier tube which looks at the sample. By feeding the two tubes |

into a circuit which passes only coincident pulses, such as would result from a ;

scintillation in the sample vial, the background due to random pulses originating t

in the photomultiplier tubes is greatly reduced. The output of such units are i

. '

usually fed into a single channel analyzer or into two such units for simultaneous i'

!
- 19 - !
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counting of two beta emitting isotopes. Such systems may. exhibit efficiencies as

high as 90% for_ carbon-14 and 60% for tritium with backgrounds of 20 cpm when-

,

L adjusted for optimum conditions. The background rates are primarily due to
.

i
~

cosmic and environmental activity, and the activity in the counting vials and
: ,

solvent.

Solvents.
|- ,

- The choice of solvent for use in the liquid scintillation system'is based

primarily on two factors: solubility of the phosphor in'it, and the efficiency

L of transfer of the beta energy dissipated within it to the phosphor. The following
i

solvents have proven useful in this system:

Primary Solvent Efficiency

toluene 100

[ xylene 100

methoxybenzene 100
'

1,4-dioxane 70
'

;.
,

acetone 10

ethyl ether 3

ethyl alcohol 0

Of these, toluene is the most widely used,

t
. Phosphors.

Compounds which have proven useful as phosphors in liquid scintillation
' counting are a class which contain conjugated aromatic rings. The most popular

of these are listed below.

'

- 20 -
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Emission Re1 Pulse
Phosohor nm max. Heicht -

"PP0" 2,5-diphenyloxazole 380' 1.03
'

|

p-terphenyl 346 1.00
l "PBD" 2-(4-biphenyl)-5-phenyl-1,3,4-oxadiazole 370 1.24

!
Secondary Solute.

1The wavelength of the light emitted from the phosphor is often less than
]
4

that to which the photomultiplier is most. efficient. A wavelength shifter is
|

~'thus-used as a secondary solute to increase the efficiency of detection.

Wavelenoth Shifter 1.nm j
1

"POPOP"2-p-phenylenebis(5-phenyloxazole) 420 |
" dimethyl-POPOP" 430 .;

"a-NP0" 2-(a-napthyl),'5-phenyloxazole 400-420
*

s

Countino Methods.
_

Many solubility problems exist, and numerous' solutions to this problem are

possible and have been made. Obviously. samples soluble in toluene are the simplest. !

to count. A few procedures for solublizing samples are listed.below: '

Aqueous samples - make a tertiary mixture with toluene-PPO- :

ethanol !

Amino acids, CO - dissolve in 1 ml of 1M hyamine hydroxide in
2

,

methanol and add 10 ml of toluene containing

f0.6% PPO -

Gel suspension - Thixin or Cab-0-Sil may be added to suspensions of 6

materials of low solubility to prevent settling. !.

Beads - plastic phosphor beads may be placed in the vial and
:

covered with any sample in which the plastic

is not soluble. -

.21 -,
.

*
- . - ^
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Single Isotope Counting: Balance Point Operation.
'

For the maximum reduction of background it is-desirableL to count samples

within the window'of a^ pulse height analyzer.. The spectra of a beta emitter is.
~

typically as below: '

n .

L1 Ga' L2
-l 1
| |
| !

N | j.g

| |
,

or *
|-

Ne
CP.M

| '

I |Emax x-

,' !
.

E - or PULSE HEIGHTg

If we adjust the gain such that the pulse heights produced approximately-cover

the range of the analyzer, as in GB above, we may'. set the upper and lower

discriminators to look at a considerable portion of the pulse heights produced

by the sample. Usually the pulse spectrum is centered between the discriminator

settings by adjusting the gain to give a maximum counting rate. At this point'

the most stable operation of the system is obtained since small changes in para-

meters which affect gain or pulseheight or shape result in adding about as many

pulses above or below levels 1 and 2. If operation is at other than the balance.-
,

-

point, as in the above graph, changes in overall gain would change the counting

rate; for G above an increase-in gain would decrease the counting rate, whileB
.

a decrease in gain would increase the counting rate. G4 would be oppositely
affected.

For dual phototube instruments the balance point must be determined by

- 22 -
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experiment. For this-instrument.the gain is determined by the voltage applied

to the photomultiplier tubes. The data tube performs this funtion.. The gate
- tube is then optimized to provide. suitable pulses:to theLeoincidence circuit.

At too low settings of gate-voltage no pulses will enter the coincidence circuit-

so that no counts will. be recorded. The gate voltage must'be set at an arbitrary

value *1400 V) while the data voltage is= optimized..then;it is adjusted for

' maximum counttate. . Other units accomplish this same result by adjustment of.

amplifier gain or discriminator setting. Refer to literature of the particular-

c:unter for- the particular method employed.--
[

Dual Isotope Counting

If we have two beta emitters of sufficiently different energy, we may count !

,

them simultaneously in a system such as above. The. separation cannot be as
'

great as for gansia counting since the beta spectra overlap to. varying extents'. If |

i- we consider the 'above two isotopes present'in a single sample, for proper voltage -|,
'
,

settings we would present pulse heights to the analyzer as given below: ;
Ch Ch

_ . '
' + le c 2 -

1i i i !

B,' i L1 IL2 |,

i I i
|

i I '

i i i ,

| 3H' i I !
i i I

.

N, | | {
1

> |
i .

| 8 I
r

| 1.

| i
' - -

.
,

i

,

.

PULSE HEIGHT, (volts) :

by a proper setting of the L1 and L2 levels and recording channel 1 from base to

.

- 23 -.
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LO
L1.and channel 2-from L2 to , we could theoretically count both isotopes

| ;

simultaneously with little crosstalk. Of course operation is likely not to be ]

: at the balance point for either isotope so that some stability problems may be _ _ ,

encountered. It is also likely that considerable efficiency lossesLwould have to
,

be tolerated to prevent counts from both isotopes in the same channel.

With 2_or 3 channel spectrometers, as the Packard or Beckman, a balance point-

can be set for each channel. A compromise must be made between efficiency and
.o

spill-over (or cross-talk) for dual isotope counting.

.

Quenching.

' Variations in counting efficiency often occur as a result of quenching. !

Either optical or chemical interactions between a sample component and the liquid' _f
countino system may result in less light reaching the photomultiplier tube. This

'" gives rise to the measured beta spectrum reaching the electronic stages of the
l T

| instrument being skewed to lower energy values. For a given setting of a counting !
t,

channel this would result in fewer than the expected number of counts being recorded.

Thus, if different amounts of quenching occurs in a group of samples, errors may

result.

Quench correction methods' have been developed and are usually applied when-
,

ever samples are counted. The specific methods include the use of internal

standards, external standards, channels-ratio, and various combinations of these

techniques. The choice of method depends on the. instrument capabilities and the

nature of the samples. They all attempt to determine the amount that a spectrum

is shifted and correct for the counts lost by the settings of the instrument which

correspond to an unquenched sample. The typical result of such quenching is shown

g in the figure Below: '

!

- 24 -

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



..
. _ .__; _ .,_ .m._ . _ - . . .

_-
,

* '
..

4

,

!

x ; i

! !-' ' Channel 8 y

: Channel H

.

i

.

'

NUMBER-

0F-
EVENTS'. -

quenched
.
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!
.

!
- .;

'

,

SL +|* ,

Adjust to :,

suitable.
ratio

PULSE HEIGHT !

The channels ratio method of correction counts all samples in'two overlaping

channels. In the above figure channel B is set for-balance point operation of the .|
.

least quenched sample (or standard) and channel- A is set such that the ratio B/A |
1s about 3.5 for this sample. As a quenched sample .is counted it is obviou's that $

-
.

this ratio will become smaller. By. employing a set of standards each containing
{

thm same amount of radioactivity and with varying amounts of quench, a curve of

channels ratio vs. efficiency may be constructed. If the dpm added is known (an'd

suitably corrected for radioactive decay since calibration).the efficiency for each t

4

= sample. counted (in channel B) is simply (cpm /dpm) x 100. This is plotted against '

!:the channels ratio (B/A). Thus, the efficiency of any sample counted at these

instrument settings may be read from the oraph. This curve may be linear over a
"

- 25 -
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' portion of its span, but usually departs from linearity.at the more highly
.

oquenched-end. Some instruments automatically calculate the channels ratio and

compute the efficiency by fitting the quench curve by a straight line. Such.

!

treatment may' be reasonably acceptable for slightly quenched samples, but may . lead
:

to error for more highly quenened ones. -

Another approach to quench correction now widely used is the external
_

-tstandard method. It makes use of a gamma-emitting source which irradiates the
.

sample container and simulates an emitter within the sample . Light is given
i

off by the Compton electrons and counted in a channel (or channels) for a

separate time period for each sample. If the phosphor-solvent system is quenched, 4

less counts are registered in the channel. - Several different gamma emitters are

used in the various instruments available giving rise'to a variety of details in l

<

specific function of the system. Often the energy of the electrons are appreciably

different from those of the sample being counted.- Thus, sample' counts do not

register in the quench channel. Others of the same emergy range as present in

the sample require that sample counts be subtracted from the quench channel count
i

(usually automatically) before ratio calculations or correction is made. Each !

instrument must be studied to confirm its method of correction--see operating
'

manual. Calibration of the external standard system may be made with the same 4

'

standard set' as for the channels ratio method. It many times requires less

calculation. Note that this method is not applicable where solid samples are. counted

such as bacteria on a membrane filter immersed in phosphor mix, since efficiency

in this case is affected by self-absorption in the sample which is not seen by

the external meth'od of excitation.
!

-

Channels ratio correction may be applicable
'

for such counting corrections.

- 26 -
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' When app 1'ying such corrections, 'do so prior to subtracting, background

counts _(if background is significant). Counts due to background will be quenched

[ by the same processes _ that quench sample counts, thus the: data must be handled
,

mathematically such that this is accounted for. Be cautious of automatic,back--

ground subtract where sampic counts are less than 10X background, unacceptable :

errors may result.
'.

Sample Preparation and Counting Methods..
,

The preparation ~of cells or precipitates for counting is simplified if

they may be collected on membrane filters and counted as such. The mass must be

small and the size of'the cells and the thickness such-that the radiation

absorption in the sample if minimal. This may be verified by placing different

volumes of the same sample on filters and plotting cpm vs.' volume applied to
,

establish linearity or lack thereof. The filter and' sample may be placed in the j
-bottom of a counting vial and phosphor mix added. Usually 5 cc 'of mix _is sufficient

since the beta particles dd not travel very far. This may also-be experimentally

verified for a particular kind of sample. Various mixes for counting cocktails

may be employed, mixture A (following) is suitable for samples on membranes. .The
;

membrane is transparent to the light in the mix.

Scintillation Counting Cocktail Mixes
:

Mixture- Components- Application

A 7 g PPO

OOm t uene moderately quenched non-aqueous
B 4 g PPO

.

0.05 g POPOP i

120 g naphthalene i
,

1000 ml dioxane aqueous, < 20% water ,

s

|-

:
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C 5.5 g PPO-
_0.1 g POPOP-,

667 ml toluene
333 ml " Triton X-100" aqueous < 12%, 23-50% water

'

D 7 g PP0'
*

. .

0.6 g-POPOP
-

150 g naphthalene
i

300 ml Cellosolve.

700 m1 toluene aqueous e4% water

Mixtures B.C.D are-suitable for ' samples ill solution as long as the limitations

on' water added is observed. Generally mixtures containing naphthalene are

avoided since they tend to clog delivery devices. Many other mixtures may be -
_

1employed for specific purposes (see references). Changes in mixture may require , >

changes in instrument settings for maximum efficiency.
.

Use of Liquid Scintillation Counting Systems.

The first sten in using any counting system is to verify that;the' settings *
.

i

are correct for the type samples to be- used. . A set of ' quenched standards may be

loaded, the method of quench correction for the.particular system-activated, and
|
1

each counted along with reference background samples. - A comparison of these results

with those listed in the instrument. operating manual will verify proper operation
^

of the system. If the mixture used for samples differs from the reference set, I

then a fairly active sample in that mixture should be counted at these settings

and at slightly shifted values to see that they are suitable. Always count a

reference sample and a background with any set of samples. Identify your samples ]
and keep track of the instrument settings used so that they may be reproduced for !4

a subsequent set of samples. Remove samples from the counter as soon as' possible

after they have been counted. |

Counting statistics for liquid samples are the same as for other types of

counting. The standard deviation (o) is approximated by the square root of the

number of counts taken. A suitable time period for counting must be selected,

ONTR8L NO 8 7 p g
- 'a -



, . - --- . . . . . . ~ - --
. .

/* a

. . . .

which-is. appropriate for the precision required or of the same order of magnitude ~

n
! as other errors inherent in the experiment,

,

- Experimenta1 ' Procedure :

i
10 ' Verification of instrument' settings.

]
<

,

a. Place an unquenched tritium standard in' the counting position'and the"

j
p instrument mode switch in the REPEAT position. ;

.

b. W1.th the , inst'rument in MANUAL, vary the' gain an'd discriminator controls
to maximize counts from the- sample. Use about.10 sec. per counting interval -= or :)-such that several thousand counts are registered. Use channel 1 (or RED) for a
this series. Verify:that the maximum efficiency is somewhere near that posted for; y
use of the instrument'for tritium.

'

;
,

c. Repeat with a carbon-14 sample using channel 2 (BLUE). . In each case the ]
lower discriminator should be high enough- to reject noise pulses. This may be ;

' checked with the REFERENCE BLANK in position using the.same counting' techniques. - i
'

;s

,

2 Efficiency and quenching.. I0
,

a. Load the two sets of reference standards and the blank into the instru- i
ment. Set the instrument in the AUTO, AUT0-(standardization) and!0PERATE-modes,. .h |preset count 900,000, 10 minutes preset time. The samples-will now be counted 1 i
in sequence to 900,000 in a channel or for-10' minutes, whichever cones first.; ;

. After each sample is' counted, the external standard will be inserted and counted
i for 1 minute. Three channels of data will be printed for each: 3 with' sample: ;

only (only the first two of significance) and 3 for the standard (only the last :

or BLUE channel being of significance), j
;

b. Calculate CPM for channel 1. data:for tritium and CPM for channel 2 !
for carbon-14 data. |

a

| c. Calculate the dpm of the reference sources to today. (tritium)' due to. |
decay losses.

;

d. Calculate the % efficiency for each source. I

i
e. Plot % efficiency. (Y-axis) vs. CPM in quench (BLUE) channel'(X-axis) . ;

in a manner similar to that posted for each nuclide. Label the curves and give .

g thG instrument settings of gain and discriminator setting for all channels.
,

L
.

.

!
3. Other nuclides. :

Ja. Check window settings for other nuclides that have been prepared in the
.same manner as above. Optimize one channel for each in succession and record the .

instrument settings (gain & window). For those nuclides that have' been suspended

:
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in water rather than in the scintillator mix,) counting of Cherenkov radiation.(like the blue light oiven off by the reactor may be perfomed. Here, a
-

.

higher efficiency may be obtained by not using the coincidence-circuit.since
each photon is released individually.

H
. Compare settings for the various

3, 14C, 33p, 32P and such others'that may be available. Determine
nuclides:
the efficiency of Cherenkov counting for various eneroy~ emitters.

i.

Refer to program qulWCH for data imxnipulation to obtain efficiency tables as
posted on the counter using the quenched sourae sets.

.............................................................................

6. Gamma counting

A common method of detecting gamma and-X radiations is by using a '

scintillator coupled to a photomultiplier tube.- The most popular scintillation
- material for this purpose is the sodium iodido (NaI) crystal. Gansna ray
interactions within the crystal via the photoelectric-effect, compton effect

iand pair production result in light or. scintillations which are amplified "

and converted into an electrical pulse by the photomultiplier tube.
|

'

!

Sodium iodide crystals can be made in various sizes, some small enough -jto use in portable survey instruments. Larger crystals -(3' inches in diameter
,O. by 3 inches deep) are common for most radiosiotope counting room applications !

such as isotope identification by characteristic photopeaks (see chapter I,
Part 5, section B.i). St.ill, others- have a hole or "well" in the center, j

,

allowing the- sample to be. surrounded by the crystal, resulting'in a very high
detection efficiency. This type of detector is found in most laboratory
" gamma counters" where a large number of samples can be counted automatically.

Unlike liquid scintillation counting, the sample does not need special
preparation. The sample can be counted in any physical form. However,. care
must be taken to have the material properly contained so.as not to contaminate
the counting equipment. Gamma semiting ' isotopes such as I-125, cr-51 and
those decaying by electron capture are bese assayed using a NaI detector.

!

i
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Problem Set 2

Multiple choice questions may have more than one correct response. '
,

1. When using portable instruments you should:

a) read the operator's manual-
b)=-check the batteries and detector operability

'

c) . extend the probe cord to its' fullest length when monitoring. j
-

d) determine the detector's efficiency !

' 2. Ion chamber type instruments.are best suited for:

a) radiation field intensity measurements
b) radioactive contamination monitoring
c) determination of radiation energy

d) identification of radioisotopes |

~3. GM type instruments are best suited for:

a) radiation. field intensity measurements . i

b) radioactive contamination monitoring
. c) ' determination of radiation energy - i

O- d) identification of radioisotopes-. . .

4. What instrument (s) would be most appropriate for detecting the following?-
,NaI Liquid

;

Ion ' Gamma' Scintillation
gi Chamber Counter Counter

a) non-removable surface contamination ( ) ( ) (')~ ( )
b) X-rays from a dental machine ( ) ( ) ( ) (. )
c) H-3 labelled water ( .) ( ) ( ) ( ) ^ !

d) a P-32 labelled nucleotide ( ) (. )~ ( ) ( ) !
e) a Cr-51 labelled protein ( ) ( ) ( ) ( ) i

i

f) a Mn-54 labelled bacteria ( ) . ( ) ( ) ( ) '

g) a 10 mR/Hr radiation field

.( ) ( ) ( )of beta and gamma rays ( ).

5. A'O.05 gC1 standard yields 89,200 counts in two minutes. The counter
background is 200 cpm. What is the efficiency of the detector?

a) 80%, ,

b) 60% -

c) 40%

CONTROL NO.8 7 2 8 5
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. Problem Set 2 continued......
u,s

'

'6. If a sample was counted- for 10 minutes and yielded 20,000 counts, the
standard deviation of the countrate would be: '

a) i 100'eps

b) 'i 3.16 cpm :
I

' *1c) i:141 cpm

d), - 14.1 cpm-

..

7.' Gamma (NaI) and liquid scintillation detection is . based upon what-
physical property?

!

a) radiolysis of an organic solvent;
b) . absorption of electromagnetic energy; |

c) emission of visible light

d) ionization of a' gas
.

8. Quenching in a liquid scintillation counting system results in:
'

a) a loss in efficiency i

b) less light reaching the photomultiplier tube
c)' shifting of the beta spectrum to-lower energy values ~

-

d) an increase in pulse height-

9. You have determined that the counting system efficiency for your tracer
experiment.with I-125 is 25%. You decide that you need a counting rate 3

of 1,000 cpm in your final sample. If 10% of the tracer ends up in the
'

final sample, determine the total dpm of I-125 you must use to set ,

the desired 1,000 cpm.

*
1

f'
'

.

!

|

1 |
[ ;

| !

,

I

l

!

O'
1

M JCEIOU3 continued...
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,

10.1 You are designing a tracer experiment using P-32.- You are going- to isolate,

a metabolic product of the labelled compound which ~you feed your test animals.
The best available information indicates.that 10% of the fed material leads
to the metabolic product.- - You need to estimate the amount of isotope (in
microcuries) to be fed.- You elect to use a liquid scintillation counter. You
also' estimate thatLyou need-a minimum count rate of 300-cpm in the counted
sample. *A 0.01 uCi standard of P-32 has a gross count rate of 15575 cym. In10 minutes, the background' yields 250 total counts.

The not standard count' rate is:a.

15 3 2 5 c pm - - - - - - - -- - -- - - - -- - - - - - - - - - - - - - - - - - - - - -
15550 cpm --------------------------------------( )

15575 cpm --------------------------------------( )
). {156 00 e pm . - -- - - - - - - - - - - - - - - - - - -- - - - - - - - - -- - - - - - - (

15825 cpm --------------------------------------(() 1
'

)
b. The counter efficiency, assuming 0.01 uCi at the

time of counting, is:
1.43% ------------------------------------------( )

70%.--------------------------------------------( )'
77% -----------------+--------------------------( )
0.70% ------------------------------------------(' )-

0.77% --------------.---------------------------( _) j
i

The disintegration rate ha a semple necessary = toc. i

!

give 300 cpm is:

4 29 dpa - -- - - - - - - - - - - - - - - - -- - - - -- - -- - - - - - - - - - - -- ( - )
390 dpa ----------------------------------------( )
400 dpm ----------------------------------------( )
513 d pa - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ( ) ;

<

.

210 dpa ---------------------------------------'( )
,

4

d.
The uCi content. of the labeled material to be fed to
yield the desired dpm'in the sample is:

i
0.019 ------------------------------------------( )
0.100 ------------------------------------------( )_
0.001 ------------------------------' -----------( )
0.010 ------------------------------------------( )
0.0019 -----------------------------------------( ).
If the ESR quench correction factor as printed by thee.

liquid scintillation counter equalled 0. 8550, what would
be the true standard count rate rather than that as .given by item a above?
18235 ------------------------------------------( )13317 ------------------------
18187 ------..................------- .......- ( ) 3

'

13295 ----------------------------------------- ( )
....----

No difference --------------------------------- ((
)
).

$$
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CHAPTER III SOURCES AND EFFECTS OF RADIATION 1

1. Biolonical Ef fects of Radiation "
,

'l'

Living organisms are composed of cells.- Cells of similar origin and:

(> structure are grouped together to form tissues. In the body, there are.four
*

l' main groups of tissues: muscle, nerve, connective and epithelial (lining-
' tissue). Cells and tissues are associated with each other to form organs.' I

A collection of organs which together serve an overall function is called.an t.

organ system. The organ systems; create within the body the environment
,

'

required for all cells . to - function.
'

3

Many cells have a limited life span. In order to have their function
continue,' cells reproduce by a' process called mitosis'in which'the daughter,

cell takes on the function of the parent. Important to reproduction-of'the
~ ~

cell are the chromosomes and genes. . Changes in ' these can result either in ac.

mutation or death 'of the daughter. cell when reproduction occurs. *

'When a cell is injured, many things .can happen to. alter its ability to
produce healthy cells. Radiation in- sufficient amounts can damage cells so
that' they cannot perform their. specialized functions. ~This damage is then
reflected in the tissue and organ systems resulting 'in physiological and
morphological changes which can lead to sickness or death.

A) Radiosensitivity of Cells

Radiation passing through living cells will excite or ionize the atoms
N and molecules. that make up the cell structure. This will result in changes.in-

the forces which bind the atoms together into molecules. When'the molecules 1

break up, some of the fragments will be charged (become ions)' and some of the l
particles will combine to form free radicals. A freeiradical.is a free atom .I.

or molecule that carries an unpaired electron resulting in a'high degree of 1
chemical activity. Further damage can be done by the interaction of.the free |

radicals and ions on other cells in the system. I

i

The radiosensitivity of a cell depends- on several factors. Since the cells !
that make up the body differ in function, so does their response to radiation. j,

The " Law of Bergonie and Tribondeau" states that "the radiosensitivity of a. |
i tissue is directly proportional to the reproductive activity and inversely pro-
i portional to the degree of differentiation". A blood cell that has a short j

life span and must reproduce- rapidly is more sensitive to radiation than a cell
{

- .

i which is undifferentiated.(not undergone any cell' changes during its embryonic.
-growth) and does not undergo mitosis. Other'' factors involved in a cells sen- :j

*

* sitivity to radiation are its metabolic state, its state of nourishment, its j
oxygen level and enzyme levels associated with repair processes. '-

Damage to the somatic cells (cells of the body) will result in changes in ;!
the individual, i.e., damage to or loss of an organ or organ system. Damage to .!
the germ cells (reproductive cello) cu result in changes or damage to the off-' |
spring of an individual. i

|

O J

.

34 - ]. -

. .



--
._

.

.

The following table gives a ousanary of how various cells, tissues, organs,
cad organ systems are affected by radiation. The doses reported are for X or
gamma rays only and represent a single acute exposure.

.O
Table of Relative Radiosensitivity of various Cells. Tissues. and Ornan Systems

Rela tiu,g,
Cell / Tissue /oraan Type Sensi.tiv ity Biolonical Effect
Blood Formina Ornans: Extremely Doses as low as 50 R can affect

lymph nodes Radiosensittve the white cell population within

thymus 15 minutes. Red cells drop off

spleen 2-3 weeks later. Result is a
bone marrow feeling of general weakness,

anemia, and a lower resistance to
infection.

Reproductive Ornans: Moderately Doses below 100 R can reduce
Female Radiosensitive fertility. Temporary sterility
Male can occur lasting 12-15 months

*following doses of 200-300 R.
On the average, a larger dose
is needed to produce sterility
in the male than in the female.
Damage to the germ cells can
lead to somatic and/or hereditary
changes,

s

Digestive oraans: Radiosensitive Degenerative changes occur as soon
Small Intestine as 30 minutes af ter exposure of
Lower Intestine 500 R - 1000 R. Initial effects
Pharynx, Esophagus are: impaired secretion of nec-

essary fluids; cell breakdown
results in failure of food and
water absorption leading to

! infection and dehydration from
diarrhea.

Vascular System Moderately Sensitivity varies for the
Small Arteries and Radioresistant vascular system - damage'is ;

j Capillaries great only~for. doses in the !
Heart and Large 600-1500 R range. Damage byt

Arteries and Veins radiation to the vascular system ;

contributes to some of the i

changes in other tissues. i

i

Skin Radioresistant Doses between 500-1000 R can :

produce changes in the skint ;

However, doses as low as 100 R j
can cause cell death in the '

germinal layer of the skin. {
:

Continued on following page.....

!
.
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Relative
Cell /Tiy 2e/0raan Type Sensitivity Biolonical Effect

Bone and Teeth Radioresistant Some parts of bone can be
(non-growing portions) damaged by doses ranging from

-

700 R - 1500 R. Regeneration
can begin 2-6 weeks after-

exposure..

Respiratory System Relatively inflanunation of the lungs can
Lungs Radioresistant occur at large doses of 1000 R .

'

Trachea to 2000 Ri possible hemmorrhaging
due to changes produced in blood
vessels can also occur.

Urinary System- Relatively Secondary effects can show up
Radioresistant years after exposure in the

500 R - 2000 R range due to
changes in the blood vessels.,

Muscle and Connective Very Massive doses (greater than
Tissue Radioresistant 2000 R) are needed to cause

slight changes in muscle and
connective tissues.,

'

Nervous Tissue Extremely Massive doses are required
,

Radioresistant (greater than 3000 R) to bring
about morphological changes
in nervous tissue.

B) Radiation Damste .

S e effe,ct that radiation has on the body depends on several factors: ne
type and energy of the radiationi the amount of radiation absorbed; the time
the radiation was distributed,1.e., a single large expoore (acute) or a
continuing low level exposure (chronic); and the area to which the radiation,

was distributed (whole body, single area or organ).

We amount of radiation that is needed to kill an organism is called the
LD50/30, which is defined as the lethal dose to 50 percent of the exposed
individuals within 30 days following an acute whole body exposure. We LD50/30
varies widely for different organisms -- 350 rads for dogs, 550 rads for mice,
2300 rade for goldfish. The LD50/30 for man is about 450 rade, although this
value can vary due to the wide responses of radiation that are present in
individuals and lack of experimental data.s

When man is exposed to radiation in doses up to the lethal limit, the body
will show characteristic changes. nese changes are described as " Radiation
Sicknott s". The table on the next page shows some of the symptoms of Radiation
Sickness in Man.

O
.

CONTRQL No a 7 g 9 q,

- 36 - "

.

_ _ _ _ _ _ - _



_ - _. _ _ _. _ _ _ _ _

,

,

,

L

SUMMARY OF CLINICAL SYMFTOMS OF RADIATION SICKNESS .

# s
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When an organism is exposed to radiation much greater than the LD
50/30th'e organism as a whole will show characteristic syndromes. Se #

O composite effect on the organism from the various organ systems is called
the " Acute Radiation Syndrome".

Acute Radiation Syndrome
'

Molecular Death - After a dose in excess of 100,000 reds, death occurs almost
immediately. Death is caused by inactivation of substances
which are needed for the basic inetabolic process of the cells
and tissues..

Central Nervous System syndrome - Doses of 10,000 rada produce death within two
days. Within minutes after exposure, the individual becomes
disoriented and uncoordinated, followed by semiconsciousness.
After 30 hours, the individual lapses into a come and death
occurs from irreparable damage to the central nervous system.

Gastrointestinal Syndrome - Doses between 1000 - 10,000 rade produce death
~

in 4-7 days. Nausea, vomiting and diarrhea are present,
normal food and water intake is depressed. Death is due
to severe morphological changes in the gastrointestinal tract.

Hamatopoetic Syndrome ' Doses of 700 - 1000 rada produce death in 10 to 21 days,
caused by changes in the blood resulting in infection or',

hemorrhaging.

O Doses below 300 rada can damage other organ systems, but few deaths will
occur during the 30 days after exposure.

C) Late Effects of Radiation
.

Delayed effects of radiation can be due to an acute exposure or a chronic
exposure. Radiation has been shown to increase the incidence of the following
injuries:

Cancer - No one knows why exposure to radiation (or other carcinogenic
agents) causes cancer. Some theories are: radiation may actuate
a latent cancer forming virus infection; radiation causes genetic
or somatic mutations to initiate tunorous formations; generalised
tissue disorder following irradiation promotes a formation of a
cancerous growth. The latent period can be long for radiation
induced cancers - on the order of years. %e most likely to develop
are: skin, lung,.-sud bone cancer, and leukemia.

Tissue Effects - Of most concern are radiation induced cataracts and
sterility. Cataracts induced by radiation slowly progress over
a period of time, but can-stop or even regress. Sterility can
be either permanent or temporary.

Hereditary Effects - Since the time between generations is so long, the
effects of radiation on future generations is incomplete. More
work in this area is needed to fully answer these questions.

.

O
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Life Span Shortening - Data on life span shortening is also incomplete. It is
'

believed that the levels of radiation legally allowed are not
high enough to shorten a worker's life span significantly.

,.
:

D) Comparison of Health Risks
.

Studies have compared the projected loss of life expectancy resulting from !
cxposure to radiation with other health risks. Estimates are esiculated by '

1 coking at large numbers of individuals, recording the age when death occurs. from
apparent causes, and estimating the number of days of life lost as a result of

,

these early deaths. The total number of days of life lost is then averaged over ;
the total group observed: ;

1

Estimated Loss of Life Expectancy from Health Risks i

!

Estimates of Days of Life |

Health Risk Expectancy Lost ,

'

Smoking 20 cigarettes / day 2370 (6.5 years) f
overweight by 20% 985 (2.7 years) !
Auto Accidents 200

'

!5 Rems /Yr for 30 years, calculated 150

Alcohol Consumption 130

Home Accidents '05
Safest Jobs, such as teaching 30

1 Rem /Yr for 30 years, calculated 30
|

Natural Background Radiation, calculated 8

Medical X-Rays, calculated 6 I

Natural Disasters 3. 5
,

1 Rem Occupational Dose, calculated 1
~

,

i

Adapted frnm US NRC Regulatory Guide 8.29 -

| These estimates indicate that health risks from occupational radiation i
exposure are not greater than risks associated with events we encounter in

|normal day to day activities.i

,

2. Radiation Exposure Limits
i

l A) Historical Reviev '

-
,

Soon af ter the discovery of X-Rays and radium, the dangers of radiation
exposure became well known. Standard setting organizations like the Inter-

national Council on Radiation Protection (ICRP) and the National Council on |
Radiation Protection and Measurements (NCRP) were formed to recommend limits on '

.

.

r

- 39 - *

. .

-, - - , - - -
.



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

|
1
I

i

the exposure of radiation. Prior to 1928, the radiation exposure ' limit was- |
based on the amount of radiation needed to produce reddening of the skin j

.
(erythema). When the Roentgen was defined in 1928, this " erythema exposure"
was calculated to range fra 0.04 R to 2R per day. In 1935, the NCRP's
first recausnendation for exposure limitation was 0.1 R/ Day (31 R/ Year).

;

his was an arbitrary limit, based on no observable effects on three
)technicians' exposure to raditan gamma rays. In 1949, the NCRP reduced the 1

limit to 0.05 R/ Day (0.3 R/Weeki 15 R/ Year) because radiations then being |, used were more penetrating. We last major revision adopted by both the NCRP i

and ICRP took place in 1957 and is still in effect today. This limit allows !
~ an individual to receive up to 3 Ram in 13 consecutive weeks, provided that ,

the accumulated dose does not exceed 5(N-18) Rom, where N is the individual's !
age. It is apparent,then,that radiation workers must be at least 18 years old.-

B) Basis for the Current Radiation Exposure Limits i

i occupationally exposed individuals are allowed higher radiation exposures
than the general population for the following reasons-

,

;

1) The radiation worker accepts some small risk balanced against some '

benefit ~(through asployment);

2) There is a conscious selection of occupationally exposed individuals: ;,

minors are excluded, medical histories can be obtained and maintained. i

Fertile women may be excluded. ' Preferential treatment is possible to
those beyond the reproductive age.

,

,O 3) There is a limit on the percentage of radiation workers in the
total population.

. C) Derivation of the Ame-Proration Formula 5(N-18) Rem
,

| Geneticists felt that radiation workers should not receive a total cumula-
tive dose to the reproductive cells of more than 50 Rom by age 30, since

- statistically at that age, over 50% of their children would have been born. *

They should be limited to an additional 50 Ram by 40 since by then over 90% !

of their children would have been born. Practically, this meant limiting the
annual dose to about 5 Rem per year:

F

50 Rem = 4.17 Rem /y ; 100 Rom = 4.55 Ram /y
| 30y - 18y 40y - 18y
|

| Prior experience with the 15 R/y level had shown that radiation doses -

| could be maintained to 1/10 of that limit. However, there was a reluctance -

i to make a too restrictive level of 5 R/y. Sus, an averaging concept based '

i on the age of the worker was recommended. +

t

|. The 5(N-18) Rea formula was responsive' to the genetic limit since
| 5(30y-18) Ram = 60 Rems which was sufficiently compatible to the 50 Rams ,

'reconsnanded. The weekly limit of 0.3R/wk was basically retained, reduced to-

3 Ran/13 weeks (0.3R/wk = 3.9 Rom /13 wk av 3 Rem /13 wks). This had the effect
,

O :
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cf providing a prospective limit of 5 Rama/y averaged over several. years with,

! c3 allowance to receive up to 12 Rem /y. The 12 Rem /y was maant for unusual
circussstances, but only when adequate past records of radiation exposure had
been maintained. . The 3 Rem in 13 weeka should be distributed in time and
uniformly if possible. It was not meant to be received within a short tien
interval.

D) Current Radiation Exposure LLaits .

Current State and Federal guidelines describe the radiation exposure
ihmits to an occupational radiation worker as follows:

Area of Body Rams per Calendar-Ouarter

Whole Body. defined as any of
the following: head and trunk;
active blood forming organs;
lens of eye; or gonads 1.25,

.

Skin of the s, hole body, (any
portion) 7.50

Extremities. (hands and forearms;

feet and ankles) 18.75
.

The whole body can receive up to 3 Reas/ quarter as'long as the dose to the*

whole body, when added to the accumulated occupational dose to the1

whole body, does not exceed 5(N-18) Rems. Thus, the maxLmum allowable
dose to the whole body can be as high as 12 Ram per year.

Other Padiation Exposure LLaits are as Follows:

Major Organs and Thyroid Gland: 15 Rem /Yr (0.3 Rem /Wk)

Fetus: 0.5 Ram

The dose limit to the whole body for non-radiation workers, in addition to
natural and medical sources is 0.5 Rom / year.

.

The dosa 10mit to the whole body for the U.S. population from all sources
of radiation other than natural and medical sources is 0.17 Rem / year per person.

3. Radiation from Background. Consumer Products, and Medical Exposures

The population as a whole is exposed to radiation whether it be from
naturally occurring radioactivity present in the earth, from interstellar
space, from medical sources, or from radioactivity contained in consumer
products.

A) Naturally Occurring Radiation
.

Naturally occurring radiation arises from three sources: cosmic rays
sntering the earth's atmosphere, naturally occurring radioactive materials
in the earth's crust; and naturally occurring radioactive materials within
the body.

- 41 -
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1) C*smic Radiation

Primary cosmic rays are of galactic origin and consist of high energy

O protons, 4 e ions, electrons, and photons (K and gauma rays). When theseH-

particles enter the atmosphere, they interact with the nuclei of the atoms
in the air, giving rise to neutrons, electrons, protons, samma rays, and
other particles which are responsible for most of the observed cosmic ray
dose. Because of the earth's magnetic field, the cosmic ray intensity varies
with latitude, the lowest value at the geomagnetic equator. The intensity also
varies with elevation, the highest levels being in the upper atmosphere.

Cosmic rays from solar flares consist of X-Rays, protons, end alpha*

particles. Because these solar cosmic rays are relatively low in energy, they
usually do not contribute significantly to increases in' the radiation dose at
ground level,

ii) Terrestrial Radiation
Naturally occurring radionuclides in the environment are classed as

either cosmogenic or primordial. Cosmogenic nuclides are those nuclides
produced in the atmosphere when primary and secondary cosmic rays undergo
nuclear reactions with nuclei of atoms in the air. The main contributors to
external exposure from cosmogenic nuclides are Be-7, Na-22, and Na-24.

Primordial nuclides are those that are long lived and have existed in
the earth's crust throughout history. The main contributors to external
exposure from primordial nuclides are K-40, U-238, and Th-232, and their decay
products. The concentrations of primordial nuclides in soil are dependent on
the process by which the soil was fomed. The table below shows the typicalO activity of these nuclides in various types of rocks:

Typical Activity,g)Concentration (PCia Absorbed dose-
.

-rateingir
(urnd h* )Type ot' Rock K-40 U-238 Th-232

Inneous,

Acidic (e.g. granite) 27 1. 6 2.2 12
'

Intermediate (e.g. diorite) 19 0.62 0.88 6.2i

i Mafic (e.g. basalt) 6.5 0.31 0.30 2. 3
: Ultrabasic (e.g. durite) 4.0 0.01 0.66 2. 3

| Sedimentary

Limestone 2.4 0.75 0.19 2. 0*

0.72 0.21 1. 7Carbonate ---

Sandstone 10 0. 5 0. 3 3. 2
Shale 19 1. 2 1. 2 7. 9

| Source: UNSCEAR 1977 Report

In various parts of the world, there are areas with high natural
radiation levels. At the Beach of the Black Sands in Guarppari, State of.

Espirto Santos, Brazil, it is possible to receive a radiation exposure of
5 mR/Hr due to the monazite (Thorium bearing minerals) sands. At Pocos de

4

Caldas, State of Gerais, Brazil,the average range of radiation exposure is ,

from 0.1 - 3 mR/Hr.

CONTML No,8 7 g g e.* * * *
.

.. ._ .



_ _ _ . _ _ . _ _ . - - . _ ,. , ; --

7 ; ,

... .-

j* .

I
|

Naturally occurring radionuclides can give rise to external doses when
contained in raw materials used to construct roads and buildings. Uranium
and thorium are comanonly found in cement, concrete blocks, and masonry ,

lproducts. For example, the possible annual dose near a granite wall at the
" Redcap Stand" in Grand Central Station, New York is 200 mRee (assuming an
occupancy of 8 hrs / day).

iii) Internal Radiation
Naturally occurring radionuclides enter the body'through inhalation and

ingestion. Of the cosmogenic nuclides only H-3, C-14, and Na-22 contribute
to internal exposure. The major contribution to internal exposure from ,

primordial nuclides are K-40 and the decay products of the uranium and thorium )
stries. ]

J.

a) Irfy.ium

Tritim is produced in the atmosphere by secondary cosmic ray ,

n:utrons interacting with N-14 nuclides. The global inventory of tritim is I

esiculated to be 34 Mega Curies *.. Most (99%) of the H-3 inventory is converted i
Jto tritiated water and takes part in the normal water cycle. Approximately

65% of the inventory is in the oceans as a result of transport by rain. About 1

30% of the inventory is in land surfaces with the remaining in the atmosphere. ]

)b) Carbon-14

Carbon-14 is also produced by cosmic ray neutrons. We global inventory
of C-14 is about 300 M Curies, with 94% distributed in the ocean, 4% in the
1 cad surfaces and biosphere and the remaining in the atmosphere. The natural
sp;cific activity of C-14 is 6.1 PC1/gm of carbon,

c) Potassium-40

Potassi m is an essential element of the body and enters via the food
chain. The amount of potassium in the body varies with age and sex. The
cycrage whole body activity concentration of K-40 is 1600 pCi/kg. Potassium-40
emits beta and gamma radiations and is, therefore, a source of both internal
cnd external radiation exposure,

d) Uranium and Thorium Series

The radionuclides that contribute to internal exposure from the uranium
ssries are: U-238, Ra-226, Rn-222, and its decay products (Pb-210, Bi-210, ,

cnd Po-210). The major nuclides that contribute to internal exposure from
tha thorium series aret Th-232, Ra-228, Ra-220, and its decay products (Pb-212,
Bi-212, and Po-212).

The major contribution to the natural internal dose is frce the decay )
products of Rn-222. The major source of these alpha emitting nuclides is through -
emanation of Rn-222 from the ground. The decay products form in clusters with !

water, oxygen, and other gases and attach themselves to aerosol particles.

O
n Mega Curie = 1,000,000 Curies (mci)

|
1
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D ey then can be inhaled, ingested, and through direct deposition on plant
leaves and root absorption enter the food chain. Cigarettes are estimated to
contain 0.6 pCi of Pb-210 and 0.4 pCi' of Po-210. Brazil nuts and Pacific
salmon have been found to contain larger concentrations (> 5 pCi Kg-1) of
radium-226. Dere are areas in the world in which water concentrations of
uranium and radium are high due to isolated deposits. Reindeer and caribou-
contain elevated levels of Pb-210 and Po-210 mainly because they feed on
lichens in the winter which accululate th The Pb-210 in fish 1

andmolluscsrangebetween20-500pCiKg*gseisotopes. j.

1
-

.

The main source of radon indoors is from building materials such as ]
by-product gypsum, used for internal walls and ceilings, and concrete.
Increasing the ventilation of the room will significantly reduce the radon
levels. The highest levels are found in poorly ventilated areas, such as !
basements where radon diffuses out of the concrete walls and through cracks in j

the floor. Sealing the walls and floor with epoxy paint can reduce the
amanation rate by a factor of four. Three layers of oil paint can reduce the :

emanation rate by an order of magnitude.
,

>

iv) Samwry

.

The following table summarizes the estimated annual tissue absorbed dose
from natural sources:

arad
' Source of Irradiation Gonads Lunas

External Irradiation
Cosmic Rays:

'

Ionizing component 28 28
Neutron component 0.35 0.35.

Terrestrial radiation: (7) 32 32,

| Internal Irradiation
I Cosmogenic radionuclides:.

H-3 (S) 0.001 0.001
se-7 (7) 0.002 - '-----

C-14' (S) O. 5 0. 6
Na-22 (ik7) 0.02 0.02 ^

Primordial radionuclides: '

K-40 (S+7) 15 17
| Rb-37 (S) 0. 8 0. 4
; U-238, U-234 (a) 0.04 0.04
' Th-230 (c) O.004 0.04
| Ra-226, Po-214 (c) 0.03 0. 03 '

i Pb-210, Po-210 (a+S) 0. 6 0. 3 -

Rn-222, P;-214 (a) inhalation 0. 2 30
Th-232 (c) O.004 0.04

|
. Ra-228, T1-208 (a) 0.06 0.06

Rn-220, T1-208(a) inhalation O.008 4
i

.

; TOTAL (rounded) 78 110

Source: UNSCEAR 1977 Report

i
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B) Technolonically Enhanced Exposures to Natural Radiation

Technologically enhanced exposure to natural radiation is defined as
exposure to natural radiation to which man would not be exposed if some kind
of technology had not been developed. For examiple, travel by air, using
natural gas for cooking or heating, and living near a coal fired power plant
increase an individual's exposure to naturally occurring radiations.

;

Air travel' increases the exposure due to cosmic rays and solar flares
when flying at high altitudes. The following table shows calculated doses

|for various routes: >

i
Comparison of Calculated Cosmic-Ray :

Doses to a Person Flying in Subsonic and ;

Supersonic Aircraft !

k
Averste Solar Conditions !

;

Subsonic flight Supersonic flight !
st 11 1as at 19 km i

Dose 2011 |o
per per j

Flight round Flfthe round iduration trip duration @ '

Route (h) (arad) (h) (mrad
Los Angles-Paris 11.1 4. 8 3. 8 3. 7

Chicago-Paris ~ 8. 3 3. 6 2. 8 2.6
New York-Paris 7. 4 3.1 2.6 2.4 |

- !,New York-London 7. 0 2. 9 2. 4 2. 2

Los Angeles-New York 5. 2 1. 9 1. 9
^

1. 3

Sydney-Acapulco 17.4 4. 4 6.2 2.1 i

t

\
t

Source: UNSCEAR 1977 Report I.

The table below shows the doses received by astronauts on various space
nissions. The largest part of the dose was received when the spacecraft passed -

through the earth's radiation belts. These belts contain protons, electrons, :cud alpha particles trapped by the earth's magnetic fields. '
,

Absorbed Dose in the Chests of Astronauts on Space Missions
|

Mission or Launch Date Duration of Dose.

Mission Series (year-month-day) Mission (h) Type of Orbit (mrad) !

Apollo VII 1968-08-11 260 Earth Orbital 157 j
Apollo VIII 1968-12-21 147 Circumlunar 150 >

Apollo IX 1969-02-03 241 Earth Orbital 196 !

Apollo X 1969-05-18 192 circumlunar 480 ,

Apollo XI 1969-07-16 195 Lunar Landing 179 '

Vostok 1-6 Earth Orbital 2-80 |
Voskhadl,2 Earth Orbital 30,70 |
Soyuz 3-9 Earth Orbital 62-234 -

Source: UNSCEAR 1977 Report I
&
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iIndividuals living around coal-fired power plants are exposed to enhanced
levels of Ra-226, Ra-228, U-238, Pb-210, Th-228, 3-232, and K-40 from gaseous
and particulate combustion products of coal. he major contribution to the dose
is from the alpha radiation of Pb-210, 2-228, and Th-232.'

,

Phosphate products contain high concentrations of the nuclides in the
U-238 decay series. About 1/2 of the phosphate rock that is mined is converted i

into fertiliser, the rest goes into cossaodities such as phosphoric acid, I
gypesas, and land fills. Thus, the use of phosphate fertilizers result in I

radiation exposures from the following: 1) ebsorption of radionuclidea by food ;

crops, 2) external radiation from fertiliser storehouses'and production plants, 1-

3) airborne radon decay products over land reclaimed after phosphate mining, and i

4) radiation from gypsum used in building products..
,

Natural gas used for heating and cooking contains small amounts of radon. |
Radium contained in the geological ~ formations gives rise to the radon which ,

diffuses into the n;as wells. The concentration of radon in natural gas varies |
widely, depending upon processing, storage and transmission time.

>

!C) Consumer Products

Radiation exposures from consumer products are not considered " Technologically
Enhanced" since the radioactive material is deliberately incorporated into the I

product to serve a specific purpose.

1) Radioltaninous Products -

Q Products such as time pieces, aircraft instruments, signs, indicators, etc. |

Q contain various amounts of Ra-226, Pm-147, or H-3 to provide illumination.'

1.ight is generated when the radiations from these nuclides interact with a. ;

scintillator, usually sinc sulfide. The scintillator can be in the form of a
paint (watch hands) or a coating inside of glass tubes (exit markers) to make
the product " glow in the dark". With the exception of Ra-226, the low energy
radiations are unable to penetrate watch crystals, glass tubes, etc. Because,

of the more energetic radiations from Ra-226, it is now rarely used.'

,

'

ii) Electronic and Electrical Equipment

Radioactive materials are used in lamps and electronic tubes to provide
pre-ionization in gases for the purposes of passing an electrical current.

.This allows the equipment to respond faster and more reliably. Smoke detector's
use alpha radiation fras An-241 to provide an ionization current. Smoke or
combustion products entering the detection chamber cause a change in resistance
(the alpha particles being stopped or absorbed by the smoke) triggering an
alarm. Anti-static devices use Po-210 to ionize the air around a charged
object, thereby allowing the charge to be neutralized.

.

'iii) Miscellaneous

Porcelains used in dentistry contain uranium in combination with cerium
in order to simulate the natural fluorescence of teeth. Certain glazes used
in ceramics contain uranium oxides and sodium uranite as pigments. Glazes
ranging from black, brown, green, and the spectrum from yellow to red are ,

used primarily to decorate pottery and tableware. Mantles in gas lanterns

,

4-

?
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and yard lights consist mainly of thorium oxides. Major radiation exposure
occurs during the first few hours that a new mantle is used, primarly. from

-

the inhalation of the thorium. Color TV's generate X-Rays (via Bremsstrahlung)
.

as a tesult of high speed electrons striking the phosphor screen of the picture
tube. Most TV's .today have high voltage controls and a sufficient thickness- of
glass to absorb most of these low energy X-Rays.

The following tables describes various constuner products containing radio-
active material and some annual population dose rates:

Selected Products Containina Radioactive Materials

Product'' Nuclide(s) Amount
Radioactive Material containad in Paine av P1== tic.

Time pieces H-3 1-25 mci
Pm-147 65-200 uCi
Ra-226 0.1-3 uci

compasses H-3' 5-50 mci
Pm-147 10 uCi

Thermostat Dials and Pointers H-3 25 mci
Automobile Shift Quadrants H-3 25 mci

'

Speedometers Pm-147 0.1 mci
Radioactive Material Contained in Sealed Tubes:

Time pieces, Marine navigational instruments H-3 0.2-2 Ci
Exit signs, stepmarkers, public telephone
dials, light switch markers B-3 0.2-30 Ci

Electronic and Electrical Devices:
Fluorescent lamp starters Ra-226 1 uCi
Vacuum tubes, electric lanps, germicidal Natural
lamps Thorium 50 mg

Glow lamps H-3 0.01 3C1
High voltage protection devices Pm-147 3 uCi
Low voltage fuses Pm-147 3 uCi

Niscellane~ous :

Smoke and fire detectors An-241 1-100 uCi
Ra-226 0.01-15 uci
Kr-85 7 mci-

incadescent gas mantles Natural
horium 0.5 gm

Ceramic Tableware glaze Natural
Uranium 207. by

or weight of
horium the glaze

Adapted from UNSCEAR 1977 Report
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Averane Annual Population Dose Eeuivalents from -|

Selected Consumer Pr* ducts and Miscellaneous Sources 1
1

Product mRam i~TV Receivers 0.5 t

-v Airport X-Ray 0.001 i'

Luminous Watches 0.05 }
Tobacco Products 2,000.00. !

. Coal combustion 1. 0
Natural Gas 5 !

Uranisms in Dentures 10,000.00

Adapted from NCRP Report No. 56 ',

D) Medical Exposures
.

Ibe population receives an exposure 'of radiation as part of planned
medical procedures. This type of exposure is dependent on individual's health

,

needs and is not considered as part of the individual's occupational exposure. !
Typical radiation exposures- for various radiographic techniques are shown below: !

t,

Patient Skin Entrance Exposure, per Film j
Technique mR

,

Sacral Spine 2180
,

Barium Enema 1320
Upper GI Series 710 |

-

Dental Bite-Wing 400
Skull 330 ' '

chest 44

Source: Bureau of Radiological Health

E) Sumasty
|

The table below summarizes the annual dose rates received from natural
background, medical and other sources of radiation. The values indicated below t
are averages and may vary slightly with other reported values: *

,

:

Annual Dose Rates to Population in USA BEIR III (1980) ;Natural Background

Cosmic 28 mrem /y.
Terrestrial 26
Internal- C-14, Ra-226, Pm-222, K-40 28

82

Medical
Diagnosis 77<..

Dental 1. 4
"Radiopharmaceuticals 13.6-

92

Other
Weapon Tests (fallout) 5.

Power Plant and Nuclear Industry <1
Building Materials (brick, masonary) 5
TV Receivers 0. 5 '

' Airline Travel 0. 5
O"

e

|
12

.

TOTAL 186 mrem /y '
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Pr blem Set 3

.Multipke choice questions may have more than one correct response.

1. The primary indirect effect of ionizing radiation upon biological
target is:

. a) erythema response

b) free radical formation
c) leukegenic response

.

d) target absorption of the radiation

2. The LD f r htumans is approximately50/30

a) 100 mrem
~

b) 1 Ram
c) 25 Ram ~

d) 450 Rea
e) 850 Rem

3. The primary cause of death following an LD50/30 in humans is directly
associated with irrepairable and irreversible damage to:

a) the nervous system

b) the heart, liver, and kidneys
c) the hematopoietic organs (blood tissue producing)-
d) the skeletal bone .

4. Which of the following cells are correctly groupet from radiosensitive
to radioresistant?

a) lymphocytes (white blood cells), endothelial cells (cells lining the
GI tract), nerve cells '

b) nerve cells, lymphocytes, endothelial cells
c) endothelial r. ells, lymphocytes, nerve cells
d) endothelial cells, nerve cells, lymphocytes,

5. Late effects (5 - 20 years) of a large. sxposure to ionizing radiation
may result in:

Ia) deaths as predicted by the LD50 e neept '

*

b) carcinogenesis
c) a change in skin pigmentation,

,

d) significant blood changes i

O
.

e
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Froblem N;t J continueo......

.

6. 1sumediate ' effects '(within 30 days) of a large exposure to ionizing
radiation may result in:

a) bacterial infections
b) deathsi

c)_ development of tumors

d) erythema

7. Radiation damage to the body depends ons ,,

a) the type and energy of the radiation
< .

b) the absorbed dose
c) the time the radiation was distributed
d) the area of the body affected

8. An acute dose of 1 Ran to the whole body may result in:

a) significant blood changes i

b) nausea, vomiting {
|c) sterility -

d) no observable effects
.

!

9. The "Iav of Bergionie and Tribondeau" explains the radiosensitivity of
tissues as: !

:

a) directly proportional to the growth rate and inversely proportional j
' to the degree of spoliialisation

.

Ib) directly proportional to the degree of specialization and inversely ~

proportional to the growth rate t

c) directly proportional to the growth rate'and directly proportional to !
the degree of specialisation

,

t

10. Name five factors that determine a given tissue's radiosensitivity'
.t

=
.

I

|-

i

, ? ,;.' *. 'J. f ,,i3, . < ; * .-,,,

7 ',< i r + .
,

,
*

k,

i

I
I

O'
: .

( continued.... j
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L . Problem Set 3 continued......

11. What are the allowed Federal Exposure Limits for. radiation workers ?
Fill in the table.

Rams per Calendar 02arter
*

Quarterly Quarterly

Averste Maximum
,

Whole Body
.

Skin

Extremities

12. is the formula used to compute the
maximum allowable accoulated lifetime exposure to ionizing radiation to
the whole body for radiat' ion workers.

.
'

13. 11nder what conditions can the maximum quarterly whole body exposure limits
be applied?

.

.

14. The yearly Federal whole body exposure limits for individual non-radiation
workers is Rem.

15. The yearly whole body exposure limit for the U.S. population is
Ram per person.,

16. Occupational radiation workers must be at least years of age.
117. A 24 year old person becomes a radiation workar (with no previous radiation i.

exposure history). What would be the maximum allowable whole body dose
this person could receive in the next five years?

.

18. What are three major sources of natural background radiation?

'
.

continued...
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Problem s t 3 continued ......
t

I
!

19. Why may the levels of natural radiation exposure be greater inside of
some buildings than in open spaces? .

~

I

i
,

!

!
'

.

I
t
i
:

f
20. What naturally occurring isotopes contribute.to external radiation exposure? ![~

Internal radiation exposure?
:
,

i
!

:
r
,

;
;-

,

i

i21. . If the natural specific.' activity of C-14 is 6.1 pCi/gm of Carbon, how
much naturally produced Carbon-14 vill be recycled to the1 environment
during incineration of .MSU's 3100 ton ef paper waste in 19807 ;

0 |Cellulose = (QH10 5) : MW = 162.14
x

s

,

4

i :

( I

l !
)

!
!

I

t

,

i
s

|
,

9:l

'
,
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CRAFTER IV RADIATION PROTECTION TECHNIQUES

O- 1. External Radiation Protection

, The three basic methods used to reduce the external radiation hazard aro
time, distance, and shielding. Good radiation protection practices requires
optimization of these fundamental techniques.

A) h
The amount of radiation an individual accumulates will depend on how long

the individual stays in the radiation field:

Dose = Dose Rate x Time

mRam = mrem /Rr x Hr

Therefore, to limit a persons dose, one can restrict the time spent in
the area. How long a person can stay in an area without exceeding a prescribed
limit is called the " stay time" and is calculated from the simple relationship:

Stay Time = Limit (mrem)
Dose Rate (mrem /Er)

Example: How-long can a radiation worker stay in a 1.5 Rem /Hr radiation field
if we wish to limit his dose to 100 mRam?

,

0-
- Stay Time = 100 mrem = 0. 0667 Hr = 4 minutes i

. 1500 mrem /Hr

M taatance

The amount of radiation an individual receives will also depend on how
close the person is to the source.

1) The Inverse Square Law - Point sources of I and gamma radiation
follow the inverse square law, which states that the int'ensity of the.

radiation decreases in proportion to the inverse of the distance squared:

1I e
2

d

To represent this in a more useful formula:

I * 1 or I =K= 1
*

I (2) .

d d

K (1 )I = "
l 2 ( 2)2 '

d dg 2

continued on following page
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Formula continued. . . . |,

|. ;

| t
*-

2g 42 1=
,.

I K i
' -

2 p ,

'

2
)

2
I -d i

-|.=

2 1 ,

;

!

OR !
'

2 2'
1dId =

lg 22 I
;

Wher'er |,

I 'I
!t 2
!

-
,

source * ;-

! :
'

d dg 2

O[And Where:
;

the radiation intensity at distance dg franI =
t the radiation source ,

the shorter distance from the source where= ,

d ,
~

1 the radiation intensity is Il .|

the radiation _ intensity at distance d I# *1 =
22 the radiation source 1

-l
1

the longer distance from the source where )d =
2 the radiation intensity is I2

l
Therefore, by knowing the intensity at one distance, one can find the i

intensity at any given distance. )
1

Emunple on the following page.

;

,
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' Example: The exposure rate one foot from a source is 500 mR/Hr. What would
be the exposure rate three feet from the source? i

I = 500 mR/Hrg

i

d = 1 foot ]g,

1

d =3 eet
2 ,

2Id 500 mR/Mr = $5.6 mR/Hr(500 mR/Hr) (1 Foot)l1I ===

d ( 3 FC ) 9
2

.

ii) Gausna Constants j

- _ ;

Gamma radiation levels (in R/Hr) for one Curie of many radionuclides at '

a distance of one meter have been measured. . These "gansna constants" can - r

be used to determine 1) the expected exposure rate at a given distance 1
I(using inverse square) for a known quantity of. c, radionuclide ,or 2) the .

number of Curies of a radionuclide from a measured exposure rate. Gamma
'

constants (f ) for selected radionuclides appear in Appendix IV. -

Example No. 1: What is the radiation exposure rate one-foot from a.100 mci
point source of Cs-1377 (f = 0.33).

'
.

,
T = 0.33 R/Hr at 1 meter / Curie or 0.33 mR/Hr at 1 meter / mci

2Id =I d
g 2

'

'
t

.

I ?=
g .

1 = 0.33 mR/Hr/ mci x 100 mci = 33 mR/Hr*

2
;

1 **t*#d "
2

|
'

1 foot = 0.3048 md =
y

2
( 33 mR/Hr) (1m)1d '

I 355 mR/hr -= = =
g 2

,2 <0. m m)2.

. 1
,

i Example No. 2: If the exposure rate from Cs-137 at one meter is 250 mR/Hr, 3

k
| how many Curies are present? (f = 0. 33)
:-
|
; 0.25 R/Hr/ meter = 0. 76 Curies
|. / 0.33 R/Hr/ meter / Curie .

-

,

;

;
55.

I

. . . .-

t . - - .. . - - . - ..- . . ._ _ . -



- - - . - . . . _ . . . ._ -.

*

.

,

!

iii) Gausna Exposure Rate Formula

ne exposure rate from a gansaa point source can be approximated I
from the following expression: ;

;
'R/Hr at 1 foot = 6CEn
*

'Where: C is the number of curies of the gamma emitter
r

E is the gamma ray energy in MeV , ,

'

n is the number of gamma's per disintegration. '

!This expression holds only for ganana smitters with energies ranging from
0.07 MeV to 4 Nov. ;

t

Example: What would the exposure rate be one foot away from 100 mei of I-1317

From the reference data for selected radionuclides- (Appendix IV):
!

I-131 7 = 0,364 Mev, 81.21 7/d
3

7 = 0.636 Mev, 7.3% 7/d
2

R/Hr at 1 foot = 6(0.1c1)[0. 364 x 0. 812) + . (0.636 x 0.073)]
t*

= 0.21

or 210 mR/Hr at one foot

C) Shielding

When redu:ing the time or increasing the distance may not be possible, 4

one can choose shielding material to reduce the external radiation hazard. '

The proper material to use depends on the type of radiation and its energy.,

l

I i) Alpha and Beta Radiation

As discussed in Chapter I, alpha particles are easily shielded. A
,

thin piece of paper er several em of air is usually sufficient to stop them.'

W us, alpha particles present no external radiation hazard. Beta particles ;

are more penetrating than alpha particles. Bets shields are usually made of
altanina, brass, plastic,' or other materials of low atomic ntunber to reduce
the production of bremsstrahlung radiation. Appendix IV gives the range of ,

beta radiation for selected radionuclides in air and plastic. (see Appendix II). ;

11) X and Gamuna Radiation |,
, . .. . .. .. .

Monoonergetic X or gamma rays''collimated'into'a narrow beam are attenuated
'

'

exponentially through a shield according to the' following equationt - -

I = I e '"*o
continued on following page ..... -
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i,

1

|
1

|
p =

Where - I is the intensity outside of a shield of thickness x
'

i
l is the unshielded intensity; ;o

I
v u is the linear attenuation coefficient !

1

x is the thickness of shielding material

the linear attenuation coef ficient is the sum of the probabilities of
interaction per unit path length by each of the three s,cattering and absorption i

processes - photoelectric effect, compton effect, and pair production. ;

Note that u has dimensions of inverse length. The reciprocal of u is. defined t

as the mean free path which is the average distance the photon. travels in an. i
. absorber before an interaction takes place.

.

Because linear attenuation coefficients are proportional to the absorber
density, which usually does not have a unique valus but depends somewhat on

,

the physical state of the material, it is customary to use " mass attenuation
coefficients" which renovos density dependencet

,

Mass attenuation coefficient u. = !!. . s = density (gm/cm ) {
'

m
o >

For a given photon energy,u , does not change with the physical state of~
'

.

'a given absorber. For example, it is the same for water whether present in
liquid or vgpor form. If the absorber thickness is in cm, then Mm will have

O units of em /gm ~cm*1
3

.

. ga/cm .

Values of the mass attenuation coefficient for lead are given in Appendix IV.
'

.

?

Example: The intensity of an unshielded Cs-137 source is 1R/Hr. If the source-
is put into a lead shield-two-(2) inches thick, what would be the

3*

intensity on the outside of the shield? Density of lead = 11. 35gm/cm . :

= I,e'"*'
I

'

I, = 1 R/Hr

2 '
i u = u, . p = (0.114 cm /gn) (11. 35gm/cm ) 1,29 cm'=

x = 2 inches . 2.54 cm/ inch = 5.0 8 cm '

.

I = (1 R/Hr) . e' ((1.29 cm'I) (5.08 cmij 0.0014 R/Hr=

f

1.4 mR/Hr=
,

t

s

%

.

3
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iii) Half Value 14ver

'the half value layer (HVL) is the thickness of the shielding
material required to reduce the intensity to one half of its original
intensity and can be* calculated from:

0., 5 = e'"* )I =

Io

= 0.693 = HVLxg
u

Half value layers (for lead) are given for selected radioisotopes in
Appendix IV.

Example: -How much ' lead shielding must be used to reduce the exposure rate
from an I-131 source from 32 mR/Hr to 2 mR/Hr? HVL of lead for
1-131 is 0.178 cm.

32 mR/Hr 16 4 HVL (2 x 2 x 2 x 2 = 16)= =

2 mR/Hr

4 x 0.178 cm = 0.71 cm .

D) Personnel Monitoring

External radiation exposure is measured by personnel monitoring devices.
Three major types of monitoring devices in use today are the pocket dosimeter,
the film badge, and the Thermoluminescent Dosimeter (TLD). Personnel Monitoring
is required when it is likely that an individual vill be exposed to in any .

calendar quarter a dose of 300 mRems to the whole body (head and trunk, active
,| blood foming organs, gonads, lens of eye); 5 Rams to the extremities (hands,
| forearms, feet, ankles); 2 Rams to the skin of the whole body or in any area

where you can receive 100 mRems in any hour. Personnel monitoring provides a
permanent, legal record of an individual's occupational , exposure to ' radiation.

1) Pocket Dosimeters

Pocket Dosimeters are small devices (about the size of a fountain pen)
one can carry in a shirt or lab coat pocket to record exposure to radiation.

|
They come in two types, direct reading and indirect reading. Each type
of dosimeter is " zeroed" prior to use by a battery or AC line '

operated charger. When radiation passes through the sensitive volume of
the dosimeter, the charge is dissipated in proportion to the amount ofI

radiation received. In the direct reading type, the amount of exposure.
| in mR is read off a c'ilibrated scale'by looking through the dosimeter
l- much like looking through a telescope.= The indirect reading type requires

a separate readout device that also serves as the , dosimeter charger.

9.

'
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V 'the advantages of pocket dosimeters are that they can provide an on-the-
spot result of an individual's exposure to radiation. Disadvantages are that
they are susceptible to erroneous readings'irom excenive im+1sture, dunt.nr

.,

physical abuse (dropping, etc.) In each case, the readings will be high
due to these events. For this reason, two or more dosimeters are usually-

worn at the same time. The lower reading dosimeter is considered to be the
most accurate result.- Also, if an individual is exposed to radiationLin-
excess of the range of the dosimeter or to beta radiation, no information
can be derived.--

11) Film Badnes

The film badge consists of a film packet and holder. Radiation causes
the film to turn black - the degree of film blackening is then related to
the amount of radiation' exposure. The film packet usually contains two
pieces of film, ranging in sensitivity from 15 kev to 3 MeV for X or
ganana radiation, and 200 kev to 1 MeV for beta radiation. Radisotopes
with energies below these values cannot be detected. This is why users
of nuclides such as H-3, c-14, S-35 are not issued film . badges. j

Filters in the badge holder allow different radiation types
(S,7,X,n) and energies to interact with the film: An ''open" window allows
all radiations to pass and expose the film. A plastic filter absorbs
most low energy beta radiation. An alumina filter absorbs most high energy
beta radiation. A tin / cadmium filter absorbs all but high energy gamma rays.
Fast neutrons interact with the cadmium to produce film blackening. Slow

O' neutrons interact with the nitrogen atoms in the filmls gelatin layer, and
the resulting proton tracks are counted.

Advantages of fika badges are: 1) they are relatively inexpensive !
compared to other dosimeter types; 2) they provide a permanent record of !

an individual's dose (films are kept on file); 3) films are processed and
results reported by a disinterested third party.- Disadvantages are:
1) films are susceptible to extranes of heat, pressure and moisture;

* 2) film processing and receipt of exposure results may take several weeks.
To eliminate this latter disadvantage, pocket' dosimeters can be worn along
with film badges. If the pocket dosimeter indicates a possible high
exposure, the film badge can be evaluated on an emergency basis, usually

i within twenty-four hours after receipt by the Vendor.

iii) Thermoluminescent Dosimeters (TLD's) !

| TLD's, are small chips (1/8" x 1/8" x 1/32") 'of lithium flouride or
calcium fluoride. The chips absorb energy from radiation which excites
atoms to higher energy levels within the crystal lattice. Heating the

> ~

chip releases the excitation energy as light, proportional to the amount| .

of radiation received. Chips are placed in badge hoHers containing
filters to distinguish between radiation energy and type.

!' Advantages of TLD's are: 1) they are small and can be used as
extremity monitors; 2) they can be read on-site or through a disinterested. )

I third party; and 3) they are reuseable. Disadvantages are: 1) once the
- chips are analyzed, the exposure information is lost - exposures cannot be
? ' re-verified at a later date; 2) chips are relatively expensive; and 3),

chips are subject to physi <a1 damage (cracking, breaking, etc.). ;,

<,.
,
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iv) Proper Use of Pers'onnel Dosimeters !

a) Personnel dosimeters must be worn only by the person to whom it
was issued. Any exposure information will then become a part of that i
person's exposure history record.

b) Dosimeters should be worn on the body, where exposure to radiation
is likely. Usually,.they are worn between the neck and waist, care being. ;

'
taken to prevent items like pens, buttons, lab benches, hood aprons, etc.
from shielding the badge holder.

c) Store dosimeters along with the " control" dosimeter in a designated
area, away from extremes in temperature and radiation. The purpose (
of the control is to record any non-occupational exposure while the badge |.'

is not being worn (1.e., during transit to and from the vendor).

d) Do not wear personnel dosimeters during non-occupational exposures
of radiation,i.e., chest or dental X-Rays.

l
E) postina and Labelina of Radioactive Meterials |

l
I

1) Cautionary Signn

cautionary signs are required to be posted under certain conditions
'

as described below to warn other individuals 'in the area that radioactive
materials or radiation is present:. j

lCaution - Radiation Area: In areas where the level of radiation could
cause a major portion of an individual's body to receive an exposure
from external radiation in any hour that exceeds 5 millirems; or in a
period of five (5) consecutive days that exceeds 100 millirems.

Caution - Hith Radiation Area: In areas where the level of radiation
could cause a major portion of an individual's body to receive an I
exposure'from external radiation in any hour that exceeds 100 mrem.

]
Posting must be at the point at which an area measures 5 mR/Hr

and/or 100 mR per 40 Hr/ week for a Radiation Area, and at the point*
,

at which an area measures 100 mR/Hr for a High Radiation Area. I
'

i

In addition, individuals posting such signs should provide information i

on the sign to aid others to, minimize their exposure. Infomation may ?

include: 1) the source of radiation; 2) the exposure rate in mR/Hr or !
;R/Hr on contact, or at the highest spot; 3) the name of the person posting '

the sign; and 4) the date the sign was posted.
i
iCaution - Radioactive Materials: In areas' or on items where radioactive

material is used or stored. Each label shall provide sufficient information ,

to permit individuals handling or using containers or working in the j
general vicinity to take precautions to avoid or minimize exposures. Such ;

information should include: 1) the type of radioactive material; 2) the- |
estimated activity; 3) assay date; 4) the name of the individual responsible

|;for the material.
!

.

.
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' 11) Department of Transportation (DOT) Warnina tabels

Each package of. radioactive material offered for transportation, unless !
'

exempted, must be labeled on two sides with one of the three labels shown below:
.

-

IUGOACTM l RAD 10ACTM 11 |
i

= =.

.

/ O/ '

- -
,

. s
,

RAD 10ACTMill !'

-= ..
#gW,/

*

s.,

DOT Warnina Labels for Radioactive Materials Packages

The purpose of these labels is, to alert individuals handling packages that
special handling may be required. When the" background color'of the label is,

,

all white (Radioactive White-I), the external radiation level from the package
; .is minimal and no special handling is necessary. If however,.the background

of- the upper half of the label is yellow (Radioactive Yellow II or III), a
radiation level may exist at the outside of the package, and precautions should
be taken to minimize radiation exposures when handling the package.. The

,'

radiation level in mR/Hr at three feet from the external surface of the package
is known as the transport index, and is written in the space provided on the
warning label. Furthermore, if.the package bears a Radioactive Yellow III, '

the rail or highway vehicle in which it is carried must be placarded. The, ,

table below defines the label criteria for radioactive materials packages:
.

Dose Rate Limits
At Any point On At Three Feet From ,

Accessible Surface External Surface of,

Label of Package Package (Transport Index)

" RADIOACTIVE-WHITE I" 0.5 mR/Hr 0

" RADIOACTIVE-YELIM II" 50 mR/Hr 1.0 mR/Hr -

" RADIOACTIVE -YELLOW III" 200 mR/Hr 10 mR/Hr
(requires vehicle placarding).

.

Ihe cautionary signs'and warning labels described in these sections must be
removed or defaced when they are no longer serving their function.

.

.O
.
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2. Intemal' Radiation protection

:
Internal radiation exposure results when the body is contaminated ;

internally with a radioisotope. When radioactive materials enter the body,
they are metabolized and distributed to the tissues according to the chemical :
properties of the elements and compounds in which they are contained. For '

example, consider a complex molecule'which can be equally satisfied with a '

C 12 (stable) atom or a C-14 (radioactive) atom et.its regular carbon position. !
If the C-14 decays to nitrogen; the molecular structure is affected. If the .

,

molecule were DNA, this might be equivalent to gene mutation. Once radioactive (
material is in the body, little can be done to speed its removal. Thus, ;

internal radiation protection is concerned with preventing or minimizing the i

deposition of radioactive substances in personnel.
,

A

i

A) Methods of Entry *

,

Radioactive substances, like other toxic agents, may gain entry into the :body by four processes:
!

)1) Inhalation - breathing radioactive aerosols or dust,

ii) Inzestion - drinking contaminated water, or transferring radioactivity
to the mouth. .

11.1) Absorption - through intact skin.

iv) Injection - puncture of skin with an object bearing radioactive materials.

The following diagram is a sununary of radionuclide entry, transfer, and,

exit within the body:|

.

Inhalation Skin
'

Innestion __ Exhalation -

h Lymph
Subcutaneous.-Nodes

' Tissue
4

|- Lungs
'

" Extracellular Puncture
Fluid Organsy

, . G.1. m

1 Tract '

Bile
Sweat.

Liver Kidneys-

V D Urine
Feces
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B).. Guidelines<

Three basic-methods to control radioactive contamination which can lead-i

to internal radiation exposures are:

" 1) Minimize ~ the' amount of radioactive material being handled. Use'-

.

only-as much activity that is needed. *

2)' _ Conta'in' the radioactive material. . Different physical states. (gas,
liquid,1 solid) require different'contatrument techniques. Generally,-

two levels of containment.should be provided. For example, a' vial-
.containing a. stock solution of radioactive material should be properly-

.,1capped and placed or transported using|a drip tray or other similar
devices lined with absorbent paper. i..

3) Foli.v established-laboratory procedures.- Proper protective clothing,
!designated work areas,~ surface contamination' monitoring, etc.-are

required in all laboratories thatcuse! radioactive material _(see Chapter
5, " Radioisotope Laboratory Techniques").

C) Limits !.

Limits pertaining to internal emitters;are set up for particular. radio -~

nuclides. These limits are called body burdens.' A permissible constant'-.

body burden of a radionuclide is .a quantity (in uCi) which when present - !

continuously in the ; body will deliver a dose rate 'not exceeding the maximum -
permissible dose. rate. Thus, if the whole body is.the. critical organ, the j

i

fs constant body burden must not deliver more than 5.. Rem .per year. .The concen- i

trations of radionuclides in air and water required to yield a body burden '|
*

are called Maximum Permissible Concentrations (MPC's). An MPC is the con- !,

centratior. of a radionuclide which when taken into the body on an occupational |
;< >

' ' exposure basis results in an organ burden which produces'a maximum permissible
dose rats to the organ of interest. Some of:the factors which are considered
in esh ?. sting.MPC's are: i

\
.

..

1) ene type and energy of the radiation emitted,
;

|_ 2) it:s distribution in the body;, ;

3) the solubility of the compound containing the' isotope; and
3

4) ~ the effective half-life of the isotope. .)

The effective half-life (Teff) is defined as the rate of removal of a radio-,

active substance from the body and is calculated from the following equation:'

,

T,gg = TRxTB where: T = t e radMoghal ham-We.

R'

'TR*' B
; TB = the biological half-life (how long it !

takes for 1/2 of a material .to be elimin- i

ated from the body) l

|' Values of T,ff for selected radioisotopes are listed' in Appendix IV.
!

.x
l' .j

i

CONTR9L NO.8.7 2 8 5|
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MPC's are comunonly calculated for occupational exposure situations, -
assuming a 40 hour per week exposure, 50 weeks per year. - The longest exposure
durstion is taken as 50 years.

Value for MPC's can be found in the Code of Federal Regulations, Title 10,
'Part 20 w'J;':. ~ ; _, .,_; ,, ,.

D) Nonitorina -

Monitoring for. internal contamination ~is accomplished by wiiole body or
partial body counting in the case of gansna emitters and by urine or feces
samples in the case of beta emitters.- Such monitoring techniques are called
" Bioassays".

Bioassays are required when surveys or calculations indicate that an
individual has been exposed to radioactive materials in excess of established
limits (1. e.,- MPC 's, removable contamination ' limits) or when required by

. State or Federal regulations.-

,

,
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,
.

Multiple choice cuestions may have more.than'one correct response. '

|
- Refer to Appendix IV for reference data.

j.

,

!!1. Film badge results are reported in units of:
, ,

a) Rads
'

b) mR/Hr
c) Rems

d) mci-

2. Film badges cannot detect H-3, C-14, or S-35 because:
i

a) Wey are pure beta minus emitters
b) They have beta energies below the sensitivity of the film
c) They have beta energies above the sensitivity of the film
d) The specific ionization of the beta particles is too low

3. The purpose of filters in a film badge holder is to:

O
G a) Help in identifying the . type and energy of radiation.i

b) Determine the amount of radiation exposure

|
c) Shield the film from radiation exposure

d) Determine the identity of radioisotopes the badge was. exposed to

4. Film badges and other personnel dosimeters should be worn:
.

a) Generally, between the neck and waist
b) On the area of the body where exposure to radiation is likely

c) On only the person to whom it was issued

d) For extremity monitors, on the inside of protective gloves.
( .

5. A radioactive package displaying a DUT " Radioactive Yellow II"
warning label with a Transport Index of 0.2 means that:

a) The transport vehicle requires placarding
.

b) The radiation ' level at the surface of the package is 0.2 mR/hr.

c) . The radiation level at 3 feet from the package is 0. 2 mR/hr
.

i

6-

v .
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Problem Set! 4' continued......

6. If you have a source of radiation which emits high energy beta particles ' " '

only, what-is the most appropriate shielding material.to use?

a) 'a container of lead
b) a container of plastic

c) a container of plastic inside a container of lead
d) a cont'ainer of lead inside a container of plastic

7. 'If you have a source of radiatien which emits both high. energy beta
particles 'and ganana rays, what is the most appropriate chielding
material to use?

a) a container of lead
b). a container cf plastic

c) a container of plastic inside a container of lead.
d) a container of lead inside a container of plastic

8. What is Body Burden? How does it relate to.a maximum permissible
concentration?

O
9. Name four (4) factors which are considered in evaluating the potentini

internal hazards from a radioisotope?

10. If the intensity of a gamma source is 5 mR/Hr'at a distance of one meter,
-

what is the intensity one foot away from the source?

.

.
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Problem ' Set 4 Continued. . . . ...; - ;

;(W), 11. - The : intensity of a source measured' outside a 2 cm thick ' lead pig Lis
~ '

'- 2 mR/Hr. If the pig is known to contain Cr-51, what would the intensity
of the' source be without'the pig?. (density of lead: = 11. 35 gm/cm ); . .

3

,

'

4
4 .

;

12. A 20 mci Cs-137| source (calibrated on- 9/10/79) .is_ to be used forL ehe a
calibration ^ of pocket' dosimeters. The source -is to_ be placed at the ~{
center of a board with the dosimeters distributed around a circle of a
radius of 22 inches. What dose rate will the chambers receive? I

Where, how and at what distance should such a facility be posted? -
*

1
4

,

^i
'

+
,

,

?

- 13. What would be the approximate dose to an operator using this calibration
. - facility, assuming the operator spent a total of 30 minutes near or adjacent.
h,O

tto the dosimeters?

,

.

I

14. ' A! radiation worker begins work six (6) feet away from a source determined
to be 5 mR/Hr at'that point. The workars daily dose limit is 50 mrem.-

s

If this person worked-in the first area; for five _ (5) hours and. then moved
to an area three (3) feet from the source, what would be'th,e new exposure;.

; rate in this area- and how long could the person remain there until the .
daily limit has been expended? - (AssumeL1 mR = 1.mRam).

,

1-

|-

15. . If commercially available lead blocks are 1 inch thick, how many blocks
' ,

.

are needed to reduce the unshielded exposure rate from a vial of Co-60 '

to 1/8 its original value? -

|

|
*

,

.

R> .

I

:
I
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CHAPTER'V RADI0 ISOTOPE 1ABORA70RY TECHNIQUES

All laboratories authorized to use radioactive materials require special
. precautions to minimize the external and internal hazard from radiation and

' radioactive contamination. This chapter deals with general regulations and
techniques that should be followed in the Radioisotpe Lab. i

.
1. -Protective Clothing

a) ' Lab coats should be worn when manipulating radioactive materials -
to prevent contamination of street clothes.

,

b) Disposable plastic: gloves should always be worn when using radioactive <

materials. Personnel with breaks in the skin should use waterproof
tape to seal .such breaks or not use radioactive material.

1

c) Care should be exercised not to transfer. contamination. from the hands e

or lab coat by reflex actions such as wiping one's brow or scratching
an itch.

*

2. The Workplace

''a) Areas in which radioactive material are used should be covered with
plastic backed absorbent paper to contain spills and prevent contami-
nation of the working surface.

- ) b)
-

Drip trays can be used to transfer beakers, test tubes, etc. from one
location to another.

,

c) Change absorbent paper at regular intervals to prevent cross contamination.
,

.

.

d). Label all containers used for radioactive materials work. Keep-the
work areas neat and clean to prevent accidents as well as making it,

easier to decontaminate if accidental spills do occur.-, .

e) Secure all radioactive materials from unauthorized removal. Close or-

lock the lab door when materials must be-left unattended. Most refrig-
erator/ freezers can be equipped with locks and make an ideal place for
storage,

f) There must be no eating, drinking, smoking, or storage of food in areas
-in which radioactive materials are used.

3. Manipulations-of Radioactive Materials

a) No mouth pipetting of anything in a radioisotope work area. Assume-

all pipettes and glassware in the work area are contaminated. For
standard laboratory pipettes, use a safety pipetting aid. Eppendorf
or other precision pipettes can-be used for smaller dispensing. Contami-

'

nated glass pipettes can be placed in a pipette jar for washing. Disposable
pipettes and contaminated Eppendorf tips should be placed.in radioactive
waste containers. '

.n
~

. .
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b) , Containers used in vortexing, mixing, shaking, er'contrifuging-.
.

operations should be sealed with parafile or-stoppers.

L c) Prepare samples carefully. Heating, drying, distillinb and other
- operations which could result in volatilization of the material should
be performed in 'a fume hood or_ glove box.

o
(-

d) - Provide proper shielding to reduce exposure, but not so that_you'

- hinder the safe execution of the experiment.
,

i e) Whenever possible, rehearse operations with non-radioactive materials
i'

to. ensure that the technique will be reasonably free of incidents. - {
!

J

f) Accurate records of radioactive material inventory on : hand should be |
maintained.' Record withdrawals from the stock vial on inventory control-

forms received with the isotope.

4. Emergency Procedures-

A) Radioac'tive Material Spills *

i) contain the spill: If the material is a Iliquid, place an absorbent
material such as paper towels, tissues, cloth, etc. over the spill to
prevent its spread. If the material is a powdered solid,' attempt to ~
contain spread of the material by covering the area with a protective barrier

,.

i
such as a-drip tray, empty beaker, section of kraft paper, etc. If
appropriate, close doors and windows; turn off room ventilation fans.

11) Inform others of the spill: Adjust your response to_ the seriousness - ' f
l- of the spill. Instruct those personnel present in the room at the time of ?

the spill to remain in an evacuation area to prevent contamination spread. t

Report the spill to the Office of Radiation, Chemical and Biological Safety. ,

Evacuated personnel should not eatj-drink, or' smoke until they are moni-
tored and found free of contamination.'

|

iii) Decontaminate the area: Plan ahead. Provide adequate protection
and supplies for personnel involved in the cleanup. Specific decontamination

l procedures are outlined in Part 8.
i

,

iv) Nonitor the area: Using appropriate survey techniques, monitor the --
,

area for contamination (see Part 6 " Surveys"). Monitor. all personnel and
.materials before releasing them to clean areas. Radioactive contamination
|limits are outlined in Part 7. '

L i

| B) Other Emergencies: !

,

Emergencies such as fire, accidental uptak'e of radioactive material, |

rediation injury, etc. require the same basic responses as described above: [
Containment-Notification-Corrective Action and Monitoring. The ORCBS shall be ,

notified at once (through Campus Police after normal work hours) of such
incidents and will act with other authorities to control emergencies of this
nature.

;

'
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5.- Radioactive Waste Disposal 4

i\
a) Waste disposal areas should.be managed with close a'ttention to cican- f

~

1 Inenn. - lloisnekeeping employeen nhoul:1 im inntruct.4I not to move.or
empty radioactive waste containers during the course of their duties.

,

b) Care should be exercised when disposing of waste in different physical
or chemical forms:

^ i) Liquid wastes containing acids should not be mixed with liquids-
containing bases.' Aqueous liquids should not be mixed with organic liquids. )

11) Pipettes and other sharp objects should be bundled together in' order j

to prevent' them from puncturing the inner plastic liner of a' dry waste-

|
container.- Needle disposal boxes are reconnended for the safe disposal of

' contaminated rieedles.. Waste in powder form should be sealed in an air _ tight
wrap before placing into a dry waste container.

iii) Biological waste should contain' sufficient amounts of a preservative
and absorbene - to prevent decomposition.

. |
.

iv) Radioactive biohazard waste must be treated in the same manner as
regular biohazard waste (1. e. autoclaving) before being placed into radio- ,

'
; active waste containers.

-
.

,

'
c) Waste should be segregated according to its radiologic half-li fe. '.cthnrt

lived waste can be stored until decayed and, then be disposed of as;

-( regular waste.

d) Non-radioactive waste must not be mixed'with radioactive waste as this
adds to the cost of disposal. A simple wipe survey or instrument survey

,

of the item can determine if it is- radioactive. If only a portion of
,

an item (i.e., lab bench soaker) is contaminated,-just.that portion
should be disposed of into radioactive waste.

6. Surveys
;

i

Surveys for radiation and removable radioactive contamination must be p,er- ,

formed in all radioisotope laboratories, preferably after each use of radioactive
materials. Appropriate radiation survey equipment should be available to users
for the type of surveys required for the laboratory. .For example, H-3 and C-14'

contamination can be detected by wiping the work surface with a piece of filter
paper and analyzing the." wipe" in'a liquid scintillation counter. A geiger-

{
mueller (GI) counter can be used to detect higher energy beta emitting nuclides
(i.e., P-32). . Survey equipment must be properly calibrated' for energy and type of
radionuclide in use at-least every six months.

To perform a survey,\ chbose sites in.the flab where the radioactive material~

has been used. Areas or equipment such as benchtops, floors near the waste'

containers, fraction collectors, water baths, storage areas, hoods, etc. are
good places to start. Each site chosen should'be labeled on a diagram or floor'

; plan of the lab for later referral when interpreting results.
.

.
"

~ ,
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A)- Survey for Fixed Contamination -

In laboratories where gamma or high energy beta /gasmaa' radioisotope (s) are in
use, an initial survey for fixed or gross contamination with a a survey
instrument should be performed. In order to prevent contamination of the

m probe during the . survey, take care not to touch the probe to the surface
of that which is being examined.. As each site is surveyed, record the results
on the lab diagram for future reference and to identify any long range trends.
Note that results from a m survey should be expressed in terms of counts per
minute (cpm) and yield an estimate of how much radioactivity may be present.

- Radiation exposure rates in units of mR/Hr can be detemined using a m counter
only as long as the detector is calibrated for the energy of the nuclide being
measured or by using an Ion Chamber type survey instrument (see Chapter II). ,

As a general rule, sites in which the results are twice the " background"-
rate (the level of radiation that the instrument responds to from natural-
sources) are considered to be radioactively contaminated. Limits for fixed
contamination are given in part seven of this chapter. Any fixed contamination
found should be tested for removable activity as described in the next section.

. B) Survey for Removable Contamination

Contamination not fixed to a surface can be transferred to' hands, clothing,
notebooks, etc. leading to internal exposure or contamination of clean areas.
In laboratories where low energy beta emitting isotopes such as H-3, C-14, and
S-35 are in use, a " wipe test" is the most pract;ical method of detecting
removable contamination. To perfom the survey, the ' site is wiped with a

.

cotton swab or small piece of coarse filter paper. Wetting the_ wipe first
usually enhances the pick up of any contaminated particles. A single wipe can

.

be used to determine contamination over a large surface area such as a floor or
bench top. If activity is found, a series of wipes covering smaller areas
should be perfomed to localize the contamination. Wipes taken cah be placed
in a numbered scintillation vial or other carrier to organize and prevent cross
contamination of the samples. Wipes should also be treated as potentially
contaminated until analyzed.

Prepare the wipes for analysis as you would a regular sample. In most
labe, a liquid scintillation counter (or gansna counter) is already optimized
for the particular nuclides in use. Verify counter settings before analyzing
any samples. A control vial consisting of a " clean" wipe and counting
solution must be counted with your samples to determine the machine background.
A set of quenched standards should be used to determine the counters efficiency
for various degree's of quench (see Chapter II - Liquid Scintillation Counting
Techniques).

Report results on your diagram. in terms of disintegrations per minute (dpm)
per area surveyed according to the following fomula:

Sample dpm = Sample Cross epm - Background epm
Counter Efficiency (counts / disintegration)

Any wipe indicating a gross cpm greater than twice the background epm
should be cleaned up. Limits for removable contamination are give.n on the
following page.
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k 7. Radioactive Contamination Limits >

The limits in the table below set the maximum allowable quantity of
radioactive containation on surfaces and areas. Pollowing good radio -
isotope laboratory techniques should keep contamination levels to less

- than 10% of these values. Contamination greater than the maximum values
~

should be reported to the lab supervisor and-cleaned'up right away4 l

Corrective steps should be taken to prevent reoccurances.
,,

.{'
MI0 ACTIVE SURFACE CONTAMINATION LIMITS

APPLICATION ALPHA BETA / GAMMA

Total (Fixed)
Removable at 1 cm - Removable

'.from' surface
2(dpm/100 cm ) (mR/Hr) (dpm/100 ~ cm )

Controlled Area
Maximum hot spot on a surface 500 1. 0 5,000

Clean Area 100 0,5 1,000 |
.

Non-Controlled Ares !
" d''****DI' " d******DI* -]Skin, personal clothing O.1p activity allowed activity allowed !

, -,
' Release of material or

facilities 100 0. 2 1,000.
i

i

Adapted from 10NYCRR16 !
*

,

.

8. Decontamination Procedures j
. <

The following Personnel, Area, and Material Decontaminating Procedures
| were taken from the 1970 edition of the Radiological Health Handbook.
!
I

.

1
,

|
|

-1

i

- e

i .

|- i
!| . .

|
.

1 .O.
i
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-EERSONNEL DECONTAMINATION
~

Methodo Surface Action Technique Advantages . Disadvantages

Soap and water Skin and hands Emulsifies and Wash 2-3 minutes. Readily available Continued washing:
dissolves contam-- and monitor. Do and effective for will defst the.
inate. not wash more most radioactive' skin.. Indiscria 1

than 3-4 times. contamination. Inste washing of -
other than af-
fected parts may

i spread contami-

i nation.

Soap and water Hair Same as above. Wash several
,

times. If con-
tamination is not

^

lowered to ac-
ceptable levels,.
share the head

.
and apply skin

, ,

e decontamination
4 methods.

.w

Lava soap, soft Skin and hands Emulsifies, dis- Use light pres - Same as above. Continued washing-'

brush, and water solves, and sure with heavy will abrade the.

erodes. lather. Wash for skin.
2 minutes, 3-

times.: Rinse and .

>

a

monitor. .Use
care not to
scratch or erode i

the skin. Apply '

lanolin or hand ;,

cream to prevent:
chapping.

Tide or other Same as. above. Same'as above. Make into a paste. Slightly more ef- Will defat and-
'

detergent (plain) Use with addi-L fective than abrade skin and

aitional.. water with washing with soap. must be used with. r

a mild. scrubbing care.

action. Use care
not to erode the.

- *Begin with .the ' first listed method and then proceed estep by step to the more severe methods, as necessary. - ,-skin.'

i h

9 O O'
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PERSONNEL DECOffrAMINATION--Continued

Method * Surface Action ' Technique Advantages ~ Disadvantages-

Mixture of 50% Skin and hands Emulsifies, dis- Make into a paste. Slightly more ef- Will defat and4 Tide and.50% corn ~ solves, and Use with addi- fective than abrade. skin'and-meal erodes. tional water with. washing with soap. must be used witha mild scrubbing care.
action. Use care
not to erode the-
skin.

5% water solution Same as above. Same as above.
of.a mixture of

. Use with water. Same as above. Some as above.
Rub for_a minute

30% Tide, 65% Cal- and rinse.,

' gon, 5% Carbose
(carboxymethyl
cellulose).

,
,

A preparation of Same as above. Same as above. Use with addi- Same as above. Same as above.8% Carbose, 3%' tional water.
e

;! Tide,'1% Versene, Rub for 1 minute
and 88% water and wipe off.,

;homogenized into a Follow with lano-
cream. lin or hand cream.

;Titanium dioxide Skin, hands,.and Same.as above. Work the paste Removes contami- If left on too ipaste. Prepare extremities. Do into the affected nation lodged long will remove
paste by mixing not use near. face area-for 2 min- . under scaly'sur- skin.
precipitated tita- or other body . utes.. Rinse and face of skin.
nium dioxide (a openings. wash with soap Cood for heavy
very thick slurry,_ and warm water. surface contami-,

i never permitted to - Monitor. nation of skin.I dry) with a small
amount of lanolin.

!$! If not successful,,
' i

,

;
'

go on to next step.
>

4

r-
3E
53
ao
~4 '

,

'

h)
*Begin with the first listed method and then proceed. step' by step to = the more' severe methods. i as necessary. -C3

'90 ",4 .

'
,

W -
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h PERSONNEL DECONTAMINATION--Continued
_

I

Method * Surface Action ' Technique A'dvantages- Dicadvastcgeo-

F Mix equal volumes Skin, hands, and Dissolves contami- Pour over wet. Superior for skin Will remove a

of a saturated'so- extremities. Do nant absorbed in hands, rubbing the contamination. layer of skin if

j lution of.potas- not use near face the epidermis. surface and using May be used in in contact'with

.
sium permanganate or other bcdy- hand brush for not conjunction with the skin for more-

more'than '! min ; titanium oxide. . than 2 minutes..
~

;j and 0.2 N sulfuric openings.
utes. Rinse withacid. -(Saturated water.solution of KMn06 _

is 6.4 grams per~

100 ml of MeO.)
Continue with.next

1

step.

Apply a freshly Same as above. Removes the per- Apply in same man- Same as aboye.

prepared 51 solu- manganate stain. ner as above. Ap-
ply for-not moretion of sodium .

than 2 minutes.
acid sulfite. (So-

The above proce-
lution made by dis-'

dure may be re-
O solving 5 gm of peated. Apply-

NaHSO,s crystals in lanolin or hand,

100 ml distilled cream when com-water.) pleted. .

Flushing Eyes, ears, nose, Physical removal Roll back the eye- If used immedi - When using for

and mouth- by flushing. 11d as far as pos- ately will remove nose and mouth,

sible,-flush with- contamination. contaminated in-
large amounts'of May also be used, dividual should

*

water. If iso-' for ears,' nose, be warned not to
tonic irrigants . and throat. swallow the
are available, ob- rinses,

tain them without
de'l ay . . Apply to

~

eye continually
-

and then-flush
with large amounts
of water.

lis'ted method and then proceed step by step to the more severe methods, as necessary.*Begin with the first

.

O O Je
._

_
__
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PERSONNEL DECONTAMINATION--Continued .

3

I Method * Surfade Action Technique Advantages. . Disadvantages
,

* O

b Flushing (Cont'd) (Isotonic trri-
gant [0.9% Nacl
solution): 9
grams Nacl in

*beaker, fill to
1000 cc with
water.) Can be .. i

purchased'from
i' drug suppliers,

.

etc.

Further decontami- !

nation should be
done under medical
supervision.

Flushing Wounds Physical removal Wash would with.. Quick and effi- May spread contam-
'

by flushing. Large amounts of, cient if wound ination to other
M water and spread not severe. areas of body if'

edges.to stimulate not done care-,

bleeding, if not fully. -

profuse. If pro-
fuse, stop bleed-

'

ing'first,' clean
,

edges of wound,
bandage, and if
any' contamination
remains, it may be
removed by norma),

"

cleaning methods,
as above.

Sweating Skin of hands and - Physical removal Place hand'or foot Cleansing action If glove or booty-
feet by sweating.. in plastic glove is from inside is not removed,

' -

or booty. Tape- out. Hand does- shortly after pro .-

: shut.- Place near not dry out. fus'e sweating- ^
source of heat for starts and part'

; 10-15 minutes or. washed with soap

*Begin with the first listed method and 'then proceed step by step to the more severe methods, as necessary.

- - , . . .. - - s. , . .- , , . -. . -. .. -.
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PERSONNEL DECONTAM2 NATION--Continued
^

1
,i

Methode Surface Action ~ Technique Advantages' Disadvantages"
,

Sweating (Cont'd) until hand or foot end water immedi--
is suesting pro - ately, contami-
fusely. Remove nation may' seep;
glove and then . into the pores.

-

wash using stand-
ard techniques.
Or gloves.can be
worn for several-
hours using only
body heat.

AREA AND MATERIAL DECOffrAMINATION

Method * Surface ~ Action Technique Advantages Disadvantages-
' Vacuum cleaning Dry surfaces Removes contami- Use conventional Good on dry, porous All dust must be

nated' dust by suc- vacuum technique surfaces. Avoids filtered out of
tion. with efficient- water reactions. exhaust. Machine

filter. is contaminated.-

Water - All nonporous sur- Dissolves and For larae surfaces All.wster equip- Drainage must be-
faces'(metal, erodes. Hose with high- ment may be uti- centrolled. Not-
painted, plastic, pressure water at' lized. Allows; suitable for po-
etc.). an optimum dis-' operation to be rous materials.

,
tance of 15 to 20 carried out from Oiled surfaces ~
feet. Spray ver- a' distance.JCon- cannot be decon-
tical-surfaces at tamination may be taminated. Not
an angle of ir_ci- reduced by 507.. applicable on dry
dence-of 30 to Water equipment contaminated'sur-
40 ; work from top may be used for.- faces (use vacu-
to bottom to avoid solutions'of other um); not appli-
recontamination. decontaminating cable on porour
Work upvind to agents. surfaces such as-
avoid spray. wood, concrete.

*Begin with the:first listed method and then proceed step by step to the more severe methods, as necessary.-

'

i
L

~

'
,

-

.



- _ _ - _ _ _ _ - - _ - _ _ - . - . - - - - _ - - - - - . - .

.

J' v L>
,

.

AREA AND MATERIAL DECONTAMINATION--Centinued '

- Method * Surface Action Technique Advantages Disadvantages

Water (Cont'd) Determine cleaning canvas, etc. Spray
rate experimental- will be content-
ly, if possible; noted. 'I

otherwise, use a
rate of 4 . square '-
feet per minute.

All surfaces Dissolves and For small surfaces Extremely effec- Of little value11n j
erodes. Blot up liquid and tive if done timme- the decontamina- I

handwipe with wa- distely.after tion of large . 'l
ter-and appropri- spill and on non-' areas.-longstand--
ate commercial de- porous surfaces. ing contaminants |

tergent. and porous sur-
faces.

Steam Nonporous surfaces Dissolves and Work from top to Contamination may Steam subject to-
' (especially pain- erodes. botton and from. be reduced approx- same limitations 4

y ted or oiled sur- upwind. Clean sur- imately 90% on as. water.iSpray J
.

f ace s) . face at a rate of painted surfaces. hazard . makes the q,

4~ square feet per' wearing of water- j
minute. The clean- proof outfits.
ing efficiency of necessary.. |
steam will be i

greatly increased
by using deter - I
gents. . -

Detergents Nonporous surfaces Emulsifies contam- Rub surface 1 min- Dissolves indus-' May require per-
(metal, painted, inant and increas- ute with-a rag' trial film and sonal contact

,

glass, plastic, es wetting power moistened with de- other. materials with surface. May j
etc.), of water and

.

tergent' solution which hold contam- not be efficient ~!

cy of steam. rag; use clean ination.may be re- contamination,
_

jcleaning efficien- then wipe with dry ination. Contam- on ' longstanding

surface of the rag duced'by 90%.
for each applica-

,|

tion. Use a power .I
rotary brush'with-

*Begin with the: first ' listed method and then proceed step by step to the more severe methods, as necessary. .

-
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- AREA AND MATERIAL DECONTAMINATION--Conti:Lued

,

. Method * , Surface
~

Action ' Technique. ' Advantages Disadvantages

Detergents (Cont'd) pressure' feed for
more efficient'

~

cleaning. Apply
,

solution from a .

distance with.a
pressure propor- .

tioner. Do not al-
low solution to
drip onto other
surfaces. Mist ap-
plication is all
thatfis necessary.

,

.

Complexing agents Nonporous surfaces Forms soluble com- Complexing agent- Holds contamina- Requires applica -

(especially un- plexes with con- solution should' tion in solution. tion for 5 to 30

'
.

Contamination may minutes. Little *weathered sur-- taminated materi- contain.3% (by
faces; i.e., no al. weight) of agent.. be' reduced.by 75% penetrating power;

Q$ rustaor calcareous Spray. surface with in 4 minutes on- of small value on
' growth). solution. Keep unweathered sur . weathered sur-*

surface moist 30- faces.(Easily faces.
minutes by spray- stored; carbonates
ing with. solution' and citrates are
periodically. nontoxic, noncor-
After 30 minutes, rosive.
flush material off
with. water. Com-
plexing agents may

*

be used'on verti-
cal and overhead

' surfaces by add- .

ing' chemical' foam
~

(sodium' carbonate ~

or aluminum sul- .

fate).

*Begin with the first listed method and then proceed step by step to the more severe methods, as necessary.

.
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AREA AND MATERIAL DECONTAMINATION--Continued
,

Method * Surface Action. . Tech'nique Advantages- Disadvantages

Organic solvents Nonporous surfaces Dissolves organic Immerse entire Quick dissolving- Requires good ven-' (greasy or waxed materials (oil, unit'in solvent or action. Recovery tilation and fire
surfaces, paint or paint, etc.), apply by wiping' of sovlent possi-' precautions. Toxic
plastic finishes, procedure (see: ble'by distilla- to personnel.'Ma-etc.). Detergent s) . tion. terial bulky.

Inorganic acids Metal surfaces Dissolves porous Use dip-bath pro- Corrosive action Personal' hazard.(especially with.- deposits. cedure.for' movable on metal and po- Wear goggles, rub-
porous deposits; items. Acid-should rous deposits. her boots, gloves,
i.e., rust or cal- be kept at a-con " Corrosive action and aprons. Good
careous growth); centration of 1 to may be moderated ventilation re-
circulatory pipe 2 normal (9 to.18% by addition of- quired because of
systems. hydrochloric, 3 to corrosion inhibi- toxicity and ex -

.

6% sulfuric acid). tors to solution.. plosive gases.
Leave on' weathered "

Acid mixtures'
surfaces for 1 should not.be'

hour.: Flush sur- heated. Possibil-8 face with water,- ty of excessive
'

e
scrub with a wa- corrosion if used
ter-detergent sol- without inhibi-

t ution, and rinse. tors. Sulfuric
| i

Leave in pipe cir- acid not effective ~ |,

; culatory. system 2 on calcareous de-
| to 4 hours; flush posits.

|

1

with plain water,
a water-detergent .

! ,

solution, then
, again with plain-
|

water.

! Acid mixtures: Nonporous surfaces Dissolves porous Same as for inor- Contamination may Weathered surfaces:
hydrochloric, (especially with- deposits. ganici acids. A- reduced by 90%.in may require pro-
sulfuric, porous deposits); typical mixture I hour.(unueath . longed treatment.
acetic, circulatory pipe. consist-of'O.I'

.

More easily han , cautions as re- '

ered' surfaces).- Same safety pre-
citric' acids, systems. gal. hydrochloric

'

' acetates, acid 0.2 1b sodi- died than inorgan- quired for inorgan-
~

,

)citrates um acetate and 1 ic acid solution. ic acids.
*Begin with the first listed meth5d and then proceed step by step to the more severe methods', as v2cessary.

4
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AREA AND MATERIAL DECONTAMINATION--Continued

.

Me thod* Surface Action
,

-Technique Advantages' Disadvantages

Acid mixtures gal. water

(Cont'd) -

Caustics: Painted surfaces Softens paint Allow paint-remov- Minimum contact Personal hazard
-

lye (sodium (horizontal). (harsh method). er solution to re- with contaminated (vill cause burns).2-
hydroxide) main on surface surfaces. Easily Reaction slow; |j
calcium until paint is stored. thus, it is not'ef- j

hydroxide softened to.the ficient on verti-
potassium point where it may cal or overhead
hydroxide be washed off with surfaces. Should

water. Remove re- not be used on
maining paint with aluminum or mag-
long-handled nesium.

- scrapers., Typical l
''

paint remover so-
s lution: 10 gal.

water, 4 lb lye, 6m

Ib boiler compoun4,

0.75 lb corn-
starch.

!
1

Trisodium phosphate Painted surfaces Softens paint Apply hot 10% so- Contamination may Destructive effect
(vertical, over- (mild method). lution by rubbing be reduced to tol- on paint. Should

- head), and wiping pro-~ erance in one or not be used'on
- cedure (see Deter- two applications, aluminum or mag-

gent). nesium.

Abrasion Nonporous surfaces. Removes surface. Use conventional Contamination may Impracticable for -
procedures, such be reduced to as porous surfaces
as' sanding, filing low a level as de- because of penetra- i

and chipping; keep sired. tion by moisture. !
surface damp to a- |

void dust hazard. |

Sandblasting Nonporus surfaces. Removes' surfaces. Keep sand wet to Practical for Contamination
lessen spread of' large surface spread over area
contamination. areas. must be removed.

*Begin with the first listed method and then proceed step by step to the more , severe methods, as necessary. .j

.

iI
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AREA AND MATERIAL DECOtrfAMINATION--Continued

' Method * Surface Action Technique Advantages. Disadvantages

Sandblasting Collect used abra-(Cont'd) Contaminated dustsive or flush.away is personnel
with water. hazard..

Vacuum blasting Porous and non- Removes sv.rface; Hold tool flush to Contaminated waste Contamination ofporous surfaces. traps and controls surface to prevent ready. for disposal, equipment.contaminated escape of contam . Safest abrasion .waste. ination. method.

*Begin with the first listed method and then proceed step by step to the more . severe methods, as necessary. -
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PROBIEM SET 5 'I
.

9
.( I

,

t

|

You have completed a survey for radiation levels. and. removable contamination..

for_ a radioisotope laboratory that uses H-3 and P-32. - From the laboratory - 1
floor plan, - rsw data sheet, and quench curves supplied, answer the' following' 1

questions:
,

1.. For each 'of the areas _ surveyed, what is: the level | of. removable contamination
in dpm? (Fill in the bottom section labelled "Removsble Contamination

'

Survey" on laboratory- floor distram).

i

2. -Which o'f the contaminated areas are due to H-37 Which;are due to'P-327

,

3. Which of the gross counts can be ignored due to statistical fluctuations?
,

(Hint: o = y N' )r

..

4. Which of the areas exceed the allowable removable contamination limits?
g''N.

O ,

'

5. What areas require posting with a " Caution-Radiation Area" sign?, A " Caution- '

- High Radiation Area" sign?

d

6. What is the most probable cause for contamination at site' # 67 What methods
of decontamination would you recommend?

7. Which of the users is responsible for the contamination on the floor?

|

|

8. What recommendations would you give to the supervisor of this laboratory in
order to improve radiation safety? !

|
'

.

|
1

.

.
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PROBI2M SET 5
Routine Radiation and Contamination Survey

Room 112 - 114: Teaching Lab
... .

h. \EsotoP*
Md *' Pggg g

wD _,
8 \ -

@ Beach
-

F-32 used -

here -.

@
H-3 used Q
here -

Bench Bench 1-

@
B. h.

Desk

b+1
3

,

O
_

Bench
r

Radiation Survey Removante contamination survey

p-7 (mR/Hr) Remarks Net epm -4- Eff dpm=

1 f t above floor, 1.

A. 1 1 ft away from waste cont. 2.
On contact with side of 3,

B. 5 waste container
4.

Unshielded isotope
c. 125 containers in freeser 5.

On contact with freezer ' 6.

D. 0.1 door closed 7,

Instrument (s) used: Victoreen Panoramic 8. *

9-with Beta shield off, neglecting air

10.absorbtion.

Bitekground O.I mR/Hr.

- 84 -
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PROB 1EM SET 5

RAW COUNTING DATA SHEET
js
\ ]

Room 112-114:- Teaching Lab |
l

Counter Used: Packard Tricarb Liquid Scintillation Counter

Counting Time: 1 Minute
~

Sampling Technique: Filter Paper' Smear Covering an Area of 100 cm

Survey Red Channel Green Channel External-*

i
Site Identification Counts- Conets Standard Ratio

H-3 Standard 154, 000 77,000 0.99 i
-

C-14 Standard- 17,000 87,000 -0.99 *

-

P-32 Standard 7,000 -70,000 0.99-

F

Background 50 25 0.98 :(-

1 Absorbent Paper 54 12 7 0.95

2 Laboratory Notebook 101 65 0.95

3 Floor 71 237 0. 80

4- Pipetter Bulb 350 75- 0.98

0'b- 5 Isotope Storage Shelf
Inside Freezer 120 60~ 0.45-

6 Freezer Handle 450 , 4,025 0.80-

7 Liquid Waste Container
Cover 150 925 0.90,

'

8 Floor 110 525 0.85*

9 Floor 70 225 0.80 ;

i 10 Hood Apron 47 24 0.75
|~

I.

i~

i
|
t -

I

| -

<

>

'

'
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PROBLEM SET 5'-

Standard Quench fori
..

.

.

Packard Tricarb Licuid Scintillation Counter- -

.

. ;.

1; 0 -

. 95 -
..

P-32.90
!-C-14

. 85 - H-3

.80'-
,

. 75 -

.70.- ,

2.
g .65 -
0., . 6 0 - ,

%
* 55 -.

I .

.50 - _

$ .45 - .

-

| . 40 -
.t -

% . 35 - .
w.

. 30 -

. 25 -.

.,

. 20 -

.15 -

.10 -

. '0 5 . -
-

i e i e i , . . . i

10 20. 30 40 50 60 70 80 90 100
.

% EFFICIENCY-

'. Nats : This graph is to be used only with Problan Set 5. It-represents the-theoretical'

quench for a-typical liquid scintillation counter. You must generate your own: .

quench curves'for the particular counter you are using to determine what efficiencies :

apply to your data.

- 86 -.
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CHAPTER VI- 4

.. Radiation Safety and Use of Radioactive Materials~

Approvali to' Obtain and Use Radioisotopes

The LMSU Radioactive * Isotopes Committee'is in part the'oub- .;

cosmittee in radiation safety of the^ Committee on' Radiation, i
'

Chemical. and: Biological. Safety. . It ' evaluates- the '.
radiological aspects of~all- proposed ' investigations.1 Each
project =| leader..'shall. present, in c writing, his request to
obtain and'use radioactive isotopes to the Committee'for= its
evaluatio'n.: The ' Committee's. ; primary - concern is radiation 1

safety and,thus considers-(a) the nature.~of'.the'. isotopes
requested, (b) . quantity to be used,- and (c). overall - o

experimental procedures. - Application' forms may be obtained -1
"from the' Office of Radiation,' Chemical and Biological Safety

of fice L (phone - 355-0153) .-- q
\'

r MSU Ordering Procedures j

All requestions for' radioactive isotopes must be approved'by
the Office of Radiation, ' Chemical and. Biological: Safety.
Authorization- . is based on- the prior approval by- the
Radioactive Isotopes Committee for the project; leader to
obtain and use_ radioisotopes. "All' requisitions should be
sent by the Project ; Leader ~ ' directly ..to the- Purchasing i>.

'

Department.

Tranafer of Radioactive-Isotopes ts

: On-campus tranafer of 1 material _between investigators =on'
'

| different- projects- shall be: . reported. to''the Office. of
| Radiation . Chemical and Biological Safety.

e
.- . . .

Shipment- of any byproduct material ~off the MSU campus must'
have the prior consent and approvel' of''the Office of.
Radiation, Chemical-and Biological Safety. Federal and' state
laws require that the shipper must obtain,- through the. MSU-

Office 'of Radiation,' Chemical and; Biological Safety the #-

recipient's Nuclear Regulatory Commission'. or -State license
number prior to shipment of the material.- -

" Byproduct material" means any radioactive material yielded- #

in or made radioactive by 'the exposure incident ~ to the -

process- of- producing or ' utilizing special nuclear' ,

a (fissionable) material. All radioactive shipments, including
cyclotron produced material, must' be checked through the'

'

Office of. Radiation, Chemical and Biological Safety for- 4

compliance with- Nuclear Regulatory Commission and State .

regulations ' covering the receipt 'and~ transfer, of such
A terials.

)

'.
,

,
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Radioisotope Inventories

A radioisotope: inventory, will be asiled routinely to each
project leader.. The corrected forms must be ' returned
promptly- to'the Office of Radiation Chemical and Biological
safety to assure continued authorisation for acquisition and
use of radioactive materials.-

Responsibilities of the' Radiation Safety Officer.(RS0)
,

The institution's radiation safety-program is conducted under-
-the authority of a Radioisotopes Connittee and-is implemented
by the - Radiation gafety Officer (RS0) within the -Office of . ,

. Radiation,: Chemical and-Biological Safaty. The duties of the
:380 include. preparing regulations,: developing training
programs.: advising on matters of radiation " protection,
maintaining. a system of accountability for all radioactive
asterials- fros' procureaant to . disposal, inspecting work
spaces and; handling: procedures,- determining personnel.
radiation exposures, monitoring environmental . radiation
levels, and instituting corrective: action in the event of
accidents or.. emergencies.

Responsibilities of Users of Radionuclides ..

When a user receives authorisation- -to- work with
radionuclides. she/he becomes directly, responsible for ^1)
compliance with all regulations- governing the -use of

~

' radionuclides in his/her possession, and 2)'the safa use. of-c

his/her radionnelides by other. investigators or-technicians
who work with the material under his/her supervision, she/he
has the obligation to:

(a) lasure that individuals working with radionuclides
under his/her control .are ~ properly supervised and
have obtained training and indoctrination required to
enable safe working habits and prevention of exposure
to; others or . contamination of' the surroundings.
(inadequate supervision and lack of. training. have
been -cited in radiation -lawsuits as indicative of
negligence).

,
,

(b) Avoid any unnecessary exposure, either. to

'himself/herself or to others working under him/her.
,

(c) Limit the'use of radionuclides charged to him/her to
individuals'over whom he/she has supervision and to

,

specified locations.

(d) Keep current working records of the receipt and - <

disposition of, radionuclides in his/her possession

'

-88- ,
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use in'research, waste disposal,;tranafer,
.

|- ' including
.

L ' storage, etc.

p
-

.

E'- ,(e)! Notify the ' appropriate administrative department of-
. ~]any. personnel changes and changes in rooms. or: areas

L in which radioactive materials asy.be used or stored. !
'

(f) Keep- an - adequate' . inventoryLof the amount of j

[
- radioactive material possessed' C and- be prepared to 1

. submit this inventory to inspectors upon request..' - ,
,

(3). Insure.'that ;functionali survey' instrumentation ~-'is:
"

.! available- to,' enable personnel to monitor .for- ~r
-

,

radiation exposure and surface contamination.- }
-

(h)- Inform the? ORCBS when he/she-cannot fulfill his/her |
responsibilities because! of absence 'and' designate- |'

'another qualified individual;to supervise.the work.-

(i) Infora the ORCBS 'when|!a woman whozis or'will be
L working with a. source''ofL radiation .under his/her- -

i supervision -is 'known: to. be- pregnant. This 'is _[
required by state law.

"

.The -importanca .of proper. record keeping by the: individual
users as well asLby:the institution under.whose auspices ~ the-
work is being performed cannot be overemphasized.,. Records of -

personnel exposuta,. radiation surveys,' instrument
,

.

calibration, waste' disposal, radiationLincidents, and all'the,.

| other radiation activities- discussed? .ini this 'section.
'

L represent the main proof- of complianceL with1 protection . ,|
L regulations, and are importar.t fer legal purposes as.well. as-
'

for- effective administration = of .the radiation protection'
program. ,

,

t
'

Training Required for Working with Radionuclides-

Training is required in basic 1 radionuclide handling
techniques'. If the application.is for: medical ,uses of the

.

radionuclides, clinical training is' required. 'Information on' !

training and experience criteria for specific.. procedures
should be obtained from the.0ffice of> Radiation, Chemical'and
Biological Safety.- '

Standards for Radiation Exposure -

The basic radiation , protection standards. formulated by the.
NRC for radionuclide users are published ~ in the Code 'of '

Federal Regulations, Title 10, Part 10.. Every user of
' radionuclides should obtain and study these standards, which-

cover many topics including permissible doses,'permiesible
' levels, permissible concentrations, precautionary procedures,

-89-
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weste? disposal, and ' records.' -It should be emphasised_that
regardless of limits:that are- set for .. allowable radiationr
exposures, : the . general policy is to avoid all unnecessary

~

.,

-exposure to ionizing radiation. Copies.. of- the regulations j
i. may- be= obtained from the' Office'of Radiation, Chemical and "

Biological Safety. ;
;

Personne1' Monitoring .
I

Personnel monitoring devices are requiredtby law,~and records -. !

must be|kept for workers over ~ 18 years ~ of : age;if: they receive 1
or Tare . liable to receive'a dose'in any' calendar quarter in 1

-

excess of 25 percent of the-occupational-dose limits. j

Laboratory Design and'Equ'ipment q-
.

'

'

' Successful work with; radioisotopca,.'other than-in tracer-
amounts.: requires.the usei'of. laboratories and equipment i

specially.;-designed for the . purpose. Consult' ORCBS'for 7

assistance.

11arning Signs
,

Areas in which radioactive materials are. stored, or are being
~

1 .

used, shall be- posted- with appropriateJ radiation, warning i f

signs.. Signs _ may be obtained from the' Office of Radiation,
~

Chemical and Biological-Safety.. The. symbol' prescribed by oJ!
this section is the: conventional 3-bleded design. y

Monitoring Instruments h
1

. Every laboratory using radioactive materials must possess or i

~ have available for 'immediate ~ use some type off radiation
monitoring instrument- satisfactory to the Radiation Safety
Officer. Each person in charge of. a laboratory * using

_

'radioactive materials:shall be responsible'for making surveys !
or having surveys made.of all suspected' radiation hasards 'in. '

the area. 'It-is impetsible to assign the frequency at which
these surveys should be made,: but they. should .be made fat '

,

least after every use of the laboratory that could result in
,

fresh cont-4netion. .The Office'of Radiation,- Chemicals and
*

Biological;.Safaty is| to be' immediately-informed whenever
hasardous conditior.s exist' (e.g. ,;if 'a serious . spill''' occurs
or a potentially hasardous condition exists).- The Department '

* '

of Public Saf.ety wil1~also be informed of serious. problems.

Surveys by the Office of Radiation, Chemical and. Biological
Safety . |

The Radiation Safety Officer and his staff will maka
,

independent routine surveys and. pass pertinent information on - '(
to those ~ responsible for keeping the laboratory in a safe

.,

L
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condittoa. Records will be kept by the Office of Radiation.
|Chemical and Biological Safety showing the results of these i

surveys. Records are'asintained for taspection by the U.S. )
Nuclear Regulatory Commission and the Michigan Department of !
Public Realth. |

-

,
'.

. . -,

!- -
. . _

, - . . . ' . . .... . . .. ,!._ y ___ _. .
.

;n=:: .. ....o . , , . . . .
- . ,

. ,
,

.

|
: - e , . . - - ~ - ) .p... :,. .

.
_ ,

. .. . ._ t
. . .

..
-

. .
J
l
l

e

- i e
i
;

. . -
.

. . +
,

7
, _,

i- - -.- - , .
-

.

, _ _ .
. ,._ .

,7 ,. .. ==
-

,
.

.
.

~. . ,

. . -_ .. .. ;
,

. .
_ . - ;.

i

. . , , . ,, ---*. --.
3

- . * .
e

.

;
. . . . . .

. *

O. g
.-

*

. 9

!

1

I

4
,

. .

3

. 1
.

f

.

.

,

;-
.

I

?

t

i

6

.. j

-91- |
4

'

t

.

4

'1
.

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



r-

.

.

,

BIBLIOGRAPHY

.

Cesarett, A. P., " Radiation Stology", Englewood Clif fs, N.J. : Prentice-
Hal1~Inc., 1968. *

*

Camber, H., " Introduction to Health Phydics", New York: Pergamon Press
Inc. , - 196 9.

Eisenbud, M., " Environmental Radioactivity", New York: Academic Press,
1973.

Faires, R. and B. Parks, " Radioisotope Laboratory Techniques", New York:
John Wiley and Sons,1973.

.,

Jaeger, R. G., editor, " Engineering Compendium on Radiation Shielding",
New York: Springer-Verlag, 1970.

Joe, H. J., " Radiation Safety Technical Training Course", Argonne, Illinois,
Argonne National Lab (ANL-7291 Rev 1), 1972. *

Knoll, O. F., " Radiation Detection and Measurement", New York: ^ John Wiley
an'd Sons, 1979.

.

Martin, A. and S. Harbison, "An Introduction to Radiation Protection", '

New York: John Wiley and Sons, 1972.

National Council on Radiation Protection and Measurements (NCRP)-Reports,*

Washington D. C. :

# 22 Maximum Permissible Body Burdens'and Maximum Permissible
Concentrations of Radionuclides in Air and Water for*

Occupational Exposure (NBS Handbook 69), 1959.

# 39 Basic Radiation Protection Criteria, 1971.

# 45 Natural Background Radiation in the United States, 1975.

# 56 Radiation Exposure from Consumer Products and Miscellaneous
Sources, 1977.

# 58 Handbook of Radioactivity Measurement Procedures, 1978.
*

New York State Department of Health: " State Sanitary Code, Chapter I,
Part 16 - Ionizing Radiation" as amended.

Shapiro, J. " Radiatio'n Protection", Cambridge, Mass. : Harvard University
-

Press, 1972. .

-92-

,

b

.

.. . . .A.- mA----- - - --



. - -- .. . _ , , . . -s -
. , . , . .

.

BIBLIOGRAPHY continued. . . . . .

Taylor. L. S., " Radiation Protection Standards", Cleveland: The Chemical
Rubber Company, 1971.

United Nations Scientific Crunnittee on the Effects of Atomic Radiation
(UNSCEAR), " Sources and Effects of Ionising Radiation", New York,
1977 Report to the General Assably.

United States Public Health Service, Bureau of Radiological Health,
" Radiological Health Handbook", US Goversument Printing Office,
January, 1970.

'

United States Department of Transportation, " Rules and Regulations, Title
49: Subchapter C, Hasardous Materials Transportation", US Government
Printing Office, as amended.

United States Nuclear Regulatory Comunission, " Rules and Regulations, Title
10, Chapter 1: Code of Federal Regulations, Part 20 - Standards
for Protection Against Radiation", US Govermanent Printing Office, as
amended.; ,

Wang, Y., editor, " CRC Handbook of Radioactive Nuclides", Cleveland: We
Chemical Rubber Company, 1969.

.

.-

-93-

(



r -

GENERAL REPERENCES IN RADIATION SCIENCES'*

. . . . . . . . . - .. ._. ._. _..- _ _._.....

Altman, K., Gerber,G., and Okada, S., Radiation Biochemistry (2 vols.).O Academic Prest, Inc., New York (1970), $34.00. No desk copies available.

Andrews, Howard L., Radiation Biophysics, Prentice. Rail, Inc., Englewood Clif f s,
N. J. (1961), 012.95.

Arena, Victor. Ionizing Radiation sad Life, The C. Y. Mosby Company, St. Louis
(1971), $14.50.

Attix, F. H. , Roesch, W. C. , and Tochilin, E. . . Radiation Dosimetry, 2nd ed.,.

vol. 3, Academic Press, Inc., New York (1968), $37.00. No desk copies
available.

Augenstein, Leroy G., Mason, Ronald, and Quastler, Henry. Advances in Radiation
Biology, 3 vols. Academic Press, Inc., New York (1964 1969). Vol 1: $11.00:
Vol. 2: $15.00; Vol. 3: $17.50. No desk copies available.

i

Becq, ?. M., and Alexander, P. Fundamentals of Radiobiology, 2nd, ed. Pergamon
Press, New York (1961). $13.50.'

.

Barnes, P. E., and Rees, D. J., A Soncise Textbook of Radiotherapy. J. B.
Lippincott company, Philadelphia.(1972). $22.00.

,

1
i Blahd, William H., Nuclear Medicine, 2nd ed. McGraw-Hill Book Company,

New York (1971). $33.50.

Blats, Hanson. Introduction to Radiobiological Health. McGraw-Hill Book Company,
New York (1964) $14.75.

Bransome, Edwin D. Jr., ed. The Current Status of Liquid Scintillation Counting.
Grune & Stratton, New York (1970). $19.75, No, desk copies available.

Casarett, Alison P. Radiation Biology. Prentice Hall, Inc. Englewood Cliffs,
N. J. (1968). $9.25.

* Chase, Grafton D., and Rabinowits, Joseph L. Painciples of Radioisotope
Methodology, 3rd. ed. Burgess Publishing Company, Minneapolis (1967). $11.75.

Collins, Clair J., and Bowman, Newell S. Isotope Effects in Chemical Reactions.
Van Nostrand Reinhold Co, New York (1971). $22.50.

Dalrymple, Glenn D., Gaulden, Mary Ester, Ko11morgen G. M.. and Vogel, Howard
H. Jr. Medical Radiation Biology.. W. B. Saunders Company, Philadelphia
(1973).

Deme, Sandor. Semiconductor Detectors'for Nuclear Radiatiot,Heasurement. John
Wiley & Sons, Inc., New York (1971). $14.95.-

* Dertinger, Hermann, and Jung, Horst. Molecular Radiation Biology. Springer-
Verlag, New York (1970). $6.90. Desk copies available.

.

Desrosier, Norman W., and Rosenstock, Henry M. Radiation Technology in Food,
' Agriculture and Biology. The AVI Publishing Company, Inc., Westport, Conn.

(1960). $16.00.
O !

94-

.



- - . . - - - -- .- -- - . .- -__.- - .- - . . . .

'
,

|
|

Early, Paul J., Ratsak, M. A., and Sodee, D. nruce. Yextbook of Nuclear j

Medicine Tocht. ology. The C. Y, Mosby Company, St. Louis (1969). $16.75.

Ebsrt, Michael, and Howard, Alas, eds. Current Yopics in Radiation Research,
Vol. 4. American Elsevier Publishing company, Inc, New York (1968). $19.00.

4

Ebert, Michael, and Howard, Alas, eds. Current Yopics in Radiation Research,
Vol. 5 American Elsevier Publishing Company, Inc., Ne4 York (1969). $15.50.i

Ebert, Michael, and Howard, Alas, eds. Current Yopics in Radiation Research,
Vol. 6, American Elsevier Publishing Company, Inc., New York (1970). $21.00.

|

Eisenbud, Merrill. Environmental Radioactivity. McGraw Hill Rook Company,
New York (1963). $14.75.,

Errera, M., and Forstberg, A. Mechanisms in Radiobiology, Vol. I and 2, Acadpait I

Press, Inc., Nee York (1960). Vol 1: $19.50 Vol. 2: $16.00. No desk copies.

Pereman, Harvey, ed. Nuclear Power and the Public. University of Minnesota
'Press, Minneapolis (1970). $9,00.

,,

Pry, R. J. M., Graha, Douglas, Grien, Melvin L., and Rust, John B. Late Effects
of Radiation. Van Nostrand Rainhold Co., New York (1970). $10.95.

'

Gahan, P. B. Autoradiography for Biologists. Academic Press, New York (1972).

G1castone, S., ec. Sourcebook on Atomic Energy, 3rd ed. Van Nostrand Reinhold
; co., New York (1967). $13.95.

Goodwin, Paul N., Quimby, Edith H., and Morgan, H. Physical Foundations of
Radiology, 4th ed. Harper & Row Publishers, New York (1970). $15.00. *

Oude, W. D. Autoradiographic Yechnique. Prentice-Hall, (1968).

Hevesy, G. Radioactive Indicators. Interscience, N. Y. (1948).

J:gger, J. Introduction to Research in Ultraviolet Photobiology. Prentice. Hall
Englewood Citifs, N. J., (1967).

Kobayashi, Y. and Maudsley, D. V., Biological Applications of Liquid Scintillation
Counting. Acadesic Press, New York (1974). $16.00.

Lapp, Ralph G., and Andrews, Howard L. Nuclear Radiation Physics (4th ed).
Prentiss Hall, Inc. Englewood Cliffs, N. J. (1972). $13.95.

f
( Ly:n, William, S. Jr., ed. Guide to etivation Analysis. P.obert E. Krieger
; Publishing Company Inc., Huntington, N. Y. $9.50.
I

McCready, V. R., et. al., eds. Radioactive Isotopes in the Localisation of
Yumors. Grune * Stratton, New York (1969). $11.75. No desk copies -

available.

Pcbrikant, J.J., Radiobiology. Chicago: Yearbook Med. Pub. Co. Inc., (1972).
.

9.

-95-
,

.

- - _ - - - _ _ _ _ _ _ _ _ _ _ - .-- - -- mew w- , , --
-- ~ - - - -



- - - . - . - - - - -- .-

!
i

.
-

I

Miller, Dudley G., Eadioactivity and Radiation Detection. Gordon and Breach, |
'

Science Publishers, New York (1972). 89.50. :

Morgan, K. E., and Turner, J. E., eds. Principles of Radi,stion Protection. ,w
John Wiley & Sons, Inc., New York (1967), $16.95. No desk copies available. !

,

.

Pissarello, Donald J. and Witcoiski, Richard L. Basic Radtation Biology. Lea & !

Febiger, Philadelphia (1967). $9.50. |
,

Pissarello, Donald J. and Witcofski, Richard L. Medical Radiation Biology. i

Lea & Fabir,er, Philadelphia (1972). $9.00. !-

|

Platt, Robert 3., and Griffiths, John F. Environmental Measurement and |
Interpretation. Robert 5, Krfeger Publishing Company, Huntington, N. Y. !

;
(1972). $12.50.

;

Price, William J. Nuclear Radiation Detection. McGraw Hill Book Company, ,

New York (1964). $15.00.

Quimby, Edith H., Feitelberg, Sergei, and Grosc, William. Radioactive Nuclides i

in Medicine and Biology: Physics, Lea & Fabiger, Philadelphia (1970). $12.50.. ;

Rothchild, Seyenur, ed. Advances in Tracer Methodology, Vol. 4. Plenum Press !
New York ('5968). $17.50. |

!

Shapiro, Jacob. Ra(tation Protection: A Cuide for Scientists and Physicians. +

Harvard University Press, Cambridge, Mass. (1972). $15.00 clothbound, |
$7.00 paperbound. {O Schoonheimer, R. The Dynamic State of Body Constituents. Harvard University, f

'

. Press, Cambridge, Mass. (1946). .|

! Thornburn, C. C. Isotopes and Radiation in Biology. John Wiley & Sons, Inc. I
l New York (1977), $11.95. j

Upton, Arthur C. Radiation Injury: Effects, Principles and Perspectives. The.

University of Chicago Press, Chicago (1969). $6.50.

USDHEW, USPHS. Radiological Health Handbook. USGPO, Washington (1970).
t

Wade, James E. and Cunningham G. E. Radiation Monitoring. U. S. Atomic Energy |Commission, Div. of Technical Information (1969) EDH '.23. j
,

Wallace, Bruce, and Dobshansky , Th. Radiation, Genes, acd Man. Holt, ;

Rinehart and Winston, Inc., New York (1963). $8.00 hardcover, i
!

Wang, C. H. and Willis, David L. Radiotracer Methodology in Biological Science. !
Prentice-Hall, Inc., Englewood Cliffs, N.J. (1965). $16.00.

Wang, Y. Handbook c f Radioactive Nuclides. The Chemical Rubber Co. 1969. i

Wolff, Sheldon, ed. Radiation-Induced Chromosome Aberrations, Columbia University f
Press, New York (1963). $9.00. |

|
,

O !

-96- |,

'

i

:
-- - . ._ . - . - - . _ - . .. - . . . - . . - - _ - _ - . . . . . - . - . -



. - _ . . ..._ .. . . - - . . - - . . - - . - . -

. ,

, , ,

h,

.

:1

i
. ,

$

4

t

i
'

;

}
i

. -.

l

I

t

I
-1

APPDTDIX I '

. >

solutions to Problema Sets 1
e

;
e 'I

h

|
,

r

.

'$
.

5

-

?

! '

1

|
'

.,.

I 6

'

t.

. -

i

.

b

.I

\- . , -

1
,

.

A

1

;

i

*

1
i

.i

P

*

9

- 97 --

i.

. , j
1

. , _ . . _ _ _ _ 4+_. . _ -r- .- m ee ee. - = a-,v %



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

_ . _ . - .

Solutions to Problem set 1

0 1) d 2) c 3) a, e 4) a, b 5) b,c,d 6) c 7) b 8) d.

9) c

10) alpha, U-238; Ra-226 |
beta, C-14, R-3; P-32- ;

positron, Na-22; Zn-65 |
I'

11) nuclear transition (samma), Co-57; Mn-54;
electron capture, 1-125; cr-51

;

12) a. A = 0.693 = 1.ftD., = 0.'0231 min *1 - ;

30 min. :
T1/2 min

i

b. A = AN, therefore N =,J, = 10. 000 dom = 432,900 atoms that disintegrate
A 0.0231 min *1

-

-

= A,e'A , where t = 90 minutes and A = 10,000 dpm.c. A n

(10,000 dpa) e [(0.0231 min ~1) . (90 min) 3-

=
.

,

(10,000)-(O.125) = 1,250 dpm=

13) 6.,, e'A' ; 3885 dem = 0.259 = e'A* >=

Ao 15,000 dpm ,

;

4*in 0.259 = in e' "I (ine = -At)
'

,

in 0.259 = -At
>-

693 (24Rrs)"1.35 = 0.693 (t) T
"*= *

g
1/2

,

I

| The isotope is potassium-42, determined by the half-life from Appendix IV.
; Chart of Nuclides, etc.

- .

*A* 0.'6667 = e'A'14) 6_, = e ; 6 dpm = , ,

A, 9 dpa .

.

0.40 % = 0.693 3,352 years old(t), t= 0.4054 =

y3D 0. 000121y'I

.

2 mei = 101.4 mci15) A =A =

* At ~0.693 x 72 hrs'

!Os
- -

* .12.71 hrs
,

,
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Solutions To Problem set 2 .

I

!

1) a, b, d 2) a 3) b 4) a) et ;

b) Ion Chamber I

5) c 6) d 7) c 8) a, b, e c) Liquid Scintillation !
d) Liquid Scintillation |

10000 css = 40,000 dpm e) Na1 !' 9)- 1000 enn =

D.1 0. 25 c/d . f) NaI 8) Ion Chamber
i
!

'10)
8 8 5- O Ia) 3 roes '8bkg 15550 cpmae t, ==

n
,

0 0b) (.01 uCi) (2.22 x 10 dpa/uci) = 2.22 x 10 dpm .
!

.70 x 100 = 707. !15550 E m x 100 = E" =

2.22 x 10'dp
'

-
. .

!

c) 300 com = 429 dpa !
0.70 |

i
,

d) (429 dpm) (10) = 4290 dpa, 4290 due = 0.0019 uCi- [
2.22 x 10 dpa/uci f

6

!
i

15550 = 18187 ;e) 15550 can =

ESR 0.8550 !
i
'

fI

.

;

;

.

D

>
'

!

!
'!

I

G1,
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,CN Solutions To Problem Set _3,

> >

_

!

1) b 2) d 3) c 4) a 5) b 6) e, b, d - 7) a,b,c,d, 8) .d [
9) a i

10) Rate of cell division . !
*

State of cell division
Metabolic rate t

' State of nourishment -

Oxygen levels i
Rasyne levels associated with the repair process j

11) Rems per Calendar Quarter

Quarterly Quarterly i

Averaae Maximum 4

Whole body 1.25 3

skin 7. 5

fRxtremities 18.75

'

12) 5 (N-18) Ram
1 .

.

13) As long as the total accumulated whole body dose does not exceed 5 (N-18) Rem

'

14) 0.5 Ram
.

15) 0.17 Ram
t

.,

16 ) 18 years old

Dose Allowed
17) Age 5 (N-18) - Previous Dose " Bankroll" for the year -

(Rem) (Rem)

24 30 0 30 12=-

25 35 12 23 12=-

26 40 24 16 12=-

27 45 36 9 9=-

28 50 45 5 '5*=-

29- 55 50 5 5 +=-

* From this point on, the " Bankroll" is used up as long as he continues to ;

receive the maximum dose.

.

100.
.
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S*slutions to Prsblem S:t 3 crati:ued.... |
,

;
I

I

| 18) Primary and secondary cosmic rays; naturally occuring radioactive materials
in the earths crust; naturally occurring radioactive materials in the body., i

| '

>

| 19) Buildings made from asterials containing Uranium, Thorium, Radium, and
Potassiin-40 can increase the natural background external expos'tre. If

the ventilation rate is poor, redon gas and its decay products tian build
up and increase internal exposures.

20) External exposure from K-40, U-238,.and Th-232 decay series; Internal i

exposure from K-40, Radon, and Thoron.
,

,

21) % of carbon in paper (cellulose) = 72- 0.444=

162. 14

6.1 201 x 0.444 Carbon 2.71 ggi,i=

sa Carbon Paper gm paper

62.71 g x 454 mm x 2000 lb. 2.46 x 10 gg, 1=

ga paper 1b. ton ton of paper |
.

1

6I 2.46 x 10 $ x 3100 tons 7.62 x 10' pCi=

con of paper
7.62 aci of C-14 released=

l

|

!
.

it

i

l .-
,

i

1

.

.

.

O
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Solutions To Problem set'4

\ 1) c 2) b 3) a 4) e, b, c, d 5) c 6) b 7) c
,

.

- 8) A body burden is s' quantity in uCi when present continuously in the body
'

will deliver a dose rate not in excess of a maxima permissible dose rate.

Maxian permissible concentrations are concentrations in air or water ;

ree.uired to yield a body burden. ,

-

i

9) 1. The type and energy of the radiation emitted; ;

2. The radiological half-life of the isotope; 1
'fI'**i'' h*1f*Iif*

|

3. The biological half-life of the isotope; J !
4. The isotope's distribution in'the body; ,

5. The solubility of the compound containing the isotope, f

(5 mil /Br) (100 cm)2 53.82 mR/Hr j10) I
" 1d= = =g 22

2 (30.48 cm)2 ;
d

1
'

,

= I,e "*'
*

11) I Where u =u,xp

mass attenuation coefficient for Cr-51 gamma |
=

(from Appendix IV) in lead, multiplied by the t

density of lead

2 3(0.369 cm /gn) x (11.35 gm/cm ) 4.19 cm*1= =

2 mR/HrI, = I I, 8,718 mR/Hr= =,.

,-4x ,-(4.19 cm-1 x 2 cm)
___

>

.

| 12) For Cs-137, f = 0.33 R/h/ meter /Ci (from Appendix IV).

For 20 sci: 0.33 x 0.02Ci 0.0066 R/h/m (Note: the source must bea

decay corrected to obtain the true dose rate at present time).

It= Id (0.0066 R/Hr) (39.37 inches) = 0.021 R/Hr=
22

2 (22 inches)2 4

A " Caution-Radiation Area" sign must be posted at the point where the * *

radiation field is 5 mR/Hr.
.

!

13) 21 mR/Hr x 0.5 Hr = 10.5 mR sv 11 mrem i

O .
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5 1:tions to Pr:blem 8:t 4' conti ued.... j,

!

!-

2 (5 mR/Er) (6 ft)2 = 20 mR/Br14) 12. * I dlg =

2 (3 ft)2d
2 ,

!

F

Exposure = SmR/Rr x 5 Brs. = 25 mR; stay time = 50 mR - 25 mR = 1. 25 Hr {
20 mR/Rr ;

!

(Notet 1 mR av 1 mrem) !g,
i

!
15) Two lead blocks are required to shield the vial: !

!

1 = 1/8 = 0.125 =e'"
Io p

i

-2.0794 = -gx i-

x = 2.0794 = 3.1 cm
2 3

(0.059 cm /sm x 11.35 sm/cm )
<!

OR j

,

3 HVL = 1/8 reduction (2x2x2 = 8) ;

HVL for co-60 = 1. 035 cm x 3 = 3.1 cm
I

since 3.1 cm x 1 inch = 1.22 inches, one block isn't enough shielding, 7

2.54 cm therefore, two blocks are required. !

I

I
.

>

.
t

6

4 9

!
!

.

i.

_ [
*

!

f
:

' !
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Solutions to Problem set 5

*
1) # gross cpm - Bkg net cpm Eff = dpa=

I 1 54 50- 4 --- ---
,

2 101 50 51 .50 102

3 237 25 212 . 85 250 ,

4 350 50 300 .55 546*

5 120 50 70 .20 .350*

6 4025 25 4000 .85 4706
'

7 925 25 900 .90 1000

8 525 25 500 .88 56 9

9 225 25 200 .85 236

10 47 50 --- --- ---
.-

Determined off the quench curves for the particular ESR and*

isotope it guestion.

2) By observing the distribution of the standard counts in the red and green
channels, you can determine which isotopes contributed to the contamination:

Sites 2, 4, 5, are contaminated with H-3.

O Sites 3,6, 7, 8, 9 are contaminated with P-32.

3) Sites 1 and 10 are within the statistical flucuation of the background counts.

( /3D = 7 07; fit = 5). Thus, any gross counts that fall between 43 and
57 in the red channel, or 20 and 30 in the green channel can be considered to
be due to background. As a general rule of thumb, counts that are twice back-
ground counts can be considered to be from radioactivity.-

24) Sites 6 and 7 exceed the removable contamination limits of 1000 dpm/100 cm ,
i

5) The waste container should be posted with a " Caution-Radiation Area" sign !

since an individual could receive an exposure of 5 mR in one hour.

There are no areas in which an individual is likely to receive 100 mR in
one hour. Even though the exposure rate is 125 mR/Hr inside the freezer,
one is not likely to stand there for one hour. Therefore, a " Caution-High,

Radiation Area" sign is not required anywhere in the lab.

6) Opening the freezer with contaminated gloves is the most probable way the
handle became contaminated. Since the handle is metal, soap and water
should remove contamination. Other commercially prepared decontaminating
solutions such as " count-off" or " lift away" can be used if soap and water
fail.
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stintions to Preblem s ;t 5 continued... .. |

7) W e person or persons using P-32 have contaminated the floor.

I
1

'

8) Recommendations: (
1

a) Keep articles like laboratory notebooks out of radioactive materials
work areas; areas should be maintained as neat and as clean as possible
to aid in controlling the spread of any contamination.

,

i

b) Shield the radioactive vaste container by placing it in another container |
made out of plastic or steel or move it to an area where there is little .

or no traffic. !

c) Shield the isotope storage area in the freezer by using plastic bins or ;

shields since the high exposure. rate is due to. the P-32 beta radiation.

d) A Gi survey meter should be available whenever P-32 is being used so that |
areas of contamination can be instantly identified, limited, and de-
contaminated as appropriate. For areas of H-3 use, smears should be taken

,

and evaluated as soon as possible after the manipulations have occurred.
Equipment, surfaces, etc. should.be treated as potentially contaminated

.

until proven otherwise.
!

!~

e) More attention should be afforded to changing gloves given the probable .!
instance by which the refrigerator handle and the cover of the liquid -

waste container were contaminated.

f) Minimize and localize all items which may be used in procedures involving I
the use of radioactive materials. Contamination control effectiveness !
can be of crucial importance to the success of experimental data and results.

,

!

g) Persons manipulating materials should be directly responsible for the ;

monitoring and cleanup after they have worked, rather than having someone '

else find out how careless they may have been days after the occurrance.
Wis is especially true'in laboratory settings in which space is limited,
people are ntanerous, and much time is spent in close quarters. !

h) The person working with P-32 received a pipette bulb from the person working *

with H-3 which was contaminated. This is not only poor safety practice,
but could interfere with accuracy of the P-32 worker's experimenta1'results.

.

I

>

b

4

4,

;

.

:
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APPDFDIX II

PENETRATION ABILITY OF BETA RADIATION
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ENERGY (MEV.)

h marinnan range of beta particles as a function of energy in !

the various materials indicated. (From SRI Report No. 361,
"h Industrial Uses of Radioactive Fission Products". With
permission of the Stanford Research Institute and. the U. S.
Atomic Energy Connaission.).
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APPENDIX III

Rules of Thumb
Beta Particles X-Ray -

a. Beta particles of at least 70 kev energy are a. The exposure rate at 2 feet from diagnostic
required to penetrate the nominal protective 'x-ray equipment. operated at 100 kVp and
layer of the skin (7 mg/cm' or 0.07 mm). 100 milliamperes is approximately 2.3

b. The average energy of a beta ray spectrum is roentgens /second.

approximately one third the maximum b. Exposure rate at the fluoroscopy table with
energy, tube potential at 80 kVp and tube current of

c. The range of beta particles in air is - 12 1 milliampere should not exceed 2.1
ft/MeV. (Maximum range of "P beta is 1.71 roentgens / minute.

MeV x 12 ft/Mev = 20 ft). c. Scattered radiation can be as penetrating as
d. The dose rate in rads per hour in a solution the primary beam,

by a beta emitter is 1.12 EC/e, where E is the X Ray Diffraction
average beta energy per disintegration,in
MeV C,is the concentration in microcunes a. The x ray beam intensities from the primary

per cubic centimeter, and e is the density of beam can be as much as 400,000 R/ min,

the medium in grams per cubic centimeter, b. Scattered radiation 10 cm from the points of
The dose rate at the surface of the solution scatter about the x ray tube head has been
is one half the value given by this relation, measured in the order of 150 R/hr.
(For "P average energy of approximately 0.7 c. The threshold dose sufficient to produce skin
MeV, the dose rate from 1 eCl/cm' (in water) erythema is 300 to 400 roentgens,
is 1.48 rads /hr). d. The minimum cataractogenic single dose is

e. The surface dose rate through the nominal 200 reds, while a dose of 750 rads exhibits
protective layer of skin (7 mg/cm') from a a high incidence of cataract formation,
uniform thin deposition of I *Ci/cm' is about
9 rads / hour for energies above about 0,6 Miscellaneous
MeV. Note that in a thin layer, the beta dose a. The activity of any radionuclide is reduced to
rate exceeds the gamma dose rate, for equal less than 1% after 7 half lives (i.e., 2-' =
energies released, by about a factor of 100. 0.8%).

f. For a point source of beta rediation (neglect- b. For material with a half life greater than six
ing self and air absorption) of strength mCl days, the change in activity in 24 hours will
millicuries, the dose rate at I cm is approxi- be less than 10%,
mately equal to 200 x mci rads / hour and
varies only slowly with beta energy. Dose
rate for 1 mci "P at I cm is approximately
200 rads / hour.

Gamma Rays
a. For a point source gamma emitter with en,

ergies between 0.07 and 4 MeV, the expo-
sure rate (mR/hr) within .-: 20% at 1 foot is
6 x mci x E y n, where mCiis the number
of millicuries: E, the energy in MeV; and n. (from NIH Publication 79-18, DREW)
the number of gammas per disintegration,

b. The dose rate to tissue in rads per hour in an
infinite medium uniformly contaminated by
a gamma emitter is 2.12 ECle, where C is
the number of microcuries per cubic centi.
meter, E is the average gamma energy per
disintegration in MeV, and e is the density
of the medium. At the surface of a large
body, the dose rate is about half of this.
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APPENDIX IV

REFERENCE DATA POR ' SELECTED RADI0 ISOTOPES

--------- BETA----------------- ------------- m -------------------
MAX EFFECTIVEA M .CDEF.HAIE ENERGY I RANCE IN INCHES ENERGY I p HVL CRITICAL OstGAN.' HALF-LIFE

2NUCLIDE LIFE MeV 7. AIR FIASTIC NeV 7. l (. m Pb) em /gm Pb BODY EURDEN(wC1) (d)

Calcitan-45 163 d 0.257 (100) 20 .02 Boce, 30 17--- --- --- ---

Carbon-14 5730 y 0.156 (100) 10 .01 --- --- --- --- Whole Body, 400 10

Cesitsm-137 30.17 y 1.173 (5.4) 150 . 15 0.6616 (89.9) 0.33 0.536 0.114 Whole Body,30 113.8

0.3201 (9.8) 0.016 0. 16 5 0.369 * I''8' 'Chromitsu-51 27.7 d --- --- ---

Intestine, 800 26.6 i

Coba lt-60 5.27 y 0.318 (99.9) 25 .03 1.32 1.035 0.059 whole Body, 10 9. 59

.

Copper-64 12. 71 h 0.578 (37.2) 60 .06 1.346 (0.49) 0.12 1.11 0.055 Whole Body, 80 0.529
'

Hydrogen-3 12.33 y 0.0186 (100) 0.5 0.00 -
--- --- -- Whole Body,1000 10---

Iodine-125 60.14 d 0.0355(6.67) 0.07 0.0029 21.0 nyroid, 0. 325 42--- --- ---

Iodine-131 8.04 d 0.606 (89.4) 60 .%. 0.364 (81.2) 0.22 0.178 0.342 n yroid, 0.140 7. 6
0.636 .(7.27)

.

Fotoesitsu-42 12.36 h 3.521 (82) 600 0. 6 1.524 (17.9) 0.14 1.174 0.052 .* *

1. 9% - (17. 5) 300 0.3

Phosphorous-32 14.28 d 1.71 (100) 250 .25 --- --- --- --- Bone, 6 13.5'

Soditan-22 2.60 y O.546 @ (89. 8) 55 0.05 1.274 (99.9). 1. 2 1.00 0.061 whole Body,10 11
'

whole Body,400 44.3Sulfur-35 87.4 d 0.1675.(100) 11 . 01 --- ---- --- ---

Testis,90
~

Zine-65 243.9 d 0.329 (1.5) 30 .03 -1.115 (50.8) 0.27 0.925 0.066 whole Body, 60 193.2

' I ' Roentgens per hour at one meter per Curie=
i I = Intensity h = hours * Data not availab's
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lodine-125: Handlingtnd Hazcrda .

I The ut despread use of lodine.125 for radioiodination, and its relative biological uniqueness, requiresi:e *

| that proper caution be exercised in handling and storage of this radioisotope.**** *
,

P '"
'

PRINCIPAL RADIATIONS AND DECAY TABLE
| Half life: 60.0 days o.

Decay Mode: Electron ca pture |, 'a * |, ; ,',', ; 2 ,',',*
,

Radiations: Gamma 35.6 kev (7 %) 3030%%00M0
X.roys Ke 27 kev (112%) : E E '" % % O 3 3 % %i

'

Kp 31 kev (24%) ;g gggggggggg
Specint Gamma Ray Constant:9 IRIst Icm(*) E E E |I E E E IE E E '$'

I- mci.hr g ggggggggg;
| Maximum Permissible Air Concentration:(occupational % 2%QQ00CEO|

limit based on 40 hour work week,) 5 x 10* pCl/ml(*)
Dose Rate for ledine 125 measured using a 0.1ml solution in a

typical glass viel: 400mR/hr. mci at contact
150mR/hr. mci et lem

.

BODY DOSE-
.

) The critical organ for iodine uptake is the thyroid, which may accumulate 30% or more of the total ;

lodine ingested. The total dose to the thyroid from 1 Ci of ingested 16 dine.125 is ~2.27 Rom. i

The maximum permissible thyroid burden is 650nci (30 Rem /yr)? i

PRECAUTIONS |
Crnduct routirsethyroid scans, j
Esttblish action levels at a percentage of maximum limits. !

Employ gloves, shielding and tools to avoid direct handling. Almost all radiations h!
from lodine-125 are absorbed by imm of lead. Note that some lodinated |

compounds will penetrate laboratory gloves, j
Conduct periodic breathing zone and environmental air sampling using 1

commercially available activated charcoal filters or absorbent solutions. i

Use activated charcoal vents on waste containers.
Wipe test work areas to assure contamination free resultse ;

St:re Nal solutions at room temperature. Studies show that freezing results in j

instability of the iodine form and volatilization. |
Av:Id acidic solutions which result in volatile iodine. !

!

Personnel internal exposure is best determined by routine sodium |
;iodide crystal monitoring of the thyroid. Any increase should be *

reviewed for cause. An increase of 52nCi in the thyroid over seven !

consecutive days suggests that the individual may have worked,in an |
'airconcentration of 5 x 10' Cl/miforforty hours. j

;

(*)Wegner, Henry N., Jr Ed. Principles of Nucleet Medicine', W. G. Sounders Co., Phil., Pa.1969, Pg. a63. !
(n)10 CFR Port 20 - Standards for Protection Agelast Radiation {
(C) Report of Commettee II on Permise666e Dose for internet Rediet6on (1959) Pergemon Press, London,1969. ,

I
' ~

G!
I

. .-
'

,

f
'
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Iodine-125: Handling and Hazards (cont'd)
)

~!
DETECTION .

, .

An understanding of how to detect and assay trace quantities of radio-
iodine is essential for safe handling of the isotope.

,

Detecting greater than 1 uCi - Levels of contamination down to '

about 1 uC1 can be detected on surfaces by a suitable Geiger- '

Mueller tube detector and scaler...an essential' apparatus for (the iodination laboratory. This detector can also be used to
determine the location of activity on chromatogr6phic puri- ;
fication columns, in collection tubes, or on paper or thin-
layer plates. The detection efficiency for this type of in-
strument is approximately 0.1 to 0.5% at contact.

Detecting less than 1 uCi - The maximum pennissible levels of I

contamination in non-ventilated areas (see Table I) are orders
of magnitude below the detection limit for a typical Geiger- '

1

Mueller detector. Therefore, a thin,. thallium-activated sodium
iodide detector shielded by a lead sleeve of about 1/8 inch *

thickness is recommended. The counting efficiency for this
detector is about 20% at contact. 'One such instrument, useful
for detecting extremely low levels of 125I contamination, is

'
,the Model 44-3 Ganna Scintillator and the Model 177 Scaler, '
,

manufactured by Ludlum Measurements, Inc., Sweetwater, Texas.
Similar equipment is available from other manufacturers. Care
should be taken that'the detector probe be protected from.
contamination by use of a frequently-changed plastic covering.

|

TABLE 1
.

3

Maximum allowable limits
for Iodine-125 (soluble)

Maximum permissible air 5x10-9pCi/m1, based on
concentration (Room) 40 hour work week
Maximum permissible water 2x10-7vCi/ml
concentration (Sewerage)
Maximum permissible air 8x10-Iluci/m1, based on
concentration (Stackrelease) 168 hour week
Bench tops, floors and other 4.5x10-3uCi/100 cm2
surfaces in non-ventilated on smear (10,000 dpm)-
areas

Oo

CONTML NO.87 2 8 i
-lio-

,

,
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| , RECOMMENDED GUIDELINES FOR THE SAFE HANDLING OF 10 DINE-125

,

)
As with any other radionuclide, standard rules.for safe handling of radio- '

iodine must be followed. These laboratory rules must conforin to federal, state,

and local regulations regarding exposure and contamination limits, disposal of !
radioactive waste, and posting .of laboratories.

|
:.

In General {

1. Use forceps fitted with rubber sleeves to ensure a secure grip !
on containers. One-inch sections of 1/3 irr.h 0.D. latex surgical ;

tubing are ideal, and can be replaced easily when contaminated, t
,

2. Employ appropriate shielding when required. !

3. A lab coat, safety glasses and gloves should be worn. -

4. If hands or skin become contaminated, remove activity by washing
with comercially available. decontamination solutions, such as ,

NEN's COUNT-OFF Decontaminant. Rescue soap pads (3M) are par- -

ticularly useful for removing activity. Rub gently so that the
skin is not injured.

5. Filmbadgesorthermoluminescentdosimeters(TLD's)shouldbe |
used by all pergonnel. Wrist or finger badges are optional when -
working with 12DI; significant extremity dose occurs only if the

,

,

user handles the vial or container directly. (See FiguN 1)
,

6. Frequent wipe surveys should be performed on fume hood lips and . i
other work surfaces where radioactivity is handled. ,

7. Pipetting of any radioactivity by mouth is forbidden. Devices
,

such as Propipet pipet fillers and transfer pipettors with dis- ,

posable tips should be used.
8. Containers must be properly labeled with a tag stating the radio- i

nuclide, the amount of radioactivity, and the date.
h

'

i
.

'

| PIGURE 1
*

M5"vW '"| hro*** mm
M contalfHng 1mCl Of '89 s
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!
,_, When Handlino Radioiodine !-

( 1. Always work in a well-ventilated fume hood. Preplenum filters, !lined with a charcoal impregnated filter material are recommended. !
The stack filter should be of the activated charcoal type, avail- ;

able from Filtek Filtration Technology, Inc. Wakefield, MA, or i'

equivalent.
|
!2. Use two pairs of gloves, as radiciodine can diffuse through rubber ;

or plastic. The inner pair must be kept uncontaminated. We do
!

not reconnend handling contaminated vials or items directly. Rule 1,
page 6. .

i|3. Vials containing radiciodine should be opened for as brief a time
as necessary and capped tightly when not in use. '

.

4. Dispose of, or clean, contaminated apparatus and glassware as i
quickly as possible to minimize release of volatile iodine into
the hood or room air. Contaminated items. such as vials, syringes, :
pipet tips, etc., should be wrapped in a double polyethylene' bag,
taped securely and'placed inmediately in containers designated ;

" radioactive waste".
5. If a spill has occurred, or equipment must be decontaminated, immedi- '

ately wipe the surfaces with a solution consisting of 0.1 M NaI,
0.1 M NaOH and 0.1 M Na2 2 3 This helps ~to stabilize the material50
and minimize evolution of volatile species. Proceed with a detergent
or decontaminant to complete the clean-up.,

/"'s 6. Use the above described solution in liquid waste containers to stabilize(j any iodine waste. '

' 7. In addition to routine studies, thyroid measurements and urinalyses-
should be performed whenever significant contamination has occurred.

8. Do not add acids to radioiodine solutions. The volatility of 1251 is
significantly enhanced at low pH.

;

6
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Phosphoruc-32: Handling cnd Hozcrda j

The marked increase in the use of Phosphorus 32
s2h *s''auau* v3%Ij,d'M,,,,, ;

p
, .f.p'' and the relatively large shipments have prompted the

..

.
>followmg reminder concerning the hazards asso-"'

cisted with this hard beta emitter: *;;;ggg= ;' ' ' '
,

-a we om, m m ,a m no ,

Maximum Energy: 1,71 MeV (beta particle) il 0%%$'s%E2 |
*

| Maximum Range in Air: Approximately 18 feet N h((${%%{ |
I C M%2-333%N f

| Maaimum Range in Water: Approximately 0.3 inches
E OO@E3OEI !

| Critical Organ: Soluble forms - Bone j,

| Insoluble forms - Lung, G.I. 2 yyyggggg**

|

DOSE RATES BODY DOSE,

| Dose rates from 1 mci Phosphorus 32 over Icm' of The maximum permissible body burden of Phos-
akinare: phorus 32 is 30gCl. However, the maximum -

,

At surface of the skin 2,000 rads /nr permissible burden for the bone critical organ is|

At Icm' 200 reds /hr 6 Ci. Although about 60% ot. Phosphorus 32 that is ,

At 10cm 22 reds /hr ingested is excreted within the first 24 hours, only
about 1 % per day is excreted after the second or

Dose rate for 1 mci Phosphorus 32 in Iml of third day following ingestion. Therefore, regular .r
wat:r urine samples should be submitted, followed by rapid

. At surface 780 reds /hr ' analysis. Dose evaluations also require knowledge of
'

.

the approximate date and time the isotope was handled. |I

.

g;PRECAUTIONS

Empisy both low and high density shielding. Film badges should be used by all personnel

"fn't?,8*i'hPhos3,,,,,,,nuatj,
"' 'Av:id direct contact with skin. Use gloves.

s ger !

Prttect eyes from chemical splash and badges shouid aiso be used,
unnecessary radiation. *

*'''' "*d8' ''*d'"8' '''" " " '' *" '
Use remote handlinS tools * mdication of exposure problems in the
Prevent ingestion, laboratory. Relatively low wrist badge readings

| |sOIate Waste. may fall to reveal high exposure to the fingers.

One of the greatest hazards associated with beta emitters of this energy - i

exists in handling uncovered vessels containing the material. Fot'
example, the surface dose rate of 1mCl of Phosphorus-32 in 1ml of i

solution is approximately 13 rads / minute.
'

.

This dose rate will not be appreciably reduced by attenuation in a few :

centimeters of air, nor will there be much reduction by inverse square law
from a source of this kind. It is obvious that a hand or face over such >

an open container may receive a considerable dose of radiation in a short
period of time.

_- _ _ _ .
,
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CETERMINING WEICHT
{DecnC=ir { DOT 2RMINING j

'

w,ti,g ,

PER MICROCURIE CCUNT:NG SRCR, : j
Tee sonowene sevetion can be voce to ce6euiete the amount of a i 1 ReIn.e6ameuve secomposit6on u a renoom phenomenon. Forremenscues reewrea t3 ontem a specific nummer of macrocurses. 1-

! reason counn immen from reoionuenoes are intnn.
W= C(N)(T# )(MW)

~

! ****"Y **"oces. w uncomoucasea annuine can to~

,
~ f opphed to calculate the extent of inaccuracy of your

re: W = we*0ht 6n micrograme C Tw & t !' count. In each the single venable le the number of "ob..

served'* counts, and n all instances, the statet6 cal error is,

N = number of microcures 8.07 x 1618 seconds { inverse #y proportional to the humoer of counts.-

= half hfe 8.38 x 10-18 mmutes 1*
i= molecular weight 3'10 x 1 Pie hours I

, -

C' = constant (this value Preseene Error: 8*neere Enor.'

i,'g W r e"e,'"' E*i% *e*!*. I: ' ' ;

* " " " - " ' " " " * ' * " " " " " ' -& * - E - '

_

-
N * % '' P''**'N' E"''-units of time of Tw ) _ .

,- g , ...o.-
'; MYomOGaps 3 ftRITsune I*" ., Il j '

eeALF-Laps it.3 vsA8is -
----- **

"

MAoiAtl0Ns of7Ao.oit(115) * * * ,pg . A
is eis -.

0 i t 9 a s 6 7 e 9 to si I= .
o en mi ses ei en m oss sea en ens eso n is---

i ses esi em ser see era eit ets sie em W W # % honeero Enor .h j" " .
i ese see ses as en era ese ses eso ses ena ses . .

i : : = = = = m T7; = = = = 8- a a == a =--a e-- a ---_ . _ ,
: a 7 ,s, , . , ,. ,. nr = tm m*m = ~ : -- g,,i,;e,,e=e g,,^, ;, ,e,:;. , ei s 71: rio 7as 7a3 7tm esF ses eso es? em eso en "

1 spea of the normes Deal curve.P $7a e7i ese ans esi ese ens ett ses ses nas seo -
.

, >s 827 eas 63i saa eas es2 Sie sit Gl4 sit em aos -
,

gi 6 em ses ter ses tei 95 tes tes 300 $n s7s e72 " * -

2 io em se7 ans not see ses 363 tai see les Na ki 4"" _ , . _ ,
'.4 si saa sas W W saa sas 323 sei sie sis sia sti i

il le loi toe to1 des esp ese est 400 407 des des - - *
.

= g ..*

-| - ..(. * 80otNo-iM '
I MALF LsFE toDAvs $E - - * *"

,'
::

AAotAT10ssa GAtshaA oals10o7)
"

-:
x AAY (FAOne EC. & LC4 0.027 (iJs)

u. .s
-

o , . . e ,o ,, ,. ,e ,e
.

-4 -- - --

s! E m'" S E Is! $ E's $ S *e$ [ 1000 mHlicuries (mCO = 1 cune (C07,
m sao sie ear les s74 toi ses sa su sia ' 1000 microcuries (,C0 si 1 mHucune (mCOso ' soo ese an as7 ees 44 as as eis as -
o ser me m are aar ma as as ano asa - e. 200 microcunes (,C0 = 0.25 mHlicune (MCI)

i iso ais me aos ses ser mi r7e as sea see "

iso ano au em an aae era m ria aos aos 100 microcuries (,C0 = 0.10 mlHicurte (mCO I.se no im is ies sei in in ies in iei s- ' i-
$0 microcuries (,Cl) = 0.05 milkcurio (MCI) 1* $ '$ $ $ $ $ 'Es Os' $E [ i microcune (,Ca m 0.001 mlHicune (mCO-

i i

10 ='g oss or oss oss oso aos oss one our ooi
5 oro on ors era on oro one est ces one

- -
. osa oss oso one os7 oss one osa one osi 1cune = 2.22x10m opm = 3.7x10" cps'

~

'j , Q , L ,,,,,,
. 1 millicune = 2.22x10s .apm = 3.7x10' aps
-3 1 microcune = 2.22x1r opm = 3.7x10' cps.

RADIATIONS etTA asia t oDF)c easi efel *

j oma taiiostoumei -

TIME CONVERSION FACTORS
-

GAnedA o.no Lose)o 631211 t6 -
i

assastsii aanasIoss) * 1 dey = 1.44x108 minutes = 8.64x10'seconos
aoeaetoesnaiestottariotoin -

1 year = 5.26x10s mmutes = 116x17 seconce-
.~~.

:. ..

bbba "
es, SPECIFIC ACTIVITY AT 100% ISOTOPlc ENRICHMENT- -o -- e7e ee me

3 m Pts te 7m m em ve ses esi e37 eo sio h FOR SOME COMMON RADIOISOTOPES-

| E **' .$ $ se yEE$$ 2 Carbon-14: ~62 mCl/milliatom = ~4.4 mCuminigram
nas sas

-

is ans see ssi am art aso sia er ano aos as7 sei Chionne 38: ~1.2 mci /mallistom = ~0.03 mCumilligram- -

EN SE$$$Io 5$$EE$ 2s 2 lodine-125; ~2200 cunes/millistom = 17.3 cunes/milhgram5 si see isi ist in ist iae su tai tas tas is im *

1odine 131: ~16.100 cunes/milhetom = 123 curies /mdhgram-a irr in in iis m m ein in ior a ice wo -
-er oss oss one one oso osa oss om . oss mi oro on Phosphorus 32: ~p120 cunes/milhatom - ~265 curies /mdhgram

0 E E.4 E $ $ E E $ $ E o9n g Phosphorus-33: ~5.200 cunos/millintom = ~158 cunes/mithgram-

o on o oss on: on oso em ons arr oss aos oss : Suttur 35: ~1488 cunes/mdliatom = 42.8 curies /miingram
*

-
"

Tritium: ~29 cunes/millistom = ~9.6 cunes/mathgram,, N PHOsPMOAus-22 "
- .

- * *

' HALF LIFE i4 3 DAY $ - "

RAoiATIONS oft A i.fi (t col '
"

FORMULA FOR CALCULATION OF SPECIFIC ACTIVITY40 -

we : AT 100% ISOTOPIC ENRICHMENT.o it u as as e n sa
~

-
: 3,3x3 p

{ o eso es3 eso ao.s e.s. ; Specific Activity = gintoem
ess esa e mHHeunes/mHhatom

-

4 .4 em 7 m 7e = m,

e are ear ear at si7 ano ter sn ,o :: ,
1

i

1.3x3p'

is too ses sa: sao too ass em are -: 4
is asi ato ne ase sie aos me ase - = (Mass. No) t s (cays) millicuries / milligram

| ce ano are mi an2 ses as ass ano
i

|
-

| x sin as aus ano ses en tro ana 40e
i o ser asi ses se am ass aan ri? "

MAXIMUM ENERGY RANGES IN AIR FOR SOME -,e 21 aor nor irr see ies io tre - :;

t COMMON RADIOISOTOPESI u ir4 iro in ist its its ist is yo.cp su se is7 is iso in in iri Carbon 14: E= - 0.155 MeVe; tange: ~28 mg/cm'
*

yy$$$$$$ | lodine 125: E = 0.035 MeV X Rey; tange: ~350 mg/cm
"

a

oso ers on o7s era eri oro one(j ; todine 131:E=n = 0.81 MeVF; range ~234 mg/cm',

\ " *

:- "At the end of 7 heil lives, lees then 1% of activity remen for e"Y 50 *= Phosphorus-32: E.n = 1.71 Mev F; range: ~800 mg/er:p
rodeonoches, or: 0.8% = t-P. |

Phosphorus-33: E = 0.25 MeV b; range: ~C0.0 mg/ctn'-

100 = -0 '
Sulfur 35: E== = 0.167MeV F; range: ~34 mg/cripwho's the hest 8He of an sectope is toneer then 0 days, seu then 10% of

eetev6ty as ioet erwr 24 hours. i Tritium: E.= = 0.018 MeVb; range: ~0.56 mg/cm'

'
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