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"'st llﬂretaln

néuttons.

The nﬁcleus is
three bulidlng“

held tmgether by ‘a huﬂlea

lest unlt lﬂtD whlch an. e1Ement can be dlvided ar

he propertles of . the original. Element.
ments ara mad “of” tHree primary Eubatﬂmlc hulldlng blacks. elegt#cns :
These three prlmary bullﬁlng blocks are so ar-—
vranged that the atem’ may be thought of .as cnn51st1ng of two main: pafts——‘L

Ve>ﬂucleus and the electran cloud.. A graphlc represeaatlan of sevarala'ﬁ

Atoms ‘of ‘all- e

the central ﬁartlcnpaf the atam and cnnta1ns twn af tha
o 1Dck5, the pﬁﬂtﬂns and neutEDns.'
““make up ‘practically’ all of the mass-of the atoh.:
= are DfEen referredtta col ECthEly as nucleans.'
various cambinatlcns of protons and neutrons:
' USSlDﬂ~1f these combinations are thcqght Df as;being”
force. sufflclently great to overcome the e
1bn that ex;sts between .the’ 2931t1ve1y :harged

Protons and- neutran5<f
Prntons and - neutrons
The nualeus- censists af
it is. easiér ro undetstand

|[Relative Mass|. ..
‘in Atomic |

Mass Unltsj

,007277
o 0005486 -
,l_008§§5é

1éctran Elﬂud 15 aqgal to thé I
“the. nugleus - SANE

B

th ﬂtaﬁlc number

e

.

xf} The eléctran Claud surIOunds the nuclear*partloﬂ Df tha atnmsand con-
~ﬁtaln% the’ electrcns, which are in mat;an

as..a whcle is ele:tfleal%y;ﬁautfal “the . numbet of- electrons in the
;mber af p031t1ve charges (protons), i

out the n

¢leus. - Slnce the:ff“
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- i _Atomic S, ucture L 3
V n i & 3 = ) - s ’ ‘ L]
a definite energy and a definite maximum number o it
customary to visualize electrons DE the atom as m nucle-
us in orbits much as the planets 1 1t the
‘gsun, Although -this mental imdge is ngtvenﬁgrgly §c ovides
a useful model for understanding the atom. These wel rbits
(aor shells) are often referred. to as energy .(or qyantt Since
a definite minimum amount of energy is required tron
. from a particular shell. Each shell is denoted: rder of
decreasing binding energy or, more commonly, by tion
frdm K to Q, as shown below. ’
6
- 3 A “5"' -
1 2. c N 0. P
. K L M )
2
The first shell is designated as K, the second as L, the third M, and
so on through the alphabet to Q, or the seventh shell, which is the
outermost shell found in any of the presently known elements.
11. LONS AND LONLZAT LON 3
All atums in thelr louweat suergy state have the sans numbe b oeley
trons as protons. Consequehtly, they carry no net eléctrical charge. '
When atoms comblne to form compounds, the resulting,molecule has the
same total number of electrons as it does protons, and the m@legu1a is
also electiically neutral. Since the electron is the lightest part of

the atom and since each electron is not bound as tightly to the nucieus

as the protons and neutrons are bound Lo each other, it 18 wore mobile
and can be removed from the atom or melecule Ly supplylug a relatively
small amount of energy. As soon as aun electiun is removed Lfrom 4 atowm

or molecule, the resultiung component has an ele. tric charge because

the

prutons are then in excess of the electrons After the remuval of an

electron, the residual atow is valled an ifua (Flgure [ 2).

luons may Le Llléléﬁd pusil ict tvely wi negatlvely aad may ealat ia .0
[dlz.
glectrons from neutral atoms and mole.ules, whoreas negati.e ions

e
liyuids, or in gases. P.siiive fous a.e piodu ed by rewovin

created when electrons attach themselves to neutral atoms or mole
cules, The magnitude of the electrical charge on an ion in terms

electron units, is equal to the number of electrou

m [

g

uf

remaved from or

added to a ﬁeutral atom or molecule. The magnitude of the charge may

be calculated by multiplying the number of electrons exchanged (gain-
ed or lost) by the charge on each electron in coulombs or electrostatic,

&

{



TH » ! Atamlc Structure i
=
= . { 4
. NEGATIVE 1DN o
- F\F @ |FREE ELEGTAON)
, r;d! ) ' T,
: —— _ IDNQIMG PATH CD
—
' ION PAIR 8 T=IONIZING
. . PARTICLE )
- POSITIVE 10N = . -
. ]
o
A -
= 3 =
- Figure I-2.--Ionization

“units., The electron charge is given in Table I-1.

The charge on an ion in terms of electron units is ca

of . the ion. [t is common practice to consider a free ,lggLEun as an
ion. Ions-are, therefore, defined as free electrons or atoms or group
of atoms carrying a net ElEEEf}CSl charge .

5. Auything that is capable
trons to) neutral atom

of removing electrons from (or adding elec 1S Or
molecules is kapable of causing ionization. lu radiation physics,
ionizing events usually result in the removal ot electrons. Consequently,
an lonizing event is spuken of as prudLLlng an ion pair whieh consists

of the freed electrod and the residual positive - ion. lonization is
of the most important results of the futeraction of r?ﬁidtiun in matter,

=
ITI. ATOMIC NOMENCLATURE T
.
Before proceeding further, it will{greatly simplify the discussion of
the atum to iutroduce a wousietent sel ot Jdefinitions and symbuls., A

general cxpression usctul for represcenting o partivalar isolope I

A
(3.8
Al Chemio ol Sombiol s (X))
E
lu the Betglal wapael 1 vt [ T [ L I O R
element and.is used ftour L vit ad o Lhvenis noe lu ref.rring Lo

specitic elepect | the vheawloal "Lymbo ] usaally o oo fsesr ot the inlcig

letter® (capitalized) in the namé of the element, or the 1niti1al lett..

cond Tette: For example, carbon is 1ep-

I, calc lu?%?y va, .xygen by 0, and hydroge.

/

followed by an appropriate s
Feggnisd by €, chlorine by ¢

EWhEll this ﬁyzEE!u W esos ';’uluk;LL_J Ll/':";:? 18Y8) the latiov vawes [ul scveral
metals were in common use. Tuis is reflected in such symbols as Fe
(from the Latio ferrum) for iron, Cu (cuprum) tor cupper, Au (aurum)
for gold, Ag (argentum) for SllVEf, 5a (stannum) for tin, and Sb
(St)blum) for antimony. g{) o>
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Atomic Structure . 5"

. B, Atomic Number (Z) ,

The atomic number (Z) is the number of protons or positive charges in

L ; .
the nucleus. : ;“ : A S . e
Since atoms are c c v neutral the number of electrons in
El@it[un cloud. 3 the same as the number of protons within the

) Each element has an atomic number which is characteristic of the
ment and,4s synopymous with the chemical symbol. There are currently
over 100 e¢lements, svmbols, and atomic numbers. Consequently an ele-
ment mav be de lLHlE ] in any one ol the three wavs--by name, number
ot letter 5ymbglﬂ ‘ -

C, Hass Number (A) ’
4 B

- - L 1. N . . : . LR - .

f The A in the general expression (GX) Ly the total number of plrLlthﬁ
(protons and neutrons) in the nucleus and is referred to as tﬁe'maas
aumber. The mass number is approximately equal to the ato mass of
the atom in atomic mass units.

¥
D. Neutrun Number (N) and lsoutupes
= A
J The number of meutcuns in the nucleus ias called the neutron number (N)
’ and is ¢qual to the mdss numfer winus the atomic number (A-4).
- ] * - .
When the atoms 'of an element have the sawe number of protons but a dif-
ferent number of 1eug£ﬁx , they ars.ﬁa;d tu be isoutopes of the element.
© Such atoms are, in general indistingdishable chemically. The ¢hemical
& properties vf the isotopes of an element are the same because the chem=
! ival prnpetflL depend on the nunber or uxbital) electrons surrounding
- the nucleus, which in turmw is- detefmined by the number of protons in
. ‘th nucleus . E
- , g

Fuor e:wsunFIL‘ Elhicvie arLv Llugv}ml\xfélly ewut L luyg lsotopes ol oxygen,
namely, “Z0, i’g(_)! and T2 0. Ihe isotope with 4 mads number ot 16

2. A o . . e .
T, TH, and P, This Jlement is .o significant that 1ts

Gewdrs mesl abundant ] Auother ermample Is hydrogea which has thio.

isu Lapus

:

three iaotlopes dte sowslimes called by Jdiscinet names., The is.tope
with a iwdas tunber of 1 1as called h!JLUEcH, the wile witlh A=2 Ia Jeu

Leriam, and the thaitd (a=3, i=s toifium.

LV Uit to oF Nuoh kA s Al BHbkhg,

i

A. Atomic Mass Unic (anpu)

-
"~
-

I Gl wn b le Elie suc by ool thin gt aul s

tie mags of the pdarticle. e pressed in gran.

s

O
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is al e
- .8tange, Since gram-at
& t

5 - L __Atomic Structure e .

x = = - . N \ - A

= — T = 1 - P — —

Particle ' WElghE in grams Ng@ﬁerr%n .

—_— _ . R ) ____one gram

neutron I '1.67482 10‘?% 5.9712 x 10°°
‘proton 1.67252 x 107%% | 5.0979 x 10°°
électron 9,10908 x 10 =% 1.0979 x 1037

Since the mmss
when EXPFESSEd
nents, the svyst
carbon 12 (*Z0)

e O
g

[y
i
2
g
=
I
‘a“
\m I
i
ry
=
o
-
it
W
=

omic mass. A gram-atogic mass of-a

i e
atomic mas £
d to as a mole or equivaTent mass of fhe sub-
5
i
i

substance

are, in magnitude, proportibnal to-
1 atoms, it follows that one mole of

the actual mas 1
ite number of atnms rhe number uf atom
Ll

w—-« L.n

gt

The mass of any atom in grams can thus be found by dividing the gram
atomic.mass of the isotope by Avogadro's number. For example, the mass
of an atom.of carbon 12 is its gram- atomic mass (12 gm) divided by

T

Avogadro's uumbe {N, ). ¥ .
r 1 ﬂL LE 5;\[ 7
itss ol . = == =5 - Rh= S S =
4 6,023 x 10 -
2 4 = 1.99 R 1072% gm R
& I
. o L.
S5luce colaegual b L atomile wans vttt (@) thie wdaa oL L awn

O
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would be *s of the wda.s oF a caitboil 12 ilow.
h 2 . .

l . l‘_) =i =S - =
i [= FETN T == 77 = =

¢ amu/*

| S YT L.y lwu ~ * R

1, Lhio ey,
To fas,_,lill,:_:‘ms_- I B O TP N Lo
smder| maaa, consider the esueryg  p.odu ed 1 gap dau (, LL A LU ib )
is couverted Into energy  The .oaversion cdn bg expressed Dy, ‘Einste .

famous equa[lun relating wass and energy

1)

=

= Ui



- - - - \étgg}c Structure - - A
S i ¢ , . .
where m 1s the mass in grams, and ¢ is the velocity of light in Lm/b
, Then the energ gy. equivalent (E) of.cne atomic mass ynit is given by
LY
. E = (1.66 » 1077% »am) (3 x 10'° cm/sec)” . 7
B = ,ﬂ‘
' "UE = 1,45 271070 um-cm® /sec”. h -
. ) . The unit, gm-cm®/sec”, is frequently encouptered in pnysics and is termed
- ‘ the erg, thus: ) '
. E =1.49 X 107 ergs. ‘
. .
B i
- C. The Electron Volt
;o Y

nt unit of energy is the electron valt. An electron volt

he amount of kinetic energy acquired by an electron when
ed in an electric field which is produced by a po

) ne volt. Since the work done by a difference of
: on a charge e, is Ve, and the charge on one elec
ombs il is possible to calculate as follows:
= \
-
. ) . AT '
l eV = 1.6 X EOJ " coulomb 4 1 volt
i s ;
L
1 eV = 1l.g ~ [u Joeules
J \ 7 :
Ut L ev = 1 oy~ 107 erga
k4
7 Slice the electron weltl ls a very swall gméunL vl ey, LU ls more T
cotmonly expressed io thousaads ol election volts (heV) wr millloms ot
celectron volts (Mev). : .
) I million eleceron volis (MeV) = | UUU LOU0 EhFCEFUH volts
'QF;: *
I kIto vl tron ults (hovy 1. Louow ot T O
Ll s prodee e L L, L L T e B B T T N N TS \‘;\
&
Lo i . Ly R EYT
[ t 0 Lo ws e, Lhe
Ioaan - 331 0
'

‘4 [ [ T O T T T g, oL
eV would tes. l Tu gain . c.ocepl of igoltude JF wie election
vole, vae milliovn electron volts (MeV) 1s enough to 1,ft only a milligd
welght one willl u“Lh of a centimeter.

,
1y
= i ¥
O
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es
* terms of the binding energy per nucleon in a partic cular afom, Fi

s constituent particles and i quantity called the nuclear bindi gaené

it

ergy. It- mlght be thought that the mass of an atom would be cqua

‘he i 1sses of the individual particles composing the atom. =
lo ~asurements of atomic masses show that the .mass of an

=
s than the sum of its constituent paftlclE " (as mea-
s ] state). This difference is & #alled the’ mass def
is the amount of mass that would be converted iptoe energy and released
( e r

to hold the nucleons together) if an dtom were assembled f[;?gg ee neu=
trons, protons, and electrons. Since this is also the amount of en
required to break up an atom into it® component particle it i
-fore called the binding energy of the particulat atom.
b€twaen binding energy and mass defect is given by Einstein's equation
-E =mc?. <L 4

The binding energy varies from atom to atom and is ujually expr =d
g re
3 shows a plot of the binding energy per nuc leon against the mass numbe!
(A) for the most stable atoms in nature. Important. features of Figu
Cl) a central region for which the average binding eferg
mistant (’-8 5 MeV/nucleon); (2) regivns at cither e
aturlng;a smaller binding energy per particle (which means a Iﬁéa
uc

,_
k=]

adtng energy for small ulei

ass numbers having nucleons in multiples
L] - -

]

Conzsdder Lht fuvinatl Lan .L:I. dvutvrium 45 & 2 ,l,uxt,:ltf. J,,\.Jlnpl\,' Ll LR meginling

of binding wuer g¢. Deulerium Is made up al otte protoen and onegeutron
in the nugleus, and one-orbital electron. the atomic _wass of devteriuw
is 2 Jlglug (afnu) Ihe mwn ol Lhwe masses of Ils ‘compoucnt EdLLiulg;;
HT)wn:ve‘E, : ' C ’ ) »
o ST prabon | Lot 200
wuel b nealion - 1.UyuBnen
wedss ol eleclion = 0
Postet] A ?
R T S R N R T T TPUS R O UP NI PRI O PO P DR Lo o
portent partlosen e tmeanl ULQU LA Lau o aloe. Lo Do iy lent
tooo s oMoy, the vl tlog s kg ool thie Jdewut. . Lum av.. ula 0o be wrdtt
S
’ L [UENVIVEN . Py Rre AT
siDELL
X
o

. - .
: ire L
c 4 e P
V. . j
., - ' . R . ?
. The atemic mass of & nuclide can'be understood in terms of the of

cleus for both small and large mass numbers); and (3¥ an unusually

\
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. ) ‘ ' RADTOACTIVITY ° >
B . . . ) ‘ : e
» I. INTRODUCTION : o : - .

Tﬁéfe are certain structural criteria necessary for the nu

isotopes of the various Eleme s to exist in a stable
, thesa criteria are not mety the nucleus will be unst
the phenomenon of radi activity. Radioactivity refer
by which nuglei spou;é?eauhly decay or disintegrate
creté .energy steps or transitions until a stable stat
criteria which determine whether
are bflefly discussed 1n the foll

. . / —
- I1. NUCLEAR STABILIT -7 i ’

I i cle
orces of repulsion betw351 tke posi-g
range fnrzea batween
1

U‘ ]
\r-‘ 15
=
<
s
ot
=
c
I
=
M
[
¥}
e
i

1. ffice to say thﬁt
f these attractive and repulglve forcek are such «
inations or ratids. Df neutrcns and prntmn% arg )

i

l"l\ oo
m o)
U‘" D 3

i

E

e ' ‘ .:’ l Cow
forces ‘were discounted, optimal stability
a e¢fis when the numbers of protons and neu-
equal. Such-is the situation for the IlghLer
i .coulomb ftorces, iu rélation to the short- =range

are insignhificant.’ These coulomb forces, however, become in-
T -_;QEEaSlﬂély significant as the. ,atomic number increases abgve 20. With
1gn1flcant increases of these repulsive forces within nuclgl, intra

lear stability conditfons become alte.ed. Consequently, with in-
sing atomic number, a neutron excess is required -in order for.a o
to be stable. ’ o

[‘-:. ] :(‘
‘m m
U’A

2q
tle

LI"A

Thus, for elements which dre telatlvely low tu Chie pgtLudIc table
(a lﬁu atamiﬁ#ﬁuﬁbétﬁ ‘hucleay 5tablllty vecurs whén the numbet of
gﬂg neutrons amd protons is about equal, or, when 1he ratio of neufrons to
proton’s (n:p ratio) is approximately equal tu uniity. A, elements
increase in ¢ numbe, above 20, the n.p ratio iequired fo. stability
\ gradually increases until Z = 83 (bismuth), where the n:p ratio required
for atablllty exceeds 1.5:1. Filually, at the eud of (he periodic table,
¢ above ngl there are no Eamglétély stable nuclet. The stability
conditions based on n:p ratios are nét very critical, and "stabilicy
ranges’ of n:ip ravios exist for any given atomic aumber or any given
masgﬁﬁumbaf. For a given mass number, there may be several stable .
arfangeménta of proctons and neutrons. For a given atomic . number,
conditions may vary still more widely =0 that numerpus stable isolLopes
can occur for a phrticular element--as many as 10 ér 12 stable isotopes
for some elements. b '

L I
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e
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is si 1
teria leading to nuclear sta ty. Additional fuctura involving
‘quantum-mechanical principles and binding energy considerationa are
needed to further evplain stability, but this is beyond the scope of ]

-~
The n:p ratio ed 'xplaﬁatiﬁf of . tﬁe ingranuclear cri- ;3 :

ET

this document. ) . . , .
Q ™ 4 ‘n!‘,s [

In summary, nuclear st:

bil;ﬁy is governed by the'piftigulaf combination
and arrangement of :

a

eutrons/and protons in a given nucleus. If the
ntof neutrons and protons does not fall within

leus is unstable, which is tgﬁtamount to +

active. An unst:-ié nucleus attempts to

ng its configupdtion or ratio of neutrons and

s .

ous disintegration, or radlhaLtlve decay.

FJ
[Il. | RADIOACTIVITY (Vd[urdl and Aftlf dl) - L =

/ : ¥ T,
7 . _ -
Certain nuclides are found™to be unstable as EhﬁgiuCCUL in nature and are ]
A { 5 wcd £l :

therefore called "natura :
various nuclear reactions brought dbuut by man. The majority o

rMionficlides are produced in this manner and are saXd to be "artificial”
radionuclides. The processcs involved in the production of artificial - |

radfoactivity will be discussed in detail in a subsequent chapler on nuu-
t ' ' ’

R

ions. a

The fi¥rst reported EVidungr of natural radivactivity was by Henry )
Becqusrel en 1896, . Becquerel demonstrated that uranium ore would tog or

darken a phntnu[ﬂphlL ate which was sihielded Jith opaque paper in much -
Cthe same manner as x fgis_ He pustulated that the urauniwn emitted very
pe rt[d[l“g rays, similar tu 5 1dys. The phenomenon ultimately was call, |
ed EadLGaCLiviLy.m In time, LL wds determined that thuie were éa i
ments beyond the atomic oumber of lead (7 = 82) that showed similar radi- .
ating characteristics. Alter a louug and complicated chain of lpves i
T

’h;nicial: contributed, a “hett

Ctluons, tu which wmeny outstandiug
standing f nafural.radicaccivity lw

was galoed.g LThe undv11cd1ﬂ1U1g wag cul- .
K £

minated \4_1[;\, thie t:?a[}i‘l Lm;*lil;? wil ithe, tord wh L9U3 I ltﬂi_il ly showad

that there were Lhree kinds of 'y

lud;tlﬂg Lml,axnuﬁ tiagic 1V, alphg,r (éjl

beta, (3), and gamma, (v). :
LA Lypes o Ralloa, v e [T T R
L :\!Lsht LALI\ Lg;" R B T S A el o sy '
=H_ﬁ;‘£=z:_y.g; g
e raliation and can Lo dbsorbod o stoyp, ed hoa Tow v bl Lots bl sa
a thin plece of paped.  Alpha particles are coapo el ol leo protons cud
Lwo ueullons Henee, they ha e an o beattTe clidl g wppee lte L0 aud s
actly twilce that of the eloclrons ad @ was. nuaber of 4. s alphapa
ticle and the fre L Hﬂgiedﬁ sl o tdentival fu gtructure o with = Pl ux
; : IR ' , e N
ceptlons, only rela leslv h;;vy cadivactiv. nuclides Jdecay by lehAﬁgulw
ER RN N "
’ . b rtt a ) et e oad Lol Chias e Lol poeow b | P Y
The: glnate in e mncleas, In contiast with wndindry \lgwértnha\njhn
i } %‘j . EY

g
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. . e ;hﬂngadiaéCEiyity . - : 13
) exist in the ‘orbits arpund thé mucleus. [In ir,: they travgl several /T
" hundred times theiﬂ stance of. alpha pafE1LIES and fequlre a®™ew milli- .
V'wm meters %of .gluminum to gtop them. Beta disintegration’ occurg mogt: often
in nuclei which exhibit a high n:p ratioc. The iatranuclear effeat of
a beta emission is &hat of chanElnE a neutron into-a protoh thus decreas-
5 ’ = N : -]
. rays, are electromagnetic radiations which
e ight %hgy diftfer from in their
- from transiti®ns bgtwear eneygy lev-
ls), and gamda.rays originate from transitions
els, ) T
(photons) create wavelike disturbances in
T turbance created if a stone is dropped verti-
pool of water.- As the stone strikes the water,
ughs are formed which constitute a wave motion
. L1-1. | The distance between any two UQ;E%%lVE

roughs is known as the wavelength, which is rcpreﬁentﬁd by the
r lambda (\).

*
¢

Since all electromagnetic vays travel at thefgame speed, (3 % 10'¢ cm/sec
or 186,000 miles/sec) in a vacuum, the pumber of waves (crests) 3
certain point per, unit time, or the Efequéﬁgg with which the cr
the point, will decrefbe with increasing di®Pance between crest
length). The frequency is represented by the Greek letter nu (u), The
relation between the wavelength A, the ¥requency v 1o
‘the wave (¢) is given by Ll}g s.qug;lu.t(/r = /A

2

and the ve

. } * &

e | R

- .
L [T I il sl ‘ﬁﬁ
i
' L Iy [ [ t 1 i
&
N
.
T}—ll( el Do v ! Lh oodept e plobon i L cl . v
.
ko= l_’l\;
Iy k- . [T B
, L]
b = Flauck 5,0 uastl 1o I Lt R

i : « = fnequoney (herta) -
‘ a v, .
= o \ 4 : <
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13 o _ - Radiocactivity s ) -
Gamma rays gEcupy a Higher epergy tsﬁge on the ElECEFDmEEﬁEtlL prLt}Lm -
than do vigible 11 ght tay% their energies ranging from a téw keV to
é .

several” MaV Co S e e ey otk e

C E
T fr 1
in td £ill the vacant position and the excess enérgy is emltted as a
Eha:act eristic x-ray photon. The nucleus might conceivably capture an
L-shell eleetron, but K-electron capture is much more probable, Hence,
- this mode of ded: y-is frequently referred to as "K-capture." Orbital
electron capture is also e abbreviated as "EC." _A;,:{.ﬁ

K-captpre is always a:c;mpan1ud by the emission of an x ray with energy
equal to the differerdce between the K- and L- :hell electron energy
levls in the daughter prudu;ts Like positron eml;Slén K-capture can
be expected to ovcur in nuclides having a low h ip ratio, The intranu-

clear effect of elther of these wodes ot QELay is ED Lhéugﬁ a proton iun-

to a.neutren, -thus increasing the n:p ratio. ., . A

. 5
ernal conversion ts Lhe prucess by Ayhich 4 nucleus La gu_kﬁh$§§dmn
state reaches 4 - luwer stale by.tLra ﬂbfﬁELlﬂg its ereess energy to an

2%
orbital electron (usually .g b Ur’B electron). The ele.troun ls ejected from
the .tom in lieu of a gamwnad ray of energy he. The cuergy of the electron
is he minus Lb, where B 1s the blﬂdlﬂ g energy of the eje. ted electron.
: +
d. uc :lﬁggqu é%i;g ts a Lype of AAdivactilvit, asaedlated with el
i Lalu pal irs of nuclid (called isomers) that have (hie same maos Ntknber
and the sameé atomic nuaber but exist fu Jdiffeirent nuclear onergy state.

Generally, wae gf the "lavmas 18 melasl ble (the uucleus u’éln an cl\;[é;‘

stiate above the ground state) and achieves the ground stute or it. low-
St eacrgy sltdte by emitting Jdelayed (usually greater than 10 se.onds),

gaua radiation,  The wmetastable, or excited tate, tterefour

o
D)

n

tepresenls

“ofte Lottty torw of o particular nuclear spocies whille the 5;‘4nd state

v, rep  metta Lhe other Further itadivactive decay Ly bet. oi puwsitiun
emd 1 PLugE:d Ltrom the gtuund stdtle . -
AF & Fla. al particles HlL‘h d&&,llglblt‘ rest m-:‘i‘a::.- Liiwy aw-

st
napgy J ist.ibution amangﬁbetd-partiﬁlgs and pagsitrons in
ogesses. Oun each beta or positron disintegration, the

away sume fraction of the disince egrat-ion energy. Th

"~:

e
no-siguificance in nuclear medicine applications, because
. it‘seldom Intéracts with macter. . 0~ ,
o L0
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’1‘E+,mr K=gapture, ‘a transmuta-~u“
itl ;calféd the

atlvely charged p
anlﬁ’af chargei,

-1%*_' With positron emitt rs; the parent nucleus'gl,as §p ‘a p951t1ve charge re-:
O sultlng na daughter less positive-by. one ynit o charge; . theratomic num=-. -
ber decréases!by one ‘and t the mass. number remalﬂs unchan ; ; ! |

-
W

. .
transmutatlan thEﬂ leave ﬁhe

Nuclear decay reactlans resultlng-‘,a

* resultant nugleus ‘in an excited state. Nu3121 thus excited, may reach :
Ehe graund state by the 1nstantaneous -emission of ‘a: gamma phgton. 'The ‘

‘e

',Dn at leést par'_gf the dlSlntegratlgns. Ihere are numaraus :adlonuclld§s,
hqweverg whlch decay by partlculate EmlSSlDﬁ alone, !

e

be1ng the ﬁypeé and energles Df the em1551ans
j“bglng the fate of decay_ g ‘ ~

> , 'As prevlausly 1nd1¢ated Ra decays by alpha
'em1551cn whl iétaﬁcampanled by-a. gamma- phatonE_LTblgvrepresents ;he_}
Dnly mode of" décay open-to ?EERQ,‘ There are, however,.some radiocactive

S

&

28
Q
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"1ng wavelengths and ffequencles.“

'vThe Wlde range ‘in half?llfe values far naturally occurrlng radlaactlve

" ‘elements -is typlfled by glg?c, w;th a half- llfe of 3. % 10 ecands, S
and 2% B, with a half-1ife of over 2 X 10lE yeafs.» The cnncept of
Ahalf llfe w1ll be. elabaratéd an more- Eully lﬂ Chapter III '

Radlcact1v1ty

cay Schemes Exlsts. ~In such cases ‘a branchlﬂg ratio is ‘said ‘to’ exlst

"A case in pnlnt is, the decay of. ® Nl.A This. LSOtéEE ‘of nickel decays 50% - e
- of the time by K-Eapture and EDA of the ElmE by B -emission. “The branchs; ’
: Vlﬁg ratla is thenr ) .

'n;th only d@gspeclflc radlonuclldes dlSlntegrate in a glven manner. . 1n5aa'_:

' .far as the types Df emissions are concerned, “but’ the emissions from, ea:h
A;ﬁu:llde exhlblt a distinct energy plctufe., The’ energles associated t A
:“_radlatlans are described ln:terms Df."mega electron valts" (MEV) or "kllL
~alectron- vclts" (keV) .~ -Beta=e n "
;about€3 MEV, alphas up to about: 10 ME ; < t
mately 3'MeV.: The. kinetic energy of a partlcle is prcp@rtlﬁnal tgvthELT

h'

'gamma photons up to: app’

square of its. velaclty, or stated in reverse, the hlgher the . energy’the _
greater the veloclty of the part;cle, ‘whereas the v%lgtlty of photons- 15.3
constant in a given medium ‘and energy dlfferences aré manlfested by vafy= '

~The other aharacterlstlc aspect 355ﬂ21ated Wlth decay patterns is ‘the

rate of ‘decay. ' The dlSlﬁtEgtﬂtanS asanLatéd with radioactive nu:lldes

. oceur with- a: tegularlty characteristic for each paftlcular species.
."Such dlslntégfatloﬂs ‘are Epcntaneous and rand@m, a single radium. nucleus

for 1nsﬁanze,fmay ‘dig§integrate at once. or: walt for thousands of yearsx

.. ‘before emitting am. alpha partlcle. All “that can be predlcted with any
- degree of certalnty is: that half of all the radium-=226' nuclei present
‘w1ll dlSLntegraEe in 1622 years

;-_‘55

Ra;

ThlE s called the half llfe nf

“D. Radioaztlve Famllles o ﬂv:;“f N = i;Ai R ?1; .

The tansmutaticns assac;ated with natufal radlcactlve elements frequently

‘yield a daughter which also is radlaactlve. To date, thére have been;A

about ‘70 different nat%ral radionuclides’ 1dent1f;ed -each with its own

'~Aghatacterlstlﬁ pattern of radlcactlvlty Most of these ylald radloaﬁtlve
daughters and are now known to be 1ntlmately 1nterrelated in what are :

called radicactive series orﬁfamllles. It has been established that masc
af,ﬁhé'lsalaiad radlnactlve species belong to’'one of three’ Lndependent
gféups famllies. ‘Each family starts with a parent radloelement decay?‘

glng or transmutlﬂg into a daughter element also radioactive, and so

on. until stablllty is attained. One family starts. with- ‘uranium-238 and

- ds called ‘the urnaium serles.' Annthag_starts thorium=232 and- is called
the thorium serieés, and a Ehlrd starting with uranlum=235 15 called the

actinium series. In each_of these th ce serles, there is a, seesaw;ng

in Ehe transmutaclcn chain batween decreaSLHE the atomic ﬁumber by two _

2?

'nuslldes whlch may” decay w1th a- branchlng efféct whereby a zhalce of de—,‘
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-1 Eaurth series, namély the’ neptunlum series, name ,;f"

"fﬂuced and does not oéear in nature,:

.short .hHalf- llVES involved. . Thé langest 11ved radlaely

. of radioactivity.. -

Each Df

(Emissian aﬂd iqcr2351ng ik by.aﬂ“vwlgh 5 émisgiahlﬁ S
. Dtgpe of lead. - There is alsg o T

series ends in ¢ different stable

ived member._ Actually,-the neptunium. series has“been ‘art: g
' but- it isvassuméd  tha did oceur.
in ndture at one time and- has became ;extinct because. Dfit_e relaﬁlvely

1ent in the serifes . -

2.3‘7

1 is 23] Np with & half 1153 cf;? Z X 10 years, Assumlng ‘that . the - age of .the

:-Eafﬁh is 2.2 x 107 -years, .this wauld Andicate that- from the' tlme of - .1é;,-€
" formation, neptunium-237 - has - undefg@ne 1000 half-lives decay . The frac-- -
" tion of a radlmelement remai
- tically .small--of the- cfde@yaf 10” EEU.'-IQ is-obvious -therefore; .why it
'lwauld be difficult to- flnd traces of neptunlum and 1t5 des¢endants An-

ng after 1000 half-1lives :would be .fanta

~Careful measurementz have shcwn thatgalmast 311 materlals can ]
‘One - mlght ‘suspect that these ‘trace quantltles Df .
tivity. mlght be ‘due to Eantamf —;5on w1th somé of the heavy fadloelements

; belcﬂglng to‘‘one’ ‘of ‘the- radlaact;ve series- heretofare ﬂESErlbed ch—‘,}'“ N

ever, it is’ found that certain of the - llghtef eleme,ts are " them;elves

- weakly radlaactlve. ‘The table below lists- four examples df‘naturally
_occurring radlaeleménts and their radlatlans.,A, - : :

EE =0

;Naturélly:Dﬁcurt;ng.Radignﬁclides;:-i

" Nuclide: | ‘Half-Life {——+
19K - 11.26%10% | R
C8IRD 5.0 x10*y| ¢ e | ‘31;374‘ - "“
oHEsmo [1.05 10Ny 2,230 L ek ] s
1781y 0.43- .| .088
.306 vl

.,Cufrggtly, EthE is ﬁD EVldEnCE that any SETlEE relatlgnshlp Exlsts amnng o
..these- nuclldeé Théy, thafafare, are.. regarded as lﬁilvrdual,.naturally '

Gccufflng radlanuclldes hav1ng nc famlllal relat;gns Lps.

nwdff




a2y

Ma-thc:d

It

Chasad é;l' and'RabiﬁDw;tz J L
1o

Elahd 'W Hi NuclearvME5f;;n§, McGraw=Hill Bcak Cg (1955),-.

PP+ 915

Wagner H N.

(1968), pp 93 105

7; Burgess Publlshlng CD (1965),_chapter 1

7::;}%;Bg'§éﬁndéfé'Ca.

gc: (1964),V_'apter 1 End 4

=

G2y

] Ledere, C M , Hallander,zJ M aﬁd Peflmang I
';_ ;Jﬂhﬂ_WLléy and Sans, Inc., - (




‘if;;w1ll pfoduce about 0. 56 mn o6f radon, .and "in this quantity: .of radon

" each 5g2z2551ve reflnement 1n the measurément of. tbe atom'

'fi;cnnstantlf..v-_; : S e

ﬂccurrlng in tha quantlty éf radon gas lﬂ eq lllbrlum w;th mne gram Df -

"radlum._ If permltted to agtaln thls equlllbrlhm,ione gram of.. Tadlu@

_ about- 37 . b;lllon atoms - dlslntegrata each secand Thus, Drlglnally the ?A
' ycurle unit appllEd Oﬁly to. radlum. : e :

-{?Tha International Radlum Standard CDmm;SSlon 1n 1930 extended the def1=€_
”nition to: i clude Ehat quantlty Gf any radicactive decsy pfnduc; af

as- one.. gram af radlum The Ccmmlsslon av01ded speclfylng the prElSE;
,4ount, 80~ for. Some years. the Exa:t value- of. the ‘curie, unit varied with
- wéight of .

radiium, which resulted in a mare exact and Stabie value fcruthe decay~=”-353§

“,Inml§505;,ﬁ'-iﬁtéfhstibhél Jéiﬁt Commlssiéﬁrdf S

" Constants - of Radioactivity. redefined.the, curie unit- byﬂacceptlng 37

billion dis;nﬁegratlons per Secand as amounting to a curie of radlgac—"
: _tivity regardless of its source:or charaateriﬁiics. "At present, . the o
curie (Ci) is defined simply as a.unit of activ;ty equal to 'a dlSlna’ s

‘tegration rate of 3.7 X 10'9: disinte rations per second. ‘This deflnl;f’”*'“‘
g g P

. tion of the curie is’ independént of the gquantity. of the . faleﬂUClldE
Smaller and often more convenient units are’ the. millicurie-—orie )
’jthausandth of a’curie’ (mC;), and -the mlcrccuries=ane millionth of a-
*jeurle (yCi) ‘The _plcocurie (3.7 :x° 10 dls/sec or 2.22 dls/min) is

often used in expres%ing very 1aw natural and env1ronmenta1 1evels cf F“'*:'

tadlaactivity
:_1Lizzi_ CURIES AND' GRAMS ’SPEciFIc ACTIVITY

U Althaugh the curie orlg&nally appl;ed tD Emanatians fram one - grgm Df .
- radium, and one gram of radium-is apprcx;m%&ely ‘ohe curie, it is im- - -
_portant to 'note that the present definition}of the ‘curie dDES not make\

i apparernt what weight of the material i$ required. Since a curie of ac-’

_of the material. requlred to produce Eh;s number - of dlSlntegrations per

Ctivity- merely implies 37 billion disintegrations per second, the w21ght

secopnd ‘will ‘be a function of the decay .rate  of the atoms of the mate=;
rial (i.e., the: dls;ntegratlon ccnstant) ‘and’. of the number- of atoms per
‘gram of materlal . As examples, a curie of pure 89¢o ‘would ‘weigh less
than 0.9 mlll;gram,»wheraas a curie of natural 238y yould weigh over
Atwa metrlc tans._ "Cufles per gram" is termed "spec;flc aEthltY;"




st T

S In nucleef médlﬂlﬂéqthé Eerm'
© .gram.of the. eempaund and not the redlenuellde alone.. Fnr exemple, Dne,
- gamputee the epecl ic, ect1v1fylef any. pute fedlenuellde -as-: fellewe '

'éf,,ABeeeeectiée;?,

R A L ,
eurles[grem . A
S 3 7 X 1@19 -

1

'n&hééegm Nﬂf% Avegedre'e ﬁumber (? 025 X 1@2? EEEEE)
L : VAJ RS - mele /
’Aﬁ;z atDmlc maee (gm/mole) E
A e_deeey;eeeetent (ee:'ljr

k&

he numberﬁef dlelntegratlene Geeurrlng per,,ﬂ”,

_eecéﬁdfiﬁ one :Elé DE eet1v1ty A Fer lg;l: .
' L. :V,:’V; . , 23 —6 ; e
: Spéﬁifie:ecEiVZZy = (E DZS lDlE)(lD )’urlee/gm
= e ;u=(3 7 x 107 )(131)
T do :

- 1. 24 X 10 eurlee/gm iﬁlf:l;_ J_-=;

'When lall' lS eemblned w1th other etnme to fcrm a eempeund ‘the’ molacus

lar.mass, of. the _compound is substituted for ‘the atomic mdss ta eempute

f-epeelfle eet1v;ty. Fer example, if- 1od1ne and - eedlum eemblne to ‘make -

- NaI, and eeeumlng that every 1ed1ne etem lﬂ the eempeund is lSlI, the
”:moleeulaf mass beeemes L e o . o o
L PR ne;‘\ )

A = 23 + 131 = l54 gmfmele :

ilekEHLSE? Avogedre 5 number weuld heve te have - unlte of- meleeulee/mvle.
" Since N, and A have- the. same - veluee as before, the’ speci

¢ activits of

the campeuﬁd is less. then thet of the radlenuellde by the factor Lj&ie _"J

| ”-1a§; f3+speeifiejgctivitye=_61?24fxflogitizi/lséy_.f:‘;_ S
=1.06 X 10 eufiee/gm ’ -

- cules are.

“'A: The Dis ntegretlon Canetent

va the "tag" is not peffect the spee1f1e eet1v1ty mey be Eurther re-’
“duced,; For: exempleg if only ‘one. helf the 1od1ne atoms in the Nal melea

1YY, the epec1fle ect1v1ty wou

be reduced: by 4. feeter ef
2, ory .7 S

: :epeeiﬁie.eeéivity’?:i,B X ID%'euf;ee/gm”_;‘; -

IV,  ,E RADIQACTIVE DECAY LAV

y3

The aCtLVLty of eny eample of fed;eectlve meteflel decreases or deeeye

at-a fixed rate which is chereeterletlc of that pertlculer fedlenuellde.

-No knewn phyelcel or. chemleel agents (eueh as temperature, pfeeeure,

#
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A?‘thé fraction o

',Equal ‘to the number (N}
" base of fhe natural. Systed

" -of numbers of atoms, .one can multlply-b@th s;des of the equatlcn’

dlssolutlan, or CDmbiﬂatlﬂﬂ) may be made ta 1nE1uence this rata.‘ The
,:rate may be. chafaccerlzed in at-'least- two ways, -one of whlch is_the -
disintegration constant: (X) » The dlSlntegratlon constant repfasentsaﬁ :
of ‘the tatéi number of atoms present whlch dEans Ao unlt' 
tlmg.i Th's the’ number aof dlSlntEgrathﬁS Bccurrlng per unit ‘time ln a -

:»Unlts -,,Qﬁ’i,gaéiéaéti,ié Decay ,gn;d A the DE‘:_}L Law ] 7 S 7:21 BN

givern® sample is:the. product of. the number of atoms” present: in’ the sam- -

.~ ple.(N) -and the fractlan of these dlslnteg atlng in aach‘unlt of tlme:j 
L':(l), or','F:V AN . § R .

m.’

5 L
- dt

S

fx,

. '.N't = NQE a ) °

‘Séat§d°in words, the number . 0f étGms*TN ) feﬁsiniﬁg after a timé:(tibis
Cat tlme(qg multlplléd by'e At,éwhare‘agis the .-
©of logarithms and: A .is the disintégration: -

'constant. ST Dl e oo
.~ B.. Th§~Hﬂlf’Lif?1f 'ph:_; 4-3f- T MR .r-’f':f

. The dlslntagfatian canstant lS nat so c@nvenlently used ‘as - is angther

' means of. repregentlng the rate of radicactive decay, viz., the half-
© . 1ife. (Ty) of thelradlanucllde. The half-life 15 mere@y the 1ength of
::tlme :aéu1red -for one half of -the. radloactlve ‘atoms ‘present 1n1t1ally

. “Therefgre,'cna may substltute thls eprESSLDn EDE (l) ‘in’ the baSLt da—
- cay law wh;ch ylelds L : . ,

If lt is- dESlrEd to- WIIEE the equation in Eerms of” aEElV1ty (A): lﬂs:

dLSlﬂtégfatlﬂﬂ constant (X) as fallaws,A;

ar . o
‘. ) AN['EANEE ._i?}g
. - . kN 79593[ - ) ) L . )
_lTheréEarez Atg Ae” 'T. A o S : . .

7

jThlS LS the wcrklng equat1an for computlng thE actlvlty Df a rad;anu—
clide remaining in a sample after it has undergnne dec¢ay fGE someé time

Y

&

lntErval

32

. to disintegrate. The half life can be shawn ‘to be related to the d15§1 B
"&”j“1ntegratlan cmnstant (X)) “in the fnllow1ng way: T e
i . N _ 3 . Al". :, ;
: A:leo@; A

3




AT%;;L; ; r:lays SR -~ 3

Flnd A the quantlty femalﬂlng afzer 120 days,:

3'qugmputa§lonal Method :xﬁf§,r;h j,;;”f;¥>;”;, }iiigzd;ﬂh,i;i;E,ﬁjiggg1fi1;;{
‘ S (069 120y . EAET T T RO

 ?11ng in a. quan lty Df nugli‘e whlch had been stcred for some. tlme 51nce f:“ﬂ -
AxltS standazd zatlan. i ~ ~ ¥ - :
LN ~,”A‘  e , .

72 Gfaphlc Method

i Ihere 15 a graphlcal méth@d Df accampllshlng this-same’ résult. It is . _ :
*fabased ‘on the fact ‘that. each half- life reduces.'the activity by one: half,k_;;xrf”wgff
and the eﬁfact 15,2'” lat;ve. i. e., two half lLVES%fEducE the "act ty. :
to ,é?ﬂi,é Of,{{ H threé . "/i?( ,5 K x‘i or i3 ', etc. .In, the general case, %

o N
= h @) -

twhére (n is - EhE number of half IEVES elapsed " On pages 24 and 25 thls : A §
“function is graphed The. ‘answer to the example. problém may be. read ' .
from the graph at the poipt: where ‘the IlﬂE intersects 8.44, the number

“of half-lives’ EEP undergces 120 days. “A‘ useful rule ofthumb.is that

~ffseven tralf- llves w111 reduc‘,,ny act1v1ty ta bélcw 1A Gf lES Drlglnal

value.i

R 7 ' XA :
V. SERIES. DECAYl =
K;Serles deaay canzarﬁs the mathematlcal felatanShlpS bétWEEn tw@ or

' - more’ fadlﬂﬂUElldES ex;stlng in a decay chains -An ample of a dgcay f L'f
. :haln 15 the two step deaay of the flSSan produzt;A  HE '

s "QQ'Sf, “"-"“f!“’i”“_Y £ 9“3: ‘ (s:sm’),
e - . B L
The studant wha has not studled ;ntegral calculus may w1sh to sklp the
femalndar of this chapter. . :3L3

Lo N




O

ERIC

Aruitoxt provided by Eic:

ZfA.g'GenafalfRél?ﬁiénéhiﬁst;Jy;f}.Vl ;'ff';/

qulte lnvglved A two step ralatlan
deflVEd and is feasanably easy to. apply
.-are presently ba;ng explalted as souraes
nuclear ma,iclne,,ﬁg-‘ e :

7;~~Décay3pfﬁébafﬁarénﬁ égqliﬂe.ié'déséri%éd‘ﬁy EhéQéqﬁét;dﬁ{,gz{ e

: ’héré Ehe lel rePresents the ra,e;atpwhlch atOms Df the daughter are'

formed and the Ngkg term represénts zh21r ‘rate of dlSEppEaraﬂge_a] s s

Upan 1nteg:atlan

- where: 3,
BT
' Ngag'lnltlal numbei Gf daughter atams present T

Ng § number of daughter atoms at time t

L3 L=

A, = decay ganstangmaf parent' : o e Sy :
, S N .
Az = decay éanstént“af,daughﬁér'_ oo STl ::1: S
bservation.

&

. A R S I o
?apsed~51nce 1n1tlal_,

can’ be cénvertad to

yhits of activity by multiplying

: . : .
Thls equation 'is the most general form and - can be used for any parenta
daughter relatlanshlp. However, the equation:may be Slmpllfléd if cer-

tain relationship$ between Ay and A exist.
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vity at some. original }::r:- L
‘zero. time Lo et
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(’ axis)

:(y ax

= ﬁaining ig

:1.1 = numbet :‘:E halE ].iV’EE‘e

E/T% 3'125f14 3 =8, 74.

99234 X 10, or

L e L1 = 1 _
= . — = 1} = —
— = — = e = =11 —
= L= HE K n s = B . a
- = i . 7 |-
A

., A ‘

g,’?i B ,1(3'

I .aa

i
»h

e



the half lLEE DE the parent ‘is much langer than o
‘the parent half ilfe may be’ .
me.'of observation. . Buildup’ of . L.
:ractlan occurs’ as shown in Fig-- T

e

5-*

.
T k _ ty b; lds‘up, A
‘as. the parent. Thls relatio pflS 111ustratéd

T w1th ife:
~im Flgure IiI 2 T e U
P ¥ 1‘ N . g ’ ’ - ’
- At eﬁulllbrlum. < ' “ e " o
A o :
- s . N & "
, ok : :
- » o . <3
.7 - 3 1 F
44d, ¢ Jf o . 4 . B
H L % Tge L
* s % . . T
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, an the Decav Laww-“t'"
; mao»% - ~-.’r=;,TntaI Activity

- Build-up end°D
_nf Daugita_r (T}

o 13 ND Equlllbrlum. ;\1 > f ?‘_ o L

the - Radlaac ﬂve decay may'ba#
_édetermlqed‘if the' hglf 1ife of the material of -
laughter relatlanshlps are” rather cémpllcated
) f?ed_b i
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~'CHAPTER IV :

¥

I. INTRODUCTION

A nuclide may be changed into another nuclide (a phenomenon known as
transmutation) by bombarding it with chdrged particles, neutrons or pho-
th praduct ﬁutleus Df the re-

tons. ThiS,pngass is important, sinc

m‘

'cause Dthéf reactions. Many fadlunlclldés ,ed in nuclear machlna are

préduced by this mechanism.

IT. NUCLEAR REACTIDNS WITH CHARGED PARTICLES AND PH DIDNS

A. Components of the Reaction .
The initial, intermediate, and final steps of a typical nutlear reaction
involve five components, as shown below:
Target + Bombarding| __ |Compound| Product + Product
Nucleus ' Particle Nucleus Nucleus - |Particle

Examples of, a bombarding particle or projectile are an alpha or beta
particle, a gamma photon, a proton, or a deuteron. Sources of these may

2
be fission, fusion, radiocactive decay, or particle accelerators,

The target nucleus may be any nucleus ranging from that of the lightest

e
atom, hydrogen, to one of the heaviest, e.g., uranium.

The product nucleus is the nuclear species formed as a result of the
breakdown Gféthé compound nucleus.

The product particle may be any of the subatomic particlea.. More thau
one product particle may be released.

e Eampugnd nucleus, ;quaLnLng the Larget nuclews plus the boubacdlog
article, exists for only 10 secouds or less, During this lifetime,
e excess energy of the particle is distributed throughout the aucleus
nd the incident particle loses its tdentity. The method of breakdown

of the compound nucleus is depeudent only on the eacess energy contained,
aqd not on the method of fourmation. Disiutegration of (he compound nuc-
\ lhe lifetime of

pruoluns are not

leus differs from radicactive decay 1n Ltwo ways: (1)
thé& compound nucleus is always extrumely short; and (<)

converted into neutruns and neutrons are nol converted lntu protons dur-
in

1g the process of change.
B. Compound Nucleus Formation

The extent of nuclear Interaction depends on the natule ol the projueo:

tile, its energy, and the material being LombLarded.

1)
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30 - Nuelear Reactions

Positively chatged particles must overcome a potential ene
due to electrostatic forces of repulsion before

nucleus. This repulsive force is proportional

the target and projectile, and the greater the

energy necessary to overcome the barrier. For

occur most easily between projectile particles

number.

grdlng a nucleus hauL
s Since these projec
smpound nucleus, they mu

the target nucle

icles and photons of
cases. At high ener
“ions,
P
i

Thre } ppl react

changes of less than a few MeV: (1) conservati

(2) conservation of atomic number, and (j) conse

These laws 5lmpllfy the writing of reactions an
i o

For the mass number to be conserved, the total
i tem before re

cluded i ction must e

the atumic number to be cousetved, Che numb

[«
st em muﬁt femdln constant., Thus, no protons
Ul Ldil 4ny neul

total

Lons (45 in beta -Jc,:;;!)/), Hu: number o

apentlles that Ll Lestaal
that on the odher 5in

factor b

Congelvallao wl elier g,

the equation muat equal

Meams may be converted luto encigy, the

ignated a5

nergy of a nucleon (proton or neutron)
- rom

they can
to the charge on both

reason, reactilons
and targets of low atomic

with electrons and are
ng few orbital electrons,
tiles can offer little or
st have kinetic energy
before
us. For this reason,
energies less than 5 MeV
gies, these projectiles

ions involving energy
on of mass number,

rvation of energy.

nd the prediction ot

number of nueleons 1in-

qual the total number

er vl protons 1o the
can be changed into neu-
rons be changed into

f neutions also remains

S L

S E SRR

LI!!-!\‘,E‘)
ce in a nuolea, rea,ti.o.

cing conserved 1n des

| SRR Pl
1
b.—u:,frg:gy Luer g,
[V Lo Lo s i S B 1 e N B ' Pl L [ A T Y
I acvweml. waoss unli vl Mev

The Lolluwing Lo an caample

servation of total cnergy:

L4
7Nt

14.003074 + 4.002603—

ul the ﬂp[;zg!luu of (Lo prlocipdle Lo

% = A 17
SHe - EL*QEJ - tgu

133 + 1.007825

1E
t 1H

ge, the greater the Q
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Am = Nésspnﬂuas! Magsrfaﬂaﬂs. .

Am = 18.006958 - 18.005697 = +0,001261

o e MeV s A ' ’

AE =931 =="(0.001261)amu = 1,17 MeV

amu

Since there is a gain in mass, 1:17 MeV of excess energy must be supplied
to'produce this reaction, If atomic weights of the target and product
nuclei are used, such calculations will be accurate only if atomic
weights are also used for the bombarding and product particles. 1In this
way, the total mass of the electrons on each side of the equation bal-
ances out. ‘ o . 7
IIT. EXPRESSING NUCLEAR REACTIONS ‘

Several shorthand methods can be used to indicate nuclear reactions,

The reaction,

Ide + iﬂ - ‘-[fgli"lé] - fgl‘lé t éu
can also be written
- ““Na (p,u)aéﬂs.
Since only three ot the four products and reactants of-a reactiovn are
ecessary to balance the equation, this reaction ¢ould also be designated

b)) ;

Depeuding un the energy of the bLuwmbarding pdarticle and 1ts probability

[

of interaction with a target nucleus, nuclear reactions can be classified
in a number of ways. These reactions are gencral and cannol be assumed
tw owcur with any paciticular target nucleus.
A Froten - Luduced

) T N B S 1V S T T N O T TR TTT B S o RPN
ber A typleal exanple 15

féﬁl ! pil 1400 :

P I ¥ T e (O L S [

Lllél; [ N TS CEufis can wa .y
partlcles w.y be emltted if tiz protun ewerzy 1. several oo..dred eV

B Dol Lasda ol

The Musl commeen Jeuloawn Loduaeed seact tond are (he (1 l") and 4d g} aean

Ciwus:

&
s s w2
ggla t fﬂ - "éé! i éu
g0
L=
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32 . Nuclear ga;g’@zxg. . L

\ of i Q i
is an element of fairly Law aEDmLC numberé The reactic

led to the discovery is r
is now a common kaboratory source GE hEUthﬂ&, the alpha particle
supplied by a radionuclideé such as polonium or plutomium. Multif
ticle, émlssians, such as (E!Zn), (®,3n), and (&,np), will occur w

pha particles of very high energy are used as projectiles.

el
o T o=
m M ]

D. Electrod-Induced (beta particle)

An example of a reaction of this type is:

It is interesting to note that the electron simply provides energy for
the reaction while passing through or very near the target nucleus A
number of nmuclear transmutations (uvr excitations) are possible with high-
energy El;ét%uﬁa. ’

E, ‘Photvn-Induced
L}

The following are two examples of (v,n) reactlons, often called "photo-
disintegration':

;ﬂ t y "ili t 511

*and : .

El e

Qﬁﬁ t R - ‘;L\;- t 5;;
hE FLlLal swaot b wan, ool . voanpenboo Llie .38 P T
oldhaber and Chad.ick in w34 Many sddicional t.aons.utation b, |0
tuns are pussible at higher encigles (greéater than 20 MeV) |
F et e Logda Ll
Bor . oL Livg o l i .

The neutrtoen bias a mdss nunbetr o0 con e TR ' .
of 0, and an at.mie mass of [ 0008d. au. Be ause I, hus no  lectrlca
chatge the neutron .an penetrate relatively easily incto a nucleus.

J

']'j
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er
Fagt neutrons st
e

table (radioactive) and dlalntégraté by beta emis-

sion with a half-life of approximately 13 minutes. "The resultant decay

product is a proton
» .

Lt

Neutron radiations are classified on the basis of their kinetfic energies.
The most probable velocity of free neutrons in various substances at
Drdlnary room temperature is appfaxlmately EZDD meters per second,

¢

_ =
E=5%5 mv -
where m = neutron mass in grams
' \
v = neutron velocity in cm/sec -
& x :
Substituting

E =% (1.66 » 107° gm) (2.2 « 10° cw/sec)®

= 4.0 A~ 10" ergs
= (0,025 eV
b .
NeutLrons uggh this average kineti. suevrgy at 207 are called thermal
neutrons., Epithermal, or slow neutrons range in energy from 0.025 eV
to 100 eV. ediate neutrons range in energy from 100 eV to 10° ev
nergies from 10° eV to 20 MeV. Relativistic

se
neutrons have energies in excess of 20 MeV.

Classificatlion of neutrons accordiug Lo kluetle energy ls lmpultant
from twu standpuints: {(a) the interdaction of neutrons with the nuclet
of atoms dlffera with the 1autfan Energy, and Cb) the methods ot prD—

Lglng\suly diftteule, due v the laok obf tool

betectlon of ngutioeus Lo rti
zation along their ‘paihs, negligiblc response (o0 eatesnalty ‘applied elec
tric, wmagnetic or gravitacional fields; and the tact that they inteiract
wnly with atomic nuclei, which are sx;;;diuély amall
£ Neulro react Lenas -
Badbartlve caplube wicl gatllld 2Lilasal. s e e st Wl 4 e oL
tion for .low (thermal, neutrons. This (n,y, rea.tion oitten vesalts i
pruduct nuclei which are radicactive. For example:

o 1

27 Lwu f ob 27\; t i

lhia pewceas vf converting a stable nucleus tu i€s tadleacllve counter -

part by neution bombardment 1s called "neution activation." Many radio

nuclides used in nuclear medicine are produced by this process.
A second type of general reaction is that giving rise to a charged

14
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particle. Typical examples include (n,p), (n,d), and (n,x) reactions,
iie., reactions in which a profon, a deuteron, or an alpha particle is
eje cte ed from the target nuﬁlfus .
A third type of neutron-induced nuclear reaction is fission Fission
occurs following the absorption of a neutron by several of the very
heavy elements When “2°U auclei undergo fission by meutrons, an average
of 2 to 3 neutrons are expelled from each nucleus along with associated
gamma radiation. Each nucleus splits into,two smaller nuclei which are
called primary fissidn prgduct r fi nd th
usually undergo fadlDaLth& dec si
nuclei, As an example, if one uc
yield yttrium- 95,,1Dd1ne§139§ : IET Ol ssion energy.
are some 30 different ways that fissien may take plage with the pro-
duction of about 60 primary fission fragments. These fragments and the
atoms which tesult, from their decay are referred to ag fission praddcts,
and they number between 400 and 600, according to the type and number
of nucleons their nuclei possess.
Many fiss sion products have found apfllgaLLun in nedicine, iondustry, and
research. A well known example is I which is used extensively in
medicine as both a diagnostic and therapeutic agent.
é

The fission process is the source of energy Lor nuclear redctlons and

" some types of nuclear weapons. Also, neutrons generated from the fis-
sioning of the fuel in a reactor are used to activate stable materiagls
to a radivactive form as previously discussed. Many radioisotopes used
in medicine are produced in this manner.

Neutrun scattering may be llsted as a Lourth (ype ol pgunuvial seduellon
Scattering of neutrons by elastic or tnelastic collision is (he princl
pal mechanism of moderation or slowing down of fast neutrons to thermal
énergies. Scattering of neutruns Ls not of, general interest in ouclear
medicine and will not be discussed here in detail.

5. Keactlunz 1 Livlugloal asystewms
Fast neutrons loase seHElBY iy sawfl Liloate, wallhil, L, acps atedd o il g
with hydrogen aucledl.  The hydrogen nuclei are themselves s.attered in

the process aud becom. rec.il protoans whicln ceyse fonizatton,

Slog aeaté . ase \,APL«;L...l Lo Dt bl asuae and | T ' i

prin, ipal wecpdani_ms:

i
ot ! 14 lﬂ ! \ - Ll
S
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The gammiie dinld Lasbaenr sllesglen ma be abooabed Lo thie Clasti: and «anoe
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V. SUMMARY .
. A
HHE Ly

Whenever charged particles, nedtrons and photons, are able to penetrate

‘the nucleus, transmutations may be caused which often result in artifi-

cial radicactivity:. The bombarding projectile can be a neutron, proton,
deuteron, alpha particle, electron, or gamma photon. Such bombarding
particles may ogiginate from other transmutations, radioactive decay,
fission, fusion, or particle accelerators. As a result of the ihter-
action of the projectile and target, a compound nucleus is formed, exists
for an instant, and then separates into a product particle and product
nucleus., Three laws govern these reactions: (1) conservation of mass
number: (2) conservation of atomic number; and (3) conservation of total
energy. '

SUGGESTIONS FOR FURTHER READING

1. Lapp, R. E., and Andrews, H. L., Nuclear Radiation Physics, Prentice-

Hall, Inc. (1964), chap. L1. ¢

i
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CHAPTER V

7 INTERACTION OF RADIATION WITH MATTER

I. INTRODUCTION :

All radiation possesses energy elther inherently, as in the case of
electromagnetic radiation, or kinetic energy of motion as Iin the case
of the particulate radiations. Absorption of radiation is the process

~-of transferring this energy to the atoms of the medium through which the

radiation 1s passing. To say that radiation interacts.with matter is to
say that it is either scattered or absorbed. The mechanisms of absorbing
radiation are of fundamerital interest in nuclear medicine because
absorption.is the principle upon which detection is based. The transfer
of energy from the emitted particle or photon to atoms of the absorbing
material may occur by several mechanisms, but of the radiations

commonly encountered, the following two are the most improtant:

1. Ionization - any process that results in the removal of an electron

(negative charge) from an atom or molecule thereby.leaving the atom

or molecule with a net positive charge. .
£

: /

2. Excitation - the addition of energy to an atomic or molecular system,

thereby exciting it from its ground state to a higher energy state. -De-

pending on the type of interaction, either the atomic nucleus or one of

its orbital electrons may absorb the excitation energy.

!Dfdiﬁarily, the atoms in a material are electrically neutral, i.e., they

protons in the nucleus. Thus, the net electrical charge is zero. Radi-
ations have the ability either to remove one or more of the electruns
from their orbits or to raise the orbital electrons to a higher energy
level. . In ionization, an atom carrying ‘an excess of positive. charge

and a free electron are left behind. 1In electronic excitation, the
excited atom may lose its excess energy vacancy created in the excitation
process. When this occurs, the excess energy is liberated as a photon

have exactly as many negative electrons in orbit as there are positive

raddations of relatively high energies. A discussion of the types ot
radiations and their intsractions might couveniently bhe divided into

four main categories.

1 EEQ_L Euaiiéﬁil i‘éigééd Eii:iig- Aip‘l;g l,-;:;l,lg‘_léb, pristbaaes | Jdast
tarons, and tritons exhibit similar mechuuisms f interaction with wattes.

Alpha particles will be discussed as a prototype of thils group.

L. BeLa paiticlea: Both pusitrows and eleclivus fall fute thls category.

They have equal masses and equal but opposite charges, and theretore lose

their kinetic energy by similar mechanisms. The electrion is discussed
as the prototype of this category.
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3. Electromagnetic radiation: This group includes both x and gamma

radiation; however, “since these two radiations differ only in their
origin and not in Ehe mechanisms of interaction, only gamma radiation

‘will be discussed., ' - : . i
4. Neutrons: The interactions of meutrons were discussed in chapter IV,
and will not be included in this chapt

is made up of two protons (positively Lﬁarged} and two
bound together by nuclear forces. 1If Suc

ectron (negatively charged), "it gxperience

strang eleitrastatl attraction, whereas if it approaches an atomic nuc-

ve e

oW
[a
o
a9
—
Pt
o

leus (positively char;ed)iLt will experience a repulsi
particles have a mass about 8,000 times that of the electron. Thg¥ are-
ejected from the nuclei of radioactive atoms with velocities of th
of 1/20 the speed of light. All of these properties -- its large mas

its charge, and its high velocity--make the alpha particle an efficient
projectile when it encounters atoms of an absorbing material. 1In o
words, it would have a high pgobability of interacting or collidi
orbital electrons and atomic nuclei, .

M
1
!
(=M
m
Lo

]

\ - . L C
‘Whern speaking of '"collisions" between subatomic particles, it is under-:

stood that the particles need approach each other only sufficiently close
fof their force fields to interact. Such an interaction may then be r
ferred .to as a collision. Some gpllisions result in ionization and/or
excitation. Since a finite amount of energy is required to ilonize or ex-
cite an atom, the kinetic energy of the alpha particle is gradually dis-
sipated by such interactions until it captures 'two electrons aud settles

down to-a quiet existence as a helium atom.

L

“Due to the high probabilicty of interacllon belween an alpha particle aund

orbital electrons of the absurbing medium, a lagge number of fun pairs
formed per unit of path length of the alpha particle. Aud since a
ction uf the kinetic energy of the alpha particle is lust in forming
h ion pair, alpha particles lose their euergy over a relatively shor:
tance. For these reasons, tfe range of alpha particlies is much less
an the range of other types of toniziug radiation. A sliugle ghect of
paper is sufficieut to absorb all alpha particles emntited from most
radionuclides. The alpha parcicle is, in summary a hightly lfoalsing,
weakly penetracting type of radiation.

III. BETA ABSORPTION

The rest mass of a beta particle la Lhic samu az lat Lo AT S O
tron and, hence s mdeh lass than Lhe mass ol the nu ler o the at s
.making up the Absorbin@gmedium. Since beta particles and orbital clec-
tron$ have like Eharges they experiencé an electrostatic repulsion when

E(

- N s ! = 1 = 1 9 -
in the vicinity of one auother. But a beta particle has a charge oppo-

/

O

site to that on the atomic nucleus, therefuie an electrustati® atiraction
will be experienced as the beta approaches the uucleus,

’1;5

§ o
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i

These facts are important in uiderstandlﬁg the 1ntera§tién'between the
beta radiation and the atoms in an absorbing medium, . For example, con-
sidering only the mass relationship between the beta .particles and t
orbital electrons, one might expect that the interaction between two
electrons is SQmewbaL similar to the collisions between billiard balls,
Actually, a beta particle may lose all of its energy in 1g ] 51
lision with another electron. In such an interaction,

tron can itself become. an anLSlﬂg part LLIE,

Normally, a heta particle loses its energy in a large number of ioniza-
tion and .xcitation events in a manner analogous to the alpha par[lil
Due to the smaller size and charge of the elec is a
lower probability of beta radiation interacti ness of
material Consequently, the fange of a beta paftlcle lS‘CG1hldEf§ ly
greater than that of an alpha particle of eomparable energy.
Sinceé the electron mass is small compared with the mass of a nucleus,
large deflectidns can occur in single collisions, particularly when elgc-
trons of low energies are scattered by high atomic number elements (high
positive charge on the nucleus). As a result, a beta particle may have
i

nuc s
an iﬂteraitian with an atom which results in the production of x rays.
icle may penetrate through the electron cloud sur-
fuuﬂdlﬂg the nu;leus @f an atom and experience the strong electrostatic
ulLL,g in a change in velucity and the amLaﬁLQu
an x ray. buch x rays are referred to as "bremsstrahlung radiation,
becomes an increasingly ilmportant mechanism of energy loss as the .
1itial energy of the beta particle increases and the atomic number of
gbémrbing med{um inecreases. As previously pointed out, most alpha
ticles from a given radionuclide are emitted with about the same en-
y. When betas are emitted, the total kinetic energy involved in the
f the radivactive atom is diyided between the beta particle and
ring. The neutrine has zero ;hﬂlgt and uﬁéiigibl; mass. It carrvies
fraccton of the total kinetic energy available in every beta dis-
tion, [heretore, the beta patticles from a glven radivouclide are

m
- n
oo
[up

o}

a
emitted with a spectrum ..f energies varylng fruin practically zero ap (o
sowme Mdalmun enelfpy whivh 1o chavracteristile of e rtadionuclide

lv GAMMA  INLEKACLIONS

Be. wiow gaming Ladlat b s [ T T P L T B S T [ T

interaciivas are Jdiscas. ed Le e fn e dfldll

Y ST agnml::; L P e T T S TN [ e b TR caeld ) oesena

L
they 1nteract electiicaliy ~ich C.as (o rod.c f fonieat ..o ev v though

Lht:y' ’pﬁl‘};ﬁﬁt::‘a .n,) el electrleal ¢Il§ll.5{_'— thete are twelve krowwr Pegss8en
by wiich F;amua vays lolerecl with matt.. Huoweve., , the (hree auwst i
portant interaction. ate Lthe phot.oelecte!, effect, the vamptun etfoctl

and pai: production,

1 Phoutielewtole Efle.

x !
fhe plhiwtvelectlele cffuel ot wutbo o0 " PO S T (Y P S G
interact with high atomi. number abso.bers the gannas 1.y, .r photun,



+ imparts all of its energy to an orbital elect

ton vanishes. Thus, the process may be considered as a complete energy

_ loss procéss. In order for.momentum. to be conserved, another body must
be DfESéﬂE? so gamma photons can not interact with free electrons via
thé photoelec ctric effect. Most photoelectric interactions are with K

—~ shell or tightly bound ‘electrons. .

The gamma photon energy is imparted to the orbital electron in the form
of kinetic energy of motion, and this greatly increased energy overcomes

’ the attractive force of the nucleus for the electron.and causgs the elec-
tron tp Be EJEQEEd from ‘its orbit with considerable velocity. (sSee Fig-
ure V-1%)"

The kinetic Energy *of: the ejected Electran (:alled a pt hotoelectron) 1is
: expressed as .
“ = ., E . i
- KE = LYE W
where KE = kinetic Enﬁféy of the phgtﬁel un

E =-energy of the incident gdumna photon

W = binding energy of the-electron to the nuclegs of the atoum

in nuclear medicinef W is small in
number absorbers. -
* . B f‘

When the photuvelectron is ejected an ion pair results. The photoelec-
tron may have sufficient energy tu lonize other atoms thus producing
secondary ion pairs until all of its energy is ekpended. After the phuto-
lectron is ejected, the vacancy in the electron shell is filled with an-
t The excess energy 1s emitted in the
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form of one or more characteristic x rays or an ejected outer -orbital

electrun, kuuwin as an Auger electron
2. Lodnpl.an BLLaot

the Coliptotr effceot 1. the detiltnant luler s Chea vleon Lacoanolldale Bl g,
gammas interact fn lo.. atomic numbet abserbep waterial.  The Compton ef
fect results in th. transtfer of only part of the energy of the incuining
gamma ray to the absofbing medium, 1he etfecl may be counstder.d as an
inelaatic . Iancuherent scattering ot the rtays b, at.wie electiouns Apgal.
the gamma ray interaccs with an orbital electron, but in the case ..f
Compton lateractions, ouly a part of the energy is transterved tou the

electron, and another gamia r1ay of lower energy than the primary ..ne 1»
emitted (Sew Figure V-2 )

=

e th‘h velautly elecllun, aa, sefureed o0 s o Lot o v Ll pi -

ducus secendary lonizatiou in tie sdume wmaunét as does th. photoele tion,

and the weakened gamma ray
til it luses wmore engrgy ia snulhﬁl tumptun 1nLe:att1>u or disappears
complectely via the thCugL:.Ltlg effect. A gamma thLuu may undergo
several scattering events before it is fiunally absorbed.
i) ’
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-'Compton acattcring invclvca tha"o r'orbital clcccrona of an accmfancffTQ

'Tf;doaa not’ prodcca charactariatic X raya axccpt in vcry apccial,caaaaf'

.fThcoratically, ‘the Compton alcctron may racaivc any amount of Wcrgy up

o to a maximum valua which ia callad thc Compton adga

'H_wharc ET is’ tha ancrgy of thc primary photon a'f%Ti

Sopel : 'Cmntm1cdc E ach;%_éﬁ
P 87 % T maerE,

-J

,fie

‘ R ' ' ’ e
The’ ramaining cncrgy is. carried away ‘by: the acacccrad gamma photon Thc=;

variable energies of the Compton clactrona giva riaa to tha "Ccmpton

-,gconcinuu"" in acintillation ccunting 7@

'*ﬁﬁff*PaiEVProductioa'"

Cor

-#Pair production prcdominatca whcc highacncrgy gamma photona lntEfacE

with. high atomic number abaorbar materials. "Pair production is impos—:

gible- unlcaa ‘the .gamma ray poaaca ¥4t ‘least 1.02 MeV- of energy (twiccv:

" the mass .energy of an‘electron)-" Practically apcaking, ic doca not be- .

. comc important until 2 MaV in moat abacrbarai

-E_In Pair Produciion, a gamma phoEon aimply diaappcafa An thé vicinity of -

-irpoaitive (callcd a.

a nucleus, " .In its placc, a palr of électrons appéars--one. negativa,;cna
ositron). Ihe principal funccion of  the nucleus is

+. to allow conagrvation of momentum when' the -photon transfers its entire .

energy co ‘the- recoil particlca ‘The aagativa and positive electrons. are.’

.produced in order to congerve charga Masses of these electrons

_;:;hava been created’ -from the anargy of  the- photon acccrding to the- famil-’
. iar Einstein cquation E & _where E is -energy-in-ergs, m-is: ‘mass -in -

grama,'and ¢ 1s the: vclocity of’ light in cm/acci- Any photon -energy in.

excess of, the.'1.02 MeV required to create two. electron- masses- is aimply

shared batwaan the two electrons as ‘kinetic -energy of motion, and thcy‘

:,ara ajeccad from the: atom w1th high valociciaa _; - LA

n most inatanccaf cha alcctron and poaitron dre cjactcd from ‘the nuc=:j -
s predominantly in the dircctlon of the incidant photon, capcclally
the photon anargy, and hancc lta mcmactum, are vcry 1argc '

H'U

S

afThc nagativc clectron bahavaa in’ tha ordinary way, producing aaccndary

ion pairs until it’loses all of its cnargy of motion, -The poaitiva élec-"

" tron also producés: aecondary ioniaation so long as it is in motion;: but

‘. when it has lost its kinetic enargy, it encounters a a free negative alcc-'

tron somewhere in the material., ' The twc are attractad by their oppoaltc
charges, and, upon contact,- annihilate aach other, convcrting the mass-

'of each into pureenergy. In order that. cncrgy ‘and ‘momentum again be ..
. tonserved, the annihilation energy appeara as two gamma photons of 0.51.
"'MeV -each, emitted at- apprcxlmataly 180° with respect to each other but _
: randcmly with raapcct to tha incidant phofon dlrcction (SeciFigurc Vag_)

, S co , T
_Tha avcragc_lifctima cf,poaicrona in liquica and aolida is 107 fo 107*°
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-Electriz,absarptlan Camptcn sgatter;qg follawed by photaélegtrlc ab-!; FIEN

: ngpzian, or escéﬁe fram the: material

i X whléh is due fo- each made of 1nteract1nn for energiés Eetwee, : -
©. 10 keV\and“100 MeV; . using lead.as-.the absorbing material. At low EﬂEr—:;{:
] gies,.thé ?hatcelectrlc 1nteractlons pfedomlnaEE* at. lnggrmedlate ener="

'ﬂflgles ‘Comptan.scattering 38 the most 1likely interaction; and at hlgh en—;-ﬁ?

, iprnductian is the,most important.," Ih% ardlﬁate gf the curves.
. in. Flgura V=4, "mass: ‘attenuation coefficient, Mg ‘defined in Qhapcerfxv

- under. Shielding. Suffice- here ‘to sdy that’ the higher the mass attenua-"..
~. tionm’ aceff'cient the greater is the probablllty that the radlaticn w111

_ 7."! 151‘-:-'._-.:{ " j’r |’||r‘r] I_‘ff:luzn 1. : . v B . "’"s.a .

Iy ‘mnuml\l’

=
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v SUMMARY -
- .A'Alpha bat:a, am:l gam:ma radiaticn intarat:t; p:imarily by :Lt:miziﬁg and ex-

‘citing the atoms and molecules of absorbing: media, Alpha particles are.

‘highly ionizing and weakly pénetrating, beta particles are inter— }
mediate in both specific ionization and penetrating power; gamma rays

are very nighly peneﬁrating with subsequent 1aw specific ionizatian.

f-Gamma rays intera:t with matter by th:ee majaf prccasses, photaeléctfic
'effect (camplete energy transfer), Comr tgn effect (parﬁlal energy. trans-

~ fer), and pair praductlon (ccmplete energy transfet with pradu:ticn nf
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ethods Df deta
,ationy that is, .t
Radlatlo 'measu em nt _ 1
nlzatlan ise permitted*to ‘tak plaze
ion - 15_de§ez§ed and 1ndlcated

.- ion
g mnlecules.

i

Eefﬂre dESEflblng the types Qf datectcrs llsted At Wlll be usaful to: .
keeg 1ﬁ mlnd the ‘functions or purposes Ehe detectlan 1nstfument must ful-

flll ; Ef prlme 1mportanﬂe in nuElear’

in Yvivo zauntlng appllcatlons.

lDﬂlEatlon, scintillatlun and se

"detector types. Find -most appllca n in fadlatlan pr@tectian wark—-’
V»éithef persénalnmbnitar;ng or area survay. ' : % :

[

I GAS IDNIZATIGN INSTRUHENTS o ', R TV A "-___a_ .

Althaugh sclntlllatlon detegtofs are more wldely used 1ﬂ nuclear medlaj__ :
Slne work - gds: 1onlzatlon instruments are dls:ussed first. for,p ;poses_f'*’
“of 111usbrat1ng fﬁg’prln iple DL’Operatan of a radiation detector. ,
Analogles can then be drawn ta other types of detectcrs. : zll_; S

“ A .Régicns,cf Instrumént ReSpéﬂsa o
If a varlable source af dlféct voltaga is. 1mptessed acréss an Enclosedg
volume of gas, the rate of the electtlgal charge produced in the gas by a
_constant source'of. radlatlon may . be measurad -on an external meter,. As . .
the voltage is lnafeased above Zero,. flve regions of Lnstrument tESpDnSE
w111 be abservad ‘as- shown in Figure- VI 1. I . : . B

__Laboratory Counting Systems--1, Integral Counters B 61
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NO. IDNS COLLECTED |LOG SCALE) ..
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AFPL}ED vmrm:s L

f:in the first raglom,tha ‘ions pfodulﬁf id i n=w111 be undat =
. ivery. 1ow voltage gtadlents and. w;lltenﬂ Eo fggambLneyw1th ach other.
“rather. than migrate tQsthe electrodes and be ‘collected. ' This trecombi- : 7
'jnatlan Gf ion pairs dacreases as the applied. valtage ig increased anﬂ e T
4Elnally becomes negliglble, i.e., at some.voltage- the ‘field. strangth e el el
-will be sufflclent to collect"” Essent;ally all- of thé ion pairs that are - S
 formed. The.first region'is known as the region. of recombindtion’ and © 7y

is, with -one or-two rare Exceptlens, not useful fof the Dperatlon of -
;radlaclgn dEEEEEIOD lnstruments.- ,

o o _ : .
2. Iog'i,zatii:m z:hainbEf reg’ion
. The: SEEth .region commences at Ehe voltage at. WhlEh all Df the ions e

~-formed are collected. . These ions are the primary ‘ions resul ing*from
.~ the aétion, of the radlat;an. The negat;va portion of the ion pair -
(electron) ‘is accelerated" toward the ‘anode or positive eleztrade of the.
* " chamber; while.the positive-ion (res dua of the atom) is-drawn more
' ‘slowly toward the cathode or negative electrode.  For some large incre~
ment: of voltage above: the region.of" recomblnatlgn, there is'a satura- .
tion.flow of ions which is equal to the number of. ions produced by the = - = .. . %
“radiation entering the chamber.: ThlS ‘'second réglun of ‘operation is * - e
‘called~the ionization chamber - reglon ‘and ‘provides the first of the °
three Dpefatlng reglons for gas 10n;zaﬁ1on lnstrumentsi;

'3! Pfaport:.iénélg!fégiaﬁ] B SR
If the voltage is ‘increased still further, above the ionization chamber . -~ @&

o
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:Egion, the oollaotion Df 1ons iﬁtreases abovE the number collecteﬂ in': ’~;j
ion; aﬂomaly (COliEEEing more. ions: ‘than oo

&

Whan the voltage gradieﬂt ‘is - sufficiently high the elactrons,t’hieve N
Ta high Eﬁough velo:it§ to cauSe setogaary ionization in the filling. gas.‘j;’;
o Thisrseo néaty ionigétio ts i atic the primary’ ion”
A7 current ‘2 ach primary’ ion - pair” ‘causes
Coal magnlfied Pulsa ‘of chrtant. ‘The numbér of SEEDﬂdaEy ions produced
. for each primary ion.:pair’ formed. by ‘the. radlation is called the_ggi .
: ampllfigation factor. As the voltage'i ralsed’ Ehe gas amplification
~tor.d Feased.  Cas amplificstioﬂ factors.as High as 105 ‘or 106
- ate sometimes emplcyed in this region. The size of ‘the- pulsa producedﬁ;
is,pfoportional ‘to.the voltage appiied actosszthérgas and’ to ithe. ‘number
‘of primary ion pairs,formed. Thus an’ alpha patticle. ‘with its high- spe- .
.- v eific fonization will producea miuch larger.pulse of current’ than will
' <beta radiation with its éorrespondlﬂgly lower spec1f1o 1onization.§ This
‘:makes possible the discrimination among radiation. types that differ in =5 L
‘the ‘produced primary- 1onization. - This praportionality of. current. - S
... - pulse size to iﬁpressed voltage an&.to ionization density results in
o= - “the mnaming of- the" second region. of instrument operation;, thefre’ion“of3"
S . -proportionality. The-upper portion-of this region where the alpha and
. '‘beta curves begin to approach each .other (see’ Figure VI-1
o to’ Jas’ “the ¢ region ‘of limited. proportiopality and it. is not of ganeral
use in radiatioﬂ instruméntatioﬁ.' : o RS

1. '5- B : ) KA

'1téi: GELEErfMuéller region -

_ With a further increase iﬂ oper: ting Voltage above the region :
f’tionality, a further. ingraase_i -gas_ampli. ication occurs.  This is: dueh;lif.j
- to the- addltional accelerati ﬁAprovided the elect”ons, and results in a’ BT
veritable avalanche of electrons: around the anode-of the chamber.- In:. o
- this operating region, the counting. ‘rate- prduCEd by the, avalanche ig
ralatively independent ‘of applied voltage over a limited range, and. also -

~is independent of -the spezific ionizationgof the 1n1t1ating particla or -
phoEon. ‘This third .operating-region is called the G61gersﬁualler region.
-Instruments operating in the- Geiger—Mueller (G=M) region provide a gas
amplification factor of as high as- 1010,  The G-M region is extremely
‘sensitive to any radiation,that produces even. one ion pair, aﬁd conse- L
quently, individual ioﬁising events-can be detected : c

. The po51tive ions produced in tha G—H tube migrate to the caﬁhode
where their electren deficiency is satisfied: by the excess negative
charge agistiﬂg at the cathode. When the’ vacant orbits of. the gas
~ atoms ‘are filled, elactromagnetic radiation is‘emitted.. Ihis radiation,
. which may take the form of either ultraviolet or x radia ion, tends: to
continue-. the discharge action, and' so sustains the period durlng ‘which
. the gas is- essentially a condu:ting medium. In order,to squelch this”
discharge action, a. secoﬁd agent is added to the primaty gas The '
molécules (such as amyl acetate or ethyl alcohol) which upoﬁ absorbing
_radiation, diESOClSEE into particles not small enough to continue the' "
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. volts, dependlng upon’ the size  of the ‘chamber ° and the filllng gas.

_VZPerDrtlﬂﬂal 1nstruments prDvlde ‘a hlgh SEnSltlvlty:due to thelt

" “ization takes plagé over . only a’ partiﬁn of the chamber volume : Due'tc g=f"“  12

:.cr a mlxtufe af the two, althaugh air 'is sometimes used. Dperatlng volt= .~
- ages will range frcm 500 tc 5 DOO vclts, dependlng upgn ghamber d251gn h

ived WidéSprEad
"'molecules

DperacianalﬁChara:ter;stics'~ L

.li"_ .J &f

0 prduEEd. SEnSlthlty is- deflned” A
, ‘is praportl nal to’ the. résponse of-dn’ instrument to- L
_the. EypE and ene gy of: the radiatian %elng measured. Dlscrlmination .

- amo g Ehe several types of’ rad;atlon is usually not poss;ble with 1aniza—f;
E chambéts exgept by. use of- -external absorbers.5 Operating- voltaga '
ar 1Gnlzatian ahamber instruments . w;ll ugually ‘be. between: 60 and 300

(usually air. at atmospherlc pressufe) ST T ‘,--

amplificatien and a- ccrrespcndlngly 1gh range-since: the seccﬁda'
:the pfcpcrtlanallﬁy factor which exists in- Ehls region, the . 1nstrumentA'
is inhe ently capable of d;s;r;mlnating among - tha different. types. of il
radiation,  Proportional counters are usually fillled with srgon,;methane,=3f""”

and fllllﬂg 'gas. -

‘The G-M reglan pf0V1dES an’ extremely hlgh sen51t1VLty and a corresPDnd-“‘Ai

i . ingly. low range due to the discharge dead time;. i.e., thé time durlng

which the gas is EOﬂductlng and’ hence is insensitive to any further

w--loﬂizlng events. Because of the nature of the discharge in G-M. dete:é-ﬁl'

V‘Eribed abcve, whlah make 1t useful fof one purpose or ancther

" ors it'is’ lmpassible to discrim;nate ele¢trcn;ca11y among the several :
. types of radiation. GeigEf-Mueller chambers are usually filled with U
. ~argon or helium and a’ quenching vapor. at lower than atmas i .

.sure-and nperata in: the ranga of 1, DDD to 3 DDD volt

ization. chamber reglon, pE§v1d1ng a direct indication of the number of .
‘ions produced by a given radiation, is emlnently suitable for indicating
‘cumulative exposure or radiation expasure rate in’ R@entgen units.. The -
-low’ sensitivity and?® Eorrespondlng high.range of ionization chambers '

make them useful for measuring levels of act1v1ty much higher than can . .

be measured with the other types gf detectmrs. Proportional. instruments’

v o ’ ’ ' t}

- "
.
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1ﬁtensltles of radlatlmn}; Both “the’ prgpﬂrticnag,;f

v Aand tbe:GsM 1nstrumaﬁts éte counters} that- 15,athey prQVIdE a pulse of:
f..current ED: evgry part;zle or, photon that interacts’ within. ‘the chambers
mbers - may be déslgned ‘as. ELEher pulse gQunters Gf current

; iii A*SCINTILLAIIDN DETECTQRS

':TIn récentf eafs one of the mast fapldly evelaplng flelds in-

L struments has been that involving tife use of- Sﬂintlllatlan o
o a ﬂAIE,Dugh salntlllatlon detectors ‘have been in use since the .- -
T >ear1y 190@ sgthe upsurge in their appllcatlan ‘ocourred- Lnnthe early,
) _;950 8 £011a lng the lmprcved desigf of~ phﬂtomulﬁiplléf tuEes and-“in
scintillation medla.= At present stintlllaﬁlon y

Exten51v31y than any chEf type ln n clear medi-

¥ | ELEGTRQ“S, PHOTOMULTIPLIER TUE o
o e Figufé'Viéz}éfSciﬁéillatiéﬁ:Dé@gctag  S R
: Energy ffﬂm the radiatlan 1is. transfefred to the phosphaf via the var;aus
. types of 1ntera&t1ans which were dlscussed prevlausly Some fraction of
“the transferred energy is re- emitted by ‘the. phosphor as. vis;ble light, the .
.~ intensity of which is ‘proportional to the amount of energy . which was '
f}transferted from the photun ‘or partlcle to - the. phasphcf The llght is
‘transmitted- Ehrough the phosphor -to the. Ilght -sensitive cathode of a
"photomultiplier tube causing electrons to’ be- e;ected from the cathode.
+ .- The’ EJECEEd electrons "are focused onto the first of nine-or ten sgﬁond-
g;ary electron-emitting electrodes called dynodes which are malntalned at
a positive potential with respect to the cathode. A gradlent of approxi-
‘mately 100 volts is maintained between each’ dynode . The dynodes are. '
shaped so that the’ electfans egented from one are fGCuSEd onto the ﬁext

o




, The electrans ejected from the last dynode are‘c

“+ ‘and brought ‘out of thé tube, as a=pulse of -current
aﬁf number of electrons : ejected . from a g;ven dynbde ‘to
frmm Ehé precedlngfﬁne a1l £

£ * r,?depeﬁd X
_enet ‘the bémbafdlng -eléctron. Ihe tctai mult;pllaa ian fa”térxfar
- tan dyngde phﬂtﬁmultiplléf_tubé then, ‘ig-the: se:andafy EmlSSLEn ratlc
vralsad t@ the lDth _power. E S - : Cat T s

: Sinééwihe?@utput;Eurrgnéfff'ﬁ}ﬁhga botcmultlpller'zube is- prap@ftlonal

. to’the light. ineident ‘on .the photo é:hodé ch-is"din 'turn- pr pgrtlcnal
'-féﬁEhe‘enefgy transferred from. the’ radlatlon za'the phosphor, 5c1nt11—-'
lation detectors- are well suited - tc energy spectrum analy%ls.; The- use )
of sgintlllation detéctars in speztroscopy systems is. dfscussed‘in chap-; .

B. Types of Phasphors ?EA,':Z’-Xi :¥'i:; fztt'if_;é_fi=_’ e ;; '7f_:;;fji:,

1 .In_origanic ﬂrystals’ ST N S , e

'InéfgadiL,crysta,s areyln mos§,w1despread use as gamma ray dEtEEtDrS
. -and .comprise he majority.of ‘the scintillation detectors .used in.
nuclear. mgdicine labaratcf;es: Inorganic crystal :scintilldtors- are
crystals o% inorganic ‘salts,. primarlly the'alkali halides, Eﬂntalnlng
small amount -of lmpurltles ‘called EEEIVEEOIE whlch cause, the crystal
.to SQlﬂElllaté at room temperatures. .The . ones ‘most- Eommonly used ds
" gamma ‘detectors. dre sodium ;Ddlde with small. -amounts of thallium. as the,.
"acﬁlvatar [NaI(Tlﬂ .and, on a_ llm;ted b3515,'2251um ;adlde, also ‘thallium .
. activated [CSI(T1)}™". These’ materlals, particularly NaI{Tl) exhibit -

-such desirable characteristics as ‘high dans;ty,_hlgh light ocutput, tranSE__”"ml;,;
T parency, and: suitable ‘index of refra:tlon.f Thé cfystal is garefully .
'grown in a ‘controlled environment  with minute traces #f- the. activatér
LnthduEEd dutlng the gr@w1ng process. . The crystals are encased in _
llghtatlght cans usually of aluminum or beryllium so the phctcmultlpller L

:

tube views only the llghE produced by radlatlén interacting within - the

. erystal. .In the case of NaI(T1l), which ‘is. hygrascoplc, :the’ 2351ng alse.
seals out leSturE from the crystal. . A reflectcr around the erystal p
serves ‘to max;mlge the light callect;on by the cathode of the phmtomultl-u,
pller tube. (Se& Figure Vi- 2 ) o . e o LT

'lfzi ~Drganlc crysﬁais

§  Drganle crystals as. sclntillatlgn déte:tors hava been used prlmarlly for
.counting beta’ pafEiElES where ‘the high atomic number of the inorganic -
crysﬁals causes. excessive saaﬁtering of the partlcle w1,'1n the ﬂetestot.~
‘Of the many organic. crystals- which have’ been studied ‘to. dal, the most .
useful are anthracene and transstllbené.; Drganlﬁ crystal detectors have . -
found’ llttlé appllcatlan in nuclear medicine where much work is done . - ;
wlth law energy beta emitters; carbon 14 and trifium. Liquid scintil- '

, 1at10n detectors ‘are better EultEd to such appllcatlans than.are .or-

o ganlc crystal sclntlllators : :
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'7:1; tectors are’ 1erge1y elimlneter
"3ee;ntilletien deteetere 1ne1ud P terphenyl 2 ,5

- - AL . N 2 : s
.'$Liquld;:-iﬁtillatais now - eenetltgfe a ve2§.1mporteﬂt eleee ef redr

- research applicatiéns. ~'The use of

;Chepeer VIII : j'; f‘

'f‘A;: Dther typee ef pheephefe

' gé;' Diffueed p=n Juﬂetlen e S ’{

ﬁﬁi;itive ehergee),:the neturel action of the. com
".!elign the electrgp

- The need-to count’ the‘lew energy- beta’ peftlclee ffem eerbonalé end tri
iﬁlum 1ed te the’ develepment of_efgenle liquid’ Selntliletlon deteetore
at the'sample eegépe dissolved (er meehe
ontein;ng ‘the. organic phosphor.. Hence T
d - er- typeehef tedletion de-_;

wqg

. diphenyloxeeole
~benzoxazolyl)- - Thlopheﬁe {(BBOT) i -Solve
: generel*uee are a:ometie ‘hydz ,erhene er erometle etheﬁe, eltheugh
: ethef eOmpounde efe ueed whefe sdlublllty is a- feetor

'orlee, and eepee;elly in bioc
quid ec1nt111etlen deteetore in eys
- tems whlch utilize e01ne1denee c1reu1tty and - low -temperatures to echleve
“low beekgreunde for. eeuntlng low- etgy bete paftlclg

- detectors. in nuclear’ mEdlClnE labo

w

;.iDEher eeintillet;on medie thet heve Beee ueed ‘as redietion deteetere
‘7inelude plastic' phosphors for bete'

ntlng and .inorganic powders which

are. used’ primarily as alpha detectors.’
sulfide powder activated with silver whieﬁ*ie coated direetly on the L

j!gleee envelepe of a photemuleiplier eube or on a_.transparent material

" such-as lucite. Theee typee ef detee ore
nuelear medie;ne L

are net in widespread uee iﬂ

'iv;; SEMICGNDUCTDRS T

ﬂ

£

. The’ 5tete 'of the are of eemieondueter radieE1on dezeetere ‘has. edveneed

»_repidly in recent years. . ‘The most widely used types ef semiconductor

~devices are diffused p-n junetion, ‘surface Eerrier, ‘and lithium drifted -
deteetore Semiconductor -detectors have so:far found most applleetieﬂ v
~in the field of pertlele epeetreecopy, elthough liehlum drlfted deteet—e

- ore are’ now belng ueed as’' gamma deteetore Sl B DR o

Cy
=
W

The ﬁiffeeeé p%n jueetie deteet0f ebtaine 1§£ name from its menufeetu:

ing process. ~A sglice. of ‘p-type. eilleon or. gefmanium efyetel with a
+'layer of n=stype impurity (usually phoephofue) depeeited on the surface,
.18 heated to, form-a p-n junction just below. the@surfeeei +The . pheepherue‘
" may - alse be painted onto: the silicon. and made to diffuse into it by .ap-

plying heatr. . Since ‘the n-type me;eriel has an EECESS of. eleetrene and
the p-type hee an excess of "holes" (holes mayibe ‘thought of.as unit pos-:

s on. ene ‘side of the’ junetie, and the holes on the:
erenee ef petentiel 1ebulltipfaefose the Junetion

" othar... Thus &ﬁdl,

s is dleeueeed 1n :

n exeﬁple of .the latter:is eine=;

%eed meteriele tends .to -

&

i‘_:‘

%iEE;QJ'
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Principles of Radiation Detection

'

By applying an external voltage to ‘the .crystal of such polarity as to
oppose the natural movement of electrons and holes (reverse bias) the
potential barrier across the junctidn is increased and a "depletion.
region' 1is produced. (See Flgure VI-3.)

Contact for. o o o
electrical leadoff Charged particles n-type region produced
o ) enter from, this side by diffusion in phosphorus
A . N
4
Degletion .
region

, “Metal electrode
Electrical lead

Figure VI-3.--5chematic Representation

of a Diffused p-n Junction Déetector

(

This depletion region is the sensitive volume of the detector and is
analogous to the gas volume in a gas fonization detector. Charge par-
ticles upon entering the-depletion reglon produce electron-hole pairs
analogous to ion pairs produced in gas lonization chambers. Since an
electriv tleld exists in this reglon, the charge produced by the i{oni:
lng particle is collected thus producing a pulse of curreat. The sjize

of the pulse {s proportional to the energy expended by the particle.

--B.  Surface Barrier Detectors: !

The prionclple of perative of the asurfa... balglh{ and Lithiam Qo Ifed
detectors is the same as for the p~in juuction {u chat a depleidon regio
In which the.e exists an ele_tric field, is produced. . Tht method of
producing the depletion reglon as well aswdts dimension and location
within the crystal vary from oue type of dete.tur to anothe. .

The zuitface batiler det oot Jdepends vpwn Lthe Loifane slautes 0 (L.

siliven or getwaniuw for fua vperatiou., At tie sutface of a pl.ce .
purs <r stul an eleciric fleid exists su. b (hat both holes and electr. . |
are excluded frum a thin region uear (he surfac. . For n-type crystals
the field Is such as Lo repel the Free elections fion thls region. If

a metal {s Jolued to the crystal (he fiee electi s are stil]l repelled
but a councentration f holes is pvroduced Jlrectly uunder the surface.
Then Lf a reverse blas is applied, a depletion reglon {. produced. (be.
Flgure VI-4 )
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contact for '
electrical leadoff . charged pﬂ;ﬂt—‘lesd
- enter from this side
Thin gold aleﬂ’radg
2 . S— P . — 77 =
i
n-typa silicon -
Electrica
’ Figure VI-4,--Schematic Representation
of a Surface Barrier Detector
Surface barrier detectors give better resolutions for particle speu-
troscopy than p-n junctions, but wider depletion regions are possible
with the latter. (The wider the depletion region, the higher the energy
of particles which can be analyzed since the particle must expend all
its energy in the depletion region,)
C., Lithium Dritted Detectors
lhe lithlum drifited detector las produced by diffusing lithluw int.e lo
resistivity p-type s1licon or germanlum., When heated ynder reverse bi as,
the lithium ions, which seive as an u-type donor, drift into the silicon
or germanium in such a way that g wide layer of thc p-type material is
compe :éLﬁd Ly the lithium so thai the effective resistivity is compara-
ble with that of the intrinsic material. (See Filgure vI-5.) Wider de-
plﬁtlun reglons can be obtained by the lthlum drift process than by an,
other kuownl metliod. Cottzequently Lithlan drified detectors show Lhe
. S ) H
most prumlse for gdaawd spectruscopy work., Silicon detectors gan be
erated at roum temperatutres, but exhibit 1uw efficiency for gamma Fays.
* wetwanlun Je(eo tors have higher gauma efifcicucies, but must be opsratedt
af liguld ultrogen temperatures Fur these reasons, coapled with the
small sensitive volames obtainacl. tu Jddate semfconductour detectuis ha
nol rocelved widespread applicatiog 1o nuclear medlicine, Much woik La
belig done, Lovever, to Jdevelop semiconductor letectors (LAL aie pr ..

tical for in vivo gawma measdresents sidce the ioherent resoluti.n for

L. o8Copy wark s mu. b aupetlor Lo that obtafnable with sodiuw 1,41,

V. ProociolAL it Lol L o b,

A beivl ol 4 pflt;lué_; A}.ehl ol I\, LAIL.QLL e i b b e 1 anlg
Avllve mdieptal was the fin .t m;LnGd gsed to Jdeiect naclear ratiation
ihe ase af puotograghle Eilus for fg_ldtlun'msd;ulgmgnt is al present

cvutloed mestly to monltoring exposed personnel and couductlag
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[ 3

Uncompensated
. p type v

Lithium diffused layer -

Gold contget
surfgce barrier

Incident - -
particle —————f@—————

Lithium
compensatad
layer
~Guard ring
Figure VI-5.=~-Schematic Representation
of a Lithium Drifted Detector
\
area surveys. Flluws are alsu used in research work in maklug tadicauts

graphs of cosmic rays or substance containing radioactive materials.
The mode of interactivn of radiation with the silver halide in an emul-
sion is that of ionization. After an emulsion has' been exposed to radi-
ere is no visible sign of any change, but upon development, the
latent image is couverted into a black deposit of wetallic silver. The

extent of film darkening may be related to the type, energy, and quantity
of radiativa to which the tilm was exposed.

Vi, IHERMOL UM LNEDGENGE

S Iheiwoluminescence ls the phebumenan by whlolh et laln o etala wewe obdo
Lo sture energy transwmitted to them Ly ,adiatiun and (hen emit thils =n-
ergy in the form of visible light upon heating. Alm.st auy lnsulating
transparent matevial exhibits this property. Crystals commonly used ai¢
lithium flourfde and calcium rlouride. The centers of energy siorage
or "seasitivity centers' are probably fwperfections in the crystalline
structure; either structural defects or forelgn impuricies in the crys
tal. Electrons freed by the lonizing radiation are trapped 4t the sens!
tivity centers until teleased by heat supplied Lo the crystal. When the
trapped electrons ate released, light is emitted of an intensiity pro:
portiuvnal to the ner,y transfecred to the crystal frowm the radiatiovn

b
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Principles of

Thermoluminescent d951metfy shows

areas of personnel mDnlthlﬂg and ] Izs advantages
include wide operational range (5 )" rads), simplicity,
ease and speed in reading, its reusability, and the response can be made
relatively independent of energy from 40 keV to 1.25 MeV. :

VIT. CHEMICAL DECOMPOSITION INDICATOR

ecomposition indicators, ions produc

f
I
[aaL
ey
—
)
i

e €n

oy
oy
o
5

d
o form new compounds or change t
d

lecompos n Indicator is a chloroform-water mixture
to radiation, produces hydrochloric acid in Aropor-
't of radiation absorbed. This formation of acid de-

n
and, ‘by the use of a suitable indicator, it is possible
o , ’ :

An inherent drawback of chemical decompusition midicators is 1
\| sensirivity. It requires exposures of the order of 25 ruentgens befor
detectable chemical changes are induced, Consequer ly, these d ‘
@Sl sulted for measuring the dose from large s

u:_
r.r ;:1\

L

[
Lat

=3

or stor civil defense munLLLu ing purpuses,
VLE[;RADIQPHUTULUMLNESCENCE AND OPTICAL ABSURPLLON

Radiophotuluminescence 1s the phetnomenon by which certaln materials uun-
dergo thanges in their photoluminescent propeities subsequenl to irrad-
lativn. Irradiated material will flooiesce when aotivated by light ot

the prupec wavelength (ultrvaviolet oi near ultravioletr), whercas unirrad-

1ated matsAlanglll not fluoresce under the same conditions.

b

Silver-attivated phuaphéts gld35 has proved useful as a radiation Je-

teot ing med lum f,:';‘i:llblLlﬂE the tadlophotoluminescenne property.  lhe Q.
Laing radiation liberates elev tions within the glass which are Liapped
v the Ag  lons of Lhe glass, lhe rtesaltilag metalli. silver conters

SErve aa Lhe uriglu of the pheiolusinescence Atter tadiation exposas.
b the glasna 10 s subjecfed o ultiavioled Light ang the tesulting tlu
fLoBlenee Atected BY micaus of a plvtowsltiplier (abe. Ihe int.ns

L
Loy wb ot light eaftted s pro,orol mal to the dose which 1 he sldass e
cel el Borsunu Ldestmeters of thils tyvpe huve Leen develo, 8 Jhich . ove.

the tan.,. Tiwn Lo o ouy Lal,

v wa bt lan 123as . L. l [ , Vo B O D Lot
Coal b asie ot he slias L0 0 1r aviatl o thits 15 loac by wakin opt
toal trairaal cal 0 i dsul e nail s calug ll.:i..L othe Lroper waveleuglh Lot
the 1ose raage of laterest.  This proaciple o uscful tvem 107 o 107
recud s ‘
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58 o Principles of Radiation Detection -
I[X. CALORIMETRY .

Calorimetry takes advangfge of the heating effect of radiation, A calori-
meter is a device used tb measure quantities of heat. Calorimeters pro-
vide a means of measuring directly. the energy absorbed in-a medium as a
result of exposure to radiation, -Calorimetry can also be used to deter-
mine the activity of a large quantity of radioactive material.

The main advantage of the calorimetric method for measuring absorbed en-
ergy or activity is its inherent accuracy. For dosimetry purposes a di-
rect reading of energy absorption #%n be obtained. However, the rate of’
heat input is so small that only very high intensities of radiation can
be measured. For this reason calorimetry is not used for routine moni-
toring purposes Applications include the measurement of the activity
of curie amounts of alpha emitters and the measurement of the-energy of
glﬁpaftiilgs produced by particle accelerators.
% [
X, SUMMARY
&
Of the many different media used as radiation detectors, the sodium io-

dide crystal is at present the most widely used in nuclear medicine since
i . L. ; . .
most of the work involves the detection of gamma radiation. Personnel
monitoring devices employing photographic films and thermoluminescent
i3

media are used to monitor per%mniel exposure, Gas lonizati

a1 instfu=

ments and liquid and solid scintillators are preferred for alpha and beta
counting. Other principles of detection such as radiophotoluminescence
and calorimetry way be employed where very high levels of radiacion are

p553¢nt
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CHAPTER VII

LABORATORY COUNTINGySYSTEMS
I. Integral Counters -

I. INTRODUCTION

None of the radiation detection devices discussed in the previous chapcer,
will, in themselves, enable one to make accurate reliable measurements
in the laboratory. That is, they must be incorporated into a total
counting system which consists of various and sundry electronic components,
The number and types of electronic accessories vary with the type of
counting system and the job it is to perform. The systems discussed in
this chapter are those that register all ionizing events that result in
an electrical pulse greater in magnitude than a certain threshold value.
These systems are referred to as integral counters. Differential or
window counting and spectroscopy, which are accomplished by means of
pulse height analysis, are discussed in Chapter VIIL.

-
II. GAMMA SCINTILLATION COUNTERS

= B

Figure VII-1 shows a block diagram of a typical integral gamma counting
Phorons interacting in the NaI(Tl) crystal cause light flashes

system.
The pulses are amplified and

which are converted to electrical pulses,
counted by means of the associated electronic components.
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Figure VII=2.--Schematic Diagram of a Scintillation Det éicér
1 The crystal
The sensing unit of the speclrometer is Lhe crystdal. 1L 1s especially
chosen for its ability to produce scintillations when photons interact
within its structure. The must commons choice of crystals for gamma-ray

L !
detection is the sodium fodide, thallium activated, [NaI(T1)] crystal,
e cryvstal is carefully "grown'" with minute traces of a specific im-

purity known as an activator” introduced during the growing process.

The activatur causes the crystal to scintillate at rovom temperature

when energv is supplied to it from an eéxternal source. Crystals are en-
ed in light tight cans usually of aluminum or beryllium. The encase-

ment is sary so that the only light viewed by the photomultiplier

is that pr@duced by radiation interacting within the crystal.

The reflector surrounding the crystal serves C@wmaximize the light get=

ting to the photocathode per unit of cuergy absorbed in the crystal.

The crystal 15 usually sSurrvunded by lead shielding Lo reduce backgrouud

radiation.

[n the vase of Nal(ll) vrystals It Is lmportaunt that the crystal be pet
metfcally scalced Lo kecp DUt mulstute The sodtum ifodid. is hygrouscoplc
and colle.ls woelatuie If expused tou the atmusphere. If water droplets
forw on the .vystal tney will gradually dissolve it.
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the canning witl prohibie haoged purticalate radia. io. foum reachiug
the crvstal Thas, intera tiviia within the vi,stlal are lue s.lely to
gamud or % rtadiativn.  Photons, on entedling the cryotal, can either inc.
Ao b oot pet o [hluu%h aadbstarbed l[huuﬁh il y Phutuﬂs Jdos pdsa LhLuuéh
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‘elrctron and the two particles annihilate,

The crystal atoms receive energy from a speeding charged particle pass-
ing nearby. The energy transfer slows the passing paftlLlé slightly.
The atom abaupbs the enérgy by increasing the e one or

1c

easi
more of its more loosely bound electrons.
not exist very long in this excited sta
excess energy by emitting a llEht photon
energy state. The light output of one f
millions of such events odcurring within

[

Of the three primary photon interactions discussed below--viz., photo-
electric, Compton, and pair production--only photoelectric and . -Compton
Interactions are of notable importance in nticlear medicine work, since
pair production occurs only at photon energies greater than 1.02 MeV,
The photoelectric process is one in which the total photon energy is
transferred dlfectly to an orbital electrpn. -Although the photoelec-
tron may cause secondary ionization, the freed electrons will be slowed
down and will give up their energy through excitatien processes Lo pro-
d%ze light. These events happen so quickly that they appear ds a single
flash of light representative of the entire energy of the photon,

The Compton.scattering _process results Ln vnly a portion 6f the photon
energy being imparted to the orbital electron. The scatcrered photon
wlch rgdu;ed Enhrgy may escape from the Lzyztal or it mdy Interact else-

lf buth the initial and Lhe scd LLEIEd photuua in-
al, the processes occur so quickly that again it

e
gy transfer.
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62 iiabgfaﬁégzrgég nting Systems --1, Integral Counters
across a series of voltage potentials. (See Chapter VI.) The result
is an electrical pulse at the output of the photomultiplier tube whose
size (height) is proportional to the energy absorbed in the crystal.

An E%Eafial unit, the high valtage p@wer suppl , 13 used to furnish a
tube. The power supply

can be elthef a battery pa;k or an ELELEFDHLL instrumeat which will
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deliver a preselected voltage between 500 and 2,00(
supply must be very stable since small variations in the applled voltage
i an ‘ors i

L
u

rs in the accumulated data

¢

Although there exists at the output of the photomultiplier tube an elec-
5 a 1

trical pulse, it is still weak and could be easily lost if transmitted
over anv 5ignificant length of cable. In order to maintain a reliable
i at angd cluse to the photomulcti-

flow of information a preamplifier is insta
L sl

and streagthen the

C. [lngdr Amplitier

[he function ot the llnedr ampLigigr 1s Lo amplifty the pulses
preamplifier.in a4 linear fashion, 1.e
the same factor no matter what its or

£
.. each pulse must be amplif )
iginal height, A good linear amp-
lifier will accomplish this over a wide range of pulse magunirudes wit
out distorting 'the shape of the pulse. The amplification factor is

inplifier. In some integral counting syslems an

called the gain of the
external gain control is provided, but wauny have a rixed gain wHich must

 be adjusted laternally.

D. Fulse Helaht Sptj‘(jtf\,un

In order to understand the operation of the next component of the system,
the disciiminator, it Is neceasaty L. hoow vhal 1s weant b “pulao height

t
Spos Do,

Each electiitoal proloo thal wwlata al Chie oot et ovten blae oy awel b
is proporiional In herght (pulse net bl coters o vhe Lagnituge of the
al.ttal in volts, U, the cucigy dkpuangd P the Nol ooystal by the int..

avting phatoa. thus a lioear relativa=bilp oslatas b Leeca polas hieaght

d!LJ)db,st)fbch aen LgY
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e tiiitived '%x 5 I ewum Lo, whiirwl 41 . ot e Ll (L}h; hev, L, ezl Jll&!v !

interael with a fal o atal, [hase Ph;![,ul\,:'l Jhioch 1 terac by he Ptn.L,.

clectrle olfe.t are t,,\m;pl;'Lq_!} absooibed and 71

eld a P\llbg ijp!g.‘;ifgn;ldll\lt
Lo helght ot the 662 keV of encrgy abaoibed lhe ¢ pulse. are repre-
sented In Figure VII 3 an having a rélative poalae hoight o1 approximatcel,
5 units. All,wl these pulses ar. apprusimately Lhe adume helght but not
cado Ly s bt‘l_riiueﬁ‘.‘;' atatistical pPlaeenaes wittiia the aysiem resall 1noa
Jl tribotlen ub pul.ae hgléhLa for a glven duount ol cietgy sbhsorbed Do
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Plagoce vLL=3 Lo heV L weslow 1) Ly
Lhe L, et Llhoe Lo sller pngéS to. Flgure Vil o (oodact prik oo b kgl

1-3, are oot ailf rw {0 size, bui e hibic & rand n helgut istiloution,
[hese pulses dre produced by Compron inte.actions fthin the crystal,
lhey .au be .0y uwlze, L[ruw almost sceio wuward, [liely value replesent.
the ~uelgy ngﬁgLsJ L an _lectro.n by “ pthgﬂ HHLghiﬁgﬁsgaLLzlzd al
any angle up tu 1BO". This euergy, called the "Compton edge " is (ep
tes.uted Ly an arbltraey pulse helgit of 3 undl.s in Filgure VIL-3
LLothie wamber oL palacs L a gtr=u al.oc ar plotved 8galust pulac Lot
fo. a éiféﬁiéuuntlug ti.e he dist. foutton shown In Flgure vII-4 ,esults
[he hurieuntal axls could be labeled fu encrgy unlts since ft is known {.

thi- example that a relative pulse heignt of 5 represents 62 kev., This
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Figure vVil-4.--Fulse Héighi Speclium

type of. preseutatlou ls valled a “pulse helght spsuwiium’ o 'gawa en-
ergy spectrum.” The dip in the spectrum between 3 and 4 uniis 1s called
the '"Compton valley" and is caused by the gap which exlists between the
maximum Comptgon emergy and the actual photon energy. Actually there
ilﬁgs between 3 and 5 were 1t not for the statistical phe
sly wentioned. The part of the specirum that represents

would be no j

nomgna prev
tutal photon energy absorptiou (approximacely 5 units) is <alled the
"photopeak.” Four a glven eunergy photon the rglative p.sition of the
photopeak daluug the horizontal asxis:can be controlled o two ways: by
varying the voliage applied Lo the phot aultiplier tute and Ly adjuatii,
the gain of the lincar amplifier.

E. Discilwludt.,

. &5
lhe discrimlodator 1. a8 iocdee Lhay wlewe, v wld) Lao b A R
smaller than a cectaln size. In L.cegral c.ounctln, syate 1 3tagle

]
discriminator 1s used, aud a1l pulses larger than a predeterained 1.y
are transmitted by the dis.riminator Lo a readout device. For most
counting applications 1t is best to set the discriminator in the CompLoa
valley, l.e., unly phutupeak pulses are cuuuted. There are Lwo redSons
on

for this: ficst, scattered photons may represeatr unwanted t1nfo.ma
falebfagn thiis 15 0t alwdaya true au wiill be seen In Chaptor XI11) @nd,
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Laboratory C@untmésj ems--.I.

‘secondly, the Compton valley is the point on the spectrum where. the in-
tegral counting rate is changing least rapidly,
due to slight shifts in the spectrum.
proper discrimination level for the hypothetical '°
arrangement results in the rejection of all pulses w1th a
units; consequently, only those pulses arising
rded along with the

thus minimizing errors
Figure VII-5 illustrates the

"Cs spectrum. This
relative pulse
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7 Figure V!11=5.-=Pulse Helght
iﬁ (arbitrary Uuits)
¢
adJUusSted Lo Lt Liv wso b 2, ot s [ETTT R TR B S mela (hie 11,,
crimination level b, wca.s of the hign volt.ge and/or .mplisier gai
ceattals which whaog the pwsiticn wf Jhie speciiuw telative Lo the

[{aed Jl._u,llulln:i[,lul\ lewvel,
L e T |

R
1. 2 alu. LaDeun . f - . a4 Lo L
Dot dsed S1fhoan 4 Ua Lo neohiaos oo wwads.owr B oL Lo Lawr el
{‘)d'ﬁ‘it'u,i by chie disceololnater wauses 2 Zoaat . be e L.ded L, the neale
Gua [ e d may o be degisgued wit, etther Linar, o Jdecade systows, Thie LI
nar ./ syatem gmplmy a ".vale of twe aud hos o number of,seleutive
Scilxué factors=--ustally 8, 16, 32, b 28, 256, and 51lz=-with ne.n
interpolatton Lights,
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~interpolation lights, The decade system use
‘are electronically connected in such a fashion that for
te

The total count is obtained by multiplying the-regi r reading by the
appropriate scaling factor and adding the sum count indicated by the

s four al%s of two" that
r every ten input -
pulses, one output pulse is registered. Counts registered by the decade
system can be read directly.

The register used with scaling circuits consists of either a relay-

operated mechanical feglstef or a recording device which indicates the

number of pulses received from the last scaling stage. {

Most scalers employ a timer which will automatichlly stop the scaler
om counting at the end of a preset time. Many have the added cap-

ility of automatically stopping the count when a preset number of

counts have been recorded. Whether one uses a preset time or a preset
u ds upon factors peculiar to the application ufﬂi?Lare;L.
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ITI. INTE?RAL 5Y5TEMSXFQR ALPHA AND BETA COUNTING

The block diagram of a typical alpha or beta Egu@?gf wuuld &uuh the same
ne for a gamma scintillation counter (5§E1Figufe VII-1) except
detector assembly. Also, the associated electronics perform the’
nctions with one notable exception: the discriminateor is used
ly to eliminate thermal noise pulses and tu discriminate against
ions which have different specific ionization properties.

A. End-#Window Gelger-Mueller Counter

This ilnstrument, primarily Jdeslgned Fur the countlug of beta tadiatioun, 1s
also sensitive tu gamma rays, although 1ts gamma efficiency 1s very low

compared to sodium ilodide crystals, The iustrument is capable of de-

tecting alpha particles 1t thelr energy is not toutally absurbed by the

ailr space between the sample and the detecngr and/or by the detectour

window itself.

1 Detce o lOT CcOBaliuw o lon

Gelger-Mueller doetcoetor as ool Lo labiaacory woant lag
ually a cvlindrical glass tute wirn o plastic b.se on one
end. (aece Plguré vII-6.) A plastic vim-un the other ead .f the tube
hdlds a thin mica window or 1 Eo 3 mE/Lm ti.lckness 1u place The tube
is Filled with helium or argou and a quenching gas, sucl as alcohol vapo,
or a halugen gas. The c.ntral ele_trode (cathode) consist. of a tuin
wire about .0l inches in diameter. The outer electirode (cathude O0ALat .

The end- wan‘é
3

sysLels 15 193

[maliS

)
wf a ldaver of coppet .1 silver placiug on the glass wall of the tu

2. Detlewloon parat Lo odud st e ldtug

CUFvVe this curve

Fach end-window G-M tube lisxs Ils ;
is established Ly placing a .ource UHPDSitE the tu
counter voltage 1, then iﬁcxgdﬁﬁd in 25.to 50 volt steps, with Euuntfng
rates being established for each uulLégg setting, a characteristic curve

ﬁE oo~ ' ?Tj

¢ window, if the

L}



O

ERIC

Aruitoxt provided by Eic:

67

. Laboratory Counting Systems-=1,
BASE E’lmisasm Dﬂ X T
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. - » i ’
GLASS T vLmBé CATHODE = i :
#iThH SILVER OR COPFER - A o WIHE AMODE
BLATIHNG IHSIDE | ) ’
~mFlgure V16, VE= er
* b

may be plotted. The usual curve has a placsau gection (see Figure VII-7)
wherein the Cguntingﬁﬁété shows Dnlygaxsmall chidnge with vnltage varia-
tions. The tube operatihg voltage -is usually selected about % the pla-
tedu lengtﬁ from the threshold to the breakdown voltage

Ty i

L

The G=M tube Is normally pla®@® iou a brass-lited lead s in
order to cut down the background count, A typical lead
) *
several hundred pounds. as
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and that roc the gaw.ma seintillation system previously Jdes.rib.d aite duc

tu Jiffe.cuces L. the size of the pulses prodaced o Lie detector,
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" The ™ la:ge pulses'yroduced' _
%'The;efora né preamplifiarfi_f-’

”_Since all puises from tha. .
TS EEE ‘tube ig’ saturated with ians cn every event rggardless of the
;fEﬂEfgy of the ianizlng patﬁicle) the’ dis:rimlnator serves to blockismall "
. pulses due :to. -electrical and thermal noise .rather, ‘than ellminata part Df ,ff
:~Ehe 5pe:trum as with the gamma sclntillﬂtlon céhnter.g'-f; ; ot

.B.:%Pfoﬁéftiéﬁal;ﬁﬂuﬁtef' Thaete -];”iivhigj‘@ijl :  >"_f o

”'Pﬁapaftlonal gauntéfs are. designa 'ta detedt both- .alpha. gnd beta Partl*-nj-
.cles Ihay may be cnnstructed ‘50 that tbe Eample is e;ther 1n515e gr__x
: oL The ‘former, called in~ .
ﬁ%rnal proportlonal caun§§£§, affer tha advantagé of 1ncreased.eff121enzy

;“bggause cf,the moreée favorable’ geametry arrangement. Their majnr dis—ff
! g [EE Ehat liqgld samples cannct be;ccunted lns;de the countlng

: anly in, cansttuction, the externaT
; mylaf w;ndaw Slmilar tc Eha and ~win

AlSQ 3 thgy bEché- s
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-:Z_Ehe Eathode: and cont_iﬁ

';1agaln5t alr leaks at the D flng seal

W,VQlts to 2,000 volEs.
. as ‘the- Dparatlng VDItage. ~When the Lnstrument s-adjust ted at the alpha -
ﬂ_apératlng vcltaga -only: alpha partiéles are counted When the- 1nstfument

" the alpha

Labgratary Caunting Systems-ﬁl; “qurgral Cauﬁters A - iﬂﬁg;‘

hem phera (when caunting) at ‘a- rubbef Derlng Junctlcn.w; plasth 1nsu-' 4
latpf holding a tungsten wire IGOP ‘anode 0. DDl inches in. dlamepar is, L
{insertad in the top of “the- ‘hemisphere..  The- hemlsphere wall functlons ds

s a zauntlng gas 1nle£ and Dutleg._ Slnca the_

‘ Vressure Df alf in Ehe Qhambar w111 dlminlsh or - "p0150n" an alpha or. beta
fount. . Hence,- ‘the . hamhef is- purged w;th a CGuntlng gds: mlxtufe (usual—r
1y+90% argon and- 10% methane) before ‘a ccunt -is made to-remove’ all ‘air

'malaculas., IhlE same gas flgws Ehrough the Qhamber duflng a cnunt;ng o

2. Gperatlcn

[ .

£ L

_*'he 1nterna1 proportiénal detector exhlb;ts a Qharacterlst;c gurve with

l 2 plateaus,,each 51milar to that fgr the- G- M tube, :(See.Flggta VII-9.)

P e e .
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- 2 = RTINS v ’
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* 1200 1400 1800 1BOO - 000 *
: v . . QLTS - :
BRI Figure VII-9.--Operating Curve for. a Proportional Couiter ' e
s : st

ElgThe flrst plateau Eallgd‘the alpha plateau, has a typlcal voltage Tange -, i

‘of appfaxlmacely 900 voits to 1,300 volts.  The ‘second ‘plateau, calléd

the béta plateau typg?;lly has.-a ucltage fange of approxlmately 1,600
“The midpoint. of each - plateau is -normallys SElected

1s adjusted at. “the beta: operating voltage, bgth alpha and beta paTELEIES'

. ‘- are é@unted ~In order  to count nnly beta partlclesﬁthe -chamber - may bev
2:'_aperated on tha beta plateau with an aluminum foil of abeut 8 mg/cms * -

thlckness placég on top of the'sample to:shield out the aipha partlcles.r

‘of: Cﬂufséf an indeterminate fractlun of .the - lower energy beta particles

will alsc be stopped. in. this shield, " An ‘équally precise and somewhat

- ‘more’convenient pfa:adure is- Smely ta count ‘the alphas on the alpha
‘plateau, the- alphas and hetas on the beta plageau and subtract in, order

to thalnxthe net beta ccunt. «(This method would be exact, except  for.—
;'ateau slope of a few p&f cenﬁ pér hundred vnlts, which causel

"
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f eagh alpha ta’ praduue about 1 1 to L. counts on, the beca plateau. In
pra:tiﬂe,!thls Slope is 23511y measured and an exact Earrectlan to th _Qv
data may . bg ‘made.) - : T ' o a

31;37"Countéf cifzuitfy:fi

iA vpreamplifiér, ampliflar,; nd ‘a dlscrlmiﬂatar chafacter ize the Eyplgal _
" prescaling’ circuitry in an :Lnternal prnportlonal cauntex? The 1lneaf1ty
requlrements of ampliflers used with both proportional and sc .
caunters are greater ‘than” fcr ‘G-M caunters., At the'- alpha Oparatlng vclt—
. age,'the discriminator® mikes” pDSSlblE selective response to alpha part-:
icles -with little or ‘mo response to high intensities of 'beta and’ gamma.
- radlatlan. “An ‘alpha particle’ may produce a total of 10° sprimary -and sec-.
’ Dndafy 1anizatlonslln ‘the .chamber while a 51ngleﬁbeta partlcle or gamma
_ray may. pf@duca a. total ‘of- 10 ion palfs I thetggagrlmlnator is ad—f
jUSEEd to. respond anly to a mlnlmum of lD -lOﬁlSa ions. for each 1n1tlal
ion'31ng EVEHE :ount of iny alpha parnlzles w111 be recardad

. C. SDlld Scintlllatign Gountefs for Alpha and Béta Caunt;ng
C,unﬁlﬁg systems utlllzlﬁg SDlld sclntlllatlon*megla fgr alpha and beta

unting do not diff from- gamma szlntlllatlan systems in canstructlon L
-ahd operatlgn--anlygghe ‘detention media dlffer. As mentidffed . - -
- r. “VIII, a thin. layer- of silver- actlvated zinc: sulflde ig: '
'tecE alpha partlclés, and anthracene or some plastlc 521nt111ator may

j?g qgéd as a bata detectar. - l__:: © . _;: ST S ﬂ: S,

Dy quﬂ;qu;Lﬁtlll tlDﬁ Counters for Beta PafE121E%y e UL T

fo chnt;ng IEW energ} beta emltters suah as '*C aﬂd H. However, o
11qu1d scintillation detectors are seldom used -in integtal cgunt;ng sys= " _
tems,ﬁ Ihe_cauntlng system lS father complex, and 13 dlscussed in. Chap— T,Jgg;,wtlg
EEf VIII - RS ST e TR P ’ ’

N [ -, . . Ca —

V.. .SUMMARY . o T
T ,V*=._-_ S
Integtal labgratcry EystemS)are those - that count 311 pulses lafger W _
“than a certain size A 51ngleldlscrlmlnator is used o electronically’. _' . _
. black out small pulses. ftlation media, G-M tubes, and\Praportlonal R
ﬂ'chambers are usEd as datécto:s in thesa Systems. With few ExCEpClOnS, o
the asscc1atad eleotfonlgs are.very 31mllar fur ‘all lﬂtégral cauntlng

» systems
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' 'CHAPTER VIII. . ~

" LABORATORY COUNTING SYSTEMS .~~~ , - .= - < o)
- II. - Pulse Height Analyzers =~ =~ .= . = ... .. ="

'Lfozen,'the a:curacy cf -a pracedure is Enhanced by windé”' counzlng
rather than: lntagral gcunting, i.e., Gnly a’'portion-of a. gamma ‘spectrum. -
-such as the one descrlbgd in. Chapter VII is counted. - ‘This ﬂECEESltatEE‘
- both lower and. uppe: d;scr;minatign levels. Further 1ﬂ§§rgmentac1@ﬂ I
L teflnements enable DHE to sort pulses in such .a'way that 'an entire specf

‘trum cam. be v1ewed at ‘one; time Thls tachnlque 15 tefmed speztroscapy

% .

e jSevefal Df the d;fferent types Df datect;gn medla dlscussad‘ln Chapters
Ty rTand VIT can be used “inT¢onjunction “with a pulse. h31ght énalyzef".._s_
'-'Héwever, scintlllatlon detectors are,by far, the most common' gnes’ used A

“'such’ systems . In nuclear. medicine labgrazorles, pulse halght analyaers-”“
are used prlmarlly in gamma counting systems using NaI(Tl) detectcfsi.
vand in llquld 5c1nt1113t19n systems fcr beta c@untlng._-,

f-!,ﬁff;ii_ GAMMA COUNTING' SYSTEMS USING: PULSE HEIGHT ANALYZE S -

A blgck dlagram Gf a'Eyplcal gamma countlng systém utlliziﬁg a’ pulsé
helght_angly;ef .is given-in Flgure VITI- 1 - The detectcr assembly,-1

PREAMP | -1 LINEAR | | PULSEHEIGHT |. |- . DATA
LAMPLIFIER [" | . ANALYZER [ | PRESENTATION|
s feHoTo. |l e e
NI (T1) .|
CRTAL

HIGH VOLTAGE| =
supPLY- | 7 T

4 VFiéurévVIIIEi:—;Bléck;ﬁiagfaﬁ ofjaJPgisg;Heighcfgngiyzer-$ys§aif,]

Sk

pre amp, linéar amplifier,.and high voltage supply perform the same"
. functions as’ deszrlbed in Chapter- VII, The pulse height analyzér, w1th
“which a varieiy ‘of datar readout devices .may be employed, has replaced
: the discrimlﬁator sectian af ‘the. 51ngle channel analyzet
AL 'Pulse.Héight Analyzé:s e S %
o 'Puise helgh; analyzers afe Df twa types——valtage dlscrlmlna{or aﬂd coms




: i#ziif.'ALébér§§§t¥”§9§§§i§g Syéféms;éiif5;qu§é:Héigh: alyzers’”y'gzy

Voltage discrimifiator- - . 1. ool

~a. Operacion

. Can51der the gagma spectrum of 1311 Qsee Flgu e VIII;QS“ane @f?théfmasﬁ

’}jEMEHGVlNTERWALEa}-;}3'~;Lib

e e 36l 637 T

Erum in the examples in Chapar VII o
E energles -The most abundant phatans have 364 keV Gf Enefgy. Hawavar ggmmasf,
~with energies of 80 keV, 184 keV, 637 keV, and 722 keV are alsa emitted by A
1311, ‘Hence, the gamma spectrum has several %&otcpeaks ‘(Note: It is
suggEQEEd that the student review. the materia in Chxgter VII- Dn gamma
1nteract10ﬂs and pulse helght spectrum at thlS pcln , oo
Sometlmes 1t is advantageaus to caunt Gﬁly thcse pulses arlsing from
‘total absafptlcn of the 364 keV photon, This can'be done, gy using two
-Q'valtage discriminators in, conjunction with an anticoincidencé clrcult, as '_
: shGWﬂ lﬂ the bla:k dlagram in Flgure VIII 3. S Ly - S '

Pulses from’ thé llnear ampllfler are. senﬁ s;multaneausly tD low~- :
.er -and upper level discriminators. The dlscf;mlnat;Dﬂ levels are set ab

;the lower and upper I'imits .of ‘the energy range o be counted. Pulses.
1arger than ; the’ 1@Wéf’dl§§flmlﬁatkﬁﬂ levaL are tyansmitted. by the lower PO
level - di Eflmlﬁatéf, and SLleazly for: pulses larger thap.the Upper= " . - M
dlscrlmlnatiaﬂ 1evel it fDllQWS that all pulsas Eransmlttedaby ‘the . ".£ 




' UPPER LEVEL

| -DISCRIMINATOR: —
CPULSERRONCf T W e AT
LINEARAMP™™1 v o o 7 CDIN(ZIDENCE T

R e T DISERIMINAATQE'

,:«uppér level discriminator((u L. D ) will also. be passed by Ehe 1owar lével
‘.dis;riminagﬂr (L.L.D.)+.- In ofher words, pulsas arising ffom phétgns with.
e né gles ‘below the range of interest dre transmitted by, neither discri
' .nator, while: those pulses: rapresentative of energies greater. than this
-f_range are transmitted by-- both. disﬂriminatorg -Obviously,” some means
SE st ,muat be emplayed to. transmit ‘those pulses that: trigger the 1 L.L.D, . but',wﬁ ..
IR @t the U.L.D.j. L.e.; pulses that fall between tha ‘two disgrimination T
- levels. This is doné with an anticoincidence: ‘cireuit. which ‘will trags- - -
. mit a ﬂulse arriviﬁg ‘at:its input frgm'the L. L. D.xanly if one. does not
'-i%“*arrive from- the U.L.D. -at the ﬂame timé._; : . .

, Figure VIII 4 diagrammgtically describes the 0pération 0f the v@ltage 1
5 disctiminator pulse ‘height analyzat The first pulse from the linear.. ?%'--
‘Htjamplifier (top ‘of diagram) is too small to triggaz even the L.L.Pv (seg o
.+ " " .at three pulse height units) - Céﬁsaquenﬁly, iE ls rejected by.the’ ana-.
TS 707 lyzer. The second pulse’ triggers the L.L.D.; but it also triggers-the
o ,=U.L;D. (set at. four pulse height units) It tco is Eejected because, the .
ithe L.L,D, and Ehe\U L.D. arrive at Eh% input of the anti-

'pulses from;
’ =coincidenze circuit at the sam ime. The | third pulse triggers the - -
the analyaer

. L.L.D., but not theé.U. L.D. Thereforé, 1t s, acceptgd'
and transmitted to the recording mgchaﬁism.- The eﬁefgy\interval repr3s
sented by the: difference 4in the discrimiﬁatigﬂ levels is’called"the-
”wiﬁdow width " All pglses falling within thé window are counted '

The appli:aticn Ea ‘the *?11 Exampla is illustrated in Figure VIII 5
' The discrimination levels ‘are set to include only those pulses arising
frem total. absorptian of -the 364 keV. gamma, Of cburse, some scatter- T
gfcm Ehe twa highér enargy photgns w;ll be lnaluded in, th;s_gnergy range.’ .
. b; Callbratlcn__'a' L ‘2-  o u':';____ e
o ! R T i - C
- Pulse height-aﬂalyzefs.vafy'as-té-thg'ééﬁtralsfavai;able'and their.'func-
- tions,” However, the principle of -calibration;is the same for all, As
. mentioned. in Chapter VI, the position of- tha photopeak (i.e., pulse:
;éﬁ,{x ,thlght far a glven amounz of energy absorbad)ils ;éntrdlléd-inutﬁo ways;ﬂﬁi




"’:er 7i‘*’ = - o ﬁ;j;ji, !
R o ‘:’ SRR EE
%{ggz‘ — L :i},,gi :: u.;jfvs
~ % _;77 T ,7:7‘, :;3 :
o >
o0 - il
lif;i:: 1 _ _ ;é. . ; I
IR T 2. 3 5oce b
3 S ‘-';LLD :
' F‘ULSE HEIGHT
: ._(Arb_ltrur-y,; Umts)
S Figure VIII-=4, -ePulse HElght
"[ (Arbitrary Uﬁits)

76 Labaratcry Ccunting Systems=sII ;Pgisé,Héiéﬁﬁiégglyééﬁsjz!'i;i;,;~;t_f:;f’-:

- by varying the high voltage on the ph@totube, and by varying Eha gain Qn.ijﬁ”fi,!i;fi

.the linear agglifier Pulse h31ght per unit:of energy absorbed. is di-
fectly pfopaftiénal to both these paramétérsg ‘Many voltage;discriminator'-

analygefs have: campleﬁely in@epéﬂdent upper’ and. lower level discriminator .;v=1=}i

‘a lawer 1evel Eontrol (sametimes ‘called " basa--..=‘

“"contréls. Othérs. L
’;e 1ine ccntral Iﬁ,'

#line) and a- WlndO’_
either case

Qhasen’ indaw.i Each instrument has the proper calibfaﬁicn pfaﬂedufe out=::
"lined in-the instructicn manual. The instruction'manual” shHould be fol-

. Towed, Egg;isaly in calibrating -and aperatigé aﬂy gulse hei%ht analyser .
- systém ] B e L

: fi.j ijes - ii S . A ;-“E;ﬂ‘; :

f e

Valtaée disaflminatar pulse hElght analyzers of the typa describéd abnve L

are called’ Slngle zhanngl {analyzers, i.¢,, only one set of ‘diserimi-.

- nators is emplayed Many. counting systems ‘haye ‘two. or threa ‘gets-of _»'
discriminators (two or thrée ”channels"),.aﬂd each channel has its own.

scaler ‘or readaut dEVlEE - This pefmits si@;ltaneous cgunting cf moreé ;s,ﬁf,;'

A
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" No. PULSES -

ENERGY INTERVALS -

i
1
il

LLD 5 34 - ULD6y 722 !
GAM’MA ENERGY ( kevr) IR

iy Figure VIII 5 s-G%ﬁma Enﬂ:gy CkeV)

c than one phatépeak Such instrumaﬁts are empl@yed t@ gf%atest advantaga
in ‘counting. samplas that contain. more than one radi@isaiopa, € 8.y sia-'
'-multaneaus .iron-59 and :hramium—Sl study : . .

ned by using a 51ngle channel ana-:

"fAn entife gamma Spectrum may .be th'

':'lyzer with a. very narrow: wiﬁdcw and_mov1ﬁg the w1ndaw DDE step at ‘a: time

':2?: Computer typar

o a. Theary “:i B L R B S

' T A s
iPulse h31ght anaiyzefs whlch 1nccrp@rate certain aspects. of camputer'
~circuitry are called computer- type or multichannel" analyzeérs. . Such:’

. instruments can sort and stare lnfafmatlan lﬂED ‘as maﬁy as 4 096 sepa-

rate ;hannEISn‘ o ;]
_THE two maln compénents of Ehe EDmPuEEf type analyzers are - the analaghta—'
digiﬁal converter and the memory. - The purpose of the analpg -t6-di ,,al e
convérter is to. take. Ehe voltage signal from the linear. ampllfier and con- ;if

vert it La ‘a number that is pfcpcrtiOﬂal ‘to the size of thg puI55x Th;s is -

’—«,,;, . . R et gt



Labafatary Cauntlng 5y5tems=sII . Pulse Halght Analyzefs  !_.;,f::"'"

%'aacampllshed in most analyzérs by chvertlﬂg the valtage SLgnal to a
1‘tlma interval §%hlch can be measured’ very prec;sely. “The' time 1ﬂtEfval’
is prprtLDnal to tha ‘pulse’ he;ght It determines 'thée memory, lﬂcatlDﬂ
_'1ntD which the pulse WLll be stnred Thus, all pulseg of the same size
ffare stored in the game location.: The number of possible memory 1023-.
"aticns 15 equal to- the number Df channels avallable in the 1nstfument )

¥_1n Ene crystal 1is sﬁ@rad in a memary fram which the _,farmatiaﬂ can 2 be - '1.:3.?-'3
'reEr;évad and displaygd in various ways, dépendlﬂg on the type. of read- - -
’Duﬁ dev;ze employed, '~ Figure VIII-6 shows a 137L$ gamma spéétrum obtatned .

‘on’ a Victareen ‘model 400-channel pulse height analysari .The backscatter . SR

:mpeak at 0.22 MeV is the result of. ‘photons from. tha saurze undergcing 18D S

Camptan EDllllenS ‘in the shiald : : . . SR

I TSI | | M C e o S

‘} : = 17 MaY ¥ [-1-¥} MiV 7 - -

W -
T

§|1‘ "

'COUNTS PER MINUTE PER CHANNEL

3

. . LS . i G T Lo — e . ) L . . ;
. } . . 9 a;. o4, 04 ot < T L . K
EHEQE\" [N e - :

- Figure VITI 6 =eSp§étrum Qf Gégium?137"

L

-b'; GéiiErétiaﬁ L R

'_Multlchannel pulse he;ght analyzgrs are calibratad basically the same']
as voltage discriminator analyzars, i. e., a known . gamma spectrim is

~.moved up and dJown the scale- by ‘the amplifier gain'and detector high

o valtage uncll the phatapaak is sentered in the propef éhannel (Iﬂ

P T e T T

ERIC

Aruitoxt provided by Eic:



Labc:raEny C‘.Duntlng Sys tems——l'l P ulse HElghE Analyzers 79 LT

some’ systems there lS an addlilanal galn EDnEfcl om, tha analcg “to= dl&l—
* tal converter:) - :
-cbservatlcn of . the Entle Spectrum w1th an’ BSElllD%QDpE Df ather feaﬂ—.
out davlge FDf examplei suppose one wishes-to calibrate 4 200- channéel
. g teentire 200 channels cover  an energy - 1nterval of 0 Eo
.2 MEV;’ A goad radioisotope for: callbratlcn in this- range is 137 08 with
, its:gamma energy of "0.662 MaV:. -.Since.200 channels. ‘covers -2 MeV of - enEfgy,,'
7 "the energy per- channel callbratlan factor “is 2,000 keV '+ EOO channels, or.. °.
- " 10 keV/channel, Then, /the pfaper Qhannal fcr the 0. 562 HEV lE?Cs ga@ma
B f-_?is determlned by Ehe relatlan - LT T .

R "_h' . 1 D 552 I{EV 7
RIS »_:' w_’:__csgnngﬁ;gg. 1D kev/channel

.

-+ since one ca read fractions.of a chanfel
““channel numba s 'deterrined, the ga;h,and'hlgh -voltage
" adjusted to make the- ph@ﬁopeak fall in the desired -channel. »
.- one would calibrdte with more, than one ‘isotope to chagk,the llnearlty gf
":fthe system For the condltlans stated (D ta 2 Mev Qver EDD channels),

For calibraticn purposes thls wguld be,rga’ded to channﬁékﬁumbar 66,

- phaﬁon (}1 MeV} should not be used for IDW energy p ,tgns ({BOD REV)
One should ‘alwdys calibrate the. pulse helght analyzer_'}th standard
saur:es which emit: phDEQnS ln the - energy range cf lnterést
-UB;x'Data;Pfesentaticn )'?: -::H ";gfviiéh ib:,_ B }_. S ;A 
 Séveral types cf readcut devices are available fcr use with pulse height
o analyzer sysEems They may. be divided intg twa catagarias,-analag and ;
In digital data presantatian systems, a number or some. Dther caded chars,;uz
~acter is .generated. for. each,pulse reaching the input of the readout dE‘{g
+ . vice. Examples of digital systems are . scalers; electrie typewriters
PR =pafallel)printers, papér punch Eape, and magnétic fe:ording tape

*;.a channal or the raia aE which ccunts are. being receivad b§ ?if
, device ' Examples of analog systems are fateméﬁers, strip EH%
. efs, cscillas:opes and X~ Y plattars » L

'-Analag;réadaui'déviaes

a, Ratemeter.
", In.a ratemeter, “the individual pulsesrfiam the, discrimlnatars are aver—f
. aged by means cf an "RC" circuit, and a voltage signal praportlcngf to:
- the average ‘rate- ‘at which counts are coming in is measured by means of
‘a voltmeter. ‘A very impartant parameter, asscclaﬁad ‘with-the ratemeter"

is the "RC cgns;ant" or P;;ma constant." The time constant is the




'ing rate.-
_ -chang@zby an- amount. Equal to- 63/ of tha dlfféfen;e between the .o0ld and
- new’ cauntiﬁg rates.
"iiahange, threé time constanzs 95é and so 6n.

' to the new'§teady-state readlng

- the use of a ragemater with a time constant- of five saﬁcnds.
steady= state cauﬂtlng rate is ‘2, DDD cpm.'~-

’ %§§7
-ffatg untll 25 to ED seconds have Elapsed (t ﬁs45 secands)v'

:“b.

*Ihe number of time ccﬁstants requifed for Ehé méter readlng to come_ - )

O

ERIC

Aruitoxt provided by Eic:

,;g'_,

‘_'Df the fégis anca:(in‘chms) and tha eapacitance (in ia Fds) inw
v “input circuit’ of- Ehe ratemeter. Tha Eime goﬂsta&t tefers to the
“time- taquired Eaf Ehe ratemeter- to fespand to .a suddEH ehangé imscoun
Gne,time constant is thg time’ raquired to raspand ‘to the-

Two . time ﬁanstanis result in 86.5% of the. total

I géneral geverall’ tlma o
constants are: réﬁu;red ‘for the change to reach & value arbitrarily clcse "
Far ‘example, Fignre VIII-7 1llustrates
The 1n1t131;.;1-'

e Y P e
Ll 7 T RC i ot . .
1
10 20 130 40 80 60 .

TINE (SEC) -

Stfip:chart fe&at@ef*' "” S ! f'_l .

A:Sttlp chaft fEEDder ptéduces an: 1nked paper fEQDfdng Df :nuntlﬁg rate

‘function of time. The paper travels at a constant speed variable -
om abaut ane anh par hour to about eight inches. per.minute. An ink-
(See Flgure VIII S ) The strip chart recorder

DA

w;thln, say, one standard deviation of- the new’stiad' state value de-”
‘pends.__on’ the magnitudes of the. cauntlng rates. A rule Df thumb is ;,_,
that 5 tlme zonstants .ATre - generally sufficient. '

e ii . N ) v : u\,} . L . ‘_-A_ . PR .
ST gf:!; e S ng; T LR . -




R A Flgure VIII—E-—Strlp Chart Recgrdez = g
R (Cgurt sy of Hewlett Packafd/Masley Div ) -

L

‘LS used prlmarlly in cen;unctlgn w1th a ratemeter 51ng‘e channel analyser
camblnatiaﬂ., The counting raté slgnal from the ratemetgr drives the
5 rlp chart zecorder pravlding a pérmanant regérd Df ‘tHe cauntlng rate - - ..

namig fﬁhctian 3tudies “since the time factar is af Ehe utmast meaftaﬁ;efTﬂﬂ
“in- physiolngic.pracesses. L : S : S

The Dsc_aloscape 1is used in multichannel analyzgr systems’ with QOmputer-f e
type pulse height analyzers. - It: providas an. immediaza, visible,-naﬂs

permanenf gfaphic féptéSEﬂtaEian of the copnting rate per chaﬁnel vs.
. channel number. - (See Figure VIII-9. ) .The ogsiIIOSEnpa consists. baslc—’
" ally of a cathode ray. tube with“Vertical and horizontal deflection’ S
'plates to focus the electréon stream at ‘the prapgr position on the phas-,h=;x
ﬁharas:ent face af ‘the tuhe each tima a céunt 1is: re&afded DR R N

L. Grawth of the gtaph indlcates the ccuntiﬁg rate; iFTQm this, a-. .-
'1ogical gauﬁtlng tlme may be set. . S S ’ R

: AdVantagES_gf having aﬁ-éSEilléSchE uﬁ a-multizhannél ana1igef-afe; 2

1

., The Ds:illes:ape pfovidés a qu;ck lock at the spéétré td.ié;éré,;'A :
'mige 1if any. malfuncticns-have accurred N S chaﬂnélsaégappedgxi;ﬂ:

Zar shifted R e SR xikgﬁ;;;_-j',y. S ;
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3, Tt is vgry useful in Ehe célibratian af Ehe gaih settii ,?7-
' instrumeﬁt. . N Cs . - o

- . O . : ‘f,-‘;i k ,,_fJ ,;::l' i AT
d. X - E Plattér .‘s_ : ff_;vl:;_:iij‘;_rf'gf SR

s

= fﬁe K Y platter is simply .an autnmatic graph‘plbttar.# Like the cseils,ﬁ Ll
”ilasgape, it 1s. used mainly with myltinhannél analyzer systems. ‘Once & =~ - . .7 .
gamma spectrum is stored in’ the memory ofi. the analyzer, it can be re~: . . =~ .-
.;trieved and plotted:on. either linear or log paper by the: x—Y pfgtter., " R
_ It .is much faster and more convenient. than hand platting a: 5péctrum fram - .
-7the digital data but less .accurate, S SR ORI =

[

¢. Digital ,Résdégt_f@éviz:es e el

fli’,Ela:tfié tipeWritgr-_ ";f 3>:f*ﬁ5¥”'.é':§x

:_;’.ﬂ L . , L .
. . K

”An elegt:ié typewriter ‘can type ‘out, aceumulated infgfmatigﬂ fram a multi-ﬁf

; ;hannel analyser cnta gtandard sized paper.,’ . . ol m,;:, T ff

LF £
< oal

D;As wlth all dlgltal readaut dev;ces;~the exazt numéer af a@unts per :hans;'

“.nel is. -recordeds? §Ehe advaﬁtages of an: eiacﬁrlc typewriterf include the RV
ab;llty ‘to mgnuglly type pert;ﬂant 1nfafm§t;cn“cn ‘the: data<5heet, and

'Ehe abllizy to make several cazban,ccples.;u- - L e

M’ R N Do s N *, N .
s 2 . i i : B A - T,

112;’ Parallel printer V';f e " ;'v::-if fifff_j: AR }gjﬁ_ =-k ;;i ' fgi...f:

- [ —
. 3l
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11' page, Eha parallel pflntéf prfnts an entlre llne at” ancé on"a nafrow '
L Stfip of -paper. Each’ llna glves‘tha channel number and the number of -
13&;' icoun'ts - in that. channel " (See Figure- VIII-1O0, ) The" advantag of the
s E'Eef over; the Elaﬂtflc typewﬁltEf 1ncfeased spe d HBW; .
- A = ST e v
T DA v..o.| 008 - 00549 '
S S e rp T T 005 - T,00891
oo e e e s 004, 00474 - 1
a7 w1003 -00106 %) .
. f T s : :‘= .DDE"-' GDDE? . . :
;| o o o »f FlguIE VTiI 4 1lel Prlnter Tape Farmat 7-_‘,3‘, 2t
. . [ . e L "’ : :
< 3. Paper punch tape_= oL _;; - o '_f S CLe
.»P Y r pu@Eh tape is a: fﬂll af paper abaut 1 1nch WldE “in- whlch hales -

aﬁaardlng to a coded: systém, as shown 'in Figure VIII-11.
These units offer vefsatlllcy in that 1nfarmatlgn may .be read. into the

. aﬁalygef as well ‘as punched out’ lf a paper . ‘tape reader is also emplcyed
Also, data pumihed onto -paper- tape maj}be pracessed dlfectly by a Prop-

: erly praﬁfammed dlgltal campute:. . ; :

“4re punched’

(N . . A . . ) -

'END OF LINE B}
- ST0000S00RANE
x-eess H b --llli.i-

ole [ ]
ii.‘--i..-ﬂ NIIIrIlE
& Dllllriillﬂiiﬂﬂflii-
[ 1)

~ '%'gure VI‘IIfllﬁ_%‘Papér Punch"fapé -f'}:igh‘ttcﬁémél Codg
’ i,'- . -f _i_-:-;-__ é : L : ) “!;-,
- 4;,'Mégﬁéﬁic Eape .

Vagnetic tape unlES are very simllaf in ‘operation to paper punzh units.
However, instead. of punched holes in the tape, small spots or bits along
the’ length of the tape are magnetlZEd aczcrdlng to’ some. code, as Allus- -
trated in Figure VIII-12. Magnetic tape is much faster than papar tape,.
cand car thus handle largef volumes of data However, magnetic tape .units, *°

are much maréfexpen51va s

5, Scalers :
Scalers are dlSQGSSEd in Chapter VII im’ canlunztlan w1th 1ntegra1 cuunt-'
"« " ing systems.

1 . S
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L%quld @glﬁtlilatlﬂn eege;ei are ueed Erlmerllyifee ceuntlng emleelene
EC and v, These mater els

ftom low energy beta emitters such .as
treublesgme to ‘count with- meet deteetefe beeeuee of t

érgy (156 keV for- l‘C and -18.6 keV feru~H) Lijuid

tectors offer- the edventege of heveng the eemple intimate "i,xed with -
One preblem still” pefelet *‘EEiEuef: Thermel

“jthe . eelntlllatleﬂgmedlumi
emission of eléctrons from Ehe _fathode ofia phetemultlpller tube cause
Ehe’ be:kgreun' Ll ¢ single- pheeeﬁube system- to fluqtuete and: pfehlblt
eeunclng ‘of . lew levels, -of “these égotgpee, €evén ‘at .low temperatures Thu

in addition to ‘placing Lhe Eemple, eelntllletar,,phetotube end preamp

elntflletlen deﬂ

‘UJ‘

.in'a commercial freeeerj a-dual phetetube preamp arrangement with coin-

SlmulEEDEDusly at the inputsio

:@1denee end legle elteulﬁe ee ehawn in Elgure VEII- 13'15 empleyed

L e ; . . . Con : \

In EhlS syetem, 'elntllletlene {;em the beee peftlelee :are seen by twe
Aphetatubee . Th€ resulting p lses:are:- sha ind -amplified eqd appear +
T’ﬁ'ﬁeﬁltor and analyzer: eﬂgl}fzere ‘IE
T exceeds the discrimination level of
thfeugh ‘the ee;nc;denee;;lreurt_end

the Dutput pulee frem the ‘moty
‘a signel peeee

_dleer,uLpater c,
operis ‘a gete ih the logic, elfeule for e glven duration. Ddﬁgng this pe-
yze ls the set- '~

rled a pulse’ occurring in the analy; *pheﬁetube whleh exce

ting of discriminator ‘A but not dle;rimlnetef B will pass: threugh ‘the
Puleee smaller than the dleer'm1=

Jlogic to the scaler and be ceunted

-~ nation level. ef A will not be: passed;. theee that exceed the level ‘of B
will be kllled in.logic. Hence, puleee are counted only if.they arise

~in both phetetubee ,simultaneously. Since thermal noise pulses produch

in the enalyeef phétetube would not erdlner;ly occur e;multeﬁebuely in:
‘they are. killed'in logic even though Ehey mey be

Vthe monito hototube,
of ‘the preiﬁelght Ec paes the dlSErlmlﬁa‘tﬁfs. Coa
\ - ? :

[

d.

Seme Laquld aélutlllatlﬁﬂ eeuntlng eyeteme have the eﬁelyeer detector
The ‘diseri -
Eeeh ehen- R

eutput divided Lﬁte two .or three Separate counting. ehennele.
ination- levels efe 1ﬁdependently ad justable fer eeeh ehennel

A ﬁEl hee its: ewﬁ”feglq clreuLt "and eeelef

v

Q
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i&l in an Drgan ar gland ;s Calléd siannlng In—"
velo 'd in the -early 1950)s  were used’ primar-
By 1955 however sucsessful scans af

~Scannlng ;ﬂstfgmentatlan,h%g ﬂndergcngnmuch ;mprﬂvemEﬂt in. th5~1ast sev—:i'
ceral .years dnd some highly SDPhlSthatEd ‘devicés are now avallable, .
’ %IWG bagic types. of’ insttumenzs have emerged=-"rectlllnear” scanners and

statlﬁnafy 1maglng dev;ces

1I. RECTILINEAR SCAI\TNERS S RN i_ ;_ ~

:'ﬁaThe majaf campcnents cf most ccmmercially
: are dlagrammed in- Flgure IK 1 : e

=

2
'i, =

, A; 7' ’A '., - :-§= . .- i -
DETECTOR | _ 'lJNEAE_":;.;ﬂ-PULSEkﬁHGHT -
ASSEMBLY |~ AMPLIFIER [= = ANALYZER 1

e cOLLIMATOR '~ . .. - .| pworo |
o RHMATOR e ] RecorDER

e

1.

— RADIATION - .-~ .~

,_ - . L e

Flgure IX l -eSlmpllfled Blcck Dlagfam bf a
Typlcal REEtlllnEaf Scanner. '

S - .

“, As the detéctar EDlllmath assembly mgves back -and- foth across the area
" of interest, gamma rays from- the patient interact within the Nal.detec—
tor pr@duclﬂg an Elactflca%E31gnal -at the output of -a’ phat@mult;pl;er

.. tube,which is. aptlcally Caupled to the detector. 'The signal is,
‘amplified and »oAif it 13%the proper size, lsptransmltted by the pulse
height aaalyzer to the scan recording ‘mechanisms.  The. FECGFdlng

‘~apparatu5 is mechénlcalky or alectrcﬁically cmupled to the detegtur
L] : ; :
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- energized.
-~ graphic Ellm. ~The. paper - fECDfdlng i"cnmmanly referred to as a fdot"
‘ﬂscan' the- phctagrgphlc repreSentat;D is called a photmscan; In the

‘,ietactér ~collimator. arrangement and.. the_sgan feggrdlng,mecha,‘

;{ara dis ussed here. . T : i . /

H\ o

~usually- constructed of ‘lead, aithéugh tungsten’' and gold have been used

. requlred to thalﬁ a scan.” . | . .

’glutlcn, In Figure IX- E(a) a "straight. bore" colllmatar with a hule
. dlamatez of 3iinches is used s0 that the entire. crystal face is: exposed

;Tfne termsA 'féSQIuEiDn and sen51tlv1ty," as. they'apﬁly to t%e Dvefall f:

Med;c§§;Radloisataﬁ 'S¢

“assembly SD that a 1:1. carfespnndence exists between tha mcvement of tbe

-?deﬁacﬁ‘r assembly “and that of ‘the recgrdlﬁg méchanlsms FDf each signal.

tr 'sml te& by the pulse hELght analyger a mark is fecarded Dﬂ paper by
a tapper or-an’ ElEEEIDﬂlE stylus. At the same . tlme, a light source is -
ioméﬁtar;l whlch éxposes a;smalI gpot ‘on a sheet af phatcé'

:case of the dot _scan, ghe ratio of reeprded marks to(incoming’ signals = o
‘may be dacfeased by ‘an ap?raprléié factor ‘to ac;gmmséata hlgh count .-

rates. -~ In both types of scan recordings, -the end fésuli’ls a’ map af the L,
dlstflbutlan 6f fédlcaéthlty within the patlent. ' ,/

' ' o N PP A :
of. the EDmpDﬂEnﬁS that make up- the rectlll near Scanﬁing system only the . -~ = 7

“unique to this particular instrugent.. The assaclated/electranlcs (1 e.,
phazamultlpller.tube, preamp, linear ampllfler, ‘and pulse h21ght ana-=
lyzér) are common to gamma spectfasaopy systems in general and these

are discussed in Chapter. VIII Dﬁly those components UﬂlquE E@ Ecannlng

/

4 o

CA, 'fﬁétectar;Collimatcr-Aséembiy ST ;; - E . .
he’ purpmse of the collimata; is to’ limlt the fleld of VlEW ‘of the-
datectar to & felatlvely small volume-af tissu‘ " Collimators are -+

experimentally. The collimator design, along WlEh the diameter -and
".thickness of ° the Nal crystal, largely determlnes the sensitivity and
resolution of ‘the scanning system. For purposes -of this, diééﬁ551an, o
'colliﬁé&ér-resolutlon may be ﬂEflnEd ‘as the inverse of the diameter of - N

! the- volume of -tissue the detector ''sees” at - ‘any given time. Semsitivity : PR
is daflned’here simply as a pgrametéf inversely prapcrtional to the tlme

6

[ = A : : . o .
‘ 1

‘Sen51tlv;ty and resalutlon are not 1ndependent paramatersi They are

. related in suc¢h a way that, with few exceptions, a. change in collimator = -

.des;gn to improve resulutlcn will be -accompanied by a decreage in sensi-

~otivity. The following example will illustrate the point. Suppase a 3~

inch- dlameter crystal is to be used to’ scan an organ which is sufgected
of Eantalnlﬁg a lesion.2 cm. in diameter. Flgure I1xX-2 shows two sets of’ T
conditions which illustrate the 1ﬁterdependéncg of sensitivity and res-—

to the fadlatlcn field at all times. ‘ - T SR
14 = - : . ) : .

scanning system, have recgived close sematic scrutiny. Attempts. have?‘
‘been made to deflne them in terms, of strict’ physical parameters.’ A
detalled discussion” of this work is beyand the scope of this manual.
The definitions stated abovée are suifigient fo a qualitative under=
standlng af calllmatgr charactarlstlcs. A - ;



"+ o.HIGH SENSITIVITY, = - .. LOW SENSITIVITY
© . POORRESOLUTION~ = c;cfop RESOLUTION - -
[ 3 I (l:)

| Figure IX-2.--Effect of Bore Size

Thus, .as Ehe deEEEEDf moves over theéprgan it respands 6. radia—

Ean from a élume of tissue ac least 37 inches in diameter, and the:'

" likelihood of dECECEng a .change in response due to-a 1231an 2 em in

. theésface of the collimator (il
’Sfﬁgfﬁﬁgglaﬁe to which the holes “foe

. diameter is n11 ~The resalutlan then is very. poor but the sensitivity .
. isi very high because of. the large volume of tissue to which the -crystal
. 1is éxpgsed Fi ure IX-2(b) shows the Oppﬁslté ‘extreme in which all '
©buta: very smali fraction of the crystal area is cavered by the ¢3111=;
‘mator, - This ar angement would Eas;ly fesalve a 2. cm dlamétéf IESLDn'”‘
provided the se ivity was not reduced to the- ‘point_£fhat statlsﬁli F
~cally SLghlflcaﬁt£ ifferences in Qauntlng rate would be ., impossible to"
obtain in'a- reasonable period of time. Thus, a: compramlse must be
reached between’ SEﬂSlElvlty and IESGIuEan - This has been best Aachieved
. to date by the fozus%*g coll matar whlch is descrlbed in the next Co

EEEﬁlOﬁ

1.- Ccllimaggr désig%ﬁ’ﬁ;=

Factors peaullar to colllmator d951gn which -affect sen51tlv1ty aniireg-
_Qlutlan are:r -type of calllmat r, geometry,:and tfansm1551on,.

;xéi Type Df CQlllmaEDf

Most preseﬁt day feztlllﬁear s:a'ners utLllEE a "foéus;ng" type colllma— -
tor, ‘i.e., all of rhe thES foeuyg

limator, The distance from the




"is calledZthe £ EﬁgﬁH‘ The focaI EDlnt is Ehe pclnt of maximum
SEﬁslthl_ . ,nstrument 1f a poxnt ‘gpurce: of a gamma
emitting. radi%iso : mov ,fabcut in- front of the face of the c
limator, the cauﬁt 1 te recdrded by the 1ns§fument w111 be hlgh
when the source is a ‘the focal point. 'If the abovs
rlEd out, and the observed ccuntlﬁg'rates at many’
and mapped a-series of lines -may be drawn conrect
COuntlng rate.. This s ‘referred: to. ag an. ;satespf
illustrated in Flgufe IX-4 for two focusing: collir
numbers of holez The numbers 1n Flgura IX- é glv

1nts are reaafded
g2 p01gts Qf qual

Amum respanse .It is nateé that max;mum sens;tlv1t
at -the focal plane. " In- fact, thes'resclution” dlstanc 15 ‘sometimes.
defined as'.the w1dth of the SO/ isoresponse line- ‘measuted. at the fccaI

'plane ) R i R 'f'ﬁ;' i
" b. Geamet%y : j_'=:;f I ; !:__! R ;Q  “gr"”

_Geametry is dEflnEd as thg solid aggle around a pglnt source subtended B
by the face of the EEDSlElVE vdlumé of a detector. It is; appfoxlmately

fiequafﬁto the ratio of ihe area of Ehe face of the detector to the surface'
*" area of a sphere - The sphere has ,a radius équal to the’ dlstancé from -
‘the point source to the face of the’ detector ‘Obviously, the greater ;y'
‘the geometry the greatér th% 52&51§1v1ty of- EEF cauntlng arzaﬁgament '
: ; iy

_ Tn fccuqlng calllmatmrs ,* the geametry is detefmlned by the. dlaméter of .
+. the crystal and the dlstance from ﬁhe crystal to the facal plane 'KTEEF :

- . . =

A, o<



the crystalkta—fagalsplane dlstan

gacmetry is direztly ptapaft;a al fo the.
o 1nversely prapartlanal £

FGCAL F’DINT ( IOD%!)

'7,90? R

- - I
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anather way, Emr a. glvan matlmgm d;amecar Df hgles and a é,v-n Eaaéli?

1ength thg lUngef the Calllmataf
lawgr Ehe gah51t1v1tyu
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CIX- 4 T Igmrespanse Llnes for .a 37- Hcle
3 Inch Diameter Fccu51ng CDlllmath

=

21

the” be;ter thg;:asalutiéﬁ;aﬁﬂ,tﬁé'




;Iransmlssian is"

call&ﬁétcr when’ vlewed frbm thé focal lent

transm;ss;an is: 40/ to 60%.. - The transmission'is ust

'fﬁumber of holes may ‘be usgd to control the. resolutibn®pf the cnlllmator.“
For a given Lransmlsalon3 the mare hales the beﬁzer the resoLutlcn and’

>,jthe less Ehé sen51t1v1ty.= ‘The. hﬁlES are arf§nged hexagonajly tagprgvldef

”'fthe max imum-. ‘nupber 6f holes in a g;ven space, -Six circles of equal di- "
“meter -can’ be-circumscribed about a circle of that'same d;ameter. ~The. - |
L minimum dlS{anCE between the Cchumfere'Ees (sepﬁum thlckness) ‘will be-

; the samé. for any wo adgacent "holes .. Each addlt;anal rlng of. c1rcles

XSldéfable ;ncrease 1n Eraﬁsm1551an,‘ccmpared tg ci: 'laf hale;, Wlth-
¢ ‘out- aEfecthg .the minimum septum Ehi;kness " The Dptlﬁum Septum thlck-
\ness.depends upon' he gamma=tay enezgy uf the. - léDtQpE of intereést, .The ST
' septa must be of sufficient 't \Ekness ED prevent Slgﬁlflcaﬁt penetfaﬁ;an ' i

K} -

byathe radlathﬁr:' R . li - S . T

;va1éu51y, no 51ngle cclllmatar'ls ldeal fo a11 Siannlng appllcatlans
. ‘The choice of collin tor for a given scan wild dapend upon .the sensi-.
‘tivity ‘and - fé:DlutlDﬁ requltements, as well as- the energy

atiom, . o R TP v

thE_fﬂdl—

Ei“lDetécth sigé’énthﬁiQEHESS"x
-The effacts Qf the dlameter Df the NaI(Tl) ﬁfystal on the sen51t1v1ty L
'.“"dnd resolution of the?“tannlng systém ‘have been discussed abcve. Cryss. A
tals of 3. inch and % inch diameters are the most- w1dély uséd. However, e
; an7B ‘inch diamete fcrystal is-available on at least one Eammerclal scan- .
..ner,  The :rystal thickness affects the. Efflglency of the detector, . , .
" Thicker trystals are -more efflclent EDf hlghef energy gamma rays, up to’ R
- a lent Most commercial-rectil ear- sgannlng systéms utlllEE crySEals‘ L3
;that are.z.lnches higkl‘ SR S ca e
, f ‘,.:( . B B - . . = : . . :
-"The datector ‘and calllmator alang w1th the phatomultlplléf tube and“ T
gﬁ;pféamp, are housed in a .single- unit, called the- Erabe, which
- tached to a matcr drlven mechanlcal movement device, +This. machanlsm,
.- along witﬁ mezhanlcal stpps_whlch deflne the” 1atefa1 and 1mng1tud1nal
»;llmlts of- the scan, causes the .probe, ko traverse ‘the ared of interest
" at a presaﬁ speed then move a preset dlstance pérpendlcularly and tra- -
versa ‘the area “ift the appaslte direction. ' This. process is tontinued -
if.the area of interest has been covered. Some scanners have me- . IR
chanical movem&nts which allow scannlng in either direction.. The gear "~ S
-may be dlsengagéd to allow hand pasltlunlng of the prnbe. The tech-w
.nique of "hand-scanning,' as well -as that of ch§051n&.the prpEf gcan
';speed’and-lihe sﬁaging;_ls dlﬁ;ussgd in Chapter XII. e

E]

Al ’ - L - [

LB

i

chq reaofdlng mechanisms are’ af two types-edat fECDfderS and phcto4“;

gramhlg réﬂcfders.s The. dot rec'rder prcducés a: map Df the dlstflbutlon o o
. ‘ 1 o . N

vii-; ;‘fi ff’“°  _  . ;:!?‘_u1;:;-yfzf’€: -
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iactlv;ty w1th1n the area nf lnterést’by 1; _ijfﬁAijv “or slltllke
‘marks .on papar - The photagraphla recorder _7} =ij;;1;; jresutt on .
film by pthDgfaphlng ‘the light Elashes qn ;"?“ A
e ThlS latter methad is mafe' y

.. quently, the rEE@rders mavatalﬁultanegusly Q,:,Virl
correspondence’ to " “the pzcbeﬁ; Some’ scanners, hawgver, use an, Xf
; tChapter VIII) to dupl cate the relat;vg position.o;
y % -

cﬁe,:tm ‘the- pléttlng mechdnism.o:
pﬂépgrtimn o, the pfébg ”

. T I rding. machan;syfwhlch B
Qnic stylus tc burn 8- Smalilspat on a she t-nf

?Aék:chmb [0
CUTDFF RENCE

EINARY SR RS
SCALE DRIVER o

L — = e ————

_ Xffffx/’ffff
CDNBUCT]NGPAPER

3analyzﬁt are fed thr@ughia blnafy scallng

ich, in turn;, sends a signal thraugh the .

lot 'to be burned on the-conductin ;paper T
hgight A

‘a Stylus dflVEf
_EiS_,‘; Ehuz. -causing a Small’
"}blnafy :scaling tircuit ‘divides the counts’. oo the puls“’

K . 1nalyaer by a fact@r called the sqalsrfgcter =The scale’ factoer
oo "_iadjustablg from -1° to" 256 A scalfifaét@ﬁfcf‘eight fDr example; .
F = - % f{ i r “i’? ;
B R L N S — ' = L e A
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194 ~ ngLLal Radla;satépe Scanﬁlﬂg Inszruméﬁtatran

m-'

_Qénﬁ

“noneé” ot the couhts. w111 be- récarded

AThE zatameter tlme-canstaﬁt (QEE Chapter, VIII) does nat affe¢t the dot -
'scan’ except when a backgr@uﬁd cutoff of greater than zero is used.

;1n Chap{

b, Dot fégofders-hﬁilizinéfﬁéchanical-tappérsv _ .

hat f?f ery ‘eight counta a%r1v1ng at - the Lﬂput of the blnary sca llng

eircuit vam the - pulEé height analyzef, one 1: tfansmltced to- the stylus
Hrl ver, i.e., -ong dat appeat& on the paper. This ‘reduction in- counting
ate is §Dm5t1m95 négéhbafy because extrem ly hlgh cauntlng rates wild

‘:pafalyze the.stylus. Also, the acale factor .may be used as a means of
'famphaglzing, cn the- dat scan;, dlfferences between‘areasggf high and low -
:Quntlng rates. e T ) - . R .

wwlle the SLgnals fram the pulse helght analyzer afe b21ng tfaﬂsmltﬁéd
dlgltally ‘to the stylus, they are also being av&raged by a count rate-

T ometer. (See Figure IX- 5. " The count ratemeter emits an analag voltage
., signal which is. prapart;anal in .magnitude to the counting rate. A back-’
‘ground cutoff circuit compares this signal with a preset reference volt- -

age slgnal Only when the: Slgnal Eram the count ratemeter 1§ graate:

‘.than the refererice vbltage is the switch (indicated in Figure IX-5)
‘closed, .thereby allowing signals from the stylus driver to be, transmitted

to the scylus The magnitude of the fEfEféﬂEE voltage is deierm;ned by
adjugfllg aﬁhellpaﬂ control . on the lﬁSEfumEﬁt which is calibrated in. per
oEfull scale reading. Hence, if the fatemEtEf range selection

v {swsetaso the full scale meter readlng is 3 DDD cpm and the back-

” gf@u,d cuta;f is sat at IDZ,\then no. dcts will be IECDded on the paper.

over areas whlch yleld ‘less than 3Q0 Cpm However, as- ‘$00n as the count-
ing rate goes. Above 300 cpm then all of the pulses ftam thg. stylus driver

“Tare recorded in a ‘digital fashiop,. In ‘ather wardsf the batkground cut-

off does not actually-subtract caunts,*but dEEE§mlﬂE§ whether all or
ﬁﬂ

(Whe Ehé ba;kgfaund cutoff is set.at zero, the switch in Figure I¥=5.
remains clo ed at all times.) - If- thls';s the chse, a“long time constant’
will result ina ;ons;detable lag time:} .tween the detaétor response

*“and thés meter fespcnse . The effect of. ENLS;GE the dot scan ‘is discussed

554 XIT

P r

Some zémgaf21al scanners utilize a mechanlcal rather than an electfonlc

'stylusi A mechanlcal stylus produces an impression in the same maﬁﬁEf
-as a typewriter by striking an inked ribbon against plain white papéfi

Hencé, no special paper-is requlréd The stylus. is driven by means of:

.a solenoid whishsﬁauses it to tap the ribbon very sharply. each time a

pulse is received from the binary scallng unity ~ This type of tapper
can, fazard up to 7,500 cpm L : R

Some méghanlcal tappars are used in EQHJUﬁCtLDn w1th pregsure sen51t1ve
: paper td. prgdu;e a-dot scan, Hera no rlbb@n is’ requ;red since the im=-
pact of the tapper striking the paper . agalnst a-hard surface is suffi-*

cient to cause a mark Spec;al paper is tequ;red thever. '




R MedL;al RBdLﬁlSGtDD§ S aﬁnlng,Inatrumentatlon Wﬂ;;;gﬁfi;,gj

,; Q,l’Céléf,d t recorders = - r o .
Lolor dot: g;anz\mav he gbtalﬂed [r@m th; ma;hanLcal tapper recufdir by
tappet and plalﬁ whlte paper ' LhL rlbban is dLVLdE 1ntg_sevgral-bands.'
" (usually Elght), each of a different color, The analog signal Ffrom the -

% ratemeter causes th& ribbon to move latelally béneath the tapper as the

counting raté changes. The ribbon position is preadjusted before each

scan so. that the maximum counting rate of interest is represented by a’

«certain color, Thus the counting rate range, from maximum to backgfaund

is. d1v1dad into al&ht colors.

"l

EL

-2 ?h@tagraphic.raig:dars

E The components of a typl§algphotorecard1ng mezhaﬁism'a?e'ghéwn in
Flg re IK 6. " o ' o . v
PU',",SE*H,E,'GHT — 1 RATE METER b.C.
ANALYZER [ | L T | amPLIFIER
.o - S | HIGH VOLTAGE :
| - | sueeey PN
o | LIGHTPULSE | . .| CATHQDE-RAY?
. |- DRIVER" N TUBE ¢

. Figure IX-6.--Simplified DLagfam of a Scan Photo-
: # Recording Meihanlam

Pulses from the pulse height analyzer cause a light source (cathode ray
‘tube [CRT]) to be energized momentarily, thus -exposing a small area of
photographic film. . The effect of the light flash on the film can be
controlled in three ways: (1) the size and shape of the area of film
exposed for each pulse may be cﬁntrolled by placing different size and .
shape apertures between the CRT and the film; (2) the duration of the
light flash may be CDnEfDllEd by means of .an external setting on the_
light’ pulse driver (see' Figure IX-6); and (3) the intensity. of the:

L ; ‘ - _i ) g . .‘_ - ]’;jijé;
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g

1ight Elash may be cgntrolled by deulating the bglcagg'appiied to thé

- CRT. The" effect of the lﬂtEﬂSlty deulatlcn is called Lontrast .en-

_hanLEmenti S EEEEEEEE R

.

‘The ph@tmgraphlc recafder wafks as Fallows:- ~Pulsés from thg pulse

he1gh£ analygef are fed glmultaneaugly to ﬁhé atemeter and light pulse
driver. Each pulae ‘that reaches the llght pulse - driver causes. the CRT

 wEo be. turned on for a preset period of time detérmlnéd by an external
" setting on the light pulse driver, This tlme is usually between 'l and -
150 mlEfGSECDﬂd&, dgpendlng -on ‘the. obs eryed CDUﬂtlng rate and scannirg

speed. Unlike the dot recorder, there is no scaling down of the number:

L of pulgéa fed to the photorecorder. Thus', . there . will be supeprSIELDnl

of dots on the f£ilm.  This, is~desirable Dﬁ phctagraphlc scans because &

it helps .to emphasize ‘differences. in isotope concentration within the

organs, (The degree of supafp@s;tlon of dots w111 be greater for areas
.of high isoteope concentration, thus pdeUClﬁg a greater overall density.

on the film.)  The light- duratlcn must. be set so the film density cor-.

féSpDndiﬂg to Ehe area of maximum QDUﬂtlng rate Ls,a ‘reasonable value.

::Madulatlan of the LntenSLEy Gf the llght flash witk counting rate (con-

trast enhancement) ~is accomplished as follows: ‘The ratemeter averages

the pulses from theé pulse'height analyzer over a ‘time. period determined

by the time constante.of the ratemeter (see Chapter VIII). The rate-
meter, in turn, produces a d¢ signal which is pr@partlsnal in magnitude

. to the counting rate at any time. - This dc: 51gﬂa1 is then ampl1fied by

a Factor which 'is determined by the gain of Ehe dc amplifier in Flgure
IX-6. On some scanners, this gain setting is Exterﬁally adjustable,-and

~on others /it;is preset-and remains constant. ThE's”nal from the dc

ampllfler drives the power supply for ‘the GRT. Thuj; the V@ltage ‘ap-
plied to the CRT variés .in direct proportion to the counting rate, ‘This
means that the light flash from the CRT is more intense when. the dE=

ctector is recordlng oVer areas cf hlgher 1sgtnpe ccncentfatlan.

relates tha QpClcal ﬁEESLEy of Ehe fllm to cauﬁtlng rdate. Dptlcal'

.'denﬁlty (0..D.) = lag (L} + I) . ‘ o

".where: I, = the intensity of the light incident on the film
5 : . o ' . ’ = - .
I = the intensity of the transmitted light

An O. D. of 2.0 to 2.2 appears totally épsque to the eye, whereas an

0. D. of abgut 0.1 is undistinguisable from the base' fof of most filus.
By adjusting the gain on the dc-amplifier, the useful dyRamic range of

the film (i.e., Q. D: = 0.1 to 0. D. = 2,2) can be made to extend over

any desired counting rate interval. ‘hls is accgmpllshed by setting the -

voltage on the CRT at a. value so that tHe film ‘density EfoESpDﬁdingffO
the maximum caﬂnting rate of interest’ is approximately 2,2. (See Fig-

ure IX-7.) Then the dc amplifier gain determlnes the count rate at
which 0. D. will be appraximagely 0.1. 1In Figure IX-7, the voltage on

Ty T ¢

1yy

¥

a



O

ERIC

Aruitoxt provided by Eic:

R . A [ : e . : :
. B . e . . . PRI . P E . L
. B L o R A - P o - Do . T .
3 lical ioisot ing Instrumentation ) 7

Medical Radicisotope S%aﬂﬁlﬂg Instrumentation .97 ;?
2.2 i b - N
20 [ - | ) - ,
1.8 ; . ' '
“1.6 = - a4 ' :
) }4 - R N A “/ GAIN ON DC AMFLIFIER
gi ]‘; : oy ‘v d Zﬂ . lg . (Rfelghve Num;sers)
i et :.ifoi i . N LI A Y SIS USRI L AL B
0.6 b= ) .
0.4 . ’ )
D!zi - h N = .
j S | i i : ’|’ | L,A_J,ﬁi‘L i .
0 2 4 6" 8" 0 12 14 16 B 00
S o CPM x 1,000 S i
e Figure TXa7;==Dch;alvDensity—vsi'CagﬁtiRaté ’
| Afor DifEEE§§f_d;~Amp1;fi5ﬁ_G§in_gettingsfj

‘amplifier). In this case, the voltage to thé CRT remalns canstént

the CRT is set so as ro prduEE an 0. D. .of 2. 2 at: ZD DDD cpm. With a

relative - gain‘setting of 1, the 0, D. goes from 2. 2 down to 0.l over the

counting”rate range of 20 DDD cpm to approximately zero cpm. ThuE,;leh

this gain setting,” even background counts would cause dots of sufficient

Q. D. sp as to be distinguishable from base fog. If the gain is dou-
‘bled; -the useful range of éptlcal densities is limited to the counting

rate range of from 10,000 cpm to 20,000 cpm.. "In this case, no informa-

.tion will he Yecorded on. ghe film when the.détector is over areas Wthh

yield less than 10,000 cpm " because the light flash will not be of 'suf-
ficient lnEEﬂhlty to produce an Dptlgal density dlstlﬁgulshable from
base fog. * similarly, as the amplifier 'gain 'is increased to- 5 the slope.
of .the curve increases, thus further compressing the caunting_rate range

.over which informatiqn is recorded. This process of increasing the amp-

lifier gain serves to enhance the differences in film density corre-

'sponding. to differences -in-isotope concentration--thus the term  con-

trast anhancement ) It muyst be remembéfed however, that althaugh the
precedlng is true, statistical variations in. cuun%éng rate are also
enhanced on the film by the use of %ery high gain 'settings.  Conse- . ..

quently, the use of contrast enhancement to..an excessive degfee may

- cause artificial variations in the thlcal déns;ﬁy Df the fllm.

Scanners with a flxed dc ampllfler galn are set Eaxthe 0. D.
reaches 0.1 at zero cpm: i.e., the useful’ fange of the film is spread’

out over the counting rate range of zero *to the maximum counting rate -
of interest. This way all the pulses from the pulse hElght analyzer e

are facarded on Ellm and no 1nfarmat1ﬁn is dlscardgd.
. , 7 :

!
Same scanners have the capablllty of .cutting nut the contrast enhance-
ment- portion of the phacarecarder' altogéthéf (i.e., ratemeter and dc

) . ; ) L . :J-’i;‘::‘i ; ‘iv77
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" throughout the $can and each mark recorded on the film produces. about

_.the same eptical: density. Film contrast results from differences in .. ~ © . &
the . degree of: SUpEtpDSltlmn of dots caused by dlffefentés in Qountlng ' )
rate. B W . , S ‘.

3.  Other recording mechanisms

'In addition to the routine dot and photoscans, a number of oﬁhe%'methodg
may be used for -handling and displaying. scan data. One process currently L

*“rEtEIViﬂg'WldESPTEEﬂ“IHTEfESE “isdigital-recording on magnetic tape:
The advantage .of this is that' the data can be recalled :and displayed in
a number, of ways with varying ambunts: 0f background erase and contrast

1anhancement without destroying the original data. Réadout devices.

available for this include oscilloscopes with a Polaroid camera attach-
ment to. integrate the counts and retention oscilloscopes. (Retentlon or
"storage'' oscilloscopes have a leng-decay time :phosphor which will hold
an image for up to .20 minutes. This allows for visualization of the-
“entire scan on the SCDpE 1t5e1f ) Data fecérded cn magnetlc tape may be . .

dlfferent QDﬂdlElﬂnS mf canttast ennancement by varylng the v1dao galn -
af thé sygtexn S . : :

’III, STAIIQNAEX.;MAGLNG“DEVICES_AN; HIGH?SPEED SCANNERS . ;;:7' - L

Durlng the past few yeare several attempts have been made tu dé51gnn'

tional reztlllnear S;anner yet malltaln aﬁceptable resolutlcn Twa
types of instruments: ‘have Emerged =sfationary imaging dEVlCES which’ )
utilize statlonafy detectors large enough to cover an entire anatomical _;}{ ‘:
area 'of intéreést, -and high-speed mulﬁlcrystal scanners which are actu-- o ’
~ally rectilinear. scanners but are gemerally regafded as thpafﬁEiE;igx;
" the stationary Amagipg dévices, I : : -

!'Ai' Statlomary Detaitar Imaglng Devia -
Three types of stationary. 1mag1ng dg;lcas are dommer al y avgilable at
present--the scintillation camera, the digital autnfl uoroscope, ‘and the

image converter gamma ray camera.. i . : . o \Rg\\ :
1. Séiﬁt'7lation EameraA - - L : LN

.

Vai..Detector and \pos cionlng ElECEIDH1CS:

"The scintillation camera was develcped by H, 0. Anger warklng at the
Donner Labat tory, University of California. . The commercially available
version of the scintillation camera employs an 11¥ inch- ‘diameter by LR

'_inch thick aI(Tl) crystal which is viewed by 19 phototubes in a
hexagonaLraﬁfay Because of the thina crystal, the efficiency for high-
-energy radiation is low. When a gamma-ray intetaction produQES light in
the crystal, each phototube will respond by producing an electrical 51gﬂal‘
‘proportional in magnitude .to the intensity of the light incident on its
photocathode .. va1nusly, those:phototubes closer to the actual 1acatlon

-’~1;1 i ;‘ -i o .
o . R o
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_of the intefSctiénsin'Ehe.crystal will produce a.larger Sigﬁal;ﬁﬁén 

those farther QWay ‘The result is that each of the .19 phot@tﬁbés pro-
duces a signal which -is inversely proportlonal ‘to "the square of . its
distance from the site of the interaction. FEach of these 19 signals
is divided into 4 components: - X', X ,-Y", ¥ . These are then added. =
vectorally by means of a capacitor network '

to form four positioning
signals. (See Figure IX-8.) The X" and X signals are subtracted by

T means cf a dlfferénce EleuLt EQ yleld ‘a resultant X positioning signal.

These X and Y

7;slgnals are then applléd “to the' déflECElGn plazes Qf‘g cathode ray tube
~in an osgilloscope causing the electron beam to strike the face of the

zslgnal,

: s
., " DIFFERENCE
. YR o, CIRCUIT
——————— — = : . i - ' 777!x e — .
CAPACITOR’ - X "X
NETWDRK — —T ;’f“ Y ——
— Y Y - B I ] L
22 ,;; ;3 -  DIFFERENCE —
*"’ “LAI“TY] . 19 PHOTO by gy ClRCwiT o
AVA\ . TUBES | ADDITION | R R
| B TR VI 977 __CIRCUIT o | .
M1 - - 1. . —deo N\
Z; ***** o : L Vit ' 1 |2 INPUT
ULTI HOLE u‘/z" DIA. Nal
CQLL,MATDR CRYSTAL | ‘PULSE-HEIGHT X INPUT o/
1 ANALYZER Y INPUTO=-

QSCILLDSCDPE v

¢

& Flgure IX-8. -*Slmpllfléd El@ck Dlagfam Illusttatlng tha Prlnclple

= ) a

tube in Ehe same relatlve p351t1an as the site Df the interaction in the -
crystale - The four positioning signals are also added to form a Z signal
which!ig analyzed according to height., Consequently, -only those pulses
‘that fall within the window of the pulse height analyzer (photopeak
ﬁurées) cause ligbt flasheg to appéaf on the face Df thé cathode ray
'ﬁLbE

_Thls make Che pDSltanlng more’ Lﬂdependent Df pulse bé’

allows the use of wider windows,

- A Polaroid camera is mounted onto the oscilloscope and the_.{fi m inte= |
“grates the dots .as they appear on the face of the cathode r

8y tube,

The intensity of each dot is adjusted by an external control on the
oscilloscope., . Anywhere from ID 000 to several hundred. thousand dots’
can be IECEded per.. prarure, dEpEﬁdng upon the type of Study perfarmed

L s
A1z
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e,

types of calllmatcrs ‘are used with the EClﬂElllEtan camera-=-a
mult;ple hclg, straight-bore collimator, and a pinhole collimator.
‘The straight-bore collimator is used to visualize 1afger\organs, such
as the liver, bfaln, etc.; the plnhgle collimator 1E used for - :
small areas, such as the thyrcld gland : S

Commercially available'séfaight-bafe collimators are of two- types:

the 1,000 hole collimator, with relatively thick lead septa, is used

with high-energy gamma emitters, and a 4,000 hole collimator is available
for use with. low-energy gamma emitters. -Unlike the ‘focusing collimator -

used with rectilinear scanriers, the palﬁg,of best rasolutlon of a.
stfalght -bore :olllmator 'is at its surface, - : Lot v

Thé pinhale :Dllimatéf' degigned §pecifically fdr thyroid work, wofks

on ithe same principle as a pinhole camera (see Figure IX-9.) Instead

of light rays passing through a pinhole in an opaque box and producing

a latent image on photographic film, gamma rays from a radioactivé
source concentrated in the thyroid gland pass thtrough a pinhole in a
lead collimator ahd im{eract in the Nal crystal. The collimation is not
as perfect for gamma ray¥ as it is for light and some radiation will
penetrate the collimator. The pinhole' collimator is available with
three. p;nhales affanged to pfaduge two Dbllque VLEWE of thg thyr@;d as-
well as a- straight anterior vies o

2, Digital'autcflgaras&dpe . s

The digital aut@flucr@sc@pegﬁgﬁévélaped in 1962, i a stationary imaging
device designed to be more efficient for high-enérgy photons while main- .
taining the high sensitivity of the scintillation camera, .

%

a, Detector-collimator.

The detector.consists of 294 sodium iodide crystals, ea:h-§ inches iﬁ
diameter and 2 inches—~thick. These are héﬁiﬁonally placed in a 6 X 9
inch array, with 1 cm center-to- center spacing. The 2 inch thick cry=
stals provide a- twa fold increase in efficiency over a # inch thick
crystal for 3b5 keV photons of 131q This factor is not so important
for lower-energy gamma rays. : : -

The collimator is a 3 inch thick lead block pierced by 294 con-

ical .apertures--one for each crystal .. The apertures are tapered from %
inch on the crystal side to % inch on the patlent side, :

The resolution of the system is equal tD‘thé resolution of the crystal
array.. Point sources, placed in adjacent collimator apeytures, are re-
solved as two distinct areas of activity on the display bscilloscope.

b. Data traﬂsfef and pfeseﬁtati@n S . R SS

, - _

In- the early model of the autofluoroscope, eiectroni& po SlEl ning and iy

pulse height analysi; were agﬁcmpllsﬁf% in the. same manner as_wifb-thg -
R . 5y " .‘~- L

O
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3 - Figure IK-?.-éPinhalé'Cg;limat@f
‘sdintillation camera. A more recent version uses a rank and’ file co=
incidence method to determine in which of the 294 crystals a parti+
cular gamma ray is detected. Then the counts from each crystal are
recorded, in dlgltal form, in a magnetic core memory system. The data
cay then be.read out nondestructively on a retentjon oscilloscope With
any. desired amount of background erase. The system allows for Aintegra-.
tion of counts over selected aréas of the scan, and for recafdlng the
:EDuﬁtlﬂg ratea frcm these areas as a fungtlan of time.
- . = i : 5 - ’ E - o .
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- 3. Image-converter gamma-ray camera. - . S : o

In 1963, a camera was’ developed to record the image (of low-energy
gamma emitters) shown on an 8 inch image-amplifier tube. This
-»-tubé has‘a thin phosphor inside a glass envelppe which is sensitive
to x rays and low-energy-gamma rays. -A multihole straight-bore -
collipator is used to project an image of the subject on the phosphor.
When a photon interacts within the.phosphor, light is emitted which = .
causes electrons to be ejected from the photosensitive surface of the
‘phosphor. - These electrons are accelerated and foeused onto a smaller
" phosphor-coated screen.resulting in more intense-light flashes. The
intensified flashes may be integrated<on Polaroid film or the image
-m;y'be viewed instgntanéaugly on’a m@n;;ar by means of an Orthicon system.
' This ‘instrument.is_*for use only with low-energy photons, such as the 27
- keV x tays from.'%°1, - The detection efficiency of ‘the phosphor is very
low for medium- and high-energy gamma r§§§;\ e L

W gy

B. High-Speed Rectilinear Scanner, ' ” 7 3

Another approach to iné%easing.che sénsitivity of a scanning system, ;
without sacrificing resolution, is to use a multicrystal detettor with =

a focusing collimator for each detector, Such a scanner is available
‘commercially. Tén.NaI crystals are aﬁrangédvsideabyaside with a dig-
tance of 1 ipnch between centers. Each crystal has its own focusing . .
colligator and phototube, as shown in Figure IX-10. The entire detector “
aase,bly,ﬁéwes atross the patient, scanning 10 lines at once, 1 inech - ’

apart.

= g ‘g - :
_PHOTOTUBES &  «
 PREAMPS (10) o
}-—Na I CRYSTALS ( 10)

[ FOCUSSING
COLLIMATORS (10) -

L.

) . -~ . :
"igure IX-10.--Ten Crystal High-Speed Rectilinear

' . - . Scanner Detedtor Assembly

4 = .
f *

] E

: : “ i

. The detector assembly then moves a 'preset longitudinal distance and
traverses in the opposite direction, etec., until th® spaces between’.
the original 10 scan lines have been filled in. 1In this manpner, large
érgans can be scanndd in a fraction of the time required wiEhia con-
ventional rectilinear scanner. The time savings for scanning small
organs' and glands is not as great. i_i'
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Ob 1ausly, to.obtain a LLfe size phutogzaph’éQscén difectly{ﬁ@ﬁlﬁﬂn:;”
ssitate having 10 pthD,EannEra traversing.|the film 1mu1£anLDugly'
Inatead the output. from each phDEDtubE is algalvzed s eparafily and thE=

counts. are stored on magnetic tape. Th;ng the data can be recalled non-

_de%trugclvely in any one.of a number of ways prav1gualv disctUssad, viz,,
;oscilloscope with Polaroid .camera attachment, fEEtﬂt on. 0s CllL@?LDpé;
“or tlosed circuit ﬁelEULSIOﬂ, ' R RS

Iv. PDSITRDN- SCANNING R R
o, o

The annlhllatlcn photons from positron ab&@rpt;én (Chapter V) may be
utilized to pinpoint the, location of-the absorption event in- tlssue._

' %dvantage is taken of the fact that the annlh;latlan photons are emit-

ted back-to-back and SLmultaneausly Thus two detectors stationed at
180°" relative to each other may-~ be used, in cénjunction with a CDLDEL—
dence circuit (See Chapter VIII) t@ detect annlhllatlcn events. Flgure

" IX-11 illustrates ‘the general arrangement af such a system, Of the L
: 'ccurrlng in the source, only "B"

three annihilatibn evénts picturg
will fE

alt in an output pulse from the discrimipator, since ity is the

only ode which results it a 0.51 MeV photon - bELnE absatbed in each crys-

tali Cy
dent clrzurt simultaneously -and an autput pulﬂe rgsults.f

_a-, ’ - : B 8

uently, the two pulses arrive at the} inputs of the tmlncls

g€

Any ractlanear‘SEaﬂner or 1mag1ne dEVlCE wblch alléws'fﬁr defectors
mounted-on' Dpp351te ‘sides of the patlent may, with the appropriate elec-

‘tronic mad;f;;atlanb be used for positron scannfing, ,No collimation is -
- necessary. Tha. ' i

luclan is  determined by the 5 the crys'tals,

7 e : S

+ . .
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Figure IX-1l.--Block .Diagram @fva Positron

. The sensitivity of this system is more nearly unlfarm thraughout the
.. region between the 'two crystals than is,the. casé ' 1
" .detector; focusing-collimator- arrang ‘nt In the case Df the Sﬁlntllsx
wlation camera with a. cammerélally avallable pOSlijn attachment it d

= 7
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pDESlblE Lo abtaln ‘a tamcgraphlc effect -i.e., one plane is in sharp
focus while the other planes are. superlmpaaed but blurred. The plane . .
"of best Egsus can be set to .any.desired level by adjusting an az-'

tenuatar in tha ElECEanlQ ercu;ts , . ¢
'Pasiifan seanning has received its gréatast se ;n ‘brain studies. Iég{.
&
topes that have been used;far this purp@se are: AS, éC‘,u, E?Ga, and

o .
lSF J amcng giggf . Dne«,isadvantage to these materlals, ‘compared to
3aa"“;*and a*her Ypure" gamma-emitters, is the increased patient’ dose’

 from the absafptlan of the paftlaulate radlat%@ﬁa) Positron scanning is

‘not- a. frequently used te¢hn1que at zhls time,
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CHAPTER X.

C

1;--INTR§§UGTIDN1"'

., The- statlstlcal nature of rad;oactlve decay was rezognlzed;SQOﬂ afﬁer Gk
' Ehe discovery of radl@EzE;Vlty. 'In.fact, the law. of radlaactlve decay
(Chapter II1) can be dedu:ed strictly from-.statistical" CDﬂSldEfatioﬂs, :
proving it a- stat;stlcal felatlanshlp subject to the laws of chance. S
Hense, in any sample containing & Targe number of radioactive. atcms," -
somé average number ‘will dlS;ntegrate per unit time. But’ the exact” num=d'?
.- ber 'which disintegrate in any given unit. of time fluctuates afound the
' average value.  In counting- applications, it. lsflmpartaht to estimate

S thlS fluztuatlun' ‘because 1t 1ndlcates the repeatablllty of results of
fa meagurement.

e . _ N : S

e IT FREQUEN?DISTRIBL’PI‘IDNS A

Lo . IREPELY B ;—n_’jf ST s
If one’ plcts the frequency of occurrence of values agalnst ‘thé values
themselves for a series of identical measurements of a statistical prqc-

. .ess, a curve Will ‘Fesult--the ffequengy dlStrlbutlDﬁ curvs. Many §tas o
tistical phenomena tonform to certain standazd frequency ‘distributidng.’ g
LIf this distribytion is known, certain inferences abeut a p@pulatlan ‘may

?‘f' <’be made’ by obgerv1ng a small sample of the population. In nuclear

v _"cauﬁtlﬂg statjstics, frequency dlstrlbutlans .of interest are the normal,
; the PDISSDH (prcncunced PWAH SOHN'), and the Chl square dlstflbutlﬂﬁé

'A._ Narmal Dlstrlbutlon S . ] S T :_ R - 'é o
i - i + *F *
: Lo - . : L i £

b ‘; me

céntlﬁucusly va:yln
curve. Ear a 1arge.

: E 2 . p o
- vi.ane shmwn in’ Flgure X« 1) will, result. - This is the normil dlstr;butlan e
w7 durves | TE is characterized by two independént ‘Parameters: . the mean (m)
and the sﬁandard dEVlatiDﬂ j€=) NN .

- 'Méan

'
“a

< The mean is the average value of the quantlty uider observation. . For
the standard normdl distribution (i.e,, symmetrical about the mean), the -
mean value is the one that occurs with the highest frequency Since
in realtity we observe only a pa;ticn of the,population, we estimate the:y
. mean by a numeflcal average (x) N

- *(%‘ l' =. T - o= = as. o
* - . g, ’

%%f*f L - (1)

5

i

where xl is the value of
- abservatlons.
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-the squarez GE thé lﬂleldgal dev;athns frﬂm the mean
*matlﬁallyg.thls is ' Ca

q
It

= - . ‘ ‘ - S

[

auwhgra m is the mean value, xils the ﬁaluelaf thé i'" measurement, dnd n
is the total number of observations: As with the mean, we must’ estimate
g from a finite numbEf-gE Dbservatlﬁns.” Ihe best estimate f g is callad

Sy whlch is given by

. Aﬂ,-;f. - . : *

W
[

e : ’ -A,__‘_!-’l‘ : . CB)iq

The use of n - 1 iﬁ“t; 'danamlﬁatgf results ffam the use of (x) instead
of m.in the numéfatbr; .In other words, we lose;one degree of freedom by
estimating m with x. SlﬂCE m and J are 11degend§nt pafameters which
characterizg the normal’ dlstrlbutlﬂn, it is possible to have an infinite
numbg: of vhlues of o for a given mean., However, the smaller the %Land-
ard dev;atlgn,fthe greater the reproducibility of the measurements.: ‘1f
one z;ra one. Stéﬁdafd dEVLatlon on each syd?qu thg mean of & standard'

L
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_ 'estlmatas the gtaniard dEVLatlQn by sxg ;t can_ be hald
*1th 68/ ;Gﬂfldénce that thE trua mean ﬂalue 33 i

uftldns WLII oécu: :
“the trgquancy d’ rihutlan r25u1tLﬁg ffDm the ijervat;@n DE a 1afg§
number of events which, taken singly, have dnqmall but cgnstait llkel
hmod DE noccurrence. ThE‘PDlSSDﬂ d;btrLgulgon ig characti
one' par ‘er~-the mean. If the daflnltlan of standard dav1at1un CII
\;s applléd to . the Poisson' dlSEflbutlDﬁ equatloﬁ, the fallmw1ng

;’EKPEESSLDH results:

B

Thus , thé standard'devia
mean. Lt can have Dnly o
ference between
be integers i
' d,cont

‘m and x must
narmal dlstrlbutlan is -

o i

.%atams far a perlad of tlme WhlEh is shﬁtt ccmpared to the half llfe, then
the: probability that a single atom will decay during the DbserVEtlﬁﬂ ~time
is Small but .constant for equal time intervals. Also, only’ 1nteger num-

. " ‘bers of ‘atoms decay in any time period. HEDCE;inuiléar dlSlntegratlons
Gbéy Poisson statistics., If, h@w&ver, the meard: nu

is maderataly large,‘%ay 100 or more, the PDL;S@R dlstrlbut;on is ade-
quately apprOYLmated by a special nDrmal diétflbutlﬁﬂ far whlch 0.
. ,or in terms of our estimates of these pdrameters, : :

8

ED or greaEEE? }
data, since 1t£15
directly: =~
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‘total counts .7

-iyéauntiﬂg ﬁefié I

= caunt raze

script, 8- refers ta Ehe Sample plus backgicund :cunt (gross-

gDl ; ‘ers to:the. back:rcund count’ alone; and s- .refers .to the net

@? ip L ﬁagurally,“ “must:-be- ‘obtained-by- iubtracﬁlan? s;ﬁceri
lmposslblé a’cbserve dlrEctly the sample actlvﬁéy apart from the ever:

fgm Equatlan_(é) the standard deﬁlatlcn in: the thal Sample plus backgraqéd .
.75, > is g;ven by . T ) L o _ _ T LA

» lated fram, ;-E ' f',"' -

B. Standard Dev1aticn in Caunt Ratef(n}~

- Tc DbtaLn the’ standard dev1at;mﬂ in thé grass cuunt rate,. leldE both .
Sldes Gf Equatloﬂ (7) by{—, ounting period.- Thgﬂg

®

s

b : ot T s -
‘ N T L
.Buﬁ;'f% o
; Théfefére " the standard dev;atfcn in the Bross count rate, S, ¥1iS E§1f.
culated as fcllows : R R

B L PYY o o Coy
AT s T, B (1 ) y

Slmllarly, the sﬁandard devlatlon ,in the background cauﬁ;'}ate, 5ﬁ',)ié

. given by . o 'f, L.




Nuclear Ccunﬁlng_Stati

]Standafd Dev1at10ﬁ 1n Net Count Rate (n )

Ihe net ;Dunt rata ﬁs, 15_§i en by_l‘=:;-

A S My =.0g = Oy

fNDtlcE the count_ fates are used' -because total colnts cannot ‘be’ subttscﬁed %

.x=unless the count;Eg periadéls ‘the same for -sample. and background, "This is

_ rarely the case, The problem here is one. of. Cmelﬁlﬂg the standard dev1a—i“
1E1Dﬁ$ ‘in the gross count rate and Ehe backgrouﬁd count rate.- The methad -
of combining standard dev;ations S*l + sxg to obtain the Szandald deviation
'in-the sum or differencé of.  two measuraments xl £ xg is: -

:Th 5, bY c@mb;ning Equatlans (lQ) and (ll), cne thains the fDllQWlng Expressi
fors, ; thé standard deviatlon in thg net count rate: . o

L . o . . B o
. ny \ n, LT e
- 8a Jf— rc ey (14
. e ty By Gy L
' i = ‘ . 5
- Example: i '

_VGiven ‘the Eollowing data, find thé standard deviatians in (a) the Ectal
" gross and. background counts, (b) the gross and background count rates,
and (c)’ the net couﬂt rate. Repart (c) ‘at the 95é ;onfidence level L

G

F'N:A = _éO,DOQ ¢0un§s, t-véflo_min.

E E
N, = B,SDﬂlgéuﬁts,vﬁb'%'ZO min,. f | . A§%~

(3) SN; N , 0 C ;-ZQQ counts .
SNﬁ V;f - éD-cogﬁts' )

‘ "'40»»-000. o —- ' S ur
() mg o= HEe=4,000ph T g
Com = 2B 180 e

= -3 cpm'




It is SOmEtlmES EDﬂVEnlEnt to express the uﬁceftéinty
.48 ‘a fracﬁlan of the quantlty itself. This is called

siandard dev1atian (FSB) and As: determlned ‘as, féllows

‘where k' is the ﬁumt;er"af%étéﬁdafd" Ev:.atlcjns reqmred to glw}a t}ia desued_
i,canfldence level - The uncertainty expre Sed as ' a pEICEﬁtagE of 'the tatal~: :
’“is Bbtaiﬁad by multlplylng the FSD by IDQ In- the prev1cus axample,  f .

(FSD)N %-;’f@ 6 3, 32(}_ 0. DlDE

Thé uncertalnzy in- the dEtEfmlnaEan is’ 1 Q6% of the net count rate at
the 95/ EDﬂfldEDCE leval : -

’Ei5 GthEr‘U$efu1 Pg:émgzgf57 

vlﬁfiﬂast-*éébﬁﬁlé:érfaf:\ff”}F 'f;;j fﬁ";fr 1A,' f;‘f{F“°
The quantity ccmmanly raferred ED .as the mast probable error is theA'f

' dev1at1an which CEEIESpGﬁdS to that value which will prcbablv be- excaedeﬂ'
on_repeat-measuremants. "In"other wards, 1t»carrespag§s to the value ‘
-which, if taken on’ each’ 31da of the.mean, will include '50% of ‘the "area
under’ the normal .distribution. curve. Expréssed in terms of the standard .~ . 7
dEVLaEfDn, thE ‘most prcbable error is equal to 0. 5754 gL e

e oo - . e ) o ’
"2, .Nlﬁéfténths errar, 'VL~3 L DT

.Theé nine-tenths.error is the uncertalnty whlch is expected ta be exceeded
lD/ of the tlma Dﬁ;fépéat measuteméncg*,lt is 1 64 ﬂ.j. S :

‘_; = . ﬁ
RS

" F. The Chl Squsre Test Df Gaodness Df Flt jth;??ﬂ'tflJ fl‘  ;’;ig_Q 

One’ of Ehe most ;ﬁ?artant appklcatlons Df statlstlcs tb meﬁsurements is
the 1nvest1gat19ﬁ of “whether ot not a paftlcular set of measurements. flt
an assumed. distr;butlon. ‘The tast mcst then used for rhls pUEPOSE on-
nu:lear counclng data is Pearson & chi~ square test.. -

:Thafquaﬁtltyvx, is dgf;nad;as-fgllgws;

.f“ '?,[(nbserved value§1 (expected valua);] .

3, , - i

: - X - S (expected value); 4.y . - .  ..-."
g s - 7P'7ti  ”“:~)}uui+£1f' Lo

O
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:_f-where the summazion is QVEI the tctal number af 1ndepend§ntacbserva—'

©-tiens, - Iha Expegted values
AdlsttlbuEiDn " For’ nuclear- cauntlng data '
* the 'Poisson, hehce the expected value is’

‘0f counts : ;cnrded per 1ntafval.3 Ihgs

:dlstilbutiﬂﬁ is.

fallaws‘

: Cﬁmpute x fram Equatimn (15)

53;;x3;};Determ1ne Ehe degrees cf freadﬂm (F)
' f;F is the- number of ways Ehe observed dlStrlbuthﬁ may dlffer
fram the assumed In our appllcatlon, E = n - l - o

4, Ffom Table X 1, wizh the values Df x and F determlna ?.-'

P is the prababllLty that 1argar devlatiéns than thasa'éb— .
- ‘served would be expected due solely to. chance if the ob- -
- servad- ﬂlst:lbutlcn is actually identical: to, the assumed-
aLsgzlbuE;on; From this definition, it is obvious that too
little deviation.is pcésible as well as too much.  The .
‘closex P is to 0.5, the betfer the observed. distflbuaicn
fits the. assumad far 1arger dev;atlcns than those' Dbserved
are just as likely as not. . The: 1ﬂterprétat10n of P isg for
0.1 = P.£90.9, the. DbSéfVEd and assumed distributions, are
T very likely the same, -If P.< 0.02 or-if P> 0.98 the.equal-
ity of the distributions is very. unlikely. ~Any. other value o
of P! .would callﬁfer additlonal data to better define the A_f
3’gbservad dlstributlan. 5~i : e

\An axampla Df the use af Pearscn s test. is as fcllaws " The data 1n>tﬁe m;

1fc11§w1ng table- are, ‘from a series of ten2 mlnute counts of a . standard -

2 source: made with a- G=M labgratary caunter We wish’ to dEtEfmlﬂé Whethar:

, Ehese data reflect proper instrument npératlcn The chi square tast is
- appl;ed as shuwn on- page 113 _” o

he avarage number' S

' The staps in. applylng Pearson s Chl square test tD ccuﬁﬁiﬁgldataiafé,ésr'u-“

L ReoGompute X ORI LT e T



A

Nuelear C@untlng Statlsticsr s

ii l r——Iable c:f Ehi Squate Values* o e

1. Number of . _ o ‘ Prababﬂity _ |
DEEEfmiT 7, T 7 Lo T ST T ) o ,,

| . nadons . ' 099 . | 0,95 | 09Q 1050 L0007 [ 0,08, 1 0,019, T

.3 | 002 | 0103 | 0
©Y. 4. - | 0415 ]..0.352° [ 0.
S5 00297 U0LTIL |

. ‘4,351 | -9.236 |.11.070. | 15.086 :| =~ ;
| 75:348 [ 100645 | 12,5927 | 16812 | T
S 2,167 .| 2,833 1 -6.346. | 12,017 | 14,067 | 18:475 »
2,733 | 3,490 | 7.344. | 13,362 [%15,507 | 20.090
13.325 | 4,168 | 8,343 14,684 | 16,919 ’_21 555

11 - |- 2.5%8 | 3.940 | 4.865 | 9,342 | 15.987 ‘| 18,307 ‘|- 23, "209
12 - | 3,053 | ‘4575 | 6.578 | .10.341 ‘| 17.275 | 19.675 .3-24;725_
.13 | 8.571 | 8226 | 6304 | 11,340 '| '18.549 .| 21,026 '.-26,217 | - -
»14 C {407 | s.892a | 7,042 | 12,340 [ 19.812 | 22,362 27.688 | .
15 | 4660 |. 6,571 7790 . | 13.339. | 21.064 | 28:685 .| 29.141 .

16 . | 5229 | 7.261. | 8.547 |14.339"| 22,307 | 24.996 | 30.578 |
17 5.812 | 7.962 | 9.312 | 15,338 | 23,542 | 26,296 | 32.000 |~
187 T | 6,408, . 3_;5713;_' 10, 085 | 16.338 | 24.769 | 27.587 | 33.409 | . .
190 .| 7.015° | 9.390 | 10.865 | 17.338 | -25.989. .| 28.869' | 34.805 .[. . .
“20 -] 7.633 %[ 10,117 ;\1;3_51 118.338° | 27.204 |-30.144 | 36.191 | -

21 s 8.260 | 10.851 |'12,443 | 19.337 | 28.412°'| 31.410 | 37.566 | -
22 ¢ | .8.897 |-11,591 ‘| 13,240 | 20,337 | 29,615 | 32,671 | 38.932
o238, 7 | 9.542. | 12,338 | 14.041 | 21.337 | 30.813 | 33,924 | 40.289 |~
© 24 - | 10196 | 13,001 | '14.848 | 22,337 | 32,007 | 35,172 | 41.638 |
025 |.10.856 o 13:848 15.659 ' | 23,337 | 33,196 36.415 | 42.980 |

.26 - | 11,524 |.14,611 .| 16,473 | 24.337 | 34.382 | 37.382 | 44.314..|
Co27 0 | 1298 | 15.379 | 17,202 .| 25,336 | 35563 | 38,885 | 45,642

~28 - .| 12,879 | 16,151 -{"18.114 | 26.336 | 36,741 | 40,113 | 46.963
207 -] 13,565 | 16,928 | 18.939 . | 27,336 | 37.916 | 41,337 | 48,278 ,
- ',.'30., ‘ ‘14255‘ | 17.708 19-753 28.336 | "30.087- | 42.557 | 49.588 | . N

‘Usually tables ln statistical te;:ts glve :he pfﬁbﬁhﬂlfy of Dbtaining a value of 1‘. as a function of df, the
number of degrees of freedom, rather than of n, the nur‘;ber of repllcate determlnatims_ In using such texcs,
:hg VBJ.LE cf df shauld be taken 35 nel . . ' o

=




261, . 8L

e}
W
st
]
]
[
]
o

, F;am;zablé X-1, Pens 0.72. ;Thus;ﬁé conclude Ehét*the data réfie;t proper
-,instfumEﬂt opefétioﬁ;. ':V‘A - - o o O -

-Gy Mlnlmum Detectable A:tlv1ty :

’Mlnimum detactablé agtlv;ty (HDA) is daf;néd as the. aQEIV1t (usually 1n ’
mizfocuries) which will result in~a count rate. s;gnif;cantly different’
‘Erom background for a given counting time. "If the . samplergountiﬁg tlme
- is to equal the background counting time;, MDA = (k + £)4/ Ny + €y
"k is the number of standard deviations: corréspanding to the chgsaﬁ con-
fidence level, and f is the calibration factor. for the instruimeént (f has

units of epm/pCi). | .= - o

T

H.. Application of Statist ics to Ratemeter Readings
In abmanner‘campletely analggaug'toftheAderivatidﬁ of the standard devia-
tion in:the count rate from an integral counter, the following. .expression.
. may be derlved for an lnstantanaous ratemeter readlng

whére r is-the fatemater reading in counts per minute or counts per sec- - .

ond, and RC is the time constant of .the. ratemeter in appropriate time

unlts, o o

CJ



data.

ontrol .clart permits a. peri@dic check

';tian in tﬁE counting rdate from a constant source -of rad;cact1v1ty is
-consistent with that prediﬁted from statlstical considerations.
struct ‘such a chart, it is nezessaty first ‘to' make 20 or 30 1ndependan§
measurements - Df the same-sources. kaeplng the :Duntiﬂg time constant,

_ Then a’chi-square test. must’ be performed on ‘this data to 1n5ure perEr

instrument -operation.at the outset.

:%cquntlng rates are plctted

3

"CQUNTS PER MINUTE .

Mi NN N oMb M

: H ]

,aunting, nstrument is w1th Etatlstléal :antr@l charts
to see.if the- abserved flu:tua—

A statlstlcal

- To con-

‘ . Once. praper Dperaﬁlan is. Establishad
the mean ﬁ@untlng rate .and the standard deviatioff ‘are'calculated fram Ehe
Next, a graph is cgnstructéd ‘as EhDWﬂ in F;gure X- 2, and da;ly

'+ 26 _ - o ) 1 B v. . . : 7~ . -
+ 10 - — — —1— — '
< o . P _—
- 1VQ' — — e - —_— — —— =
- 20 — - B i I
= 30— — - - — e e
S T B R
15 25 . L5 15 25
“APWL" o L v . 'MAY_
DATE OF DAILY COUNT"
- Figufé.Keg,EEant:ﬁl;Chart - -




v SUMMARY

IE is wise tD labal‘the absELSSa in calendaf unlts to facllltate retr,f .
,spactlve analyses.;-ind1V1dual QEV1at10ns from ‘the - ‘mean . should -not: excéédii
;' oné standard'dEVLat
more. than 5% of EHE t1mE, ete. 1f a maaSufement falls Dutslde the 95%

on more ‘than, 33£ of the tlme, two* standard dév1at1unsz”'f‘

}(iéj line it shguld be repeated. 'Since there is one chancé Ane ED that a’

: 51ngle value w111 Esll outside these limits by chance alcne, the chances=
e’ one in QDD that such will be the case or. two successive DbSErVSELODS
Zznce two successive measurements outside the 95% -control limit is suffi-
‘cient cause to suspect anomalcus data. - -One ‘should alsD ‘watch for trend$§
“in the.daéa i, e*, gfadual but conslstent Eﬁangas 1n Elthéf dlfégﬁlon.

: Dﬂe readlly avallable source- fcr EOHSEIUEtlng statlstlcal Eﬂﬂtfol charts
is the avartpresent backgrgund radiatlan.= It is lmpartant to'measurE» B

N area) are. refle:ted in changlng bac”gzaund :Dunt rates.*:.'_f;- e

3

.:_‘ v

‘The appllcatlcn of sﬁatlstlcs to" nuclear cauntlng data is mandatory tc

-+ the. precision with’ whlch measurements are made. It shauld be: Emphaslged?: s

‘ that qply the uncertainty | due to the random nature of sthe de:ay process.
, 15 considered in this chapter. If other s;gnlflcant sources of- unc;r-
t Ety are’ p:eseﬁt, such as timing, they ‘must be - dealt with. separately

-and’ included in’ Ehe cverall estlmate af ‘the accuracy
. = j[ ‘ B R z
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: 7,ERIHélPLESiGF;IN’VIIRGTGDUBiINé

:f'i;' INTRDDUCIION L

:Cauﬂtlng applicatlans may be lelded Lnto two categories. in v1tra S
and in vivo. In vitro counting refers to samples of ms?éflgls that - .
] are cgunted cuts;de the:living crganism,- «Ees blccd, urine, fec&sgr'
. .ete. Suzh samples are usually prepared 1n a test tube, planchet,
‘other convenient counting vial (vltfo means glass) and counted in
some . type of labaratory cauntlng systém £In _vivo - coun 3. here refe

_ It;'=ABsotUTEiccﬁHIING

EfThls term means "the absblute dlslntagratloﬁ rate of ‘a sample Wlll
. be; determlned rather than simply ‘the relative countlng rate. ¥t

¥ h permlts a quantltative assessment -of- the sample s fadi@aeth;ﬁy .
ﬁverall Eff;21ency )  H- o -'_-3-ﬂ- f»_,¥-
: In nrder tc do.. absoluté c0unting, the Gverall efficien_y of the couﬂbing -
system.must be’ known. Dverall effici&ncy (E) is: defined as follows.f R
_725;7> 

2'\&-Henge, EEE sample disintegfatioﬁ rate 1is obtalngd by dividing the
" relative courit rate by the eff;ciency factor Several fa:tors affa:t
the overall efilciency of a cauntlng system, : SN

:;11 iéeometry.._n

The prlme factar affa:tlng the- efflciency cf any countlng system is. tHe .
. -position, size, and shape of the sample relative to the sensitive volume
of the detector. Thls relationship determ;nes the geohetry of the
. Accuntlng arrangement. (Geometry is defined ‘as the fraction of the solid
" -angle about a source which is 'subtended by the sensitive volume, of the -
"-.detector. Hence, geometry is dependent on the size and shape of both

‘the séufca and the,détéétor-) S e S R R .y

“a, “En d=W1ndow detectors L *j_""‘ Lo L . LT 7

-~ In the simple case of an End—wlndow deteztgr with radius r used to- cgynt:
a polnt source (see Figure X1-1), the geometmy factgr (G) LS easlly da-
tarmlned frmm the- above deflnltion N .

G § (1 cos @), or. o _';'} o

) ‘I)I

m o




O
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"c. . Well caunﬁers ’ i_; S

213 glven by: _

:where: -

2]
‘s,

where h lS\thE pérpendlcular dlstance fram tha saurig tu the deteztar
Thexgeametry factor changes’ fapldly with the dlstance h farxsmall _
~values af h. E'At large dlstaﬁ¢es (h: > r) the EEGmetfy fa:tar varlesv-

47'uare Df the d;stan:e

b. Internél detéétofsv U ;vﬂAQ ' -,'::;:f’

Iﬂ certaln gas=- 1Dnlzatlan dEtECthS, the sample is placed lnslde the
‘sensitive ‘volume (Chapter VII). These are éither "2m" or "4m" counters;
i.e., ‘the detection chamber is ElthEr hemlspharlaal or spherlcal hence
either one-half or all the solid angle about the source is§; ;subtended . by, '
the détector. 'Thus, fram ;ha definition of geometry, ‘the’ gecmetry fac-

- tors EDr 2m and éﬁ caunters are, 0. 5 and 1. 0, EESPEEthEly g

"

£ -

Sclﬂtlllatlan crystals may . be ccnstructed w;th é "well" in thE ceiter

of the” crystal as, Shéwn in Figure XI-2. Thls type of detector: -allows {
_the counting of samples in fest tubez or- 31mllar cauntlng vials.. Flgureﬁ"”

XI1-2 shows : that the ge@metry factar fér a; palnt source ! ln a. well cgunt2f

It
i

]‘ .
o
P

:dlstaﬂce Eram the saurce ta ﬁhe to p Vf the crygjal

N2
m

-
I

= radius- af ‘the well as measured frDm the centerl HE‘EO the
: edge of the crystal : W :

Flgure-XI Detector Gecmetry ’  9,?: . : ?ﬁi”fﬁ=¥;=fﬁé‘
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rﬁuntlng aff
e.Mef;nelll beeker in Whleh a llquid eemple perELelly eurreunds the

etector. The" ealeuletleﬂ of geometry factors. for this and other- ex=-;
“tedded. source arran 7rente is eemplex "and will not be presented here

2. “'Abeerptiee :,f,f;*' I ,-”,;‘:-:V S
‘ . R =T e

Anether feeter thet effeete overall eff;eleney is radiatiod Ebeerp21en -}_?'
by the window . or wall materials of the detector -and by the semple iteelf.
Self- ebeorptlen in the eemple is eepeelelly 1mpertent for alpha end beta-
eounting'end Eer very-low-energy. gamma- reye.emWindew or wall ebserption
iﬁ most: dmpertent for particulate radietioe ‘but may also be eignif"'
7 eent for low= and mediumBenergy gamma ‘Tays,- depending on the. thicknes
¢°and* composition of ‘the material, When. e;phe pertiele : >
an end-window counters.even - the ‘air ‘het 2 )
window will eeuee eigni cant ’

Selffebeorptien (ebee” ien by ehe eample) ef pertieulete rediation mey

' be. determined’ experimentelly by counting several samples of equel ac-

: tiviey but different. density-thicknesses’ (expreeeed in mg/em®).. (See~

o Hdpter V) ILf this is done: for different isotopes--each having a -

d;fferent meximum beta energy-ee femily of . eurves is obtained, as shown :

in Figure. XI-3. For each energy there is a poine beyond -which edditienel

sample thickness- does not affect the counting rate. This: thiekneee 1is. F e
called the saturation thickness and Jis equal to. the.. deneityathiekneee in e

;vmg/em -which. correésponds  to the meximum.range qf the beta particles.” A
Windew abeorption effects mey*be determined- by pleeing ebeerbere of . <. Lo
different thicknesses between the eemple and detector . and pletting a: e

‘eurve for each beta énbrgy. ~The curves édn’ be extrepéleeed to zero i
‘thicknéss and the ratlo -of observed: eountiﬂg rate to the eeunting retef s o8 L
withoue ebeerptlon een ‘be determined R _ e L

'HIGH BETA ENERGY

"\ SATURATION
=, THICKNESS,

W W
IS

Flgure XI 3-sReletive Ceunt Rete ve, Se,p ) \
fer leferent Mex;mgm Beta Eﬂergiee

£




x 1n lntegral gamma . countlng, but the ‘con-
- ost. 1mpartant for hlgh=energy beta part;=,v
e where the counting rate may be 1ngreased by as much. as”"60 to '
due to scatter from the sample mount. The scatter canﬂr'bwtlon it |

be determlned Experlmentally'by maklﬂg a plot Qf gauntlng rata vs.
dens;ty thlckﬂess nf the .sampls

imum K fie . beta part;cle.* Thls
is called Ehe saturatian thlckness of “the sample mnunti: 2 ttéf ol
..

cantribuﬁion isra function of-the atomic number .of the. Sample m@unt as':'
‘,$ity thickness and the beta enerEv.

.IﬂtriﬁSlc Efflclency aE ‘,EV K ‘*_f S o R Do F

LT _';GEOMEtfy, absarptloﬁ, and scatter. determ;ne the fract%pn of thg phatcns
et or partlcles emltEEd by the sample that will enter the SEHSIElVE vcluﬁef
-of the detector. - "The term Lntrlns;c”afflclenc_ is. deflned as the ratio
, . of the number GE phcteas 0 partlgles thatflnteract in the da:eccar-tc - o
Y .7 the numbér ‘that gnter the sensitive: valume. Far mcsc deﬁecﬁﬁrsé the = o,

i 1
3. Lo co . : . T h

’f:_‘lﬁ : Figura XI—4-—Rela§ive Gaunt Rate vs, mg/em af Sample L;‘j'{ @ L
o ' : Mount far Different Beta Eﬂérgies e -1=; S T

B

intriﬂsia efflciancy is- 10@4 for alpha and beta particles, keesy. the de :

' 'te:ging'medlum is af sufflclent volume and SuffiCLEnt den51ty so that all’ .
i ' "iand :cause iomnization.

is dependent - onnphatﬁn o

el v 1€ size. and shape Df the detécgef,Ethe detecting
madium, and Ehe disranzé from'tha source ta Ehe dete:tgf.v_W1thAgamma
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2 glven u%lue for 1nt,1nsic éffic ency must ba spEclfied for E
, pulse he;ghtvggggggum, or for photopeak counts only... The. 1at—%-f~
ony L8 called _ﬁgz;gé%gfpggk EfflélEﬂEV. The lntr1ﬁ51c ‘
-photcn energy-.for a NaI(Tl)" crystal l% ;g:hes in'

th;Ck“WlEh a lenE saurze at 7 cm from the’ detee§

peakreff121ency;15
stant negatmve powaf.

.
. =

1
D

i TR

NSIC:PEAK EF FICIENCY;

| -me

b,

:-Intr1n51c Peak Eff ancy- vs. Photan E“EEEY S S
' for.a. IL X 1- anh NaI (Tl) Crystal T . s

"”“Hence,_fcrlccnstant geametry and detectar dlmen$1ons,,the intrinsic.
peak eff;cl.ﬂcy EECfeases very rapldly winh increaslng pb’ténvengfgy,

:“”The intzlnslc peak eff;ziéncy for gamma phatonsmls alscﬁ
© . fhe volume:of the dete:tar and Eh tomic ﬂumba? of
“the. value. for 1
:Quntlng gas.“ﬂ:

,'téét‘iﬁgimgﬁi_’%{n; SR
tha;forg_ﬁ., Lo

Y SR

i

Dverall efflciency is- the product of the f@ﬁr factors dlscuSSEd above.
geémetry,nabscrptlon, scatter, and 1ntr1nsic efficien:y For rela-= Coe e
| : rrangemeqtsg these individual factars may be=-f;_' ;\::*7;
iined. expérimentally Aas shqyﬁ But far most -cdunt= LT
ing appl;catlans ;pvalv;ng volume ‘sour , these factors are dlfficult
j't to. determine *accurately. So the. prefer methad for. determln’ ,over-
all efflclency 1P usually . by, means ofa standard souree, - whose absoluﬁe
v -d;sintegratlcn rate ig knDWﬂ to a hlgh degree of accuracy. Eff;clgqsy : 2
pm/dpm. This' - . .
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§ h : e e ' . : L - )

‘may be é%prassed as-a Eallbfatl@n fact@r £, w1th unlta of ;ﬁm p%r mlcra— ’

.curlg as Eollows*w_A AR : v, : : : :
| ST fk-i?ﬂ> = 2.22 x.16° E .-

- where E is the Dverall'affiéiéﬁcy asupfeviausly defined,x

L
L3 .

A If pDSSlblEl the 5tandard’§hauld be ‘the same lSDtDpE as is in the hample

, ﬁb51ng assayed Alsoy the geametry,éabsorptlcn, and scatter factors

) should be the same fcr the standard as for the unknDWﬁ 5amples, e.g.

« 0 ‘ldentlcal sample m@unt;, equal valumas, etc. Cae i .
With short- 1lVEd 15@tcpeg, an accurately callbrated atandard source

" cannot _ be maintained. A long-lived isotope with similar properties,

with regard to the types and energleg Df the emissions, must be suyh-
994
T

. -stltutad ‘Examples 1n:1ude the use of ®*7Co as a substitute for c, -
.- -and a ;Dmblnatién'DE 7Cs and ®Ba to s;mulatév¥3l1. :

‘When a diffgrentgiset@pe is used as a standard for CDuntlng gamma emis-
sions, the.per cent abundance of the gamma ray of interest must be de-
termined for both isatapes; an the activity of the standard corrected
- td compensate for any dlfference in per centabundance. For example,.
vt . every lDQ disintegrations of “2%Tc. results in 99 phctans of 140 keV:-
f energy. However, the ylald.far,the 123 keV photon from °7Co is Dnlg
93 per 100 disintegrations. -Thus, it takes 99 + 93 mllllCUfiES of °7¢C
- to yield theé same number of photons 'as 1 mllllcufle af *737¢ Ifsi?CD
. < is to be used as a’standard for EBETC, the ®7Co activity mu5t be ex- ,
a7 pfessad in terms of eqﬂivalent tezhnetlum act1v1ty '
B. .Ihstrumenc dead time

 uy

Instrument dead ELmE is déflned as, the timé follawing the occurrence of

_EiDn. Thls may bé thgught Df as ﬁie time required far the instrument
to "recover" from one event to the p@int Ehat ancther pulse may be pro-

cessed. z
1, GﬁrrEGEiDn oo : ‘ ;
To esﬂimate the true counting rate for a given time lﬁterval the ;

‘observed counting rdte must be corrected for dead time 1055@5. The

5

following symbols are used

dead time. (microseconds)

T =
: L, .ny = observed counting rate '
* £
- : D, = true counting rate ’
‘then, ’ } ’
7 n, - ng = gumber of caunﬁs lost per unlt of time
) ' due to’ dead tlme. , - . : (1)
% : - 7 ..
+ !;3:3
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126 Principles of In.Vitro Counting -

‘the fraction of theAcantiﬁgwintéféal dufiﬁg'
- ‘which-the instrument is not recording. :

[}

néff

the number of counts lost per unit - ' e
time due to.dead time. . T @y ek

\ m XmoT C

" . Hence, équating (1) and 2), :"' é@ T

gf ‘ . nt ’f\g: nt Xﬂ@‘f

Sy
o

Solving this equation for n, yields,. _
- [, . L ’:nDT B . . r, . ‘ )
- This equation may be used to calculate the true counting rate 1f the
- dead time is known. : S . ' S o

- Typical dead time for a G-M instfument is 100-200 microseconds. Calculate
¢ the true counting.rate if the observed rate is 50 counts/sec., and the
-dead time is 200 microseconds. ' Repeat the calculation for an observed
. counting rate of 200 counts per S::D* : ’ ;

Splution: - : A o c L 3 _. N Cey
| o, T — 50
1 “mer s 1 - (50) (200 % 107°). ¢

From (3) 0,

Mg

50.5 counts/sec., .

EaN

Note that the uncorrected counting rate is in error by only 1%. Hence,
dead time losses are relatively unimportant in this example. Solving the . 2
same equation for a count rate aof 200 counts per second ylelds '
‘ nf. = ”777' _ @77 Y L . . i : =
© T - (200) (200 x 10°) . .

n, = 555 counts/sec. o

L ; A Q
‘ <. In this example, the uncorrected counting rate is in error’ y
These examples show that correcting for dead time losses becomes more:
important with increasipg counting rates. Also, it should be noted
‘that dead time is a statistical phenomenon subject to the same laws
of chance as is radioactive decay. - ’
A ) : ) A , - o
Dy
40
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2. Experimental determineeion of deed Eime

1Y

. The fellowing is anWn as the eplie eeuree method of determlning deed T
- time.” Only two sources tﬁet ‘can .be eeunted both eeperetely and simul-
JFteneeuely undef cenetent eenditiene ef géametry, scatter; ete.,:_'>’ '

7L‘needed e T o i AR

\r“‘
AI'T

n;'e-obeerved:g:bES.éouﬁéing'rete frem eeuree'l

N :f” n?;i;eb fved g;eee counting rate from eourg%_z

LN =

e

rg'_ : o -f=n;é’= obeerved greee ceunting rete from I end B v
' T eounted eimelteneouely _ : : _ L

n, = beekgrcun& eounting rate

Then, the true count#ng rate fremzeoeree_l-ie equal to:

E

. . ) L }-’1;. : : )
S ol - mT ; N
‘ ) ;;.,—li‘,

and eimilerly for the ‘others. The followiﬁg eqUelity mey¥he ﬁ%itceq;-

- ST . _ : r : ¢
n Ny - np Ny . ' :
12 N SO - SR _ (%)

1 - NyaT 1 = an 1l - ng T, 1!:? N=T

. The beekground term on the left eide is necessary because two I

' backgrounds are lncluded in n; and np counted separately. Equation S
(4) is difficult to solve exectly for. r,bﬁt may be edequetely apprexl- '
mated -as Eellewe, -

Typical dead times for various detectors are:"

G=-M tube---—i—séiéa?i-—!ei—i--laagte EDD miereeeeende“
 pro T ) X |
;eeintilletien deteetor—--——‘ﬁﬁﬂ 001 to Q.Dl microeeQOnd,i teoy

These values are associated with the detector itstélf. 1Ia the case of

B 'scintillation detectors, the dead time for the instrument is deter- .

L mined by the speed with which the associated electronies .can prgcess

' the pulses, since the recovery time of ‘the scintillation .phosphor

is much faster than the electronics. “In G<M inetfumente and most - Taaan
proportional. counters, the detector itself is the limiting factor.
Dead time corrections are neceeeery only when doing quantitative meas-
urements using calculated efficiency values, or when comparing relative

-counting rates which differ widely from one another.

+

O
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1=
ik .
B [0

\m\

RS o DéuﬁleLisacgpe Quantitatiye Determina;;ans
£ o : ’
Iﬁdépéﬁdént quaﬂtltathE measufements of, two or more 1sgtapes in a.
SLﬁgle sample’ may be made u31n& ‘gamma ‘ray pulse height analysis if the
__energles ‘of - the gamma‘waya are sufficiently different from each ather
j'Let E,’ represent the gamma ray. energy—af isotope #1,.and Ey. the energy
. of isotope #2. Assumé. each isotope emits only gne gamma energy. Also )
- let AR represent the- window (eneérgy interval) used to count isotope
. #l.alone, and AE; the wipdow for isotope #2 counted aione ‘As seen from
S ‘Figure X1-6, the photapeak at E, will contain ‘counts arisitg from the
o scatte: af the EE gamma, and AEg may .contain ccunts from the El gamma

*; BGTQPE#1 L

e - ISOTOPE #2: |
- '-CDMEQSITE |
SPECTRUM
: '7. = 71' ‘7. -..7.5. .7,
4 o . E
i ::,,_:\: : . B e n . ' . ,v:;: L. L
Figufe XI-6. =sIndividual and Camnasitg Snreetfa
for Two Single-Energy Gamma- Emittlﬁg '
o o ISﬁtapes in a Single Sample )
vyt L

)
Symbols used are here definad

o o = calibratiaﬁ factaf (cpm/gCi) Eo isotope #tain:QEl:

&2
"

Qg_%‘taribragiaﬂ factoy for isotope #2 in AE: .
TR T . i N S
§;.§3cglibfaﬁic,"actar_fér isotope #2 in AE,

£, = callbratic,'fa*céf‘fgt {sotope #2 in AE,

e
=
“

;aunting rate in AE; _ .

&
"

= tounting rate Ln-éEg




o
u\

From the definition of the calibration fdctor,

LI

LA
ML

’ﬁ7ﬂ : " Similarlys’.

I

. “- -“"- ’ “ ’ ng RaA(;C*1 +lA{ fg o o
. ; i

Sakvlng thesa two Equatlans Elmuitaneausly fgf A;landgAtiyieldS,;;:

Iy fg = ﬁgfl
= i'—'a??E—E__

A, === -
2 g ,Cl fg._?A Cgfl

. i and

ﬂl CE = nﬁ Gl )
Cl fE - CE fl 4-_. .
The callbratlon fac;afs must be decerm;ned experimentally using standard

T '3 sources counted under identical conditions of geometry, scatter, etc,
X "as the unknown samplei. For thig method to be valid, the two gamma ener-

1

gles must be far- éncugh apart so windows wide encugh to five statistizal——':

I ~1y valid zaupting rates may be used without appre:iable Dverlap.
III. RELATIVE CDUNTING

Many applicaticﬁs in nuélear medicine requife only. relative ﬂcmparisans
of, say, Several|zgunts done on the same gample at diffefeﬁt times, or"
the cauntlng Tatg, of many different samples, In this case; no overall
“efficiency determination 1s necessary. It is . impprtant, however, that .
all individual fagctors thdt determine overall- efficiency (geometry,
transmission, and absorption) be kept constant for all samples to be
intercampargd Fince the dead time correction is dependent on counting
tate, it is nécessary "to make tHis ccrréctian, even in relative Eéunting'
applications, when the caunting rates to be ccmpafed differ widely.

L

IV. . SUMMARY ;. N

In vitro counting applications may requitre knowledge of either the
¥ - absaiﬁﬁé disintegratiog rate of a sample or merely the relative counting
§%e ... ratesg-of several sampl g.- For absolute determinations, . EBE overall )
' efficiency of the counfing system must be ascértained by companison
with a standard source, or, if feasible, calculation of the individual
factors .that determine overall efficiency. Dead time correctionms,

_ where significant, should be'applied to all counting data,
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£ '.I.. INTRODUCTION '

" In vivo:counting applications involve direct measurement of the radig-
activity within a living organism--in clinical nuclear medicine, a
. human being. Such studies may be divided ,into, two broad categories:
distributive counting, detectiopn of radloa't;v1ty 1n a partlcular
~ organ; and whole-body counting, measuremenf of the total amount of -
tadloactlvlty in the body. Apart from Supe<f12131 ‘beta activity, .
" only gamma rays and: bremsstrahlung fadiation are detectable outside - .
the body: ' The remarks in. this Ehapter apply mainly to gamma-emitting
, radionuclides (positron emitters included be&ause of the anﬁlhllation
R photons Efam pDSlEIOﬂ absarption) .

-

1117 DISTRIBUTIVE COUNTING

N s

ﬁStudies tequiring measurEment of radlogctlvity in a sele¢ted -
organ may be divided -ifto three- categories, based on the type of in-,
formation spught. These are quanﬁltati e determlnatlons, scanning,
and klﬁEELC studias. = T

K

A, Quahtitaiiye_Meaéuramentg

b351§ally no different from quantltatlve assessment cf in VLEfQ
samples. The same. factors determine the overall, eff1g13ﬂcyﬁ-geométry,

: absarpt;cn, scatter, and. the -intrinsic. Efflilency of the detector,

© But ‘these factors are==w1th the exception ¢f intrinsic efficjency--
‘much :-more difficult to control in in vivo counting,. Also, since it

.is almgst’1m90551ble to accurately caléulate from first principles the
overall EffLElEﬂCy of an in vivo counting arrangement mock~ -up studies
-with phantoms  cont&ining'a known’ amount of ‘radioactivity must -be made,
Accurate reproduction of the efficiency factors--geometry, absorption,

* .and-scatter, in the phantam mock-up is the major problem in in vivo .
quantitative measureménts. . In addificn, a.phantom-standard-source -
arrangement which accufately simulates one persor's gamma-ray spectrum
may not be accurate for another with different physical characteristics.
It is ‘difficult to obtain calibration; faﬂtors .applicable to large "
numbers of ;ndiv1duals. Sorie sources 'of var;abillty Ain- the efficlenzy

facﬁﬂrs are:

1. ?éémétry
v 7 B
The geametry of in vlvo :ountlng artanggments is detarmlned by the size
of the organ, the ared’ of the’ ﬂetegtor, "the dlstance from theisource

to the deteztor, and the langth and dlametet Qf‘the cglllmataf. As

 bethen the two,! At greater d;szances Ehls dependence is not .as
pronounced, Hence, Ehe effeat on geometry of" Small variatlons in the
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130 .. 7. Principles of In Vivo Counting .

_depth; 'of én;arganiwithin the body becomes less with increasing|distance

‘from the detector.  For this ‘reason, it is sometimes necessary/to

_sacrifice: sensitivity by moving the detegtog away from the solrce.
to minimiZze error due to small changes in geometfy A casé in point
is the thyrcid uptake study ' : A T

De;ectar size and collimation for in vive counting should allow the

‘i, entire volume of "Interest to be included in the detector's field of .

- vlew while excluding as much surrounding tissue as possiblé.- This
insurés ‘that the number of photons rEEOded from the volume of 1nterest
relative to the total number recorded will be maximal. In some
instances (e.g., thyrold uptake) it may be_ necessary to measure separately
the contributian from the surrounding. tissue and. subtract this from the
total count.  Two methods commonly used for this purpose are: iﬁ
C(a) ‘Counting with a lead shield covering the area of interest.;“then

the . difference between this and the total count is taken as tha true
organ count, (b) Counting over.a. similar anatomical area (e.g., the
thigh to simulate the athyroidal néck). Both methods leave much to be
desired as ‘far as accuracy is concerned.  But considering the magnitude-
of ‘other measufement‘errors, these are generally tclerated :

2, Absorptian aﬁd scatter : B R S

:’Radlaticn abscrpﬁion and- scatter by béth the volume of interest and N
vsurrounding tissue depend on the size and shape ¢f the. volume, depth of
the volume within the body, molecular composition of the tissue- within
the volume of interest as well as that of the surrcuﬂding tissue, and
the. energy of the radiatiani SiﬂEE the intrinsic efficiency of gamma-
ray detactars is Strongly dependent on’'photon energy, a phantom with a .
fstandard source that simulates the shape of the entire pulse height
 spectrum obtained from the patient is important. This is partizularly -

%, important 1if integral counting, 1s done. " If" cﬁly phctopeak counts are
récorded, a less accurate phantom mock=up 1is tolerable. * Common’ materials
used to simulate the gamma ray attenuation properties of soft tissue *
,;include water,. presswgcd masonite, lugite, and varilous: other types of

plastics.

B. . Scanning

Radioisotope Scanning graphically shows the distributi@ﬁ Df radiaactive
Jmaterial within an organ, gland, or other space in the, ,body. Scanning
instrumentation 1a ‘discugsed in Chapter IX. Presanted here 18 a
discussion of the way technical factors assoclated with scanﬂiﬂg affect
the final result. '

1. I f fmaticn den51ty of scan

A primé EGﬂSidEEaEiDn in Dbtaining a'. gDod scan 15 the amount Gf
information fequired to show statistically signifizan; differerces in
isotope concentration. Consider the count rates from two -equal volumes
"of tissue, A and B, in which a radioisotope is uniformly distributed.

- Sinte the’ scan 1s a two-dimensional representation of radioactivity :
distribution, the two vclumes can be gamgageq by the number of ccunts

oA A




*

XP inc;ples Df fgﬁYl a Céuﬁting

recarded per. unlt aréa (;nfarmatlcn den51ty) traversed by the scanner,

assuming scanning speed remains canstaﬁt Under thEse conditions, one _
can say (with 95% assurance) that’ the lSEEDPE cnnéentraﬁlan in B is sig-
nificantly different from that of A if an - l qufswhare n, and n,

R are tha counts fEQDded over unlt gréas in VDIUmEE A and B rE&pECﬁlVEIy;

pl@t&ed agalnst the sama value (See Elgura XII 1 ) Thls flgute, multl-f'
. plled by 100, is . .the percentage difference that must exist between the R
IR gaunﬁs per square cm recorded over the two volumes in order to call the
s dlffarance s;gnlﬁ;gsnt " a:cnrdlng to the ch@sen ertEleﬂ. ‘

T s,

71 oo L7 7..7 — .I-*f'iflr = l = e ——— ’I —— , ‘ = | ! ’. - I

o\ 200 400 600 - 800 1000 1200 1400 1600

COUNTS / em2 o o L
Flgure XI1-1. =Significant'DiEEEfence éféﬁﬁ

The graph .shows that, in order far an area to be. sigﬁlflcantly different.
from one which yields 100 :uunts/am?, the difference between the twc
must -be..20%.. A 10% difference will be slgnlflcant if 400 counts/cm® are RS
feccfdéa 7% for 800 caunts/cm , et¢, The [increase in statistical aci#”
curacy is less marked as dne_goes ‘above. SDQ caunts/gﬁ%;“ For this reason,
. some’ feel tHat 800 t:c:unts/cmg recorded ovetr the area of maximum isotope .+
concentration is DEtlmal Dthers consider it worthwhile to record up
to 1,800 counts/cm®, particularly when doing "cold=-spot". scann1ng, as

.+, with liver, kidney, and thyroid. " In practice, a compromise. is nécessary -
betweer. informationm density and time rgqulremEﬁts.f The high photon flux %'

R from short- lived pure gamma emitters such as . Fame has resulted in a
o _cramendous 1ncrease in the lnfufmatlom denslty of scans w1thaut anreased
' ’-%Eanning time., ' - L . . SR .
. t . S o . .o
Ly Y ® -
¥ L 1 . i i At
H Ca
' J,Jij
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32 e ' E, Viples Gf In Viva Cauntlng

It must be emph331zad that the faregalng dlSCUSSan rafers anly to: the
rates .at ‘which counts are recorded. Other facto:s: such as coﬂtrast en- .
hancement, affect the appéarance of the scan image.. Unless a statlst1—7
cally signlflcant difference exists in the amount of information recorded
between two volumes ‘of dlEEefant isotope ccncentrstlan, no valld dlfféf-
ence can be shown,on the scan. : L5 :

The 1n£ormat;ﬂn denSIEy (caunts/cm ) of a rectilinear scan is determlned
. by the. cahnting rate, scannlng ‘spead, and 11ne spacing. The felatlcnshlp
13.’ : : : y

counts per minute - (13;
speed (cm/mln) X llne sp321ngu(¢m) LG

P

- 4:;—’= -

“For a. gtatlanafy lmaglng deVLce, the average ‘ififormation density may be

"obtained by dividing the total number of counts collected by the area

L

scanned.  In.imaging dev1ces that, prcv1de for the . integration’ :of gggnts
over selected areas of the field of view, the information density may be;

e determined for any desired area. Conversely, the number of counts ‘to be

*

:allected may be calculated fram the d531red information density.

2. Scanning spéad T

" The 'scanning spead (gm/mln) f@r rect;llnear scanners may be calcﬁlaﬁeﬂ

from Equatlan (1) That is,

- , ﬁ%unts per minuta 7
Scaﬁniﬂg speed 1nfofmatidﬂ dgﬁsity x 1ine gpacing

A ILVEf scan is to be performed. uSLng ®TcS as a.colloid. The maximum

countlng rate gbserved by "hand-scanning" the liver (moving the probe by

“ hand to locate. the arga of highest. CDUHELﬁg rate) is 12,000 cpm. . The ...

st

;gh' Liﬂe spacing -

x Line spacing, ITike scanmln:

4. Choice of colliﬁ;a_tc:f'

.desired information density-over the area of highest &Euntlng ‘rate is
800 caunts/cm . Calculate the scanning. speed if the. line spacing is-

0.30 cm. Frcm Equatl@n (2},
) 12:000 cpm

uSEann¥ng SP§?§ B SDéicau'ts/cnf X 0.30 em

P scanning speed

2

i =3 f R . = .

speed, applies anly tc "rectilinear sganning
fo ‘the longitudinal dimension of the light spat.

It is normally set equal

s
&

Collimator pfaperties are discugsed in Chapﬁer IX An infiﬁizé :
number of combinations of sensitivity and fESOlutiDn dre pogsible £t
in collimator design. In practice, however, the choice fs '

“simplifiéd. Of the collimators available With a'given commercial .

v

A1
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Pri ‘igl 4 Df InéVivﬁ'CDuﬁting
‘rectilinear scannef usually fcut or five ptov;de enﬂugh versatillty for .

X‘;Eliﬁital work, These usually 1ntluda a '"coarse,' '"medium,' and '"fine'

. focus for medium and high eﬁergy radiation " (=200 keV), and a "medlum”
"‘and "fine" focus for low energy (<200 keV). / In terms af numhers of thEEA

fDr ,-=6ay~--a 3 inch diameter crystal, standfrd flgureq are 19. holes for~

EhE coarse focus medium and high energy collimator, éither 31 or 37

hales far the medium focus, and 61 holes for the fine foecus. Low- -

energy callimators for 4 3 inch: crystal typically contain 73 thes N -

* ‘Some specially constructed low=-energy. collimators have as mary as 1, DDG
holes.'. The increased number of h@les in-low energy collimators is ’

‘passible because thinner Eépta are permiséible than is the case for

y'higher energy phatons

lyana must 315? tansider the- inverse relatian_
e 'F r'tcutine Etudies,.this dsually @

. . o From the, chai:es availabl*
between sensitivity aﬂd S
- boils down to: _with scans of relatively small, thin structures such
- as the.thyroid gland the collimator. with the smallest resolution
‘ distan:e 1s generally used commensurate with the engrgy of the gamma »
*ray"; Regglutién distance is defined as the widtWB of the 50% isofesponse
line measured at the facal plané. For scans of largér thicker organs o
- such as the liver ‘and brain, one usually choaseda collimator that . toe,
- allows. for greater sensitivity and additional dapth respanse. 'Much ‘
work has been done in recent years to arrive at objective criteria for
N détermining the best tambination of detector size and collimator for a .
- .glven scan. ‘Some have. proposed a “figure-of-merit which is ’attional,‘
" to the. 1ikelihopd .of abserving a lesion of a certain §ize {n- ugiven '
- time with, a;give?iisatnpe concentration in the lesion relative to dts-
'_surreundiﬂgs -The: résults of such work indicate that the optimum -
collimator 1is one with a IESDluEiGn distance approximately equal to
the diametér of the lesion of interest. : . .

»

5. CDntrast anhaﬂcemént

. LIt is then difficult to tell, . salely on thé basis Df ‘the ccunting :
' rates, whether a given area‘on a photosc¢an reflects a signifitantly {];ﬁfw
- different isatape concentration from itsisurrcundings In such cases,
it is possible”to’ madulate the intensity of the light spot (as dis-
*'cussed in,.Chapter IX) to emphasize real differences in counting rates.
There must .be sufficient information on:the scan so the use of contrast
enhancemeht does indeed émphasize existing differences in co nting rates
.. and 'does not create artificial: ones: A high degree of cnntﬁgst ‘enhance-

o ;;; Wlment on a low information density scan may emphasize statistical Cm
variation to the point of making a hamcgeneags source of radigattivity '
" look very\hetefcgenenus , - . . ] o , : A

But a similar effect taﬁ be athieved by phatographing the tathode—
ray tube- thrgugh multiple lenses, each with a different aperture npening.:

>%$ﬁ~zl 6. Time congtant < S o .
) S

,: The-fatgqetet timevc stant affects 5§_jfthe feitilinearldot ;étprding




B

.

;and the phmta%gan wh;ﬁ backg”' ! i
used. Too long a. time constant| ¢ uses the 5can llnas ‘to b, . 5
from one-another at the edges of the scan. This is call;d scallap;nég"f
Also, small areas of incfeasgd ér;déc
be obscured b} ublﬁ& a %00- Lpnﬁf i

" the ' time=c

_fEZDEdS Lnfarmat;an @nly when he ccuntlng rate Exc3eds the backgrgund

" eutoff. level, (See Chapter X, ) »Thus, if the counting’ rate sdeenly
: :exceeds thls level and a lung time constant. relative” to "the’
speéd ‘is.used; the prcbe may be well:into the-.darea vof interest befgre

-Ehg ratameter haa tesponded enough to EﬂEIgLEE the tecorder.

rased’ LbDEDpE Ecncentratlmﬁ may
,Gnhtﬂﬂt wlth thé th 5can o

nhancemenﬁ s - usad HEre Sﬂ&llOpl;g is

“the 1Lght source, whose intensity lags behind the sctual changes in- -
gcduntlng fate whan tap lang a tlme constant 1§ used,. U

Dn the Dﬁhbf hand; aﬂ’EtEES§LVEIy short time .constan 'll yi ld pcur
statistical’ accuracy:for the average valua of the d¢ signal &= wh .
controls the light intensity. This results.’ in a "salt, and pEpper” ML
. effection the photographic.scan.  ThHis 'is caused by excessive fluetuatlan
FDE the” ratemeter: reading. Thefe 15 merit in using as long a time
» canstant as pcss;ble, commensurate w1th the requlred gcan

pegd E
Thé ﬁfﬁper §£$§§ fo'the timé constant dépends on’ th Q&ﬁging Spéed~t
~and the diameter of the area‘to be" delineated. Spec ally, the time
'ganstaﬁt must be’small compared. with"the, time required* for thie detector
to traverse this area. This time is given by d/s where d is the diam- . .. -

rést; in em and s is the scanning speed in cm/min. A rule .77
of’ thumb is that the ratemeter be allawed to go through ten time :
ghmnscant% duflng the ‘time d/g .or “RC = 0.1 d/s

_ A thyroid scan is to be ptffarﬁed at a speed of 15 em/min, The 11m1E
.7 of the resolution for a cold nodule is, apprnxlmately 0.5 ém. What
" time constant should be used?

ThEVELmE fequlfed for ‘the dEEEEEBt to tfanvg rsé'DJEEEm.iS:

M C 228 2,033 mTn = 1,98 sec. )
e R " RC =.1.98 sec**D 2 sec. _
. . L . 1D N = ‘ , . - . L
In;prALtha, one lS‘limltgﬁ tm a few choices of time= ﬁgngtanc SEttlngS
. Hence, a single settin g 1is usually applicable for .all scans Df a glven-
type unless unusual :chumstances arise’ e L I .
K ) o R \ )
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he advent_ai radLDpharna;euthals hﬂh gte Lly:La:ilLtthd

uch gtudies require. .
material epters - L

] \I-—a [
W

even veaIS'iﬁ sof

e

2
:Eti@n; I1gtrumént3tLDn faztgrs lmpmrtant in Db ervlng
ch is changing rdpidly: during the time of observation =
xamples include renal, hepatic, ahd #Trebral

tudles, and ;afdlac autpu studies, among others...

S

LR

a e,

.o P a4 s . o s S,

netic studies do not require quant;tatlve measurements

o

< precise r oduction of the geometry from one patlent'tu aﬂDEth i's . i
not Vi;al Hg1ce,:tg improve aen51tlv1tyhvtha face of a’ tralght bore
:tllimatgr ‘is genexally placed in contact with"' the’, skin, dleQtly :

- over the volume of interest, It is lmpcrtant however, to also b
. maﬁimize.cha ratio of the number of photons detected frgm the - %Qlu
L0 of interest thednumber detected from other tissues ‘and backgruundj'*9“'“*
: This involves nd,ng tha upt;muﬂ EDlllmat *laggﬁh to crystal d1 ter
rt : i - -

?ﬂalvzer the pulses are: av&raged

lC'pthumEnnn by the recorded data, - o

E s . .

n

E nite ti and the information is recordéd. The manner’
‘in:which thié‘is dnng is Qruclal to the proper representation of the ,
cinet R o

a. ,Apalog ratemeter with.strip=echart. rec Srder

Traditionally, the mo t widely used instrumént r recording data from.K - . -’

kinetic studies has been the analog ratemeter s ip-chart recorder. ' '
of the prapef ratemeter

- combination. (SEé”Chaptér‘VII,)' Seléction tf
T s time CDnStaﬁt ‘is extremely important, In Chapter-VII a discussion was
givem of the exponential nature of the respons f an analog ratemete
- It is vorthwhile here to discu the case. where- the courlting rate
ltSElf is Ehaﬁglng Eﬁpcnenilallyf Héfe ,thg ratemeter cannot fully

Ly

m ]
o H 3“"1 i

T

m

The fact that the EDUﬁtlng rate lS Eaﬂtlnually1 hanglng means that the _
Tatemeter response is never going to fully catch up to the true count- S
ing rate, Alsa ‘the time lag between the actual change* g,agunclng ;
_ rate and- the ratemeter. Tesponse is dependent on the frqu%ﬁ@y of the
Lo change, It has been demonstgpated that-a time constant equal to 1/;*,
’ where A is the rate constan§ for the true change in counting .rate, )
will ‘adequately reproduce the shape of the true curve if only relative. ',

v information is desired. For studies requiring 1ntegrat1an under -the

’cauntlng rate. curve (e.g., cardiac Qutput), even this’ hart time .constant

VI may - gause a EigﬂlfltaﬂE.EfTEE in the’ quantltat;ve determlnatlﬁn
= ‘,é ‘ ., o Iﬁ,_ . .

ERIC

Aruitoxt provided by Eic:



C |l - 2T . . Tl . e

Principles of In Vivo Counting
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P,,ncigles af In Vivo Co
) Figure XII- 2 ehewe a meek eerdiee eutput pettern eempered with enelng
iretemeter feeerder ‘curves at verieue time constants, . This exemple

 ¢21ear1y demons&ratee zhe dietertion whieh results from using a too -
v leng time constant,’ As.the time constant is- increased, the peeks ‘are:’
_depfeeeed,xand the velleye are eleveted~» Henee, Ehe Eurve eppfeaehee

'timee. - '-: PO S

k]

by Digiﬁelfretemeternﬁieh higheepeedjfeeefdefj
. In fEEEﬂE yeere, fetemetere heve been develnped thet 1ntegrate eeunis’
A digitally over a preeeleeted ‘time interval,. These counts. are divided
by the’ 1ntegreting time to obtain a count fete : The integrating tlme

'!een be mede very ehert (down to.0, Dl eeeende), end the time requifed

15 . ks a 4 lgnal
.at the. end .of eeeh lntegreting intervel, proportlenel to the everagev'
ifeeunting rate over thet interval.” This signal may be used .to drive a-
'.highsepeed recordetr. ' The result'is a histogram rather than a . eentlnueus

curve.. The ddvantage of the digital ratémeter ove- the analeg is that

" thé maximum | time,. 1eg between the .true éhange in - eeuntlng rate and the

e~retemeter reepenee is lndependenc of the frequeneg of the chenge.--

. -Ql;her";'-. ’ . L ' B -
-DEher devicee heve ‘been developed in atﬁempts to reduee the effect

‘ of .the RC ‘time- cenetent associated with analog’ retemeters.’ These are :
: dlgltal in nature, ‘and include devices. to measure the time needed -

"~ to enile:t ‘d specified number of eeunte, as well as "multiscalar'-
P

devices on ‘multichannel enelyeere, The gpltleeelar consists of a -
""dwell" mode on a, .multichannel analyzer. This causes all photopeak
" pulses to be reeerded in channel No. 1 for the first time interval,
channel Nov 2 for . ‘the second, ete.  In dther words, the channels on -
a 400 channel enalyeer represent equel time 1ntervele rather than.
energy . increments, The timé interval per ehennel can be made as’ shorc

Tel-ans one millleeeend, or as 1eng ee eevefel eeeonde._

_Ivi WHBLE -BODY CDUNTING ‘

- The primary purpese of whele-bedy ceuntlng is to measure low levels :

. —of: radiodetivity "in a human body._ ‘Although whole~ ~-body counting has been -

- 'primarily a research- and bleeesay Eoel muen of the ingdrmation. obtained
ig flnding CllﬂlEEl epplieatlen ' g o S -

The most dlffleult faetors .to eontrel in whole bedy eeuntlng, as w1th

~ distributive. in vivo- enunt;ng, are eeuntlng geometry -and absorption by

- the patleﬂt vaiouely,_paeiente -vary tremendously in size, weight, and .
2ehape In etudiee that require multiple measurements performed at’ different
times, the redletrlbutlen of the material within a.single patient causes

‘ jehangee in ' the counting geometry. Hence, precise phantom mock- upef'~

.- are generelly needed té ebteln veild quentlﬁe ive reeulte :

.Var;oue 1netrumene eyeteme heve been deelgned tc mlnlm;ee the effect _

1 fgj ‘ L ’f%J v
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Princi'les @f In Viva Gnuﬁting if?~f;:f

=‘nf geametfy vafiatigns aniinstrument respanse.
oo . S .
"1A:'?Single-,eéec§@: System5~

HDSE single dete;tnr whale bédy ‘counters have a lafge (B or 9
“ineh diametet) NaI(Tl) crystal Suspénded at the center of afd.arc deflned
by the.contour of -the- patient's body.: Hence, most parts DE the bady are.
'Happfgximately equidistant’ from the . center. of the detector, " The patlent
‘'may sit or lie on his side with his b@dy in the shape Df ‘an aré. The .
'radius of theearc is usually between 1 and 1.5 meters. "

CRYSTAL

Flgure XII 3 -sSLngle Crystal Whole- Bedy Caunter'_;
- Uslng Chair Geemetry ' o

'B. Multiple-Detector Systems
o - L SO . . : . 2w B
Some whgié’bady'éeuntets use two, three, or- féuf separate NaI(Tl) crysE”
tals. These:.are. arranged so that thElf EDmblnéd raspanse to a. point

. source. is apprnxlmacely 1ndependent of the p051t13n of the source alnng
the-line tepresentlng the langltudlnal body axis of a person stationed
under ‘the crystals. These are referred to as multlple crystal stratcher

- systems. Four-crystal stretcher systems (such as the oné shown in Flg— '
ure XII-4) can be made mor e ge@metry 1ndependent than can SLngle dete&t OT

yztems S , - : ‘

CRYSTAL - o~
CENTER . e

~ BODY AXIS
BODY GENTER

_Figuté KII%QE=—@u1tiple‘vastal Whole-Body écunterbi,




.=

 This, way;: most phatons emiﬁted fram the - bady durifig a measurement are

12

e

- C Twa Ei and,Faur PiaSystgmg

" tion along ‘the- 1Dng1tud1nal bady axis’ of the. patient,

97;;?, B Princiglaa“nf In Viva Gaunting 7".::Lf";97ﬁ>f :'-igg 

Tc further mefave Ehe ccunting gEOmEtfy, largé detectars may be posi-
tTloned araund the body in. either a 21 or 4 (apprgximately) geometry ’
incident on ‘the detactor, quuid and plastic scintillators are used’ i

1n these systems.. Although it is true. that the ‘geometry ‘of . such an afrange—'
- ment ‘is gteatly enhanced over that obtainablé with single .or multiple o
NaItfl) crystals, 'the intrinsic efficiency (Ehapter XI) of-the.low atomic .

.mvnumber sclntlllatafs is much less,,except for very low ensrgy phctcns.'i;;"

Mov1ng Detectcf Systems

Single: and mulﬁiple crystal systems may be used to obtain a "prcflle :
_scar" of the patlent i.e;, & uremert ' "of . the! gounting rate vs. posi=.. . ..
t.. . Here, a s1it col~ :
limator 1is ggnerally coiibined. with a- large’ NaI(T1) crystal -The scan is

. achiaved by moving the crystal over  the-length.of ‘the patient at a can-’zl

‘stant spead, or the crystal may remain statlanary In the latter case,"
tha patlenﬁ is maved azross:the face of the crystal :

— . L L . C

-E’ Sensitivity =

The required sens;thlty fcr whole bady COuntlng depends on -the tadlnactivity
leuel in the patlant ‘Forrelatively hlg activity .levels, such as those -
admln;sﬁeréd in clinical diagnosis- and’ therapy, no 5p321al shléldlng is

. required. -For intermediaté levels, a’ pcrtable Mshadow-type" “shield

-afaund the, detector -may sufflciently reduce the background. However aéé"

curate measurements for low levels of act1v1ty=-such as the’ measurament
of the naturally accurring °k in a pefson body or the assessment of "

“minute amounts of radionuclides.in the ‘body from occupational exposure--

i

the ‘entire ‘assembly “is generally Enclosed in‘a shielded room.. The walls.
‘of these rooms-must be constructed of steel free of all flSSan ‘product

‘activity, Steel rooms for whole-body counters weigh as fiuch as 65 to 70

tons. Such raems can also be used for dlStflbuthE ccunting appllcatlons

;Gv

F. Data Racarding :»f t ff ;:" S A7 ;x?,-ﬂvg:v i;‘vA

Any éf the aauntlﬁg systams described in Ghapters VII.and VIII can ‘be .
used with whole-body caunters ‘However, in permanent . installations where
.large volumes of data are agcumulated the instrument. of choice is usu--
~ally the multichannel analyzer, . Many installations transfer the whole-
body counting data -from the multichannel analyzer to magnetic tapa or
“paper punch tape. far éampuﬁgf analysisa :
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UNITS DF RADIATIDN EKPQSUR‘f'

LI 0T

NTR DDUCTION

"“%-Fundamentally, the harmful‘cansequences Qf iaﬂlzing radiatiaﬁ to ‘a 1iviﬁg !
. ‘organism &re. due to' the’ energy “absorbed by the. cells and  tissues. This
éiabaﬂrbad energy (or dosg) prgduces chemical:&ecampasitign of the mDIE*
" .cules present in the 1iving” cells. . The mechanism of the decomposition
t’-appears tosbe’ related ta‘ienizatian .and Exaftatiaﬁ dnteractions. between
o ff_the radiafion and- atgms within the tissue.. The amount of ionization A
. ++ or number: of ian pairs pruduced by ianiziﬂg radiations in ‘the .cells or .
- . tissues . prgvides some ‘measure of the amount of decampcsiti@n or physio=-
" loglcal damage - that.. mightwbé éxpected -from-a- given quantity br dose.”
The’ idéal basis. far radiation dose measurement ‘would be, Eherefate, Eyg§ v
_ ”number of iDﬁ pairs (or 1onizations) -taking place within the medium of,. ST
. intérest " For ;ertaiﬁ pragtical réasons, the medium chosen fgr defining ' i
’ expasuré is-air, ; o . i o AR S

1 iEXPDSUREéeTHE RQEN%GEﬁf' e lf”{_’fﬁi’v'ﬂ "y

S The expasure af X . or- gamma radlation within a spacifia vglume cf air is
.-'a measure of the amdunt of radiation, based on its. ability to- préduce o
Tfianizatian in air: The unit. that expresses.X or gamma. ra&iatian'f

exposure- is the raepEgen (R) -Its merit lies in the fact. that the- -

. magnitude’ of the exposure in- rﬁéﬁthﬁS can, usually be rélated to ‘the > -

‘i.absorbed dose, which is important in predicting or quantitating the. = i
_ axpectad biological efféct- (or injury) fesulggng fram the radiation

L Ihe raentgeﬁ has been defined as an "expasure of X -or gamma radiatian
'~ such that the associated corpuscular emission per 0,001293 gram of air
'“'prmduces in air, ions carrying one electrostatic unit of quantity of

electricity of either sign." Since the ionizing property of radiation
provides the basis for several types of detection Instruments, such de=
vices may.be ﬁsed to quantitat- *he _exposure. It is émphasized that the
roentgen is a unit of exposure udSed. on ionizatioi of air; it is not a
unit of lanizatian, nar is it an absorbed dése in air.

i

e UTIIT, ABSDRBED DDSE-—THE RAD
T . _
v _ The absarbed dase frcm any ignizing rad;atlﬂn 1s the energy imparted ta
“. matter (irradiated material) by that radiation per unit mass’ of material
at the place of interest, The unit of absorhed dose 1is -the rad, ' One
rad is equivalent to the absorption of 100 ergs/gram of absarhing mater=.
ial. Although the roentgen unit is’ strictly applicable only to x or gamma
radiatién, the rad unit may be applled regardless of the type of ianizing

lThe weight gf 1 ce Qf alr at standard conditiéns af temperature and
préssure. S ’
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| Units u:f Radi ,ian E.}Ep ' ”rg’*‘éﬁ;i"/zaqs{'é‘gf -

:;; absﬁtbed, ar the absnfbed dgse*v“'”
fifA fadiatiﬁn détéctiﬂﬁ instrument was usad to méasure Ehe expasure frgm
. a’'gamma Source at some Point iﬂ air. . The expcsure ‘measured was, one’.

.+ roentgen.- Haw ‘much- energy: was- absarbe& per gram-of alr at the irfadiated
'ﬂ”:pnint? (Assuﬁa standard conditians of ta@perggure and prEESufEa):'

B T
© To fgrm 1 eleetrostatiﬁ unit‘péf D GDLZQE gfam ef air the radiacion .
;;must produae 1.6l x 1012 don pairs when; absorbéd in 1 gram of ‘air. It
~..1s known that, on the average, 34, electron volts of anefgy are . transferred
(or .absorbed). in the process of fcrmlng each iéﬁ paif in aire Thus,."*ﬂ
haitotalﬂenergy absatbéd ia. : — R . — : .

34 eV X 1 51 x 1<:f'*E on pairs 543;{1013 ev/gi—sm-f
, ion paif ’,‘.: O co gram S ’ " AT‘ o ;I:"_
- of, expressed in ergs rather than electron vclﬁs "‘; f* :,,;;: f f§; - 5qf 'f, B

= R

5 48 X 1(:%3 ey . X 1, 602 X 10742 ers 87 Ergs/gfam :
. : gram . ’ . E,V .
Since 106 efgs/gram is 1 fad then -one roentgen of expoaure ta a Speci- V:vﬁ'_
~_-fic volume of ‘air at: standard condit;ons fésults in the absarbed dose’ Uy
" of 0.87 rad PR : . S . '

:in RELATIVE BIDLDGICAL EFFECTIVENES AND QUALITY FACTDA

‘,Althaugh all 1onizing rad;aﬁicns can pfcduca 51milaz biological effects, v
‘the absorbed dcse,-measured in rads, thaE will praduce a. certain effect =
may vary ‘appreciably from one type of radiat;an to. another. The dif- - -
ference in behavior, in this cannectian, is expfessed as a quantity cdl~ o
led the "relative blﬁngLEal ‘effectiveness' (or RBE) of the particular. ~
nuclear fadlaticn ‘The RBE of a given radiation may be defined as theé
ratio of ‘the absorbed dose: ‘(rads) of gamma radiation (specified ‘energy).
to the ‘absorbed dose of the given radiation required to producé the gsame -
biological effect. Thus, if an absorbed dose of 0.2 rad of slow meutron

.radiation produces ‘the 'same biological effect as. an absorbed dose of 1:.

- rad of gamma radiation, the RBE for slow neutrons would be: '

. 1 rad . L o ceL : - .
| | VRBE~; %?EEQE_EEQE T 5 _ R : : R
'Tha value Df the RBE for a. partlcular type of nuclear fadlatgcn d5pends
_‘on several factors: energy of radiation,. kind and degreee of biolpgical
. damage, aﬁd nature of the: arganisms or. tigdsue under can51deratlcn Hence,
for. radlatlon pfcte;ﬁlon work, a more general term is the '"quality fac--
_tor." 'The quallty factor 'is an average RBE factor based on macroscopie-
;-effects of radiation on ‘the humar organism.. The quality faatot is now
‘used .in setting radjation protection stapdards. The term RBE is. resefved
for rad;gblcloglcal wagk whlch damands mora preaise ‘values. Typical values

1
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: ‘-Df ﬁhe qual;ty-factat for. several types of radl
J»Tabie 1. fi-’w : : -

. As Table XITI- l shaws, the- quallty factmf for gamma rays is appr@x;mately

Unlts Df Eadlatlan Expasure and Dasé

' IS o B
il : : x '6r gamma - 1, .
. y or &2 * ;
/ béta .3, 1 ,
g proton - ¢ i 10.°
o & S S B ‘ R o L 3 x

.Aiagt;neﬁttédﬂﬂapjﬁJ, TS X0

~slow nettron * - . 7 .5

Do,

- Wlih Ehe :Dncept Df the EBE or quallty factor in m;nd it: is now useful
.t@ introduce aﬁc;hef unlt the,”rem‘3 an. abbrev1at1an of
aqulvalgnt man.' B _1;1H IR S 4

“raencgen

. 'The rad ‘is ‘a c@nvenLent unit for egpr2551ng éﬁefgy&absurptlon but'it :
" does not take into account the lenglCal effect of the: part;cular ou- -7
'clear radlatlan abgarbed The rem, hawevef, ‘does: . : : ER

ipse iﬁ'rems-; RBE x‘dGSE in radsg

&

glveﬁ type) Ehat wauld fESUlE from ‘the absarptlon Of nuclear radlatlaﬁ.-

_-Again, for purpcses of fadlatan protectien work, a. dlfferentrunlt is
' fiemplayed the dose equivalent. The dose gqulvalant is equal Bo the prgf
.“duct of the: abs@rbed dose in rads and the qLallty ESCEDF.A ‘The'rem and~
' .dose equ1valent are:units of blnlaglaal dose.,’ : : .

unity.  In general, the gamma radiation dose equivalent far ‘humans is
numerically equal to the absorbed dose 1n rads; it is also raughiy_eq=

._ual to the expmsufe in rcentgens. T

VI, - RADIATION PROTECTION GUIDES (RPG)

Three ‘independent organizations have issued recommendations: governing -

the expasufe of persons Qecupatlonally egpased to lDﬂlElng fadlaclan

1Int5fnat1nnal Ccmm1331an on Radlalaglcal Pr@tecticﬁ (ICRP); and the

Federal Radlatlan Cotincil (FRC) S
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p and Dose;

nics bf Radiaticn Expaau

"figgnads, red bg ,'mat;aw, whale body 5 fems/yf N iﬁ

":;¥é[;1;5kin, thyraid and bana"“ ;!é;,=;%’}?a"€ri 33D-tems/yr-7-
. a rearms P ‘75 réis/y&if'" :

- 15 rems/yf

:H;per hguf at-a. g;ven distance frcm a pu
v source in millicurles : :

oad

TS

.,‘.\H
-
Il

= mR/hr aE\GnE météf pEt miillQuflE of activ1ty

?i gamma eﬂergy in MeV L

=
n

= numbef of ph@tcns of energy,_E per disintegfatlan ' ;1f¢\;:i* o

X X J:]
llll

= llnear abscfptlon coefflclent for pthGﬁS of Enefgy E'in Qf:""

]

ajr (units - cm™? ). Gl S
Exam'le . Sodium-264 emits - two . gamma pthDnS per dlSlntegfatlan “Theit °
energies are 1. 38 MeV 'and 2.76 Mev IESPEEE;vely. The- i, Ln air for the
'1.38 MeV photons is 3.1 % 107 % cm” ,Thus, Iy = ‘1,56 x 10* [(1.38) (1)
(3.1°x 10°°) + (2.76) (1) (2. 55x "%)) or, I;-= 1.8 mR/hr per milli-
.eurie at 1 meter,  Exposure rates at Dthér distances are detefmlﬂed us-
ing the inverse square law. (SEe Chapter v.) S

'SUGGESTIDNS FOR - FURTHER READING
1. -NBS. Haﬁdbcck 84, "Radlatlan Quantlcles and’ Un;cs " Internatlanal
' CGmElSSLGﬁ on Rad;alcglcal Unlts and Heasureménts, Report’ lﬂa (1962)

2L Internat;anal Commlssimn on. Radlalqglcsl Prate:;;gg,.ICRP Pub 9;*
' Pergamon Press, Inc. Naw York (1966)




’Z%zrespanse tc the - Eype and Energy Df fadiatlan bélng measured.. Raraly

S gamma radiaticn to prgduce a Spéﬂlfic amotint - of ionlzatiaﬁ in air )

" CHAPTER XIV =

7 : o T T

-;Ii{ SURVEY INSTRUMENTS’Yj

A aSurvey instfuments are uséed- to’ measure Exterﬁal radiatian levels in ';’%:i
" areas where radiaisotapas are ‘stored and used and -to monitor . for. e

i “contamination in'the laborazcry Survey meters:are- similar to’ uther f“ﬂ‘
;- radiation instruments .in’ Ehe;rAéperazlanal chafacte:istics.@ A survey’
- meter ;should be portable, rugged,. sens;t;ve, simple in. construction, -
. dnd-reliable, Portability lmplies lightness and ‘compactness with a
- suitable handle or strap f@r cafrylng, and gengrally a selfrcagtainéd

“andzsensiELV1Ey demandsf}w

© is one instrument capable .of measurlng dll ‘types ¥Ind energies of :
.-radfation that are encaunbered in pfactlce. Simpllcity in Eanscqutionﬁf
A‘négessitates convenient arrangement of camp@ments -and. simple eircuitfy T
comprised of parts which may be replacéd easily. - Rel;ability is that. -

cifcumstances, Reliabll ty- may. be determined ‘by checking the“respan53'°
"to a suitable sEandafd source pEflOdiEally Althaugh all of :thesé

ip@wer supply Ruggedﬁess requlres Ehat an ‘instrument be capable af Z; ,{ 

'*j.attribuge whlch 1mplies the ability .to‘duplicate response under similar}i4{ B

A“Eﬂﬂdltloﬁs may not be: met in any one 1nstrumen§, they are approached in‘-?lw;l

iz'many In any monitoring ‘situation, one must select -the proper instrument,

use it. intelligently, and then be able ta 1ntarpret "the. fesults of . thevﬁ
: metet raadlngs.:; : : :

e
¥

- A?; Eﬂefgy Dé?éhdéﬂﬁe“:

8

:7rThe phéﬁamanaﬁ knawn as} enefgy depénden:ei ig. one which is inhéfént in 7
. all normal rgentgen measuring survey 1n5cruments.' If a survey meter is

~ said to be ' energy dependeni "or has '"poor-energy dependence character-
istics, " .it means that its readlngs are not orly dependent Lpon intenSLty
"but alsc upcﬁ the energy of the radlatign being measuréd

There are basically two reasons fDr Energy dependence in survey ‘meters -
‘jdesigned to measure radiation ia terms of the .unit known as the
‘raeﬂtgen. (The raenﬁgen 1is. a measure. af the- potential ability of x or

- Because the ions collected wlthln a typical icnlzation ch?mber afte .
'praduceg in- the chamber- wiils, it is imperacive (from the' definition Df
‘the roentgeén) that the wiills be made of an air- equlvalent material, ‘
The thickness of the :hamber walls. is ‘also of concern because the A
~_pfa§ab;11ty of .interaction. and the penetrating ability of x and gamma_"

s s
g

;'*The student ma? W1sh to reread - Chapter VI in crder to refresh his:

. memory of the basic principlés Df radiation detectloﬂ before §ead1ng
~. this chapter L - - U
A <

—~
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"V\h
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e I

ZY - nigh
se.g Ideally, the thicknass Df the chamer walls Shﬂuld bi

éd]ustabhe to suit’the" energy’ of - the radlaulon.h Hnweuet -this ‘is’ nat o J;-:
dgne in- ‘practice and the regpcnse of: a glven &hamber WLllanGt bE the B

'.same fo all energles GE fadlatlan., TR L S

 €a5uféd withDut fufthef gas- -
Prlma:y 1Dn’;fcrmed 1n the chambe;

ﬁmpllfled extarnally to a. @gasurable CUffEﬂt.: The gas ampllflcatlaﬁ _ ;

'Lfactar is thus unlty,_ Because air-filled ~ lonization ﬁhambérs with' T m

air- equlvalent walls collect only:the prlmafy ions assaclated ‘with the

- rad¥ation being, mﬂnit@fed they are basically well adapted to medsute

.proentgens. Often. they are- ‘referred to:as being "Eundaméntal“ exposure

~ measuring instruments ln that thelr dESlgn 1is based upan the déflnlti%n
of Ehe taentgen - : : : ’

LF

PR

"'??a é?étitiéﬁf9

: : Lo _ S . Cn
NESE ;onlzac¥an chamber survey 1n§tfument5 have a. SElEEEDf 5q§tah e
4 marked ”fo" "wait,".and x1, x10,- X100, When .the switch. is off, the
' batteries are dlSEDnnEEEEd and the.meter is shart circuited. maklng ‘the
cinst uméht lnaparatlve With the switch in the walt p§51tlgn, the ~ -
atteries ,aré”connected, permitting the circuit to warm, up and the
ﬁént‘té”be:zefaéd after-g’wérm up petiad'cf ffdm‘l 5 minutes:
Some instrumenté’have a zero positi _in which, the meter is EanECtEd
while the ionization .chamber is dlSEOﬁnEEtEd ma, it p0551ble to
ﬂJuSL the _metet to zerc even, in Ehe presenzé of radlatlcn :

The LonlaatLgn chamber dmes ot wear Gut’gr sufféf‘chaﬁges in character="
lSELES as" G-M- tubes da h@wevar, the circuit’ of the ionization zhamber:_
~survey meter has- many Elements which can go. out of adjustment if not
properly handled. ' Loose leads and weak batteries are sources of
‘trouble, but can. be readlly serviced. Other difficulties are usually
‘caused by Eaulcy ¢ircuits which _cannot genefally be flxed without the ,
aid af a competent SEYVlEE man. :

¥

. 3. Uses
Ién ihimbefs pefhaps flnd thELI bESE use as roentgen measurlng »
anLthménts -Hawever, certain ones are also used for alpha and beta’
-monitoring and, when properly modified, may be used for high energy

-particle aCCEIEfatDF survey ‘and neutran manltarlngazlln general, ion -
‘chambers have low SenthLv1ty and hlgh fange .They can be’ d651gned to ,
-have f&lathElV high precision “and ggnd Energy dep&ndenip charsﬁreflstlcs,.'
and are desirable lnstruments faf general radlatlon Safety and sufvey ’ '

: WDFR - . : R : o o ) i o L .o VA'
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RS S '

~fff:;' depenéeﬁge characteri§tics and: Eecause af its great precisiﬂn is qften
" r-used as a secondary standard.” The condenser’ R-metér measur :cumulative--
axpasure and- consists of a- §harger—read2f mechanism and se
“dom Ehambers._ ‘The, chajnbers “are: avaifable-;p ranges ‘from .0
full scale ‘to 250 foentgens full Scalé and‘are desigﬁed for phatcn eneﬁgy
ranges as, follows?® S P .o . Lo LT ca
' R _ v IR s SR

Rated accur éy, ‘which is dependent upﬂn ﬁhamber size and enefgy raﬁge
design ‘varies from’ + 2/ to + 1Dé, pfcvidgd the ;hamber ‘is- used in 1ts_’455
pfgper enéfgy range : : . Do - .

= TR e . L

bij="Cuti§.pie" 'H
%Thé 'cutie. pie is perhaps one Qf the most widely used 1nstrum ts S
available for radialagical survey work. It measures exposure. raté.. . - ¢ '
‘Typical full scale ranges are: 0.005, 0.05; 5, and 50 R/hr.. In~ =~ " 0"
gengzal, ‘cutie ples are LnEEEdEﬂ to meaSure iny X and- gamma radlatian ]
though some have thin “end-windows' Wthh alsg allow beta- particles IR

to enter- thes chamber - Most- cutie- pies are air fllled have relatively.
high -range and law sensitivity, and are deslgned to ha%e good Enargy _,;.' e
dependance aharact%ristics : . '

c. - Mis:éllaneous~ion’Qhambers: ' 3-"":'==i x'i_::;._ .

Thgre are cher ionizatiaﬁ chambers. which are fairly unlqua in Eheir _
design or aperatisnal charactaristics. Dne af these 15 an alpha monitﬁr_

“are abla tc penetrate. Ancther instrumant :alled Ehe Jgpp,has mavable
- ghields which allow discrimination between alpha and beta - ~gamma :
radiation. A third type of ion chamber, called the Rad Uﬁ {15 designed
“for beta and-: gamma monitoring. It is c@nstructed of steel and is filled
v under high pressure ‘with pure argon gas.'!] A three decads lcgarithmic
meter and a ‘three range selector switch together make. péssible a range
of -0.01 mR/hr to lD 000 R/hrv . The lagarithmic ratemeter on the Radguﬂ
exhibits extremely slow time re eésponse. : . . I

C.. Géiger—ﬂpéller (G-M) Instfuméﬁts':f T -_{‘
1. chafaéteriétics'_ R - .
o S : : - _ i ;;J
Since one measures eaﬁh beta particle and .each: gsmma ray that pfgduces =
'LDnisatian within the sensitive ‘tube valume the G-M instrument is .

s

\[J[

g}




= :"s;

fftlon Dn the méétrsensitive sgale back
:radiatian levels , _be read R R .

gt@un

igamma radiatian lS admitteﬂ.

e =i,

The iﬂdicatlng meﬂhanisms on: Geiger cauﬂters are usuai" twoﬁfcid,,~
viz,, éafPhQﬁES‘fo audible response, and}’-mLCfaammEtar for: visual' . _
‘indication+" In ‘gerleral;."the’ dial of ,the'meter:is® calibrated in - .- = . -~

E;Qauntsﬂ"1ute and/or mlllirgentgeas/houf. The - 1ﬁstrument also has a PR

- switch far selecﬁing different ranges af 5&n31t1v1ty PR :

2

The cperatlan Df the G- =M survey 1nstrument is. essentlally the same as :
that” of the lanlﬁaﬁlan chdmber. survey instrument. .The warm-up period  * '
is much less qriElcal and usually 5 to 10 seconds'is ample.  Care . - S
shauld be taken not to Exceed the maximum capacity of the instrument S
sueh EKEESSLVE Expasure may damage®the: G-M tgbe. The G-M° ‘tube’is in -
‘'operation -when-in the "o posici,n'and o zero adjustment is péSSlble. B

It is important to remamber that G-M survey meters are’ "sensitive "
1n5tfumenﬁs and- in general do- not read hlgh levels. of radiatlcn S 7
intensity. FufEhefﬁDfér many G-M caunters when expased to radiation. .. = . = -
intgrsltles beyond EhElF capaciﬁy, will swamp i.e., fall back fram ' '
Eull scale and g;ve a law, but dereptlvely real” readlng

' 'ﬁaff- SERRLE
e :

Becauge'G—M Eégﬁtéfs ngfmally do ‘not haVe(air gquivalenz walls’_y
afé'esséﬁtially count ratemeters, rather than primary ionization
- measurlng davL:ES, thgy Eend ﬁ@ be very energy dependEﬁt. Wheq

be callbratéd WLEh kﬁawn quaﬁtltles uf radlatlcn of the appf@prlaté
. Enéfgy range. : : - : ¥ . ,

_D.-nUses'
Geiger-Mueller sufve§ instruments are useful for low {evel.beta and
gamma survey work.: Their high sensitivity mdkes them Very desirable
- for monitoring contamination and fer detecting lost sources. ~ In this
'reapect earphones are espec;ally desirable, because the surveyor does:
not ‘have to continually look .at the meter to get: a. response, - Full -
_ scale ranges in a. typlcal G- M survey metaf are: 0,2, 2.0, and 20 o
mR/hr. - S : o P PR

a

. sE. Proportional Sﬁtvey Instruments
" 1. Characteristics.
. 'Ef@p@rtiéﬁal instruments are ﬁaﬁei;aftef_;ﬁe fegicnvqf the instrument
- . response in which they operate. (Chapter VI), Survey‘instruments
- of this type use a probe which has an extremely thin window which-
admits alpha particles into “the chambef . The. Dperatlng voltage is.
typlially of the order 'of 1, 500 to 4,000 VQltg with gas amplification

PO oy
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2 ’ { nhe ent aapabl;lty cf dlstlna e
--*gulshlng alpha Eram beta’and’gamm _adiatian ‘ Aipha paIElQIES, because_:;V K
~of their ‘high SpEQlfiE 1§nlzatlan, pfedgte lathE- uls s than dm beta : ’

-The" metef is usually mafked in counts par m] nute w1th sevéfal sensitlvity
_scales. Earphones can alsn be. used w1th propartLanal caun;efa.* o

% N a .
- [T S L

2, ;;,_fcjpéra,z.icn, and us es,;-_,

The - OpEfaElGﬂ Df Ehe pf@partlanal radlatlan survey Lnscruments is
551m113f to DEth lﬁstfuments. A warmaup perimd cf saveral mlnutes H

w

v _;'Ey reason of th31r lnherent Qapablllty Df dlsaflmlnatlng %etween alpha
7oL 'and. betagamma. radlatlgn, proportional suébey 1nstruments ‘are very
jdesQ;ab}g ‘as” alpha. contamination mcnltars ' . o

F;“ Scinﬁilia;ién éurvéyfinsttﬁmgnﬁé": - R L :fiﬂr=f; -
E 1% ‘Characteristics- = . T _ ,
e S e NP A e T ‘
Scintillation phosphors may be liquid or solid, but.for survey work ,
.. the solid type is, at present? preferable.. "To getect alpha- fadlatign,
'j_a thin layer- of 511vef—agtlvatéd zine sulfide is generally used.’ For
the detégtion of beta radiatlcn,gphgsphars such as naphthalene,
stllbene, or anthracene ‘are used, . ‘These dre covered with a thin
metal foil to shield against alpha radiation.” Sodium lodlde erstals

. ™, sealed in a hcu51ng which will shield against’ alpha and beta partlclés'

are usad for: gamma radlatlon detectlan. - .
,‘ . _ L . | : ’ R . . .'. ’ I_S . .o .
: 2. Dperatian and uses. C R S .. r
Dperat;cn of s:intillatlon survey 1nstfuments is Slmllar to that of 4 K =

x

. ion chambers and G-M lnst:uments. It shauld be pointed but that the
, :phctamultlplier tube of a scintillathn instrument may be damaged’ if-
" exposed. to 1lght w1thcut Elfst removing ‘the vcltage appl;ed ta the
Euba.. : : . :

" As pféviously pointed out, 5clntlllatlan dEVlEES may be used to detéct'
either alpha, beta, or. gamma. rays dependlng upon, the phasphar iised,
Scintillation survey instruments are ever more sensitive and’ efficient
than G-M counters, particularly to gamma radiation, and may be .used ,
to detect extremely low levels of activity. . Losses due to ‘dead time P
in a scintillator are very’ slight, as the decay time of the light

. LA '

A;,flash is. Vgry short o o - , - N B . :
_At p:gsant s&intillatars find th21r gfeat est use ésﬁaiphél;gamma and"'
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y
[ated to téﬁd difectly
h as: disi’tegratioﬁs
Qr neutrans per Square centimete

'ad ;, considérable erron, because chang
components f’the insttu i

be in errur Ic is. ESEEﬂEial that all Eurvey métefs, whethér they

-are. direct reading ot :elative readiug devices, be calibrateﬂ periodically'*

-to ensu:e ‘proper :eading. v 7 ,;( e 3{. e
Sutvey instruments §§Qu1d be galibrated under the same eanditions far

_which théy are intenged nd with known intensities. of radiatian of .the
_same type and - energy as
- to calibrate ‘the meter o

o secting to" determiné anyza

”"the entire scale on eaah range selector
- rate depéndencei : :

oL PERSDNAL HDNITDRING IHSTRUMENTS

" Perscnal manitariug inséguﬁents~are désigne& to measu
external exposure or .dosé a:
Hence, they are integrating’
“are.manyvsurveg'iﬁstrumeé;s; 3
enough to be carried on the persoﬂ during all workiﬁg haurs Also,

they must be ralatively inexpensivé because each person in the laboratéry,l

who works with fadiaactivity must wear some type of-. pafganal moﬁitoring

i

iﬁstfumEﬁE A - A . Sl

ThE ideal persanal manitcring insﬁrument wauld acauragely measure Ehe_
' bialogical dose: in rems ‘received’ by those parts of the baﬁy canaidered
| to- be most vltal from the - gtandp01nt of. chranlc, law level raﬂiation
expasurés, i.e., blood forming c:gans and reprmductlve organs. . This.
ideal instrumani would alse givg ‘an’ accurate measurement - of dcse
1ndependent of the. typé and anergy of: the ‘radiatioh produ21ﬁgfthé dcse
Since these: criteria are-nét- met- in any - Instrument presently available3
it is necessary to start with -a: canveniently measuted quantity For x
© and gamma radiatlan thé roentgen ¢an be . readlly measured 1in, gir at
.the surface of Ehe bcdy Then,_tﬁéﬁblcloglcal dose to argans at -

£l

different depths within the body" an be estimated by means of calculatlcns"

e which® are beyand the -8cope of thl,«manual Persanal monltaring .
ingtruments that measure Ehe roent“an.are phgtngraphia film, self-. -
reading’ pocket daslmeterg, and @cn' :
yedrs, thermoluminescent media havg’ been usad'iﬁ personal dasimetefs
This- type of device measures energy apsorptinn directly and the. feadlng
can be readily measured in air at the surface' of the body. Thls type

of 'device .measures enefgy absarptlon dlrectly and tha readlng caﬁ be o

readily c&nverted to rads.” - e L i

Tr o .

‘'radiation .to be monitored. It is-important

'enaaz ﬁ?pa,pq;ket chambers.” In recent,

I I



CA. 'Film-Dgsimeﬁry

The most w1dely used péfSDnal da%;metar at present is the film badge

whlch consists of ane or more small sheets-of photographic film anclosed

-ln a plabtlg packét Fllm doslmétfy foars three ;mportant advantagev*

_'(l) ‘It pr@vides a parmanent recafd of each indlvidual s
_aaiumulated expo:ure

. (2) It is economical: costs fange ffam less than SD cents to.
Sl 50 per readlng, depending on tha namber of fllms réad

(3) ND'technical knanedge @f dosimetry is requined of the user.

. When tadlatlan is ‘absorbed in a film emulsion, some of the silver hallde
' grains whlch make up the emulsion are altered in such a way that they .

react dif;erantly toward certain feduclng agents known as developers,,
1i.e., those grainsg affected by the radiatiom are reducéd to metallic

"ailvaf by the-developer at a faster rate than the other grains’ which |
. were not affected. This developable state. -produced in 4 photographic -
. grain by the actian of the radiation is called the latent ifage:. The

optigal density ‘of the developed film is prapcrtlonal to the expesure in
r031tgans The exposure vs..density relationship must be détarmined by
a comparison with films exposed to known amounts of radiation of the'

;_Vsame enérgy since the optical density produced by a given exposure of

radiation is strongly dependent on the energy of the radiationi Phat@%
graphic, emulsicns are much moré sensitive to low .energy radiation than
to high energy. Many film badges include metallic filters which

. _attenuate the’ lcw'eﬁefgy'radiaticn in varying degreés,. thereby enabling

o

the reader to estimate the energy of the’ fsdiatian to’'which the film
was Expased Q ) . , : .

' Ph@tagraphic film ma} -also be used to monitor external beta radiation

dasas, althgugh, as stated pfeVlGuSly, the fDEnthﬂ unit does nat apply. 3

’In maEE labcrataries, films are changad ohce each manth L@nger

accumulating periadg wculd be passible were it not for the fact tHat

" B: Salf Reading Packet Dasimetér

"5A self-reading pocket dosimeter is a chamber c@ntaining two ele&tradea,

one of which is a quartz-fiber loop, free to move with respect to its-
maunting Like charges from an external voltage source are placed on

the lcap and its mounting resulting in a repulsive force between: ‘the

twe which farﬁes the. loop vutward ffom&the mount., .Tonfzation in.the
chamber reduces the chargef and allows the fiber to move toward its

normal position. An optical system and a transparent scale are all
enclosed” in the instrument, which.is about the size and shape of a

latge fcuntain p;n The end of the dosiméter opposite the eyepiece is
made of glass to’ allaw light to enter. HEﬁCE, the quartz fiber casts _
a shadow on thE'hraﬂSpafEﬂt scale which is calibrated in mllllraentgansﬁ

Rgdlatlan Era ction Instfumentatl@n ) o f;' 151"
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or raentgené The advankage of fhé Self'readiﬁg pcckét'dasiméter is- that

" it can be read at any time ‘without the a1d of a. supplementary reader

: simply by haldlng lt up to a- llght source and 1aok1ng into if.

‘D. Thermclumiﬁescent Dosimeter

C. Caﬁéeﬁsernyﬁé Pocket Chamber

A condenser. type pocket chamber has -a Eyliﬁdtiﬁéiveléétfédé well .

insulated from a Bakelite wall.. A charge is placed.on the center =~ @~

electrode by means of .an external charglng unit. TIons formed in the
chamber-"reduce the charge by -an amount proportional to .the. radlatian
exposure _The condenser type pocket ;hamber differs from the self-reading

daglmeter malnly in' that the quartz fiber mechanism and optical system

are in an external uﬁit. Hence, the chamber must be read with a

separate unit called a zharger reader The. pocket chamber is. similar -
in size and shapg to 'a fountaim pen. ~The advaﬁtage of’ thlS Uﬁlt is its
lcw cost as CDmpaIEd to.a self feadlng dDSlmEtef._ Both types af d051

occur over lgng perlods of t;me.

Thermclum1gaszent dD%imEEErS are small v1als containing a small amcunt
of some thermoluminescent powder such as lithium flouride. . Upon exposure
to. ionizing radiation, electrons in the crygtailine structure of the

'matgrlal are 3321ted to higher energy sCates where a certain number

~are "trapped" in "'sensitivity. centers' ‘(see Chapter VI). Upon heating

'appreclable la;s Df¢thé st@red enafgy

- ¢ of ‘the powder, the electrons return to the ground state and the excit-

ation energy. appears in the form of_visible light. The intensity of the
2 acnal to the energy absorbed by the crystal. Advantages

of thermoluming - dosimetry are: (1) it pféVldES a direct measure-

ment of enéfgy fpti@ﬁ? (2) the pcwdef Qan be reusad indefinitely

S

III_ EDE&RE

Y

Radiation protection instruments as used in nuclear medicine laboratoeries
fall into two categories - survey instruments and personal monitoring
instruments.  Survey instruments are used to ascertain the external
radiation levels which exist in -areas where personnel or the general.
public may be exposed amd to check for radioactive contamination. ‘-
G-M tubes, ionizhtion chambers, and scintillators are commonly used in
survey instruments. Personal monitoring instruments are used to measure
the amount of- radiation dDSEﬁFECEiVEd by laboratory personnel. Types

of: personal mDHltOfLﬁg instruments include film badges, self-reading
pocket dosimeters, condenser type packét chambers, and ‘thermoluminescent

'dcslmeters
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_ CHAPTER. XV. .

'PRINCIPLES OF RADIATION PROTECTION -
I. INTRODUCTION ’

To facilitate the discussion of radiation protection, sources of :adiéf
tion exposure can be divided into two categories; extérnal and internal.

Sources of. external exposure are outside the body, e.g., x-ray machines,

sealed and unsealed sources of radiocactive materials; etc. Internal ex~.

» pasufe sources are radioactive materials that gdin entrance into the

body through’ 1ngea'Lcn, injection, lnhalatlgn or absorption through the

= .

II. EXTERNAL RADIATION HAZARDS

A. Sources .. - ‘ _ - , .

Gamma rays from fadLDlSDEDpes are the most common ;xt;rnal fadlatlan

hazard encountered in nudclear medicine laboratories, BEEEQSE of their .
high penetrating power, high Enefgy gamma rays can irradiate thé entire
ody almost uniformly. Low energy-gamma rays and x rays are less pene=

trac;ng, and result in a more superficial dose distribution.

Under certain circumstances, béta particles may cornstitute an éxternal

radfjation hazard. The dose from the beta particles themselves is' limited
‘mainly to the skin., However,«enough bremsstrahlung interactions (see’

Chapter V) in the source.container may turn a 'pure" beta emitting source
) , y P g _

‘into an x-ray generator. Hence, the nature of the external hazard as-
‘sociated with beta partlclgs is twofold. ‘ :

Neutrons are.a very 1gn;flcant:’§téfnal radiation hazard. The nuclei
set .in motion by collision W1t "meutrons have extremely high .yalues of -

specific ionization, causing a high relative biological effectivefess

- with neutron irradiation.  But mbst nuclear medical technologists are

not exposed ‘to neutron sources. , High levels of external neutron radia-

‘tion are limited.primarily to nucleaf reactors and particle acceleratdr

installations, Ihérefofe neutfan protection principles are not dis- '

7,

cussed here, S

Alpha particles from radionuclides constitute no external radiation

‘hazard, because even the most energetic ones will not penetrate the

hmrny Iayef of the epldefmls.. o .

BE. Principles of Protection

1. Distance

Distance 1s not only very e¥fective but, in many instances,- is the most
easily applied principle of radiation protection. Beta particles of a

single energy have a finite. .range.in air. Sometimes the distance af-

forded by the use of remote cantrgl_h;ndang devices will supply complete
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- protection. The- inverse. gquare law, for reduction of radlat;@n 1ntén51ty

'E7appliés'fcr pclnc sources Df x- and gamma tadlatlan, o
. . _ . oo
A -The inverse square 'law states that~fadiaticn 1ntens;ty from a “point
_.source varies.inversely'as the square of thé'dlstance from the source.
Expressed’ mathematically, ) o :
= EL _ (752, . Fy
- ’ . . .
= (Rl)! : .
Where: I, = radiation intensity at distance R, from the source - Co.
b I, = radiation intensity at distance R, from the source
(11 show that doubling the distance from the
by a factor of 4; 1nzraas;ng the dis-
the radiation lntenSLEy to. ? of its
: law does not apply to Exﬁtﬁd d sources
m multiple sources. g ‘
‘iciently like pa&nt sources 30 reduction calculations
law are valid. GCamma-ray.sources whose dimensions
ison to the dlstances involved may alsg be EDﬂSldEEEd
' 2 Shielding 7
Shielding is aﬂDEth pr -ime pllnc1ple of radlaEan protection. - To apply S
: shielding methods to x—and-gamma sources, one must understand how x ard
y d'd = a ated in an absorbing medium. Energy is lost by
- ! t-photoelectric effect, Compton effect, dnd pair
producti@n. ' : '
. The pfthmlﬁant mechanism depends on the energy of the radiation and
the absorbing material.  The photoelectric effect is most importdnt at
low energies, ‘the Compton effect at intermediate energies, and pair pro-
duction at hkgh energies. The last cannot occur. un nless the incident ra=’
diation has’at least 1.02 MeV of energy, AsX-and gamma-ray photons
-+ travel .through an absorber, the amount of attenuation is governed by the
anergy of the radiation and the type.and thickness of the absorbing med-
ium, Mathematically, thls may be expressed as
I = I@ESHSK
where: 1I. = intensity of radiation beam at point P with no absorber’ o .
prosont
1 = intensity of transmi#ted beam .
. . ae = linear attenuation co Eff clent
- x = thickness of iBD"bif . N

ik

2 base of natural logavithms
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-1. ——Ridlatlan Intensity
or er and (b) AbbbeEf.

this formula, one can calculate thé radiation intensi
o 1d of thi cknasg x, or caleulate the thlLk'E%S

IS

T o S ]

o 5%

w
T e ST
s R

or Ho 1is knawng This Ffactor is Qalled Ehe 1%,,
nt. The value of Ky however, depends on the ene
on aﬁd the type of abbﬂfblng meglum. '

i~
iy
ju
e
[
Lm)
u~

T

" Tables and éraphs are available that gi&éfvalueé of po determined ex-.
perimentally for all radiation energies and for many absorbing materials.’
. The larger the value of py, the greater the reduction in intensity for a
— given thickness of material.. The fact that lead has a high py for x and
* - gamma radiation is partially responsible for its wide use-as a shielding.

= ) Y

.Thé preceding equation is identical mathematlually to: the decay law
i.e.

_(Chaptef Iflb, .., gamma-ray - attenuation in mattef bas Lcally follows
an exponential relationship. The attenuation can depart from this simple
_exponential taw if a significant amount of scattered radiation contrib-
utes to the intensity - at the point of interest, i.e., the exponential-
lquation assumes all interactions are total Jbsafpcian'evantsg The Comp-
‘ton effect results in only partial energy absorption.. "The scattered
photons may %l%nltliantly increase the radiation intensity over what
would beé predicted by ‘the exponential equation., If this is the case,
an empirically determined factor, called the buildup factor, is used
mpensate For the scatter. The equation becomes I = by hox !
1 8

=bloe ,
hj is the buildup factor., Tables of buildup factors appear in
al references,

Eti!

co
2re

“C.V‘U

m

W

E

When jésig ing shields, it must' be remembered that gamma rays can be
_ d , [ " s, } | tructurgs near Enaugl for
séattef to be appreciable. A simple ”jhadaw shield" may not always be
¢ . .adequate. It may be .necessary tc bletely enclose high lgvel gamma
sources to reduce the radiation intensit 'in_néarby areas 'to an
ac ceptable working level. : o ' '

I
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"Shielding will alsm attenuate beﬁa_fadiation, and it takes relatively

. little shielding ‘to absorb.it completely. Therefore, the general prac— .
“tice is to use enough shielding for complete absorption. For low energy ’

.. beta emitters in gé]utiaﬁ, the glass:container generally gives complete
absorption. In many cases,. plaath shielding is effective and convenient.
The absorption of high intensities of betatradiation results in the pro-
duction of another electromagnetic radiation, bremsstrahlung. This is
x radiation caused by the deceleration of the beta particles.. It is

' more penetratlng than, the beta radiation ‘that produced it,; and must be

. " considered in shleldlng zalﬁulaﬁiansl Since bremsstrahlung ptoduction
“ - 'is proportional to .the atomic number of the absorber, it can be mini-

- mized by using low Z materials for beta shielding. The same principles
‘which  apply to attenuating x and gamma:radia;ion_fram-éonventicﬁal (
sagr;es apply to shleldlng'against bremss;rahlung radiati@n! : ‘

Tables or gfaphs are available that give the maximum rangé nf beta
paftlﬁlé% of various energles ln different aBSGrbing médiumsi These can

. _radlatlcﬂ
. . : . ) i
3, Exposure time ' T o ’

s .
. It may_occasionally be necessary to work in areas of high dose rates.
This ¢an be done safely by limiting the exposure time, sb that the tgtal
dose received is within recommended limits. For example, the technologi
- working with a Ligh level stock solution may have his hands expased _
momentarily to high intensities of gamma radiation. However, by working ¥
‘expediently and efficiently, the exposure time can be limited to the '
" point where the total dose to the hands is not excessive.

Some combination of the foregoing factoré'(time, distance, and shield-
ing) can be used to limit the hazards involved in any pracedure 1nvclving
external radiation sources. : ~

I1I. INTERNAL RADIATIDN HAZARDS

Internal radiation. exposure results from the deposition of radioactive p
.material within the body throligh inhalation, ingestion, or skin absorp-

tion. Internally deposited radioactifle material produces continuous

radiation exposure until it decays or is removed from the body by meta-~

"bolic processes. Therefore, internal radiation exposure can be control-

led only by preventing the entry of radioactive material into the body. T
It follows that internal exposure control is essentially a problem of
contaminntion contrdl.

The hazacd created by a vadionuclide inside the body depends on:

(1) the amournt of riadionuclide in the organ; (2) the energy of the

emitted radiation; (3)Y velative biological effectivenéss (RBE) of the
- cradflation:. (4) unLmem:ty of distribution within the critical organ; -

(5) size aml es Dﬂtld]l(y of the organ; and (6) effective half-life of

.y
-~
I::_fw g
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the radionuclide,: The effectﬁve half life of a, fadionucllde is a measure

of the decrease im rad1aact1v1ty in the tissue with-: time.. It is determined

’;by combining the radlolagical half-1ife- (T ) and blOnglL§1 half life (T,)
as f@llcws . Sl : 1

- WIETE

Cteft Tb o+ T

‘National Bureau of Sfaﬁdards Handbooks 48 andvﬁz group ;électad radio-

"~ nuclides according to- their relative radiotoxicity by weighing the prev—

:1ously mentioned - factors, cans;derlng theﬁggual quantities involved and.
the modes of handllng in typlcal experime . '

A, - Type Df materlal o . S e
‘1. Alpha.émitEEfS»

which Ehey pass bacause of t
tive chargé. Thalr fange 15*th§refafa Very shafti

can Eravel only 3 cm . in air. Acgordlngly, alpha par,l; s _ ;:,‘ ii=seat.
an external radiation hazard. However, alphia emitters do present otnie of
the greatest internal hazards. When deposited throughout a vital organ, -
they can cause considerable damage because of their relatively high' en-
ergies (4 to 9 MeV) and high_.specific ionization, and because their RBE
factor in-tissue 4is about 2§§timés gféatéf'ihan that farﬁbeta aﬁd gamma
radiation. .Also, many alph

compact bore, where metabolic turnuver rates are very low. Alpha Emlta
ters, which have a lcng radiological half- life, can cause irradiation

of bone. tissue for mﬁﬁy yvears. after - intake. Aipha emitters are not used
in nuclear medlCLﬁé pfccedufes for the reasons just stated.

2. Beta emitters I

‘Beta particles are lighter and have less charge than alpha particles.
This results in a longer path of travel, with less specific ionization,
Accordingly, the relative biological effect of beta particles is much
less than that caused by alpha radiation. For example, the absorbed -
energy from beta radiation must be approximately 20 times greater (per
unit mass of tissue) than that from alpha radiation to produgce the same
biological effect. Both alpha and beta emitting materials are considered
primarily interdal radiition hazards, although beta radiation may also
represent an external hazard when the energy is sufficient to penetrate
the dead layer of skin. External beta burns can be extremely Eginful
"and slow to heal. C - ' o

Typical beta emitting nuclides include strontium-90, a fissior prdUCt,-
which decays with a radiological half-life of 27.4 years.,  Its‘radio-
active daughter, yttrium-90, is also a pure beta emitter, Strontium-90
“has an effective half-life in the bone of approximately 17.5  years. It

is a bone seeker and considered a very dangerous 1ntefnal radlaticn source.
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" [odine- -131 s JL&U a Ei”sién'pfcduct and a Beta—g;mmg emitter. Tt emits

‘beta particles with average enetrgies of 0.22 MeV. “The -effective half-.
. life is about 7.6
. roid gland. = Nat

Jays. The organ of highest concentration is the thy-
ifnal Bureau of Standards. Handbook N&. 48 clas gifies

this radioisotope as- mcdetacely dangerous.' ‘Because of ‘its short halfi'j-

life it would have to be ingested or inhaled in relatlvely large quant-.
ities or over -a reldtively long period to constitute a serious hazard.

E 3

3. Gamma emitters

ﬁ@st.élpha and beta emitters give off associated gamma radiation.
Because of ‘its relatively low specific jonizations less energy pet unlts

- path length is deposited in tissue ftam . gamma phctcna than from parti-
‘culate radiation of comparable energy. Hence, “for materials that emit’

both: particles and photons, the gamma rays are responsible for much less
uE the abgutbed dose than-the alpha and beta particles. Consequently,
ﬁuf;' gamma Emltcefs (i e., no'particulat& tadiatian is emitted)'fep—

=

:inhalacioﬁ E . o ’,b,.%;

For maEEfL315 capable of bELng alrbarne (pDWdEfE or volatile llqulds)
thalatlon ‘is one of the prlnﬁlpal potential modes of entry into the
body. " The. abSDfpthﬂ,'fEtEﬁtloﬂ,'Jﬂd elimination of material EaREﬂ in
via the lungs depend oh such pafameters ‘as particle size of the inhaled
material, solubility,:and rdte of respiratiop of the individual.

- - E . CF

- JdLHHU(lLdES can=-enter the body by absorption of ;ng&&ted mateflal ‘from
‘rthe gastrointestlonal (GI) tract. The per cent. of ingested material

'abgn:bad by the nggdstteam d&pends on its zhemlcal.and phyglcal farm

HGWEVEE, 1rradlatlcn Df thﬁ GI tfatt 1tself by such
donstitute a significant internal radiation hazard.

Ln thg tgge%,

Radicactive materigls can also enter the bloodstream by absorptlmnv
through the unbroken skin, or through abrasions, cuts, and punctures.
Thus, all peT%ﬁﬁnai working with radionuclides should follow proper
procedures an%'wear protective ilDth11g to prevent contact with. the

}

Internal
entry of
internal e
control,

-EQ1E4LHP nt aud LléanllﬁESS
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The spread of radicactive contamination may be minimized at several points.
Containment (i.e., the réStfictiDn of active materials to specified” areas) '
is the first line Df defense.” This is .achieved by adaptlng those Dperatlng
-téLhﬂlQuES and laboratory methads best. suited to the particular. radlah

‘Tnuillda, Laretul LthQE Df ;qulpment and . pr@per dlbtlpllne
l:_‘Dperatlng techniques o ‘ L

. The choice of processes and techniques for handling radioactive materials
'ls a very important part of contamination aontfal. - Important aspects to

- be CDﬁaidEréd are: . -

(1) During radiachemical_cperaticds, the working surface should be
‘covered by either metal trays or a layer of disposable absorbent’
-material to soak up spilled liquids. Blotting paper and diaper '

. .. paper (heavy absorbent paper backed with impervious material such = -
" as-oiled paper) are used extensively. The latter is praferabl&_
since it pfevents liquids from reaching thé hench top.

=

(2) fffls werthwhile to carry out a ;Qmplaté "dummy run'. on a new
- procedure with inactive materials before any manipulatidn involv-
. ing radtibactive sources is undertaken. In this way, unexpected

-difficulties may be discovered, weaknesses in equipment detected,

and the proceduré modified acaérdingly. ‘ o ' :

_ ;. (3) Raliance shauld never. ‘be placéd on slngle :Dntalners, suitable
Ca _ . drip trays or double containers should always be used and should be
‘capable of holding the entire contents of the primary céntainers,

-(4) Potentially contaminated equipment should never be handled with
" bare. hands, and pilpettes must rever be operated by mouth suction.
Glass blowing in active areas or ‘on concaminated-equipment should
S be done with spegial technlques which avaid blawing by mouth. .
= 7723",‘ B . o
: 2, “Equipment

a, Radiochemical hoods

Laboratory Gpéfaiiéﬁs accompanied by the evolution of radjocactive fumes
.ot gases require the use of radiochemical hoods. The inner surfaces of
the hoods. should be of nonporous material (e.g., stainless st&el). The
‘surfaces may alED be covered with a stflppable palnt to permit easy '
dez@ntamlnatlan ‘ '

b. ‘Glove boxes

The glove box is a totally enclosed chamber in whdch alpha emitters and
low energy beta sources cadn be.handled safely. The advantage of glove
boxes, apart .from the obvious one of confining contamination within a
totally enclosed space, is the small air supply compared to the generous
alr flow necessary 1in the usual hood system to prevént escape of
aut1v1ty into the working atmosphere. The dlgadvaptages of glove

beas are the extra time and labcf invalved and the dlfficulties of -

;1_;{1




160, . A P inciples of Radiation Pratection ;1:, 7 AA -

. ¢ working inside them, but they are 1ndispensable for wark with drv pawdersr
‘*-af highly toxic maﬁerlal above ‘certain levels: :

L2

. *Seg:egatlaﬂ Gf equlpmenz o ‘ .

o All Equipment used fo handllng the active materlal must be ségregated
" and used only for this work. Marking the equipment "radioactive" helps.
This segregation 'is pafticglarly important for glassware and handling
equipment such as tongs, which can easily tfansfer Eontamlnaﬁlon from

\fume hoods to.the- opén labcratcry : o

C3. Dlszipllne
a. Cl@thing o 'i B S .

' All persannel WQrklng in radlatlan areas must wear the prEEErled
proﬁect;va clothing. The degree of clothing change considered necessary
. deperids” on Ehe level of activity and the types of operations. In tracer
~<. laboratories,. a standard laboratory coat will suffice. In intermediate
level laboratgrles laboratory coats and a change of shoes should be
compulsory, and it may be necessary to have a ccmplete change of cloth=-
ing plus a shoe change. Associated faclllties will range from coat-

. hooks in Ebe laboratory to a suitably located change room.

- b. Personal éffezté
Unessenﬁial personal jitems: shculd not be taken into- the attlve area.
Food, drink, or smoking materials should ‘remain outside an active area,
and nathlng should be Placad in the mouth while working in an actlva
.area. £ : o
12;' Ciéanlihegg

"
P..oper operat;ng technlques must be: suppleménted by cleanliness and -

‘good housekeeping. These will minimize the spread of contamlnatian and

" prevent the buildup of significant levels of ccntaminatlon

Cleanliﬂess in a radloisotop? labcratory goes beyond JUSt visible clean-

liness. It invelves the regular monitoring of the laboratory equipment,
~° personnel, and operating techniques, followed by prompt decontamination

when necessary. - Working surfaces,_floars, and all other surfaces should

be checked regularly.

In_areas wheré no Sauries of sufficient strength to cause a high room
background are stored, routine monitoring of bench surfaces, floors,
etc., may be done with a portable survey instrument. The instrument

. must be one that will respond to the type ‘and energy of the radiatian
:uSEd ,(Sae ChaptéE Xv. ) A

¥

foOIf a high background exists which would precludé the detection of traces
onf contamination -with a survey instrument, small pieces of filter paper
' - .may be used to wipe the surfaces. These wipes may then be removed to

., another area ‘and counted with a laboratory counter. Again, care must

‘J be taken to select a .counter whose detector is sen51tiue to "the: type

and energy of the. tadlathﬂ under study. “ :l;
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f'f T : Evaf}ané'ygtkingzin_aﬂ écéive area 'should wash and mcﬁitéf his harids
: bafare-laaviﬁg,'particularly_at-thé end of the.day and before eating.

D. " ﬂanagament Df Spills

In the. event of a spill” or accident invglving thé ccﬁtamiﬁaticﬁ of an
area, petsgnnal prategticn and the immediate confinement of the contami-
) nation is of primary importance. A standardized apprcach should be well—

known and fallawed when a 'spill Qccurs

1. C@ﬁfinemenz '

Prevent spread of contamination by:

: . : a;v k) =

a. clasing docfs and wind@vs

p! turning off fans, air ccﬁditlaners, aﬁd other vantllatian,-
possible -, : . . _ .

c. chSing ventilation ducts, if pqséible

A  ! d. vacaging'taémzléaviﬁg sh@es and ather garﬁents at door
e, locking doors and, if airborne materlal is lnvalved, sealing
‘edges with tape. T SR o

Qnﬁe the splll is thus Qanflﬂed, Cleanup can be-dcne 1at2f agcﬂrding to
o -a well-constructed plan.- : .

2. Decéntaminatiéﬁ
 Work out a specific plan considering the physical;faéilitiés'énd'thé
. propérties of the material spilled. ,Su;h_a plan should include:

a, manltaring 5p111 area to determine the extent of cantam;nat;mn
and Ehs hazard ‘

b. making sure decantamlnatlun persannal have sufficient protactive
“cluihing : ,

proceeding with decontamination by éc;ubbing surfdces with a
détéfgent‘gélﬁtiéﬁ always working toward the center of the
‘contaminated area, taking care not to spread the contamination
to less active ‘areas. Monitor frequently and thoroughly
during the decontamination procedure. Monitor all personnel
and materials before petmitting their movement to clean areas.

"?#~‘1w
o

IV: WASTE DISPDSAL

" The radicactive waste material generated in nucleaf mEdiCiﬁé laboratories
generally has low lgvel radioactivity. By "low level is mearft that the
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; Fa

téaﬁ ﬁhey may be disnused af airectly by release ﬁa the aif3 water, or- -
gfcund - _ o ' = : .

=&

'_Dlspnsal cf 1iquid wastes into the sanltary sewarage system isvpermis4

O
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V. SUMMARY N o o s

) Erom internal sources. , ;

- | - e . ég» | ¥%. | | ,k. N :. _ . <f

'SUGGESTIONS FOR FURTHER READANG N

) which is Qansidatéd safé for an adult tc drink Allawante may be made
for other sewage discharged in the  same building which will sarve to

dilute the radiocactive waste. Often, solutions which are of .too great
a.concentration to relaasg at first can be diluted and released. If the
half-life is short, they can also be allowed to decay until the concen-
tration is below the aégeptable level. Thé latter methnd requ;reg a,
shleldad stcrage space. 7 .o : '

m .

WLCh Dther refu&e gfter an appr@prlata decay parlad Some lnng llved

‘waste materials may ﬁEEd to be packaged and transpafted to designated
~ ..burial sites for land burial. Some cities have EcmmEleal services for
D the CDIIEPtlon of low-level wasteg.“ :

The factors of time, distance, and shiélding are used to reduce radia-
tion exposures from external sources to acceptable levels. The control T

of cantamlnaglon, use of proper equipment ahd protective devices, and
gaad ‘housekeeping practices will prevent ETCESQIVE pEfSDnﬁel Expogute

5

Hanson, Intraductlcn to Rad;@loglcal Health, MchaW -Hill

k Co. (1964), Chaps. 8 and 9. - | | -

2, Saenger, E. L., Medical Aspe cts ofiﬁaﬁiati@n Acaidents3 USAEC
©(1963). - »
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RA DACT&VE TﬁACER% AND PHARHACLUT C LS
I, ‘TRACER METHO DLDGY A NS N :' _

‘The use Df rad;o;zatopea as g '"'trahcer" has gf&ﬂtlv Eagllltated the

study of - the anatomy .and phySlDngy ‘of the humar bndy Tracers, in
general, are materials used to label specific’'mdlecules, organisms,

etc., thereby permitting the labeled efatity to be followed in its
physical movement or, in the  action of its.metabolism. - Radiocactive

tracers are used to studv the kinetics of exchaige, ml:{lngi transport, =
turnover and. remawﬁl of the labeled material, They are used to dgg,ﬁminé
JPpoth qualltatlvaly and qua tltatlvely the in vivo distribution of. the 2
1ghgl&d material using ‘methods described in previous chapters. Radio-:
active tracers are also used to determine and quantitate the.in vivo
distribution of a stable isotope of the same element, such as, the use

‘of sodium=22 to- méasure exchangeable sodium. The ba51q for the 1attarl
application -lies in't fact that, in genatai the chemical prapert1eg

.of an atom depend upcn the number and configuration of the orbital '
elettrons and not on the energy states Df the nucleus. Hence, a radio-
active atam has. the Same chemical properties as the stable atoms of

the same Eléméﬂt The radiocactive isotope emits radiations which may

be déEELEEd in vive or in. vitro making it dseful as a tracer to study

the behaV1ar of that element or other matarlals onto which the rﬁﬂlaé

vlsctope may be tﬁgged " : - o _ .

Caﬁpaands'labaiéd with radiﬁactive traters used in diagnbstic medicine

ROPERTIES DFiRADTD;SDIDEIC TRACERS

o

- 11,

>~ AL Physical Ptcperties

- 1, Half-1ife ‘
# [n order for.a radioisotope to be useful in a particular study, its
‘ ffective haif life in the organ or. system of interest must be long

““epnough to allcw the desired lnﬁérmatlon to.be collected. For example,
inthe Schilling Test for vitamin Bj, absorptlan, a tracer dose of

- vitamin By, labeled with a fadlDlSOEDDE of ‘cobalt is given ‘the patient,
and the urime is collected for 24 Hours. . The fadIDlSDtDpé in the urine -
is then cougted Eatdetermlne how” much ' of the tracer dese was absorbed
- hy the patient. One would not thGSEs‘1CG for this appllcatlcn‘betause
- {it has.a 1.65-hour half-life and would not be detectable after 2% hours
unless 4 very high activ;ty were admlnlbt&fed The iSDEGpE of choice
- 1is ‘7Co which has é half- 1£fa of 267 days - .

[} i

e “On.'the athé Aggnd ideally, oneé Wauld not Uise as a tracer a radlals@tcpe
' ¢ rwith- an, ngmﬁ ‘ively long half life relative to the time réquired to com-
plete a stu_yf "For tth mainz that,‘unlass the matarial is excreted -

= e Fapldly,\thg patient ‘will Ea fEC&lVlng radlatlan EKpDSurE for sonqe. tlmé

o : : i Al . = .
. ‘ . S . : * e
- : kg = ) . - . =
A R R E N . .

T - B . . =R AR . = ° . = - . A .

Co . = ? C - . .1 T - , N ;pe A o i . . 'r
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 ‘after -the useful infarmatién is obtdired. :Also, the longer the half-life, .
. - in general, the less the amount of ‘the- fadialsctcpe which can be given
the patlent from patlent dose ccnsiderétians.g This is ‘particularly.
"important in .scanning appllcaﬁians wherE one of the factors 11m1t1ng
.resolution is the rate of photon emissi%n from the patient. Ideally,
then, one uses a-radioisotope: witgsg half=life that results in a high
count rate at the time the information.is.being recorded, ahd one.that _
-does not remain in the body for'.dn éxces%;wely long time afterwards. For
most Scannlng applications, with pﬁesent equipment, the optimal half-1life -
is of the order of a few hDufé : . y v A

B . \L <,

2,¥ Type ﬁﬁd éhgrgy of éﬁiési@nsw

TraCEfS used for 1n v1vp Suudlasi fst emlt either gamma-ggstnﬁg or x rays. ,
,of sufficient energy to be detee,able Gutslde ‘the body en the most
. Enargeﬁlg beta particles ccntrlbute n@thlng to the. diagnostic 1nfafmatlan

“Sbtained" 1o _an in divo caunc ng ap lication. They do, however , cantflbute‘
A in ing afpl; y do, h
i to theg patient. Hemce, the ideal

e SLganlcantly 'to thir
. tracarkfaf Am wite ¢ #/ions is one that emits a low to
medium eﬂergy gamma ray wpﬁw ‘iculate'fadiétian The energy of the
gamma ray is- #d other aPplications where colli-
mation lsfrequlred Gamma fa‘s~W1th energies geéatyr than 500 keV are
‘dlelLult tg c@lllmate f@r lacallzatloﬂ pufp'sesg”’,etéas photon energies
oft tissue.. Technetium-

4@ keV gamma :ay w1th nn paftlculate radlatlan and ;F

»‘yet devalaped ' ) R

" B.  Chemical Prapartiés o o - .
1. ,PUfiEy‘V o St o -
Any impurities in a gadlapharmacautlcal must be identified and quantitated.
Impurities may be .other radionuclides such as radioactive daughter products
or radionuclides produced as a resulF of puclaar reactions occurring
within the material. If. these radioactive impurities possess no chemical
toxicity, they are hct of consequence unless the type and enefgy of ‘the
"radiation they emit lntérferes with the accurate measurement of the
¥ radiaticon from the primary radlaﬁucllde or lf their EmlESlDﬂE ‘result
in an excessive fadlaELQn dose to the patlent If radionuclidic
ﬁmpuritlas are prSEnE in bothersome.quantities, steps must be’ taken to
“remove them bafgra the radiopharmaceutical can be used clinically.. .
If the impurities haue shert half- lives compared to the primary radim= Q;
»nu:llde, a suff12l§f Qstnragg 1nterva1 before. \ise w111 solve the prﬂblem
[f the half-life of ‘bhe lmpuflty is. longér than that Df the primary
radionuclide, the problem- is’ iumpaunded because ‘the pEFCEntagE of "the
meuricy 1ncfea:é with time. En this case, chEmlcsl separatlans may

Y

have to be pers ﬁrmad to remove the impurltyafé . N

'Nénfadi@aéfiGéfimpuficieé Hust als@'be delinéa};d and the chemical -toxicity

L

L
-
P
.

[
"
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afthg;cémpaund and itg'm taholiﬁe
o}* A un;que to radloph

5 1 ) ,_ﬁhe bi&laglgai lgcallsatlon of the matEflal in, 7
) the. bgdy.’ This sis esp321ally true faf"maging appl;catlcns Con51d2t3= o
'"‘tlons of blolog 1. 1aca1lzatlan afe pattlgulatly well prEséHtEd if a :' .
paper by MﬁAfeE 'nd- Subfamanian.u The student, is utged to. read EhlS ref- -
EIEDEE An:.its - eﬂtlfety HOWEveE ~'for those who may not :be. able to abcaln‘-*‘

tHe paper, SEJEQEE',portlnns are. abstfacted in. the: f@llowing materlal R T v
The authcrs d;gtuss the blalagltal bahavlo% of" the elements aQﬂOfdlng ta.

Pérlod;c Tabla.‘if:: R A e k}_;AALZ >

. and Cs) areé. freely
_ They are
d’ io” ‘the

’:' readllv absarbed ffam the gastt01ntest1ﬁal Efact and exgret I
Follgmiﬂg 1njaﬁflcn, they ‘ate lnit;ally dlEtElbutEd almost un1=r o

1 Uflné; s
: fapmfy in the. soft tissues of the: bcdy “Within 4 few hours, thé blaﬁd Ll
i level Talls, with- deposltlsn chiefly, in miscle and large brgans such. asfrvf}ﬁ
f the 1ivet -and kidneys. At 4:'days, from: 107 t6 50% of the ‘injected radio- "t i
a:t1v1ty lETEénEalﬂEi in’ skelatal musele, Sodium’ is- eliminated twice - ﬁﬁf

cE ... as fast ms the.dther members. of thgvgroup,'and Eﬁgze is a specific ln—ﬂ L
e ﬁfacellulaf localization of’ thaSSlum.. ‘The retentidn, half-tigle -in- man: -
o Eincreasespr gt2551vely with the atomic n%mber in thlS seriés . For- Na-

PO the half-time is-11 to’ 14 days, whereas for G= it is as. lgpg as ‘110 to R

T 143 daysigff sﬁall Eractlan ig retalned by. the 5geleton “for pralanged

ui%,‘ perlods (Rb 144, Na 6/) REEEE ST AL éﬁj :

L' 1

e g Th "colnage metals" of . Gnoup IE Df the PEILGdli Tgélf ,
ﬂf;_i'i?{f Ag, iand Au, have a- completely dlffefent blal@glcal
R Etoup IA alkéline metals: Cupraus ions EDﬂEEﬂtfate the 11ver and
ﬂé‘;:iAKQ' to a lesser Exﬁ&ﬁt 1n the kldney and Spleen. A smali ymount ‘is_con- ..
e ‘ centrated- 1n'bana. “ Excretion s largely ‘through the kiéneys. SllVéf ot

" 1ons réadlly ccmblne w1th plasma” protélﬁs fongw;ngflnjgetlon,.aré
'prap;dly remaved by ‘the. llver, and are excreted through: the bile. into o
Salts of Au are ‘relatively, imsoluble and therefote. rgadlly s
ds R vivo, . The colloidal particles locdlize within the reti= o
c “:uloendothei'Qi ‘organs Qf, the body (llvez'“gpleen,~and bane marrow) and
- are’ tetained: indefinitely..' The. nuclldesAl*aAu and *° Au in colldidal -

furm have been used for v1§uallzatlon of the. llvef in man. The PQSI‘ZA .
Eran emltter Cu zhelaced,WltH:EDTA (echylenediamlnecétraacetate) has,(;‘:.
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Group IIA alkallne earth dlvalent catlans (Be, Mg, Ca, Sr, Ba ‘and” Ra)
_col ennrate ln the mineral phase of ‘bone and are retained if_the skele-
ton for 1ang pgflOdS.= They are- absafbed fsnm the gagtfalnﬁgst;nal tract.
‘when administered orally, Ca more feadlly than the others. of the group.
Thérllgﬁgésﬁ member, Be,. zcnceanates also in- the liver and kldney and. .
thereby tends. to resemble the eleménts of Graup 11B.  In man, the dlsﬂ';_
trlbutlcn of Sr and Ca is' sim lar during the first few days.after intra-’
~venowe injection,: “From 30. to 40%- of - the lnj&ﬁted radlgactivlty .is local-

o

‘12Pd in the 5kelatan. Thereafter preferential excretion of Sr'pver ca .

takes place, through the kidrneys,- ' After 60 days, 60% of the Ca 'is te-
,tainéd in the skeleton and’ only 25% of Sr- fetalned . Bome - excretlon cf _
i Ca acqurs in the feces. ‘After the’ first few days,'almcst all of- the're« "
' %v'ta;ned radlaactlvlty of these Elements is . contained in ‘the. skeletcn ' A'
. small fraction® ‘s retained in the wall.of the aarta.r ‘At-a microscopic
- leuel x'he canﬂentratlcn Gfithese ela ents ;n baneﬂ,, vezy_ncnunlfgrm.

Baaaugg Qf the pfalonged retent;on of these elements in the Skeletan,

only nuclides with a ‘short physical half life: may be.used. in mah. ‘None .

" of . the nuclides of ‘calcium are suitable for imaging purpases. . The. nu=- -

' clldés;‘ Sr and ®™gr have been useﬂ for lccallaatlan of skelatal abncr= b

. *

maggiles in man.ij_;x s L _ oy

The Group ILB valatll& nontran51t1§n metals CEn, Cd and Hg) are. d;valgnt

Chemlcally and blgloglcallyj they behave in a comple 7
* than the alkaline:earth metals, and concentrate in t 11ver or kldney
father than in the skeletnn They are readily dbsorbed” frgm the gastfo45

testkﬁal tract ‘when admlnlsgéred arally Follaw1ng ingeatfan -Zn at=

fﬁaﬁqlna itg highést concenﬁratlgn in the liver (30 to- 40% of the: admlglstp
Efed‘dds ) There is also Coﬁﬂentfatlﬂﬁ in the prmstate,.WLth retention
for long" pet;uds.} A small. fractlan is retalned in; the skéletcn and skin.

,?1na is EhCFEEEd predamlnantly in the feces. In han, - the fetentlan of Zn .
ve half-time

“is even’ grsater than in 3§pef1menta1 animals; and the &ffec
g Zn -1s Eftatét than 100 days The metaballc ‘turnoVer rate of’ Zﬁ is.
ighly dgpenﬂa1t gh the amounp of carrlef prasent. Cadmium-and Hg~ pfc-=
ively g cumulate in the kldneys ‘increasing in ‘concentration for

- al day® (tm a. maximim of 257 of the administered dose in rats),

g fhga& ions are tLghElj bound to plasma- prtElﬂE in thg c1rcu1atlﬂn, and

.IQ

3"

”fun accumulation fn’'the tenal- tubular cells of ‘the, renal coftex they prob= .,

ably bacﬂme bauﬁﬂ to. éulfhydfyb groups. of specific. ptOEElnS - Both metals
’Qan:entrate to a, IFESEF ‘extent in the i;yezi and -Cd accumulates alsa in
'f=the prﬁEatE Sémlﬂal vesicles’ ~and vas: defereps tﬁereby resembllng Zn,

‘A small fraction af these matals is: WEfEﬁEd ln&tlally in" the urine. The_i

'f majnﬁ'Ffagtian of" thie faleaCCLUlEy admlnlstered 1s;reta1ﬁad for loag
~and ‘gxcreted. slowly, 1é%§he feces. " The only radlanuclldes Df

:_Ehig agp thLh have\bEEn used Egr dlagngstlc studles are ;f’Hg and -

ERIC
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S cause its- stable stateiun neutral dqueous solutions

AA"_DEhEr memhers—of»@ruup*III “are: nut absor ed” frum the gastrulntéstlnal
- tract, ternd. to’ fotm complexés with serum ‘and . liver proteins, and are:-""

'The tri?éieﬁt'éutlun; uf"tﬁe perludlu Gruup III EDlldw a Eairly :unaﬂgt_‘
~distent pattern'uf beh4v1or hlnluglcally,’and uonuentrate pfedumlﬂancly_'

cim the skeletun.j ThlE includes the: aluminum £am;ly of Gruup ITIR (B,

"Al; Ga, In, . and T1), Gruup ITIA transition metals (Sc, .Y, and $4), lan- ..
thanldes, and, actlnldgs ‘In the alumiaum- famlly, B and Al have no. ra-’
dlunu:lldes suitable for bluluglcal studies, . Thalllum 15 atypltal bea"

“tribution in- soft tissues, with a relatlvely high concepfration.in muscle
and a lower concentration in“bone compared wlth other. mzfuers of: Group
IIT. Auturadlugraphlcally, Sume :Dncentratlun uf Tl has been noted ln
the thyrold of- rabblts ‘ i :

'v,excfeted in- buth urine and feces, The ifraction axcreted by way of the

ERIC
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feces prubabLy originates .from the radloact;vlty concentrdted in the o
llver and ex:reted ;n the bile, :.For ‘Ga and In, 15 to 30% of the admin- -
on and from 7 to 14% -in- ‘the ‘1liver,
ylogical half- life of-10 to
ately EiS'ygars in the rat,

",deali?atiun'uf mauyfeieméufs of Group III varies remarkably between the -

carriers free state and varying amounts of carrier eBement.. For eﬁample

» carrier- free Ga shows little tendency to- concentrate in the’ skeleton,.

whereas carrier doses up to 5 and 10 mg per kllugram budy weight show -
SlganlCant concentration in the skeleton up.to 30% of the ‘administeréd. o
dose.. Several members of the grolp are insoluble at ‘the pH. of plasma,
Lndlum and.Y,-for examplé concentrate 1in the 5keletun when carrieér-freée, . - -
but ‘with minute amounts of carrier they form 1nsoluble QOllOldé whieh -
localize in-the reticuloce ?dothelial system. ;ather ‘than bone. Galllum and

Y- eghlblt a higher skeletal concentration: than In, Sc, or La. "The dis- . :
trlbutlnn of Group IIT1 elements in the. skef%tun dlffera from that of the " i

" alkaline earths,  as demanstrated in auturadlugraphs Huwever, they pfon
-.ably do negt degusit-in asteuid-tissug as was formerly thought,” They ap-

-péap té_uunzenﬁfate in thE mineral fraction of bone on the ‘available re-

zed n@nsgrow;ug surfaces by diffusion: Be<= -
1desith21r %keletal lucallgatlun, the lighter menibers of Gfuup IIT (Ga, _
In +and S¢) ethlblt some cunaentratlun in the. musculature up tu 10" to- - .
15/ oE the admlngstergd dase R o S y ;=,~P Cn '

Tha more’ baSlC Ilghtar lanthanuns'(Ce to Gd) with 1argér 1un;¢ radll ' .
tend to depus;t igsboth .the liver-(25 to 50%) and skelecun (25 to 40%)
and. are excreted’ r;duanantly in the feces. . In contrast, 'the more S
acidic and- hEaVLEE lanthanons  (Tb to Lu) w1tﬂ‘sma1ler -atomic radll are’ - .
ﬂipﬂhltéd prlmarlly iri bunev(bD to 60%) and- -only sllghtly in t@g liver- - i
(1.to-7%). " They are E¥creted'pfedum1nantly in the urine. The aCtlﬂldES .
,Ethlhlt similar behav;ur _ Uranium I5~\an atypical member of this gruup
Ufanyl ions (UDa ), being: dlvalent lend to resemble cd” and “Hg™" ions- :
aﬁd Cuncentrate 1n the rgnal curtew .The unly membaf of- Group III which R

A . ; .} . : B 4

. - . S - e i
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Ga* hcwever, } In and certaln,
§Baw some pfomlse as radicactlva

Perladlc Graup IVB anludes the nanmetals C 81 and Gesand the,metals;f
‘zr, and HE. "The blalaglzal fate & C depends entlrely upon . the. ot s
ganl: tompnund into which it . is lncafparated ~ The distribution of Si ? Lo
and Ti has .fot- been studled Under physiclogical conditions Ge §t15t5[_ fa;; e
as a hydfated anion; it tends to. ‘become dlstflbutéd uﬂlfomly and ex- . v"fi”f 'V'"T
Cféﬁéd;fapldly throughy the kldnaysa like most aﬂlDﬁS ‘.Other members of 7 o
Groups 1VA.and IVB.-localize in-bone mineral, : For Sn- and Pb, there'is .-° = ' .
~apid ellmlnatlan .of 607 of ‘the- admlnlSEEféd rad;aactlv1ty in the’ urlng“” e
and iess than IDArfgr AN Fifteen to thlrty per ‘cent ‘0f the dose localiz a e
';"keletcn, wlth_p”alcn'ed retentlan.- f 15 1nsaluble in néutral ;
i ”fﬁflaéalizes’l' »
.in the skelet@n‘g None of. ‘the membefs o%zGrGu
’ mechal scannlng appllgat;ons R

- Gfoup VB cans;sts aE the’ nanmatals, N Py and ‘As and’ che meﬁals Sb and RO ,*f;i;/

C ¢ Bi, with an. 0x1datlcn state normally of" +5 FclIOWLng injéction, - phas—* PR B
J». ‘phate has: an . 1nitlal ‘high zoncemtfat%pn in- the . liver and skeleton, but' '_;f"r’
‘eventually about 90% of -the fESldual act1v1ty is CDntalﬂEd inthe skeleaA--_

ton.. Like €, :the lggaleat;@n of N depends on’ ‘the chamlzal nature .of
- the campaund - For: As, both l@sallzatlan and” EOxlClty vary. gfeatly, de-.
pendlng on the ‘vilence Statei The most- common aﬂdfstahle pentavalent
form (afEEﬁate) becomes cancentfated in the 11VEf;_aﬂd is not retained.
in thsues but. rapldly Egcreted in the aurine. . It is melatrvely nQnEOxLE' :
-and does ‘ot fnhibit most eﬁzymas ~On_ the other’ hand . the trivalent / ;.,?32=;g

" form (afs&nlté) is hlghly toxic. and pbines wlth ‘the Sulfhydt‘yl groups” .
of - enzymes T{ s EKEEEEEd chiefly "ir the bllE and Eeces, and’ qpptgx1- 7~;i ;if:
:’mately 507% ‘is fatalned in the body Ear lgﬁg peflods.. In rats, arsenate A .

begamgait;ghtly ‘bound to leEulatlng erythrasytes and - thefef@fe remalns SR
- largely- in the blaadstfeam.' This ‘binding is not @bserved in man.. Antl-fp'
* - 'monate, like arsenate, is rapidly ellm;nated by the kidneys: Blsmuth
differs from other membefs ‘of the %raup.n It-usyally. exists as a- trlvan
lent oxygenated form in ‘the bloodstream, bcund to plasma proteins. It ...
fesembles,the valatlle divalent metals. cd and Hg and uranyl ions in can=
CEntfitlng to a: h1gh degree in. the renal c¢ortex.. However; its reteation”
‘time- in the kldnays is ‘shorter-than that' of the dlvalent macals, andrit >~ . o8
cancenctates to a lessar extent in the liver; - spléen, lung, .and” gkeleton . - e
Arsenic-74; a pDSlEfQﬂ EmltEEr, and 2°€ ;i have. _beeh-used fo brain tumor? o
l@gallsatlan in. man,; L o oo D T e L e
T In- Group VA V §nd Nb’ bec@me bound - to- plasma prEElﬁS and pEfSlSt in. t e S
blaadstteam.; At 4 days, Eram 40 to EQA of the admlnlstered radlaact1v1ty
‘15 excrecad in -the urine and feces and 10 to 15%. is retained- in 'th ,
X skaleton ‘for. lang perlods.a Tantalum, being: felatlvely inert and%j

uble, bescmés zallaldal aftef lBJEEtlDﬂ ‘and . ganaentrat sfln thelj§,1=f
. T L : . .o —"»‘ki'

Q
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,jGraup VIE ingludés the elements 0 S Sc, Te and Pa. Sulfur-35 'iﬁ tZg'i o
© form of ‘sulfate’ beacmes rapidly and- unifarmly distributed ‘throughout: ¥ .- ‘_~

,Ehe intravascular and - éxtravascular tissue. fluid, and has been used in*

* ‘man for. measuremént. .of “the tatal extracellular fluid volume, . A small"}

’fraﬂtian speciflzally cangEﬁtrates ‘in the mucopolysaccharides of can§:¢ .
. ) ne:tive tissue and cartllaga and attains. its highest. coneentration - in .

."f - - the marrow. The turnover of gulfate is appargntly rapid in.most tissues,
. " * The" discrlbution of selenate and tellurate is similar but not identical

‘to sulfate in experimental animals._ In man, hawever, the ‘plasma clear-=
. ance of-’ 7Se. selenate is more rapid- than that of sulfate, and after 1. -
'$’houf} 1ncorparatlcn into plasma proteins is demonstrated In dags, SEJE—

- pate has ‘a bialaglcai half-1ife of about .7 days, -75 on i
is-more-reactive- 4in vivo~ “than™: selenate,Yaxhibltlng a faéter ﬁiés clea g
“ance, a hlgher con Entfatlcn in the kldﬂEyS and- 11ver, .and- a’ longer .bio=."" . -
", logical -half-1ife.( 5 days) - after -the first 3 days.” For both. selanate ' o

"and- selenlte, abauﬁ é;ls excreted in the urlne in’ the flfSt 3'or4 - o
. days, - Polonium tends form colloids, but navertheless can be absarbed
:-,Ehraugh the gastralntestl,al tract 1ts hlghest concéntraclans re in

"the kldﬂéys and 5pleen ' RO . x . J? : :

_ Q'Grcup VIiA 1n§Ludes the tran51tian meﬁals Cr, Mo, and W The" dlstrlbutlan C
. 0f chromium depends on the valenca state. - In the hexavalent form (chro- -
maté) it bezomes firmly bgund to red blood cells, .to a hlgh degree in vi- -

_vtro and to a lesser degree in.vivo, :Such- a small fragtlan of the- chrc—"
. mate, béﬁﬂmes eluced fram red cells thatthls phenamenmn is a w;dely em-*
‘ployed- 1abe11ﬁg method Egr red blood cells Most of the radlmﬂathlty
- persists ‘within ‘the cells untll they are destroyéd,rchlefly in the spleen. :
. .The ‘fraction of - Efcmate rema;nlng unbound - to . red cells.and’ the chromate -
“réleased by the destruction of red cells is prmmptly converted tu ‘the
. Vﬂ,crlvalent chromic fdrm,. .Chromic'ions readily form: ccmplexég and tend to -
.ukiz ‘become . callaldal except i strcngly acidic media, They becomé “bound to R
o :plasma protéins, but-.60 to 90% of the injected fadlaaCELVIEy is rapldly‘
- . .. cleared. from the: plasma -and - eﬁﬁfeted in the urime. The highest  initial
PR GDﬂEEﬁtfathnS ~are- in the -vascular organs (kldneys, lungs, heart, 11ver,ﬂ
b . ..+ pancreas, and spleen), but these decrease rapidly. A small ffaCEan is
retained in. the bone marrow and other’ reticuloendothelial cells: for long -
lapetlcds. Although the initial accumulation in the testis is -low, there =
is' progressive acaumulatlanfar several dayst' There is some accumulatlonj- L
in ‘the growing skeleton, but very little in the adult skeleton. . When SR
administered Drally, in the’ trivalent state, :less than 1% is absorbed B
from the gaSErDLnEEStlnal tract. There is slight absorption of mclyb-r
,date and- tungstate from the gastr01ntest;nal traat After injection, - .
 they are rapidly excreted by the kidneys. They concentrate slightly in
" bone. without prolonged retention,- following the typlcal pattern for an-
- “ioms. Red. bl@gd cells labeled with hexavalent ’*Cr and’ proteins” Jabeled
SR w1th trlvalent Cf have béan emplcyed in 1mag1ng appllcaﬁlnns in mane

=




L

. halagens, or Grcup VIIB (F CI' Er;{I;‘éﬁd At),‘havé 1mpcftant dlf‘:

- ferences .in biological bEhaVlDfaEﬂﬂ ‘tissue localization, As.a rule, ©

they are ‘readily absorbed from the- gastralntestlnal ttact ‘and ‘are usually

n@t:retalned for - prolanﬁéd perlads in. saft tlssuesq but are promptly ex-~

.+ crifffed- by the- kidneys with: little or no fetal EKLrEtLOH Flunr;ne has *

“. unique and rapid.localization:in the . ‘skeleton, up-to 50 to 60% of the

‘ddministered. radlcactlv1ty - There is a highly: selective trapping of io- .

i +dide in the thyr01d gland to a level -of 15 £6.40% of administered radio-. -,
',aEELVLty‘ar 24 hHours. - The Eraztlan.of jodide trapped in the thyroid T
_gland - ‘becomes ‘incorporated lntp the’ thyroid ‘hormones -and- has a relatively .

. - long blBnglgal ‘half-life of 60 to 138 days. Aststlne also c@ncentfaﬁes
 _tm somer dggfee and Br to a mlnlmal degree in the. thyroid gland ~The

halogens are SECfEtéd by the gastrlc mucosa;, .and this tendency iricreases
w1;hhthg atomic number in-this series of elem nts. . They..are read _y-andﬁf
completely reabsorbed in the small bowel.
7vcfeted by the ballvary glands and mugnsal glands of the cerVL%

:::Thé Grcup VIIA Elem&ﬂts“( f; Tc,'anﬂ RE) are trans_ anal metals. Maﬁgas
’nése is anm ESSEﬂElal e'

o T pt of, the body dand 'is tctally unllke the other
4?;: two members of the group ‘When anECEEd in- the +2 axld— on state, it -
L. 7 rapidly aﬂcumulatgg -in-the.-liver (257 of administered radlaact1v1ty),rls
'"eaareted ;hfough EhE blllary tract into the gastrglntestlnal tract, apd:
-is not raabsorbed but rather Excreted in.- the feces.  In ddltlan, itAQ_

‘They " iccumulate and-are-exsriwer

-aQEﬂmulatES in the pancreas and kldney “that. is, in ‘the’ Drgans rich in- =,

:mltachcndfxa -Lesser amounts ‘also accumulate in the spleen; skeleton,v
" thyroid, .skin, small bowel, and muscle. Technetlum and Re are most.
‘stable in- hegﬁavglant anlgnlc form (Tzﬂ% or’ Re0, " ). They, like several
5(Dther complex anigns such as thiocyanate or ﬁEfEthraEE, behave as
pseudgih&loge1§ _and mimic the lacallzatlon of ;gdlde.’ They are read-. " |
ST Aly absorbed from the- gastr@;nteﬁtlnal tract and ‘are concantfated trans- .
iug--lenﬁly,_buﬁ not DrganlfLad ip-.the. thyroid® gland They ‘are Secreted o
-~ also by the .salivary and gastr'c glands and readily Ellmlnatéd by the o
'kldnev;af Unilke LEdeE and other halogens, however, they are anly par~
‘tially absorbed from the gastfalntestlnal tract, dnd up to 50% of an ad-
mlnlgte”ed dose may. be ‘excreted in the: eces. The short-lived’ radionu=
r.clldg "“".Te has been of great Lntefé%t in recent years as an agent fof

*\;7 Lmathg apDILLatluﬂs. B .

'fGrauE VIII :

',5Ihe Elailnum meﬁals lﬁcluda Fe, CQ, ‘Ni., Ru, Rh Pd Ir, Ds;rénd'PtrJ- ,
~ 7' Becayseé of” 1t5<un1qu§ rolé in-red cell. mataballsm Fe exhlblts a cgma“!' (
e ',plétg 1ndLv1dual ty :ih bl@laglcal .behavior.. - It has a 5p221£1§ ‘mechanism :j

tof 1alm:;1va &bsofptlﬂnsfrom the gastrozntestlnal traat and is transpartgd L

. in the- hlﬂ@dstrﬂam in the beta=l fractldn'cf plasma- glabulrﬁ (transferrin):
It: }a Elaafad rapldly Erom® the . bl@adstream aﬂd loca es thefly in the .
ne mavrow and to a les ser. extent in ‘the . spleen and 1liver. ‘After sevky @
l,@ayﬁ it re Jenters ‘the’ alrgulatlan 1ncarparated in the EltCulatlﬂg N
: On destructlon ‘of ‘the red. cells in the gpleen, it re-
mgffaw, to- enter the red Qell metabgllg Cycle agaln,’
N L .

_b(}
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e Negligible quanilties Gif e are normally ex c:f
,-llfe is appraximataly Bsyears in men and, 3 to

?fCabéltgin ionic . form, ha: :dlfferent 1gzallzat1§n and retention than C@
'flnﬁafpcrated in. vitamin "Bij _(cyanagabalamin) “Vitamin- Bio is feadliy
}absarbed fram Ehe gastfalntest;nal tract, is- baund to' plasma protet
"and over several days is gradually zleared from the: plasma and ‘stored =~

.- .almost: éntlrely in’ the-liver, Urinary .excretion does not oceur: unless R

. the plasma proteins:are saturated.wifh vltamln By ... The bioli gical halfa";
"sllfa of "Co as Vitamin‘Bi the. llver is’as long as’ 400 days-in man. . -,
On the other hand, eobal ion_is only partially absorbed from.the gas= '
'tfalntestinal tract and to caneentrate in the glandular organs’ C
(liver," splaen, kldneys, an pancraas) Apprgxlmately 90% ‘is. readily -

Exgreted ;n thE urlne and lDé'ln the fe:es, as. a Tesult @f blllary exr‘.iv,
cretl@n — - R

Thé élatinum;metals other than Fe and Ca, 1ncarpcrated into vitamin Blg'-'
‘behave .rather uniformly.’ The oxidation state of this group may vary . <f

i widely from +2 to-+8, with. p3551b1y ‘different t;ssuézlacallzatlons for g
_different valences. Théy exhibit no tendéncy to“colloid formation: and

-are absorbed to some’ degree by the gastralﬂtestlﬂal ‘tract. .The majar

_ Eractlan is_eliminated in-the urine without pxclanged retentlcn " The .

. heavier metals of this .series tend" ta be ‘el'iminated . even more rapidly

‘than'the lighter ones. RUEhEﬂlum is Fhe only membef EFZE exhlb;ts any
retantlan whatscever in the skelatan._ T e --:.7 ST

,,DESPLEE the fact chat the platlnum metals have many gamma emlttlng radlmf
nuclides with suitable energies and several d3511able lenglCal gharac-‘%?i’%
‘ter'istics, ;' they have not! been, used for 1mag1ng appllcatlans ta any ex- :
ftent as 'yet. They may prove useful, . however, in the future, w Yhe fuclide .
52pe, a positron emitter with a half life of only 8.2 hours, is quite T
sultapji for- medlcal appllcatlon, partlcularly for-bone marrow lacar"
-Unfortynately; it can be pdequd Dﬂly in-a cyalctran and- lts prepar
tion isl time- cmnsumlng R o =

:Gréug 05-7 R .=;fj[‘ o “;Tiﬁ‘”

‘ i

' The ncble gases (VE, Ar Kr, KE, and’ Rn) are chemically lnert and have a
,flimited salubillty in aqueous: media, Fall@w1ng Anhalation or injection -
=;iﬁ aqueous media, they are rapidly eliminated: by the lungs into the:ex- ..

‘pired air with a biological half-time of-only 5 to 10 minutes.. They ex-

. hibit a preferential salubillty in body fazs, attalniﬂ 2 concentration .

~of 10 to 20 ‘times that of other’ tissues; Xencn—lEBm, Ke, and E’Kf are’
”'%u1§able gamma emitters for -medical appllcatlans 'ﬂ-~ L

.
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d harmaceutlgals
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Ng;léar Raactatsf3§[;_

75;1."Fi5$ian prcézcts ;i*

"The f;551cn praﬂess (Ghapter IV) :esults in thé farmaEan nf maﬂy radia-';":
. nuclldes, both:directly and fram the de:ay of. parent ‘nuelides . to radla j,,
. active: daughter pfgducts. These are’. Ealled fission’ prcducts, and some -
f,have ‘found appticat;an in nuclear medlclne.‘ -The" useful fisslgn pf@duQE§
‘must-.be; separated chemlcally from- the other™ fad;cnuclldes in spent re-.

actor fuel elements: FIES of flSSlQn pfgducts thaﬁ are.used as.
' tracérs: in medicine are - 1531 133Xe, EEMKI; and Kr. AII flsSLDn'
'fprgducts déﬂay by, beta EmlSSlan..‘-j T _ JEV o ! . oL '715 

';;Néutrﬂn a;;;va'L

" The prificiple. Df neutron
“‘stable ﬂuElldE ts aﬂtlv',ed ED a fédlﬂacthE_ISDtDpE Df the samé Element'
by maans of the- (n Yy rea ‘tion 1n1tlated “with thermal neutrons from a .
S iuclear reactor. Many offthe; radignu:lldes used in- nuelear medlc;ne edn <
" pe produced directly by neugrcn ‘aétivationy namely,hé F = Au, *Hg, L
, *137C 188, QEHD.-*SDmE ‘others are. daughter praducts of radloﬂuclldes':
'thlzh ‘are pf@dgced in Eﬁls manner, e, g.,js Tc is the ‘daughter of ~
which i; produced by neutton- activation. These parent-daughter falatlan-v
"ships ‘have led to the production af radlanucllde “generatofs" wh;ch are; . "1?§GE
disgussed latéf in tth Qhapter. ’ Lo A : LT T TR

% .-

: ;In ardar ta praduce radlanuclldes by neutfan a:tlvatlan,.a sultable tar— .
. get musE be prepared and placed in the, neutron beam. - The irradiated., R
Eargeﬁ is- prCESSEd Elthér by . dissolution or by more. cgmpllcated sep&ra-, _ -
72 tions.such-as ion. .exchange, precipitation and distillation toé.remove. im-"- " D -
. purities or ‘to concentrate the product’ nuclide, Radlonuclldés Praduced I
by neutron actlvatlan are generally beta &mltters.: o e
; A _ : : o : o o
‘B Cyclbtfbns : TR
s o s o~

The cyclatfan is-a dEVlCE that azcalerates pas;tl'aly aharged ﬁartlcles'
| to very high énergles By means/ of an alternating v 1tage applied across
. a g4p between two. 1arge electromagnets. The partl;les are made to move
‘. in at :lrcular paﬁh by applying izm;gnatlc field: pEfpendlculaf «£o their .
‘direction of motion.. The h;gh gnergy partlcles (pratcns or alpha paft1=i_f
. .cles) dre made to strike’a target material, thereby causing various types
"of nuiléar redctions to occur. Many- of the product nuclei are radioactive .
andgpave found. application in nuclear medicine. §ince radlanuclldes pro=
diced by Cy21D§fDnS generally have an excess of positive charge in their
nu:lel, they are 11kely to decay by either pGSltan EmlEEan or elgctfan
'?gaptu:e.; Détay by ele;tron Qaptufe rESults in low ‘energy X-ray émission
_ plus, in some :gse% ‘an accompanying: gamma phatan . Hence, many.. éyclae*; o _
.7 trom. prgduced matérials exhibit desirable’ pfcpettlas for in vivo appll-*' B
. cationgjui.el, ’ar -gamma-ray emission with ro paftlﬁulata radlatlon, _ . ;Sﬁ.f
W Ehusﬁenabllng hlgher amounts to be, admln;st3fad Wlth less patléﬂt daseil, "fiﬁ',:%g

. y o e SR S
e . B Ny e .._;““;'ﬁwﬁ
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Radiaactive Tracers and Eharmaceutlcais

. dlanuclides gsgd in nu:lear mEdlClnE that can. be prgduaed in
_ cyclogrcns ‘are I%EI ;EEI saGa, 15E. 1t 'is noteworthy that some radio- 2
;dullidés can, be p ced’ by ‘more. than one’ af the methads descrlbed

Radii;u:litiiGenerEtﬁf§;ij Tf?;; '

Ihe need for: high Fhaﬁgn,fluxes wizhout ,xcessive radlatlmn dcsaga ED
the: patient ‘makés shgrt half-Iife_ rad;oﬁuclldes partlﬂulafly attzact;va'
Caew for in v1va studles Hawever to use these effectlvely, ore must’ be _
T ﬁ"f; near a- source of produﬁtign af theé -nuclide, This has led to' the pro~ -
R ‘duetion- of so= called radlanucllde generators., A generator consists of ':
-a column on. which i adscorbed a long-lived- ‘parent material which decays
to a shorter=lived daughter product, . The parent material 'is produced
_ ¢ in either a nuclear reagtor or a cyclotran. " The daughter” producz actla
~o e vity-"grows-in" at a rate dependent gn its half-life until it i o
.. i reachés‘equilibrium with the ‘parentractivity.  (See Chapter ITI)) Th'hr
“datghter niclide is theén. sepafabad?byféhemlgaifmeans and ‘the parent is
left to généfate few daughter activity. . The amount 'of ddughter act1VLty
=that:-can be. sePafated at any time after a previous- separatlan can be

prdeEEd from the sefles decay felatlonsglps gLven in Chaptef III. -

a Gg@g ators haveégeen develaped for producing B %?NTQ, EaGé; E?EST
.and pther’ nuzlldas in the. labaratcry.- Typlcally these ‘consist.-of a- glass,

i~ dolumn cantalnl,g aluminum oxide on' whick'the parent ‘material is f;rmly ‘

o aésarbed “The aﬁumlna is” retained in the tube by a porous glass disk. :
The’ daﬂghter activity is ‘eluted from -the . generator by pou:;ng saline. or - <.

" some other reagent thraugh the columﬂ and collecting the’ Eluate in a
sultable canﬁalner ‘The entire generator may be shlelded o * \ 1»g7;
Tc date,‘21ght generatcr systems have been dgvelaped tg the lent Df
cammerc;&l avallablllty and many DEhErS lDGk pfamlSLEg far the future

A

’Vi?' Wagner Henry N., Princy

les pf:NdzlegfjHeq;;iﬁé, W. B. Saunders . .
Co. (lQES),_chap,iif_iékk_; N T

fz;' Blahd w H.; Nuclear Med1q1ﬁe, McGray- H111 Book Co: (1965), A
' Qhap S S S AR . o

AcAfee, J. G.,y and Subr%maﬁlaﬁ G‘, 'Rad;aactlva Agents fcr the S
Delineatisﬁ of Body Organs by Exiernal Imaglng Devléag A Review," .-
ISA Transactions, October, 1?66 C
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in‘duplizate the pattern of nDrmally Gccurrlng stable ladl‘f
" . If an uptake. is requested as-a single progedure, arf activity of 10

) ;;mlcra:urles (;odine 131).is used-for adults.” In small children aﬁd'

‘o infants, 0.1 mLEtﬁEuflés ig utilized and the procedure is ‘performed /in

,;lcdxﬁe) by a factor of- apprﬂxlmazely 30, Twenty -four hours after ‘the

o

C‘LINICAL DIAGNDS'I‘IC ST‘UDIES PERFDELMED S o
AT THE:RADIOISOTOPE LABORATORY, - . o
CINC‘INNATI, GENERAL HDSPITAL O P B

I

"™ ‘RADIOACTIVE IODINE THYROID' UPTAKE STUDY

ll\h'

AIhe thyrgld uptake helps tor determlﬁe the thyrald gland's ability to
take up 1narganlc LDdlﬂE and réﬁaln lt - LT .

lQDuClldéS used ,in:this "institutidn for thyrgld uptake. Both iso-"

?tapes are admlnistered as an oral, ‘tasteless. 11quld and métahallcally
@ (iodine= 127)

fthe whale bady counter; Other diagnostic pracedureggsugh -as ‘thyroid
scanning, prtEiﬂ Daund iodine EDDVEfSion ratio; and localization af

. thyroid metastases may. require . activitres of frcm 50 microcuries’ to:

several millicuries.: Iadine 123 (sodium iadlde) in a:tivities of lD to

iod1ne=131 (sadlum ;Ddldé) and 1cd;ne 123 (sadium ladlde) are the twa j'

500- microcuries 1s a .very suitable agent: for dlagngstic thyroid studles,r

for ‘with aquivalentxactlvities, the radiation .dose to the thyroid gland
from iodina- 123 (sodium 1odide) is less than- that for iodine-131 (sodium.-

administration-~of ghe agent (;qglna 131 or iodine-123), the patient re=
_turns to the’ Iabarat@ry -and méasurements of the activity of the. EthGld

- gland and the thigh are Dbtalﬂeﬂ The thigh counting-is performed so

that ‘anindication of" the- agE1v1ty ‘present .in tissue behind the thyrc;d
gland ‘may be obtained. .In ‘patients who Have a low uptake of raéﬁalailﬂe

.'(less than 15%) due to'chemical:block, myxedema, or cafdiac fallutg t;gﬁ

extrathyroidal fadLGaEELVE*iDdlnE ig usually increaseqd. ' This chlgh
count activity 15 subtracted from the _thyroid gland act1v1ty to: Dbpalg
the act1v1ty within. the thyrald glaﬂd A standard (an allquat of tﬁ?
radioactive- iodine given the patlant) is. procured ‘and counted "in exactly’
the same manner as. the thyrald gland ‘of: the patient, By comparing. the.,

'céuntlnﬁ rate-from the ,standard to the het counting rate- from theg Ce
- tient's thyrald gland, _the percentage uptake of the radlnactLve iotine.

by the chyfald is détéfmlned by the f@ilaw;ng fa:mula T T e

: £ o =B i S
thyrald uptake (7) - 28 cpm thyfald ’%FGCm th%gh X:lDQ

Since the abscluta quantity cf iodide in. the-, ,ra'tﬁfyaidal péaisié
ususlly not. kncwn, one Qannaf determine the absoliteé value of iodide
accumulation in mass per unit time. - The fasultameasufas the fractlan of -

“ Fhe extra thyfc;dal 1ad1de pool that:%?being aczumulated per unit’ time

1Yo T

,Qj




Cliﬂical ﬁiagnﬁstic Studiesr
e, -

This procedure is Valid since - an cveractiva thyraid glaﬂd turhs over Ehe L

":;'plasma iodide pa@l Eastar than ‘a narmally active gland, and.aﬂ‘under—ggég?
. ~active gland ‘turns ovaer - iadide more slawly, provided the.bcdy s indide

ffrstares are in the usual raﬂge ’ ;: : ; . _ - -

fi1Circulating iadide is ultimately dispased of by two campeting mechanisms,_ o,
~1.esy thyrﬁ%é uptake -and ‘urinary excretion,. Urinary excretion, in’ general,,-,}é5,’

o bears a reaip:acal -relationship. to thyroid, fuﬁctian Ufinary excrétion of S
.. less than 40- percent. of the tracer dose . in 24 hours (24 hour. callection) arg T
’,fconsistanﬁ with the diagnosis. of hypérthyroidism., Excretions in excess: of -

a»éG percent are usgally associated with normal or decreased thyreid fuﬁctiﬂn

or internal. use are ccntralnd;cated Pflar tc this procedure, as’ the thyfoid

ST TIDNALE o :: o f:f-.';tlf;f"-}l ¥ ;=yi ,a':flf: S

. I INTRDDUETIDN ,f

1The antelﬁ*EOund Iodine: Canvers;aﬁ Ratio. measures the EhYthd gland s .

hyperthyraidl m..

gland ecomes -saturated with iodine and this - 1odlne Qhem;cally 'blnaks" R

,the uptake of Ehe radiaaztiva 1adinei=-

g ' ' ' o e
: PRDTEIN BBUND IDDINE CDNQERSIGN RAIID TEST 'Ev1  e

;%i?

ablllcy to- QGHVEft radioactive inorganic 1Dd1ne to protein bound radio-

" active iodine in ‘the plasmaj-i.e., the -inorganic iodine in’the thyf01d 157

‘which. is secreted into.the bloodstream. whafegit;

pfinclpally convertad to, radlaﬁhyfcxlne and tri- 1Dd0thyf§nlne ‘part of
orms a pfot§1ﬂ_c9mplex

' The amont of adpinistered radioactive iodine whigh is converted within a'

'Ilené 131 (scd;um 1@d;de) is. the agent of ghn} _
‘and PBI Conversion Ratio are- requested, the ugtal adult .activity admln—v'
. istered is 50 microcuries of ‘Iodine-131 (sodis v
thyroid scan'is also rEquEStEd Ehe procedure may be performed with 100 S .

givenlperiad of time is a measure of .thyroid f;icclon o Ta

Iz,' ISGTGPES UTiLIZED AND APPRDACH TO TECHNIij .
jce. If an RAIL. Uptaka'
4l iodide) whereas if.a

microcuries of sodium iodide.  The patient is glven the activity. of

‘radiciodine’ and returns 24 hcurs *later for the PBI Conversion Ratio., A

ifhepatinized venous blood -sample is. centrifuged and agtivfty present’ in
" the plasma sample is determined in a suitable: scintillation well counter.

" The activiﬁy in this ‘sample represants both: the. innrganic radiuiadine

. and the prateinsbound radioiodine. * gl plasma is then transported

’ "Ehrough an ion exchange resin column by gravity, which ‘removes thetinor- =
- -ganic radioiodine, permitting the protein-bound iodine to rejZén in the

_iadine

plasma. This Bample 1s counted with the same instrumentation/ and the
counts are converted into a percentage of. prétein‘bcuﬁd tadia ctive



" An initial 24=Hour RAI ‘Uptake should be performed -~ Subsequently, the
 jjpaE1Ent is give
:_muscularly ‘gacl

!  T9H Uptake = 6%). By.contrast’, secondary

_:1;111.. RAIIDNALE -‘:”a ST
o The no:mal values far this prucedure clcsely apptcximate thcse'f“
. RAI Upggke ‘Some’ thyrotoxlc glands are 's0 active. that theﬁzé ho

:aUptakéhﬁaS fallen to within.the nurmal rangé; but since-a 1afgé
‘thyrexine has been released, the aﬁnversimn ratia is: Elevated

-iThls study 15 a tegg for asslsting in the dlagn031s of certair

V-githe patlenc has- r3321ved thyrold_stlmulatlﬁg harmcne.-i»~n~_ -

f;fmlnlstered to the patient and a second RAT Uptake is obtained 24 hours = ..
;==;latefJ The difference betwaen the twc uptakes lndlcates the respcnse of .,
. 'the thyrDld glénd to TSH.. L e ey . '

" but’ one“which may provide more dEflﬂltlv& lnfarmatlan ds to the presencea =  _

‘test iﬁ;thEﬂ invalidaﬁed by ccngestiVE heart fallure Dr renal d St netion. :
T A TSH-ETUQ?;!f‘;,,afe' R
I;»‘IﬁTRQDUETIQN S S i

i 45.

states by noting the ‘effect® upon the radioactive iodine Uptakgﬁ%fter

gzg' ISDTDPES UTILIZED AND 'APPROACH. TO TECHNIQUE j;ﬁi_;g.~: :_,

Iadine 131 (sodlum 1od1de) and iodine 123 (sadlum 1cd1de) may ‘be used.

#®10 uhits (2.5 mg.) of thyroid stimulating hormone intra- ., *,
chi"day“for three days. - InJEEtlQnS of ‘TSH are contraindicated
in-‘those’patiénts- in whom’ anglna pectoris is present, and certaln allerglc
maunifestations hdve been noted on DCQESIQn .It has been our pfactlEE ta .
'have the patient remaifn in the dapartment fcraa least BD minutes after -

the lﬂjEQtlDﬁ of TSH to note any adverse effects, On the third day,_w;th
suitable lnstrumentatlon,=a baseline RAT Uptake is ‘performed prior to' the”
;secand tracer dose (this is & ¢heck for- the residual’ radlclodlﬂe from s

‘the . 1nlﬁlal RAI- Uptake) . Su1table actlvlty of radlclodlne 'is then ad-

o

I, RATIGNALE S e

E

':Perary hprEthDldlSm ma;sse d;stlngulshed fram secandary hypcthyraldlsm o
by the use of the TSH pracedure Primary hypathyr01dlsm shows no signi- ..

Elgant elevation in uptake after TSH- (examg ~dnitial RAT Uptake: = 57%,.
pothyrmldlsm shows* a marked |
increase in uptake (example:. initial RAI Uptake = 5%, TSH Uptake = 40%),
.and is- Eansldeted to be.due to antertor pltu;tary dysfunction. It 'is a
test that - cannot. be performed as quickly as the 24Zhour RAT Uptake alene,=’

* s

VcE patantlally fuﬂctlmnlng thyrald tissue’ Wthh h&;been Suppressed or
lacks stlmulatlan from'.the pltultafy : ;

.

“ L



;D UCTIGN .
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¥

jf'iHA
Th& T*B Supprassian Stﬁdy (tfl ldethyrﬂﬁlnE test) is’ a mathad use& tc i
.assist in determining ‘the prasenca or abseﬁce of an éu;anomaus thyraid'

,gland or-nodule’ which;xs not “under. normal- cnntgal by thE pitﬂitafy, -and
. iﬁ fiudlng hypgrthyra;dlsm w1thaut hyPEfmetaboIism .;-*;ffa_! U

II ISD%EfEE UTiLIZED AND\APPRDACH TD TEGHNIQUE

;d%ine=131 (sodiun todjde) gnd todine-123 (Sodium iadida) are utilized: i i
fa: this; pra&édure An initig]l RAT Uptake is perfdrm ;Dﬂ the patient I
Subsequantly, ‘the patient 1is given 75 microgfams of cyfcmel (T-3) pert: .
] ly, in Ehree dlvided dases far sevén days?"Cytomal is ccntra—w-ig'glr -
' ~0On-‘the-seventh . =l
day,»a baseline RAI Uptake is perﬁefmed to. chéck far féSlduaLﬁfadiDactive v

“iodine in the thyraié gland and then. adaquate activ1ty of rad;cactlva . S ;
iodine 1s administered orally. 'A seccnd ‘RAI Upiake is perfﬁrmedvzé hours.r. . ", -,
later,’ subtractlng the baseline activ1ty pregéﬁt ﬁa ab;aln anﬁaccurata . R

: thyrcid uptake o, : St

ILIL RATIQNALE 2{ R ;T,-;;",' b =f : =~1.'{h:, e
ggﬁThig pfﬂcédufe is paftlcularly beneflclal in thase cases that hava boraersg
s Tine: high-'RAT Uptakes 1n1tlally. "These patients w1th normal thyrald ’
function reveal a. s;gnlf;cant deprESSLQn.w;th ‘the T-3 Suppression Uptdke R
».f';éusually a reduction of from 60-80% from the-injtial: RAI ‘Uptake., . If = . .
A:_Ehefa is a s;gnlflcant depresglgn of the RAI Uptake,'the patient is eon- . .
sidered to be euthyroid. “Situations which reveal no 51gn1ftcant depres—'
sion of uptake are Grdve's dlSéase, hyperthyra;dlsm in'remission, or’
'=autnnamau5 adenamas (“hat” nodules) with normal thyroid wmptake. values, ]
Sincé the T-3.Suppression- Study ddes not alter the radioactive iedine.. 2 “er
;pﬁake afﬂﬁhe thyroid gland in the hyperthyfald patient, the.test. affards o
‘a method 'of differential: diagros'is. and’ still:-enables the physlglan to

rreat the. Eaﬂditl@ﬂ w1th radlgactlve 1Dd1ne therapeutlcally,v
. . - L N : Lo LA . Z,
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| ];{#"‘.~ \f,’_ T3 R ,SIN UPTAKE STUDY © v & . »
1 Q

the amourt of Elfiulatlng thyroid 'hormone bysmeaﬂwrlng the amount of )
TBb (thjfﬂld binding globulin) in tHe patlent s serum that has been. . - S S
bound by tri- lDthhnyﬁlﬂE, aﬁd ~thereby. utlllang this Lnfarmatlan as © IR

L

an: gatlmagimﬁ Df EhyEDLd Eunctlaﬁ O T

Tne‘TAB Resin Uptake is an in vltro methcd of detefmlnlng lndlrectly 3  ;5527'

o
™
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fpat;ent s EETumulh requlred fﬂr Ehls test

fmat&flals.:

’thg fluid content- wlth each washing: :Again the act

“in, che r251nfspunge aEter washlngs, as cDmparEd toitha 1n1t1al mlxturéf ‘s'

acturéts Dne OF. threa; 111111ﬁa s of thE K !;q;_
ASQ lt affards a;gggsk mathud

radlophafmaQEutical man

In the bpproprlate canta%ner. a fésln Epcnge 15 a&
‘mixture of .2 ml serum and iodine-131 'labeled T-3, . With .a sus
Elliaﬁ;cn well counter, the activity Pfﬁseﬂt ls»galiulated 1}F@Ef an

‘incubation péfléﬂ of. one hour, the fluid coritents of Fhe con alnéfv }ﬁ:
aSQLEate&v ‘Several wabh%ngs of the sﬁbnge are pé:fsrmed ﬂsplrat;ng

from the resin s enge. By calculatlﬂf ‘the, pergeﬁtag; uptaké femarnlﬁg

Eha blndlng 1naex Df trl ;Qdothyr)nlné'ln the patlenﬁ 5 serum 15 obtalﬁed

. . - : .
- . e '-!a T . = H e ST

=

“-fiif;‘ RATTDNALE '; . ﬂv R SREEAN

h . i ’ h -EA ) . ‘!' B A::x--_ ‘g. 'V x A":

L

. The narmal adu1t range- is 25—35%, greater chan 35%. 1nd1caﬁ1ng the hypEfE .

thygald rangé. gnd- less than 25%. the hypathyro;d range. There- are many.
medications. and ¢linical. CCHdltlDﬁS, such as pregnaﬁgyi;that will affect
. the reSults of th;s ‘test: - The radl@phﬁrmageuglcal mang@acturers supply

=

Aan et;ellenﬁ llst of - chesg medlLatlsnS and CDHdltlDHE, and, Ehe effect o

j;f : ! e thg}—havg upOn thls prﬂaadure.: Uséd praperl}, thlS test, is 1ntanded as . ;ﬁw 

B

R

ERIC

Aruitoxt provided by Eic:

‘w1ch pragnancy, ;fi-_ S

:Dne DE tha most elabgface diagn@%tlu prEtduEES ln nucleéf‘madiciﬂé~15:
EEEAthytDld can;er WOfK*up. " This work2up may be llzed befare or: after ==

‘an easy’ ‘method- oE séreening thyroi iseasé. It is paftlcularlv useful
as. a laboraﬁary aid- and 1n the dlagnn:l% of thertEyrﬂldlsm aésnclated

e o ’ -

e R B s = w

L f~ e”j_, ", ; THYRDTD CANCER WORK-UP, ,*,I;;fg'
[ N . K "le*_ e s : - :'AV' 7' LT \A;,T
ti"IWTRDDUCTBDW L S S .
. . Sl P Cor A - T

surgary‘and 4as ‘a methad DE evaluatlng,the axtent'af Eertaln CdﬂCEIS_ -

IT: ISDTDPES UTILIZED AND APFROACH TO "TECH VIQU {.:‘2 o '%x~ ,’~ PR

USLally, 1ud1ne 131 (S@dlum 1@&1@@) is utlllzed IE - gat;enc has sus—A .

: pe;ted cancér of ‘the thyroid,. yet %utgat} has not been’ ggrf@rmad .the =
usual agtlv;ﬁy {160 mlzf@cur;es) for an RAT Uptake and thyroid §La§ is
7  emplaygd 1f fhyEDld,CSﬂFEf is suspecfred Ellnlcally and par, scan,’ . . ¢

é-f; o . Ed

lepSV ‘and/or surgery is usually petfaimed If cancer is proveﬂ,_raalcgl
thyfuidg;ﬁﬁ'y 15 sometimes, performéd p9231b1y fEm0V1ng most of the .-

thyroid gland.. FDSED@EE&EIVEly, the paclent ig-given a larger act1v1ty 'f“ -
of ‘the- Eadlaactlve iodine (usually 1 En 2 mllllcutles) WLEh Dr‘WlEhDuﬁ ’
TSH (Thyroid” St}mulatlng Hnrmmnk) ‘ﬂjE;Llﬁﬂ% in order to’ reveal- reﬁnan;s

éf Ehyruld ELS%UP 3Etef %urgery and me%astat;; afeas zhraughout the bady

L C * 2. . R PO soF o .

Iy
e



;{i?hysialagicslly,laﬁce thé thyrgid glgnd has been gplated metgstatic
" tissue’ .elsewhere 1in’ the body often cancentrateﬁ the fﬁdinactiv 'matérial

" this - making it passiblg ‘to. reveal. metastatic aféas in the ﬂecki ghest % gvﬁ

?:«bone, saft tissue, ‘or- lymph glands.

"EIIES RATIDNALE i-,xfj;.,ﬂ;fé | ‘f:jj:__ f'f 2764”

If: anly a. partian of - the . thyroid gland 1s ex;ised large’ activities of
. 'radioiodine te.g., :100 millicur;es) are sametimes gsed to.ablate the '
" remaining thyraid tissue,  Serial thyrgid can”’ worksup chezks every -

.6=12 months ar thén in&tituted* . . . :

I fINTRDDucTIGN
ElThe Trlaleln Test 1is dependent on the aESGrptlan of hydralyzed Eagged -
“,tflcléln from the gastfc;ntestlnal tragt :

;I ISDTGPE UIILIZED AVD APPRDACH TD TEC%NIQUE

i ‘, :

Iadlne 131 (scd;um lad;de§ ‘has baen fuund su;table as a. 1abel fnr fa

and fatcy acids, *The neutral fat utilized for- labellng purposes is L

glyceryl Erloleate (triolein). . In the b@dy, the lDdlﬁE 131 (sﬂdlum"
. ilodide)- tflaleln ‘behaves!like a neutral faty i.e., it is hydrolyzed:
":by panEteEE@C llpase to. glycerml and oleic acid befcré abSDrptlDﬁ 1nf
the intestinal tract may take place. In the blood, the iodine-i31 ..
‘triolein exists ‘in’ two fomSE-llpid—bBuﬂd iodine= 131 triolein and in-
arganlc ifodine=131. resulting from a métabolic breakdgwn of the labeled -

. fat. ‘on the” day prior to the study, ‘ten depS -of a saturated” saiutlmn
of-KI is admlnlscered orally three times (after each meal)  to black -
.iodine-131 uptake by. the thyroid gland., The patient should fast from
'rmldn;ght the day prior to_ testing and should nof have received any medi-
cations-~ affagtlng pancreatic. funection for at lfast 48 hours prior to-
testing. The iodine-131 triolein -is administfred orally in capsule form.

_-The-gﬁt;ent isgnot permitted to eaf or drink, during the pracgdure Hep—f—u
-arinized blood ¥pples are obtained 2, 3, 4, 5, and 6 houfs after admini-- -

stration of the ioMjne-131 triolein. The hELght and weight of the pati-
ent are abtalned an Ehe'est;mat§ZVMOle blond VGlumE of “the patlent is .
‘éacermlﬂed by Retzl'ff ] fnrmulae S
- 8 } .
e .
Egtlmatlgn af Erythroayte and Plasma Valume ST .
ACEDleﬁg to H21ght and B@dy Weight' -

- . L [

F rmulée for Men:

Erythfocyta valume (ml) = ' ' .
8, 2 X Pﬁight (zms) + 17. 3 x w21ght (kgm)-= 693 + 252 ml (1 S D, ) c

B | oy
Plasma volume (ml) = o ' ' _ o S
-?3 7 % h?lght fzﬁs) + 9 x welght (kgm) -1709 i“jSS ml-(1l SiDy) -~

e e 5;’%3*




nEfytthEytE valume (ml)-? -
16 é "X hélght (ims) +;§_7:

: Plasma iélumé (ml) R
40,5 X helght (Cms) +.2, A;X

Elght (kgm) 4@11 i 195 ,"

'::An allquat gf each Fblnnd sawéle is: Qunted in

 ¥.SClﬁt1l1aE1Dﬁ counter. and . the per-cent’ of. blond‘abscfp

- tr;élé;n is nbtalned _,rj FERT - ]
. o . i/ ,

¥

/

Lar lmpalréd fat dlgestlon and/ar de-;_
hus, should this test be w1th£n normal -

Thlb test is perfarmed tc §C§een
fzreaseq intestinal absafptlan ‘
.-range, ‘good pancréatlc fuﬂctlan and the’ Exlstance ‘of ‘normal fat. d;gestlan: o

:  and abscrptlan is inferred. An 1od1ne -131*0leic Acid Fat Absorption - -
© . Study-is 1nd1c3ted shauli the iDdin 131 Trlol&ln Fat Absarpzlcn Test be -

abn0fmal

‘In the absen £ panefeatlc 11p£se'Ca paanEaCLE ‘enzyme), iodine- 131 o
. triolein cammdt be absprbed. Ifjthe Triolefn Fat Absorption' Test hds ,*
y been perfcfmed and Fauﬂd to- be ahnafﬂally low, an lodine-131 Oleic Acid -
- - Study is" 1nd1cated ‘Sﬂﬂﬁe @lelc &cld does not fequ1re hydrolytic action ;
© " of pancreatic- llpase ﬁa‘hé absar'éd and thus mEESUfeg the EfflCiEﬁCy of ;,
small bawel absarpt;aﬁ : : M

IL." ISDTDPE ILL;E‘ AND_ APPROAGH TO TEEHN]EQUE» :

iladlne 131 has been f@und su;ta@le as a 1abel far th ; fatty acld ihe
patlent preparatlan aﬁd procedure.are exactly the same as. fﬁrgthe ;Ddlne=
131 Triolein Fat Ab%arptlan Study except that Lcd;né 131 oleic.acid is
= ut1llzed o 'f ‘s : A : el :
N ’.\ [ o L
III;_ RATIONALE RE . B ‘,: ;_::!51

A high blood level wlth lDdlné 131 oleic dcid fo ing a. law ‘blood level
with ‘iodine-131 triolein is Lndltatlve of pancre, ic lipase deficiency.s
A, low bload 1eve1 Df bath iodine-1 Erl@leln and 1@d1ﬁe 131 oleic acid
suggests that nélthér neutral fats "W fatty acid 5afe absorbed. This
~may be due to absorptive defects in ﬁhe small bawgl, a rapid transit :;'
“time, -or- dECfEESEd absarptlveﬂarea ‘These EESES SLVE 80% CéﬂfldEHCE Qﬁ
’.the dlagnaSLS af nafmal or’ malabssrptlan :

& F

.




. Ironm klnetlc studie¥ measuré the rate- Gf dlssppearaﬁca of iron from-the' -
-plasma, tha plasma iron turnover rate, and’ the: utilization of irgﬁggnf.
-red blood call\praductlon. ‘The Clearﬂncé .of iron’ from the plasma is.
af value in ﬂétéfmlnlﬂg total bone marfaw éEthlty, i.e., the tntal ‘
; amcunt ‘of iron: b51ng ircorporated into hEmongbln in the bcne marrcw,
- but:since’ the. adoiint of ngnradiaactlve iron in- fhe serum will. influence
) thls rate,,a detarminatlan of the plasma iron turnover rate fepresents
an’ attempt L 1=} refine the clearanca study. . The red cell utilization’
vtachn;que raqulrasathat the iron not only leave the plasma but ‘that
it also be movéd int' the 'red cells. " hafﬁ s hélpfﬂl in
“Tevald : ‘bone matrow function whlch 18 FEF166E
percentaga Df;labeled'red bleood calls in the perlpheral clrculatlan
at 10 Ea 14 days . : : . ;

T, IspibPE UTILIZED AND APPRDACH TD TECHNIQUE >

Farfaus c1tra§e 59 lS Employed fcf thls testi,
-a fastlng state’ for the test and, prior .to the
‘a’’serum -iron blqod sample sh®uld. be optained.
. is 1ngected 1ntravanaugly and .serial blood. samples are: drawn ZD 30 EQ
90, 120, and 180 mlnutes*posﬁ lnjECtan and then 4t .24 houts, andﬂgt tWD
'ta thrée day 1ntervals fér a perlod cf apprax;macely 28 dayg, At 4

: mant; af,actgv
-precordium, spl en,rllver,rana sacral. arEas v e

iii;:'RATIdNALE PR L N

Tha ireon rad call utlllgat;0n is dacreased in- aplastlc and gther -anemias
"where the bone marrow 15 1neffect1ve in ltS red blood cell: praductlan.
In normal’ _parients, 70- 95% of the. ferraus Qltra§§ -59 is utilized in the
red blood cells by the 1l4th. day of testing. :Also, the external measure— -
.mentg of ferrous citrate=59 made Dvér'tha bone marraw blood: pool, -and-
the ratlcul@endathellél tissue (%pleen and 11ver) .may help in the gval=
uaEan Qf b@ne marrow funch&an

IS L

%

~}? . -E_Z- - IRON BINDING CAPACITY»TESTf

< T, TRDDUCTIDﬂ T

Thlg EE:E affards a qu;ck, easyg anﬁ accurate methnd of meaquflﬁg:the

11 ISDTDEE EIILIZED~ANDfAPPRDACH iG;TEGHNIQUE,-
'a;‘; (_," : g B 2 = o s ‘ ) R \ ’ - -' . .
FEEtDuE Cltfate 59 is. emplayed and thé ccmpiété'testihghéﬁﬁaratﬁs is =~ '

Ra) fumercially avallable in kit férm;‘ .The test employﬁ ferrpus c¢itrate-59 .

11Dﬂg wlth_g.pg;yegtef foam sponge in which” is embedded ‘a’ f11ely dlvlded

R ey ’ SRR R R T - S
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“idh exchange rgsifi:: The test is performed'in vitro with the patiest fn a'
_ fasting ‘sfate. “ Venous blood is drawn, and plasma ig obtained through . .
' centrifugation: + By cownting the activity present iﬁ_the'rgsiﬂ.gp@ngégz;Li‘?A
S j‘:béfhtéfgndfafﬁgr,QEShingg,with-tap“wazet,-theiperg;gﬁt=tesip spqnge uptake
Lood8 derdved.in T T o R

=

. T g
1L ;RAT»IDNALE N s L -

L . ) . T . e T L, - ;‘ ". T :_7 ) "- ‘ ,
" Once' the per: cent resin sporge uptake is obtained,r the results of ithe -
‘test are exptessed as unszfd%atéa (ldtent) iron-binding -capacity.

These results are obtained thgéggh'aﬁiathema;icaliccﬁputa§i§§_invalviﬁg;‘f '
the activity (nef counts fer minute) of theiép@ngé'bafo:é and ‘after:
" washings, .and the microggams of iron addgd to the test kit syripgel’
The results a reported as_ ‘i:pgtamSgEE[lQQTml;bfiEhé;?@tieapfswsgiv b0
This re ' X n'suéh:ciiﬁiggi situations asﬁiran’deficiengyi_,,f

T This result is valuable such ¢l
anemfia, anemia of chrénic infection,

_ . . i ‘& ' - . W E

T 3 - ) . .. . e . .y R
‘ = ’ L o =0 . . = T o . P :
i R . - . - ) . f R . .

e HYPOPROTEINEMIA TEST - . - i

and - hemochromatosis. -«

e . . g o

- Nuclear medicine has introduced an easy method of determining the pres-
. ence. of gastrointestinal protein loss." This condition is present in a
‘variety of clinical situations, and may be caused by the loss of ‘plasma’
'+ protein into the intestinal.lumen. e S B o _;-=,
: ; . B S I T o] : - e
LIZED AND APPROACH TO TECHNIQUE - - Lo T T

!

. ITL. ISOTOPE UTI
: %Althcu%h other agénté'have'béen'utilized'?u;h as radioiodine B, human
serum albumip and radioiodine-125. human serum albumin, the agent of "~ . :
» choice is sodium chromate-51 labeled.albumin. . (The label must be madé -
" in the laboratory if not obtainable ccmméré-ially;)'-Sédi&m;_;htgmétésﬁ-l;\;i
. ‘may be firmly bound to albumin. - Normally, dnly a small percentage of "
. ~chromium-tagged albumin in the vésgular'systém'eﬁtéfszth%’géstfginthtinal
A ‘traet, so ;here<&s marked difference -in fecal excretion @f‘the:iSthpe' A
- .. between normal patients and those with loss of protein. plasma tEraugh the . E;i
.+ . iIntestinal wall. .The appropriate activity of the sodium.ichromate-51 S
labeled albumin is intravenously administered“dnd’subsequent stoolgcol o,
lection is made for a period of four days., The activity lin the stool i$. "!f
quantjtated withvpr@per‘instrumentatignland:;he;per.cént}éxgretibﬁ,éfﬁﬁhgé'ﬁ :
,isatc_‘pg is ;al::ulat:ed; o o GO o E ) L §

L4 . : X i . ; - =

. ITI. 'RATIONALE = .. = = S T e
This test is used to rule out exudation of protein’ into the=bQWélzlumenx 2
w, s a cduse of hypoalbuminemia found in ‘such diseases -as Exgdgtive_éntQFGE
: pathies, ulcerdtive colitis, sprue, regional-enteritis, and gastric neo- -
plasia. It affords the physician with informatiof that may beé-utiliked
in treating the at. conditions. o I . :

N
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) as Bi:ﬂuf 1ﬁ pEITﬂ

ffam-ihe lack o

7Cobalt 57 (CyaﬁOEGbal ”iﬁ)'IaBeladiﬁi»fé
‘utlllzéd “The. patlent should fast fron
and shauld not have had v1tam1n Blz 1 

zollaﬁtlcn 1$‘initlatad
admlﬁlStEtEd ;"flushlng d,:r

nlst%téﬂ%

.Af

S;?he ctlyltg pfeSenE in;thé urine ‘is propartlanal tD tbe
labeled. vltamln By, and’ therefcre an ‘indireet ‘measureémen
bsence Qf lnEflnSlc factor or- dafectlve v1tgm1n By, absarpt

Qr

S =

'-Abnarmal values Df Ehe :1;5t Stage Sch;lling test sugges 4
or nun spgclflc malabSorption off man possil 1ble et;alog;es,
Dlnt to a aeflciancy af

‘eious, anEmla
’aSSumlng fiormal Tehal fun&%lgn._ Normal values

;fallﬁ acld as the cause af megalcblagtlc anemia

I: IN RDDUG’I‘ION ISR ST
=Th§ Sacand Stage Sgh illing test is perfafmed on - thase patlants whD have:
st Stage - thilllng results. ‘This pracedure w111 ‘help - -

N »

abnafmally lcw Firs

"tc conflrm or déqz he presence of permlcicus anemia,
A R = B .-\ .
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: Aggih”'cobalt 57 (cya zébalamln) 1abeied'vltam1n By, is: the aée;,ﬁgged
. The patient’ pfépafatlan and test are exactly the. same- as for'.the Flrst; .
- Stage Schllrlng éxcept’ that an 1ntrinsic factqr cancgntrate capsule ,
(60 mg) 1Snadm1n1§§2r dat the same time as the cobalt- 57. labeled vitamin
7512 ‘A period-of 5 tc 7 days Should elapse bEEWEEn the FlrSE and Secand

:Stage Schlllzng ptacaduras* S v 7 R

e{fiiig' RATIDNALE S oo w0 _-,'15A E ~'j1 7

Markedly 1mproved excratian Df the cabalt =57 labeled VLEamln Blz after;f»f

1ntf1ﬁ51c fdctor confirms‘zha dlagﬂDSLS Df 1nttimsic faczar dEflElEﬂEy
" Should : !

ﬂcausgs_éi malabsarptlan may be pregent

f;,j*liit_i_' o il:fTHIRD‘STAGﬁlSCgigLiNG TEST 0 o o,

iN RO ,CIIQN o _;='3'zf~ ;_f'A ;f,j?j:}jf" - S e

_ The Ihlrd Stage Schllllng test is performed on Ehase patiEﬁts wha haye
1.0 low-excretion of cobalt-57 ‘labeled vitamin 512 in.the. ﬂflnE “With the
' First aﬁd Secand Stage Schilllng tests , .

T, ISDTDPE UTILIZED AND APPRDACH O TECHNIQUE :;;i;ff
= : e ! Lo ,
Cabalt=57 (cyanacabalamln} labéléd v1tam1n EIE is the agenz uSed : Patlent
preparation and the test are exactly the same as the Flrsz Stage Schllllng
except that: the patiént shouldsreceive tetracycllne, 250 mllllgrams, .
f@urvtlmes a day for. 1@ days prlar to the test. .Tetracycline is admin- "

‘istered to: reduca or alter lﬁtestlyal ba:teria 1n the posslbla bllnd lﬂop
syndrcme. ’ : -

’RATIDﬁALE e

j arkedly 1mptaved excrgtlan Df labeled vitamin B;, after tetracycl;ne
“confirms the presence of malabsafptlon gecondary to 1nterference with
\'the normal abEarpt;Va process by the bacterial flora which _compete for -
he vitamin Bj, within the body. 'This situatiom may occur with the
“blind “oop syndrame, or aftér certain gastréctpmy prazedees

L K . H—-

BONE. SCANNING .

?{ I, INTRODUCTION -. .~ = .~ . .
The major appllgaglaﬁ of bomne Ezann;ng is’ Ehé detectiaﬂ‘af‘bcne abﬂurmal—

thiES prior to radiographic evidence or-the ccnflrmat%gﬁ of those condi-
tions: whlﬁh are nated on radlagrap& : ‘ ' '

T

,
lw_-%
Lo~ -
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Wl

L3

 §e,



Q

ERIC

Aruitoxt provided by Eic:

gLihi¢§' Diagngsﬁié‘SEgﬂiggrgj =

Strontlum nltratasSS 1ﬂ]ECtEd 1n§',ven usly 1is thé agént most commcnly R ]
utlllzed "It is handled by the b@dy simllarly to Ealcium, accumulating STl
*in areas, af\tumoraladén bane in ‘greatér’ concentr tion than in- ‘normal [ .
bane.v Scannlng may “be sﬁa:ted 48 hoyrs pasc injectlan ‘but 1t is generally,‘
| conceded that the best' time to _obtai g@od localization  in aréas of ,
abnormallty is ‘at 5 to 7 days post 1,jact;aﬂ. If the pelv1c area is to ba . ‘\
_scanned;.the’ patient.should receive enemas at” 1east 24 Hours prior to - - :
. gcanning, ‘as the- strantlum nitrate-85-is excreced into th% bowel and may S
“ be- Préséﬁtﬂfn the colon” &t the: time of scanﬁlng., It is ‘routine in this . “Aé -
-institution to pefform scans on the entire sgine and pelvi; area bnth : -i's
anteflafly and pcsterlcflyi‘ Other areas ate saanned .as lndiaated a

IPETY S,

III RAIIGNALE

o= P

‘Bone‘scannlng YlEldS pDElElvE scans - o
fraﬁtures, meﬁastatlc b@ne-dlsease Voszecmyalltfs and nécplasma. It 'J:§;f~ﬂ1 S
s 1m93551ble to differentiate these diseases by scam, but. by compdring PRI
x= rays scans and the clinical” symptoms .of .the’ patlent one 'may obtain R

'Vadded information about the’ clinlcal state. .An example would be a . . - ./
female w;th ‘a- prav;pus radical masteaﬁémy who has markéd pain in the R

1umbat splne_area. X-rays show no ﬁe';statlc disease, but bone scans . ,

show._a mafkad:lacallzatim of the strontium nitrate-85 in certain freas of ./

the lumbar spine. -This infarmatian would aid the radlothefaplst in f

' dlagnD51ng metdstases and localizing areas to bé ‘treated. - Since Etrantlmﬁ /

. nitrate=85 remains i bonie for a’ long petlﬂdxﬁf time:, it is possihble to
< scan'as lang as one manth pcst 1n3ectloni",-;v C . : T

a . N . ) o L R Y

- -8 ;',,1 ; s ;‘;‘ S C —.-_3 S - N P . B . . K"i."
| E . : - . .-

e .7t U BRAIN SCANNING ¢ - - :

% = . . - .
- =

_;‘I;‘ZINTRDbﬁcTiQN'f.': N T L S

Tha brain scan is a:gepted as a fautlna cllnlcal prQEdufE bcth for . . . R
sgfeenlng and follow-up of certain, braln diseases.” It has~ proven tu ‘be s
most beneflclal in the lucallzatlan of -brain tumors, vascular abnar— 353
malltles including infarctions and hemarrhage, and abscesses. - Radio="
pharmaceuticals” utilized for brain.’ scannlng are characterized by. the fact . .
“"that anmal brain tissue 15 relatlvely or campletely impermeable to their
pagsage EfDm the blood. Bfaln tumors and_most. other mass 1251Qns,  ‘ .
hewever, are much more pefmeabla than narmal brain: tissue, the degree

and pefmeablllty varying w1th the type cf 1es;on ‘and -agent for scannlngl‘

X — .
I -

1I ISDT@PES UTILIZED _ ~ﬂ:'- o :uf, T o _ e
. P . oo . .
Althaugh several raﬂ;anuclldes are utilized for this proaedure _the most”.
common is F9mTe (pEItEEhnEEate) Iechnetlum-QQm (peftéﬁﬁnecate) is
obtained from a Molybdenum—gg generator, which consists of a shielded
© aluminum Gﬁlde columh from which the pertechnetate can be elyted daily.

A relatlvely large amourit of this material may be injected intravenously

) becaase the shart physiaalgﬁalf 11fe of: 6 hGuIS and Ehe lack cf beta

% . _ ] . ) - . - - o

Yl
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’['D agnastic Studies e oo e _- "'187i

: particle radlation glves a amall absarbed dcse to tha patlent The high

o agamma activity - results in'a greatly lncreased ccuntlng ‘rate Qampare? tc’_; .

© - other agents and,. as a result, faster sca nlng speeds (Four views with: ’
.rec¢tilinear scanning requires approximate 40 mlnutes) w1th greatly .

~.improved counting statistics, UtiliZing ‘this radlanucllde for brain -

Scannlﬂg, it is necessary fcr the patient to. recejve 200 mg of pgtassium.
perchlorate -in two. ounces of flavorad vehicle orally appr@xlmateiy two f
hours prlar to scanning. ‘This medlcazlcn partlally blocks the uptake
of - 99mpd (pertechﬁezate) in the thyroid gland choroid plexus and ,
sallvary glands, Ehus remav1ng EQﬂqulng dreas of 15@tcpe lacallzatlaﬁi

= B

Dther Séanﬂiﬂg agents that may be'utlllzed'afe ‘§?Hg chlafmafadfln
(neohvdrin), -?%3Hg chlormerodrin (neohydrln), and iodine=131 serum albumln
f(radlclad;nated ‘Huf&T- serum'albumln) "Thesge’ fadlapharmaﬁeutlzals are 7 )
‘injectsgpd 1ntravenausly and ‘after an épproprlsﬁe waiting period (1 to :
24 hours) scanning may‘beglnr -To ‘perform the rdutine views of the braine .
' e (anterior," posterior, left and right latEfalS) /the 3 inch rect;llneate

_ '7 scanning time is approximately 30- 40 -minutes peF view, thus requiring
=7 .a minimum of 2 to. 3 hours per. btalﬁ scan fcr the latter thrag isotopes.”

. . o S . B o= e, . ;

- . . e L - - ) y -
= . " = . .. . : i -

=

N III. RATIONAL

The brain scan is an adjunctlve dlagnust;c gld in detactlng and’ 1acallzlng
-intracranial primary ‘and metastatic ‘neoplasms, abscesaes and vascular
abnérmalltles -such as subdural hematéma, A=V malf@rmatlon and cerebral e
1nfarct and hemorrhage it may safely receive’ these radlﬁ= '

Ay pat',
Eerlography and pneumoencs
by the clinical status of’

. EDmEtlmES contralnd;cat’

- generally canceded iat brain tumors, abs:esaes an& most vascular
* abnermalities result in lnareasad permeablllty of the narmal ‘brain to~
the isotope. :Since *?"™Tc (perteﬁhnetate) whei injected 1ntfavenuusly
znncentrates 1n thaSe abnufmal areas the abave CDﬂdlthﬂS result 1n

e patlent It 15

*fx' dlract lnfarmatlon regardlng the exlstence, size and lacatlcn cf the
R abnormality. This localization is particularly helpful ‘to 'the neuro- .
.surgeon for it will aid him in deciding the location and ﬁlzé for a bone

" flap in his Surglcal appfcach It also helps tha radiolcglst in
planning therapeutic: 1rrad1at1on R e '

e

MEDIASTINAL SCANNING - '

Dne of 'the least frequently utlllzed pfocedutes lnlpuclear medlglne, yet
one that may be of great value, is mediastinal scanning. It is a diag-
nostic. procedure to help differentiate betweeﬁ ‘vascular and SDlld med1=
ast;ﬁal masges, Eardlcmegaly ‘and paricardlal Effungn;Q :

#
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*II, ISDTDPES UTILIZED
: . . , g : . , e 7
%tJﬁany dlfferadt radlanuclldes have been used for the perlzardlal scan.. The
© .most frequénily used a¥e %9mTc-albumin, 99mTe - (pertechnetate) and L et D
- radioiodine~131 human serum albumin: With radioiodine131 humar' serum .
7_album1n there is a. ccmpafatlvely’hlgh fadlatlonadose EllVEréd to the - g
patient, -and also the scanning' speed is very slow (r ,plrlng apprﬂﬁimately E
. .30-60_minutes).- Critlcally ill patients -cannot usually tolerate lyimg flat .
" for thls pEflGd of time. By cgntfast large amourits of . 93mTc: (pertéchnetate)
ﬂmay be 1n3ected because its short physlcal half- llfe and lack of beta
particle radiation give  a.small absorbed dose to the patiént. The hlgh
‘_gamma yield allows a .much faster scanning. SpeEdiaﬁﬂ required: only . 10-15"
es_for the entire pfaged re. Most crlt‘ allyﬁlll patlents can\tolerate '

b

S

J>W?i prmcedufé 1f gngc is- util;zad

Itz-:iRATIoNALE .

-~

Upon Ecmpletien Df the peri;ardial scgﬁf%a six

. fgr the scan,’ Lead markers a

xiphaid. This film is taken Lo
" image on the film by aacomparisé
-t:ht%‘le photoscan and the roentgerog
of &he hgart (intrécardiac blond p;a

&

rdial éifusien prcduces .
‘the’ greatest ttansﬁerse
i&ar’than the bload

: ﬁbv1ous departuras fram the normal paE
- ‘diameter of the ‘heart on the chest x-r
' pQD1.$n the phctcscani Since the Ssmfc {p

these Drgans AT e 1
is -present, .the 1ntracardiac paal af tadlaact1v1ty is. w1dely separated

Er@m rhe gastric mucosa .and the llver, thereby giving a "halo".effect
'_arcund the heart due to the absence Df radloactlv;ty in perl ;;dlal fluld

L T - RENAL SCANNING A A T
‘ . SR : Y . R
T. - INTRODUCTION - " = = . B ‘

"Renal scannlng has lang been -a valuable dlagnostli tool and particuiarly '
so 'if uclllzedgln CDﬁJunEtiGﬁ§W1th the 1ntravem@us pyelcgfam. Prcblams ’
which .occur in kldney radlalagy such as overlying gaseous shadows, over-

'lapplﬁg afgans and zonfu51an w1th cher structheE are avclded by reﬁal




;?'igiigiéalugiggnpsﬁig Sfﬁdieér;~ﬂ-fi
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'”agents of EbDlEE Pasaage gf the rad;aactiv;ty thraugh the kldney 15 slnw

,‘eﬁough to Dutllne the kidney fcr severgl-hours. . These agents are: ‘Very o
-sensitive in the detection of viable fiﬁal tissue, since. ¢hlormerodrin v: ?‘

is: EGnCEnEtaEEd ihé%he renal Eubulaf cells. The. agent is 1njectéd intra-

.venouslly - ‘and scanning may beglﬁ in one hour with an approkimate’ scanﬁlﬁg o

. time of) 30 minutes: Scanning should be: perfarmed w1th the patlenc in

- the prone po51tlgn- With. depressed ienal fUﬁEtla o
qp;ake is nctéd on tﬁe scan. : :

:1? Hg C“larmernggin,fy 
4 { Tc (pertechﬁetate) and

Car very rapid scan af the effe:ted kldnéy is perfcrmed The B 7Hg B o
clilormerodrin scan would depict a void afA"cEld spat" in tbe affacteﬂ areav‘Af
€f the kidney if it 'is a cyst or:solid tumor
,‘s‘scan, the ‘affected ared would fill if a- tumotr:
:,;if a Eyst is present% This affords a quick’

thaa éf aifferénéiéi diégnasi§; 

RATIQNALE *;}ff’. o '5__? oo : ,,::5‘ 3f*

"Iiz

je main indicatien fcr the use of IEnal scanﬂiﬁg is idanﬁ%fying mass. ,

lesions ‘of the. kidney’ﬁ;ch.as tumars, cysts, abSﬂesses,;etc 5 aﬁd neting - -

"4 the size, shape -and . location of the kidneys. Satisfactary visualization

. ris another iﬁdicatian of adaquata renals f '—tién THe. renal scdn -carf also
be used as’ a fDlle=up after fEﬁal transplants to dete;mine if the ?Z B
transpiant is viable, as wall as dﬂtermining aggnesis of-a kidney Ca

- Since: EthE are no g ntralndlcatlcns fDr this pfgcedure-exiept pregnancy, .
Wit may be used in cdses of allergy to: 1ad1ne (the;radiopaque- CDntEaSE :
medium used: for: pyelagrams contains 1Ddlne),;acute or chfanlc renal -

A;i; dysfunctlon or Eezal diseases. -The ‘size, contour anﬂ position of each.
o kldney may be . det rmlﬁéd along’ w1th some lﬁdliatl@n Df kldney functlan
LI § ‘& .

""E"'" %

v E%§SCANNING T

INTRDDUCTiON;

&,

& dlagna id has
‘a simple, e e
e management 0f .

accurate way
séme 1EVET dlgeases ,JA* ; e LT e

f _5ifj¥ :1~..Kl ST

. ISDTDPES UTILIZED

1 =

Threa radl&nuclldas are camm@nly utlllzéd Indlna 131 1géeled fDSE bémgal
' aken up rapldlx by the polygnnal o
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me ; Ehe llVEE is belng scannéd »
e “liver area and ancthér prabe:
=R stfip—ghart racarders  a:test.
" the: liver uptake.of: ladlna"13l rose bengal and bl@ad act1v1ty
“ isotope. ij \ther ;reas of- the’ bcdy are 1nversely proportional,
‘blood emistry measurements of 11ver dysfunctlan are dEpenden
:icclgflmezr;c proaedures and “this,, test is depéndent on Cancen,ration o‘
3 radlcactlvlty,:valld results are extended to3the entire- Epecsru, o er ..
damage despite the.depth .of 3aund1ce. ‘A liver scan, is ‘performed aftar the’
o Jdver EunCCan SEudy is completed.: ExCréﬁlDﬁ into the intestine v1a'the
.billaty Efacﬁ ‘may. result in canfuslng abﬂafmal sgtlv;ty Hawever EhlS

 ’chfus1an by the material thaﬁ enters thé 1ﬁtest1nal Eraﬁt.' The’ other o
two commcnly ‘updlized radlanuclldes for, llvar 5c nnlng are ?ngc 5u1f1de  N
" colloid- and 1%8Au colleid. These colloid: pattlc €s are phagocytized by
the Kupffer zells Df the retlculgendathallai ‘system: - These Rhagngyt1zed‘?:fﬁ
‘particles remaim in the - Kupffer cells 6f .the liver almost’ 1ndef1n1tely oL
- These- materials ‘have a partlgle gize varylng from 0.005 and 0.05 mlcrcnsi -
W1Eh an .average size of ‘0. .039 microns.- Besides defining the ‘anatémy and.
» p051t10n of the llVEf the scans abtalﬂed w;th these agants alsa yleld
‘the valuable 1nformat1cn of size, Shape ‘and: pDSltan of the spleen,

: whlch is 1mmediately adjacent and to the 1E£t af the llver wh;ch {s

,;-

CIIT. R,ATIDNALE ' L - R

e,Dne of the major&appllzatlan5 Df llver scann;ng is the d1fferehtlatlam
of solitary.or multlpleflacal lesions or space a:’upylng lesions from -
diffuse pafenchymal disease of the liver such -as”cirrhosis’ or hepatltls
fTherafaré when  diffuse pafenchymal dlSEaEE of Ehg liver is Suspected AT
. cllnically, an iodine-131. rose bengal scan can be obtained to’ determlﬁe T e
; tﬁe<£uﬂCthn sizej and shape of ‘the llveri= Earmarks ‘of. diffuse 6153353 :
" by*scan uslng iodine-131 rose bengal are a rather :paﬁehy or "salt
and pepper -type uptake- of “the mater1al within.the*liver, increaséd
- concentration of the materlal 1n the area Df the heart, 1ncreased baak=
ground activity; - _ ivity in the bowel. If by gantrast'-
.‘a lesion -or void spot of radlgact1v1ty 1s’nated within the liver,sthls may_ 1
1ndicate ar primary tumor, metastases, Eatty lﬁflltrathﬂ,rlnfafEE abs&ess* “"l-'
., or cyst is’ presgnt. This 1nfcrmat1an,alds the' surgecn as to the*laéatlan -:’,;,__-.
" of the exact area From whidch*a. biﬁpsy -may.be obtained. ’AﬁothEI 11VEr x,»"/jpjf,
 scan may then be:obtained with 198Au calllld BT’S%mTC sulfide colloid toi~?‘> L
confirm the: area under~5usp1ci§ --has "been’ shown - clinically . that '
léﬁlEnSJE .5 em @r 1arger can be ected on a 1;ver scam, .. fﬁ_».’_i _'-u:i;f
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-m‘indiﬁe)*v chinEﬁ
tey is the other- agene
 ‘dose of MAAfshcul nat exeeedéﬂ 1l'mg. prateim
. , 'v;. The large aggrégates cf sErum aIbumin are :Dmpnsed
-4f?:jficf innumerable miéﬂte paftiﬁlés in. 1@GSély knit masses ranging in’ EiEE fram
0 r20-5Q micfas in diameter.” These particles when. injected intr.
dﬁifarmly in.the blood? 'Hemadynamlc and ‘gravitational fpree
particles iﬁ: similar maﬁner to. thaﬁ gf d bleod celis.

bumin: ﬁacfﬁaggfa

.enausly mix
affect the .- °
The particle-'

1 aﬁary vasculature The most

. impaftant use. 15 téftcnflrwhgf rule aut pulm@nafy embcll Even in.
zrltlcally ;11 patlants this scan : 15 am "easy;. qulck;and safe way t@

détarmlne Ehé 51te=and extant cf emball—’-~ ¥

X ray'lsfabtained and there i ‘no’
AcutESpulmGnary Embcll_afe usualiy

Dthgr U eful 1nfarmat15n is: prcvlded by the “scan in Ehé diagn651s Df ;:>”
variaus types of mallgnanclEs affecting ‘the lungs,- pneumonia,- cysts ‘o
buliaa, atelecﬁasiS';pleural Effusion,ﬂ
asthma o i

@scegsas,,emphysems, aqdyghfénlc

" PANCREAT

L

selectlvefyflacaliza o
;ncfeas fepfesents an. e
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Ly

-Thévagéﬂt Qﬁ'chalce to ‘date for pancreatlc sgaﬂnlng E/S elenlum -75 1a bel;d,s "':”

T methionine. This’ agent has a high specificity for the pancreas and also

’ .pancreas and, liveryY One ma¥y then- !

tHéflivér : Because af this afffnity for. both organs,-.a 1iver ‘scay .1s
. obtained and then a pancfeagic 'scan j4&

'dubtract" the liver.a:eaignd observe .'. .
‘only the g%nzzeasi R S S

' i . ) @ B i L ’ ; s "I o : 5
TD ﬁate, ma y groaedures using Special“ﬁedlcations, dlEES, and different ;f”

N Scanning times have been utilized. The method * currently belng used’~ =.

xequires that.the patient be inje:ted intravenously with '99mTe sulfide _
Gllaid and a-liver scan performéd on' the gamma camera. The patient 15
Ehen positioned-with the’laft side of the body aIevatea ¢approxfmately 20°

"oblique angle) thereby ‘Sseparating- Ehe pancraas ffcm the. liver, Since the__.

'1iv9f will shift to the right.’ >
. Ay

'iA ”basEline view is abtained aﬁ ihe.aﬁea of . the pantreas, and the 75Se

| dre abtained for a tqkdl time of 60 minutes. © ) e T .

';E;eeding;fééﬁagialiy durin

iis injegted‘intraveﬁauslya Serial gamma caméra picﬁufas (10 minutgsygach)

TII. RATIONARE - 25“ g;__f T

. : AR R
- " . .-F' . . : . 'sr . . . ‘ . 5 h . . f, L " .
‘Tha"ﬁead bcdy, and Eail of the _pancreas mill usually be visuélizéd TN Py

’t idencifigaticn of abnafmal paﬂcreatic funi&icn is a lac=
X of - 7532 methianine in tha panqreas . :

‘the third trimester of ‘Pregnancy; prééénts
~a major problem *inf-diagnos®s/{ This bleeding may besdue to the presence
of placenta previa, which must, be’ diagnosed prior to delivery. As with

., any highly vasciilarized: organ, the- placental blooéipaﬁl can be delineaied

L ISOTDPES UTILIZED '-w‘:; A

by radisnuclide tagging of the patiEgt s blood.

~'Thg best isatepe that may be utiiized is gng: labeled. albumiﬂace Because
3it achws a gcan to be abtained which readily shcws the. size and position
6f the placeﬂta and requires no more than.30 minutes to. _complete,

- Tezhﬁetium—ggm results in a law radiation dose td the patient and* fetus oo

;AnaEth agent that may: be used is'radiciadine 131 hﬂman serum albumin,
‘%@hera is iny ‘minimal transfer of ‘the albumin across the placental barrier
" to'the fetal circulation. Within two haurs priar to” scanning,‘ﬁha . .0

btained -which .includes bath thev-=i;
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'_pﬁzlent sh uld receive 1D dropa SSKI (ﬁaturated salutlgn pat3551um 1gdide) f

The patleﬁt 5 uterus is leldEd into twelve equal areas. by marking with a*
red wax pencil (3 areas laterally and 4 areas lomgitudinally). Serial
"1-2 minute counts are obtained with a scintillation probe, positioning
. the probe exactly perpendicular - to the table ‘on which the patient is lying.
.- Two counts are, taken over eac§ area and two counts are obtained over the
S0 xiphaid pracess 'The count of each area 1s calculated as’‘a petcentage‘ )
. of the count over the xiphoid process, “which is taken as the 100% reference
© point., These pércentages are then platted on & schematic diagram of theﬂ
uterus and the resulting patterns of _radioactivity are interpreted. The.
* highest ‘areas of canaentratlan will usually indicate the pasitlan of the

;placenﬁal blagd pcal

IIT. RATIDVALE o Ny - o .
,Althaugh gthar means ef determlning the presancé of placenta previa are
available, the isotopit method is condidered to be preferable. TFor
“example, manual digital examination is cansidered inadvisable because of
the ‘possibility of gross- hemorrhage. Roentgenolgglc procedures are also
“availaple, but the isotopic -method-of examinatian reduces Ehe radiation
,éxpcsufe to b@th the mcthar and fetus. .

¢

Lo

SPLEEN. SCANNING, - - ey

I. ’INTRDDUCII@N o . .

It is possible to visualize the spleen either with tagged réd cells or
collmids and thus show its location 'and morphology.. :

II. 1SOTOPES UTILIZED‘ T LT

One . tethnique of spleen scannlng invalves tagging the patient = féd o
blood cells with chromium-51 (scdlum chramate) and damaging the cells
with heat. Once this has been accomplished, the red cells are reinjected
into the patient and serial scans g¥er the splenic area are performed
 after the spleen bed has concéntsated the red cells. This method is
B technically diffiauit and 1if Ehe red- cells are not heat treated to
exactly the proper temgerature, ‘the test 1s unsuccessful,- With 99mpq

sulfide colloid and " ““Au.colloid, spleen secanning may ba -accomplished’ 7
with ease. . Both.colloid materials have an affinity for the reticulo-
endothelial system of Which the spleen 1s a part. - The agent 1s injected

intravenously and the scan may be initiated afé@r a waiting period of -
..approximately 15 minutes.

III. RATIONALE

The spleen may be enlarged by certain hematologie disorders, or liver

- . Yiseases, or may rupture due to primary splenic trauma. It 1s first
desirable. to determine if the spleen 1s clinically palpable. If so,
anterior and left lateral scans are obtained. If the spleen is mnot
palpable, posterior and left lateral scans are obtained. These sdans

to block the uptake of #odine in the thyroid gland of *thé mother and fetus.. -
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. will show- the splenic sizej shape, .and pcsition : Cliniaally, thE Epleén
is sometimes confused as being the léft lobe: of 4 very Jdlarge liver,

Since both 29T¢ gulfide’ collpid and 198A0 colloild have a. spezific
afflnity for both’spleen and liver, one antericr veiw will réveal the
exact 1ncaticn of both organs, and By.pexforming an icdlne 131 rose’
bengal liver scan at: a later date, ‘oge may use the ' 'subtraction mechad"g
and obtain only the splenic ared. o A ‘ '

THYRDID SCMNiNG . - : - ;" "E"—“ ."““"’.’ ’f“*f:*’:’“-""‘ it ""”

I. INTRODUCTION ©  * - - o
. . : L= “_1 . . . a
The thyrold scan is an Ethple of the use of a physialagical mechanism
-to concentrate a radionuclide and make possible’ the visualization of the-
structure of an organ. This 'scan takes a relatdvely short pericd of |,
time to perform (average--20-30 minutas), and Eveﬁ seriausly ill. patients

| can Eolerate the procedure well ¢

L4

*

II.- ISOTQPES UTILIZED R S 3 - .
The 1sot@pé is adminlstered as sodium icdideuin an. oral 1iquid and
metabolically follows 'the same pathway as normally occurring stable
iodine (iodine=127). ThHe iodine is<ingested and is’ absorbed by the

. digestive tract in its inorganic form and circulated in the blood. The -

- blodd traverses the thyroid gland and under enzymatic contful is. sglectlvely
trapped by ‘the . thyroid cells in ﬁ@mparatively large amonts, i.e., the
‘thyroid cell concentration is 20-30 timégighat of the blcad caﬁaentratlan
Iodine-131 (sodium iodide) is, the most commonly used isotope beaauze of
its ava;lablllty, fivofable sﬁelf half-1ife and low dpqe .

“fodine=123" (sodium iodide) has been found fo be a very valuable agent for
thyroid scanning for several reasoms. It prcv%de% .wo different epergy
ranges for scanning,.l5% keV and 28~ KeV “(x-ray range), the latter Being
particularly useful.for suspected superficial "éodd" nodules. . For
‘equivalent activities the radiation dose to the, thyroid glaﬂd from
lDdlﬂE 123 is less than that for iedine-131 by a faitﬁf of approxlmately 30.

& .

III. RAIIGNALE, - _
Size, shape, position, and the presence of "hot'" or "cold" nodules of
‘the thyroid gland can be accurately determined by the thyroid scan. Two
terhniques are commonly used. In '"hand scanning' the collimated detector
is placed over the selecteéd sites and count rates are read and recorded’
from a ratemeter or a scaling circuit. In "automatic scanning,'" the
detector moves meghanlgally in one or more planes and the counting rate
is automatically recorded at galécted times and $pacings. '

-Ca)A‘Siéé - Knowing thé size of the thyroid gland helps verify the’
clinical impresgicn obtained on .palpation and also to Evaluate tha gland
. size prior to: fadi@iadine thafapy .ﬁﬁx

L]
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v-(b)*S aEg - The 5hape of the thyraid glan& is parti:ularly notaworthy
since there may be an agenesis of one lobe,, one lobe may be larger than
the other, surgical thyroidectomy: m;y*have been pérfﬁrmed or a pyramidal
lobe may be’present. The thyroid scan is of, particular benefit in de-
termining the effectiveness or adequacy ‘of the thyroidectcmy aﬁd alsc

' when thyrcid surgery ts cancemplated o ; :e :

’ ;hglpful when Substerhal Ehyroid tlSSQE{;

. thyroglossal duct CyEE or metas—,
rEsges Df thyIOLd zanzer are. Suépe:ted o : :

(d) The Eresenae of 'cold”'or "hot” nodules-s A "hat" hodule of the thy-
.. roid gland infers hyperactivity, ° A single '"cold" nodule (no activity or
' background activity) in the presence of normal functioning thypgid tissue
" must always be viewed with suspicion, e. g.; @ posaible malignant ncdulé,_ )
Multiple Ptald" nodules. infer multincdulat gciter._g S v

= 7,

" The - thyraid §can, along with.the radicactive iadiﬁe .uptake, gives an
_-accurate. method - 5f diagnésing thyroid diseases and aids in their maﬁage—
_ment., I : , N ' : :

=%

; ' EYE TUMOR LOCALIZATION - B ‘

%

1. INTRODUCTION - o T B
The 1ntr@duct1@n of eye t oY laﬁallzatl n by radlmlsotaplc math@ds is”

- useful, since it results in no trauma to the eye It is.not p3551ble

to biopsy intraocular lesions w1thcuté}mss of vision and*destfugtlnﬁ of

_the eye. . e e

' II, .ISOTOPE UTILIZED AND APPROACH TO TECHNIQUE . .

", Phosphorus-32 as phosphate is. utileed since radiophosphorus uptake is
greater in ogﬁlar tumors than in other areas of.the eye. Since most in-
traccular tumors are 1o:ateigpn the periphery of the eye, pure beta emit~-
ters, such as radiophosphorus, ‘can’be .used for the localization. The
patient is injected intravenously with the radlathSphcrus and .the tumor’
localizatien prDaeéas in 48 hours. Special eye tumor localization probes
. (usually Ge;ger—Mueller tubes) and count rates .are accurately detefmined
over multiple designated areas of each eye, ¢

[

. RATIONALE S o

==
=4

I

This test'will'datect bagt those tumors which lie near. the anteriar ' ¢
-segment of the: eye because the tumor 1is more readily" accessible for
"detectiof and also because the beta particles from phosphorus=32 can
-travel only a short distance, .thus making detection of deeply placded
tumors .difficult. Increased localization of the isotgpe over the
sugpected area of the eye indicates disease. It is also possible to.

13 4
L!},{i"‘;

L, . ' Ty C = o VA

!
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,lpﬁallze pasterlar lESIGn: of the eye, bgt this praﬁedufe must be perfnrmad:
“in'surgery since it is necessary to. pDSltlQn a small radiation datectcr

Afbehind the Eye after inclsiﬁg the ccngunctlva L L .
S «éég, - R GO

~“BLOOD¢VOLUME .. T

P TWTRODUCTION ;f‘“‘ '..‘t,‘ f ‘ 1 f,'A" I ,4“‘ gt

'Us;ng radicisaﬁﬂpic methads, it ‘is p3531ble tg detarmlne plasma vmlume,
red blood cell mass and thus tc calculate the blood volume and whole* body

.hemaﬂacriﬁ }; o LT S -
Y o S S - - ! T -

I, ISOTOPES UT*‘IZED AND AEERDAGH TO TECHNIQUE ”

,chrcmata) far d- cell mass. Iﬂdine—IZE is more commonly used begausa of.
its longer shel, Tﬁfe, it 1is: 1less. likely¥to liberate free -iodide ana allows
AgimultaneauS\astimation of- red cell mass with SlCr since their’ activities
may be determinéd from the samé gsample by the .gamma-ray spe;trgmeter, B
. Iodine=125 SET‘” albumin‘is, used because it mixes. pramptly with blood

'wcanstitutants ‘in "about 10-30 minutes in a uniform manner, and, with serial
sampling of ‘the blocd¢postiﬁjection,'the conééntration of the activity in
. the plasma. can be readily ascertained ‘with suitable well type seintfllaticn
counters. With the.-use of °!Cr (sodfum chromate), hnwever, an aliquot of .
‘the patient s blood mugt. b8 procured and the red blnod cells are tagged
with the élcr in'vitro by a special procedure and then reiﬁjected into
. the patiéﬁt Again, serial sampies are nbtainedspnstinjeﬁtian and the

_gaciivity , thln ‘the red cell aliqucts is cb@ained The ener;ﬂes of thesg

two isot s are. sufficiemtly different %d” permit measurement) of both in ¢’
" the same, blood sample using proper instrumentation. . S

c S -

III.

+ From the :procedure, the patient's plasma: vglume, red cell mass ahd whala
body hematocrit may be determined. The patiemrt's height and weight are
obtained .and by applying J. A. Retzloff's formulae (see appendix IV), ohe
may ascertain the normal red cell mass and plasma volume for this particular
patianti Some indications for this procedure are polycythemla, hemorrhage,
anemia, cardiac or renal diseases of  unknown etiology and as-a pre- . C
warksup where it is known that radical surgéry will be perfcrmad \gssi‘ -

.= w

RED BLOOD CELL MASS,

JURVIVAL, AND SEQUESiRAIION STUDIES
N LwTRDDUCTION o fv

The use of an agent whi:h binds itself to the - red blood cef& and is not
" reutilized 4n productioniof the cells makes it possible to study red. blood -
cell volume, . gastrointestin&l-bleeding, survival-time of the red cells "
and the organs of Sequestréfian of red cells if it occurs. :
‘ . . i)" . L. - S

I ‘_L,

= &
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L IT SD EE UTILIEED AND APPEDACH 10 TECHNIQUE ‘:; o - ,._égf
= i .o - s -

Chrcmium—El (saﬂium chrpmate) is the agent utlllged fo EhlS technlque
It:is a partiiu}arly useful isaﬁgpe in that .,it has a very .-favorable :
physicai~half life of 27,8 days and its gamma emission can raadlly be

"“detected with a'scintillition counter. An aliquot of the patient's ¢ -

bleod is obtained and the red cells are then tagged with' the sodium,
chromate by'a special procedure. It is tHen rélﬁjected intfavenausly

into’ the patient ‘and ‘serial blood samples are taken so that a'red blood

“cell mass’ (in millilicérs) determination may be thained < As im the iron "
kinetic studles, external ’ measurements with sultable equipment are made o
over the precordium, splaen liver, and sacral areas’ to .note .areas of -

+ localization. Twenty-four hours postinjection of the °!Cr tagged cells = |

.anothier:blood sdmple 1s° ‘obtained- and serial ones thereafter every two. to
three days*for apprcximat%§%z36 ‘days to sege “how the tagged cells sufvive
If it 1s necessary for the patient to receiva a, blaad tfansfnsign dufing
this periad the results are’ invalidated : : - .

= =

i = . . o ‘e =

-

“'$ince the 51Cf 15 bound to -the red cells and nat reutilized the red

‘bloqd cell 1life. span may be determined by studying ‘the decreasing radio-
:»activity in the whole blood. A shafEEned life span of the red cell may be
'due Eo hemolytic anemia or bleeding With ‘the external measurements of : \
.;fadiaﬁign in the précardium, .spleen,’ liver, arid sdtral areas,: it-1s some= -
A'Eimés passible to detectr.the éxéct site of red cell sequestration and

destructicﬂ,.e g- Ithe spleen A splenactamy may be indicated in this
. situatian.s , Co o S -

F
R N »

a

. _— - 4 C . o
;ﬁ . ...  RENOGRAMS (KIDNEY FUNCTION TESTY ~°~ . .o

ERE . ) :
= . . . ]

I, INfRODucilou, e ‘

. .The Tenagram is a quick methcd Qf,appraising the functicn -of each, kidney
separately, ‘and” is. very useful in screening hypertensive patients to find
thase; who may have surgically -correctable unilateral renal disease.

:Inearporating this test result with blood chemistries and the I.V, .
.pyelogram x- ray is often valuable in arriving at the proper diagnosis in .
renal disaasés. . . K : ot e

; II. :iSDTDPE UTILIZED AND APPROACH TO TECHNIQUE

e,
—,

. Iodine-131 hippuran- (Drthgi@dchippuraté) 1g the‘agent Employed It ia»:

_Aﬁ}Anecessary that 10 drops of SSKI be administered .three times the day
. prigr to_testing, in order to minimize the uptake of radiocactive iodine

thyrold gland. Also the exact location of the kidneys must be

'a»pré,etermined either by kidney localization techniques with isotopes,

" the I.V. pyélogram x-rays, of an x-ray film of the adbomen. The patient

: & . . . ¢
S . . L : ) . A
s . Lo ) . : T S r:}

is placed in a prone pasition and a scintillation prcbe is placed
directly over each kidney.. The hmatched probes are connected to strip-
chart féEDrdEfs thr@ugh ratemeters ,Apprapriate activity of the _ .
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_iiding =131 hippuran is injected rapidly intravencusly and racardings af

rrthe passage of” Ehe isatcpe are gade for a dufa;icn of at leagt .30 mindtes-

over each kidney L DI :

RN

¢ IIL.- RATIQNALE . )
Diagrammatically," three phases of kidney function are recognizéd. The
first phase is Eh@ught to represent the arrlval of the trater b@lus down
" the aorta and is seen even if the k;dney is absent. Thé\secand and third
" phases rapresent the "secretory" function of the kidney plus drainage Df
* yrine via the collecting tubules, processes. which occur. v1?tually 5 ¥me

‘taneﬁusly Mathematic camputaﬁians tagather with overall " *pattern appé%;—’_

' anges are utilized to evaluate the renogram. Abncrmal results indicate.
~only that these are functional or structural differences betweeﬁ'the{twc
Kidneys. Dehydration may. give abnormal tracings. Indi:aﬁicns for this -

" test are renal dysfunctiod, hypartensian, unilateral renal arEEfy disease, l‘

suspected agénesis or ranal DbSthEEiVE .uropathy. i S :

gy’
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IR A APPENDIX I a o
S -~ | MATHEMATICS REVIEW _ . '
1. INTRODULTIDN _a' e ' : v S g

pflﬂClpLES tc pract;cal situations. Mathematlcs is a valuable taol to
help him peffarm his duties. The person who masters this tool can work
'=_ more effectively and with far: greater insight than someon® who regard§'
mathematics as an evil to be avoided. A working knowledge of elementary
- calculds is helpful, but nét absolutely essential, . The equivalent of a ~
good background in chlege level algebra.is generally CGﬁSLdELEd the an;—
N mum EEQULfEmEﬂ? ‘ . A ] S i

) PIESEﬁtEd here is a bfléf revlew Gf a few mathematlcsl concépts Whlch are

’ médlclne TQplQS cavered are- expane ts lafge and small numbers, 1a§aa
rithms, and expnnentlal functions. ‘ .

JI1. LExgpNENrg S

In.the expr5551on y = x*, x is called the "hase". and-a is the expanent
d251gn§tlﬂg the power to whlch the base 'is .raised., When wafklng with
-expanénts, three fundamental 1aw5 must be Dbserved

El

=

T “THE’ ERODUCT OF" ANY . VUMEER OF FACTORS., EACH CONTAINING . THE SAME BASE
RAISED TO ANY POWER, IS EQUAL TO THE BASE RAISED TO THE SUM- OF THE IN-
DIVIDUAL EXPONENTS. > e e T

FQ; example, if one w1shea to evaluate tha product, 2a % éz x. 22 =1,
he may proceed in one of two ways: Each.iactar may. be evaluated _sepa-
ii

rately and the individual praduzts multlpl;ed o
: - ] 2 22x 2 =$4 ' : Lt
. R T 2 =2x2x2'=8. B
e ’ o P =2 x 24
. ' 4 x 8°X & =128, .. o
A ' , ' : -

P - o . , IR
= . The same result may be obtained in one operation by adding the edponents:

2% X 2% x 22 = 2(3¥3%3) L g7 . jpg.
. The above stated law is written algebraically asé,-§~ B

b ] _
& .- £ 1 g - B :
K - x" - }{E- -jixn = . c,a+b§kc¥_ - i}g) # ‘ %

. 2. THE QUOTIENT OF . TWO TERMS, -EACH CQNTAINING THE" SAME BASE RAISED TO
“ANY POWER . I5 EQUAL TO THE EASE RAISED TO THE DIFFERENCE OF THE. ALGE~ ‘
BRAIC".SUM OF THE EXPDNENTS 1IN THE NUMERATDR AND THE ALGEERA c SUH OF
THE EXPDNENTS IN THE DENDMINATGR.

. o SRR
: | R o LAy
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m'

Cﬁfflder the uatlent 2% 5 2% =7
q & o4 : .
: Evaluatlng the numerat@r and dénﬂmlnatnr sepaﬁgﬁély yields.
, R N R A R FE AR
Applying’ﬁhe ab@vg rule, the same result 'is obtained by
k ‘ o P s 23'% 2(5 E) = Eg = 4 L
Tha algebralc StatemEﬁt of this rule is: ' °
- r’,a a=b -
x* +

' ) S _ SR ,;f_: } : -
3. ‘TO RAISE A TERM TO A POWER THAYMONTAINS A BASE RAISED TO A POWER,
MULTIPLY THE. EXPONENTS. . ; R ,. S .

For example, suppose §ne wishés tovevaluaﬁé the following: (23)55= ?:
. . (* . .

Evalu%;Lng the terﬁ in parenthases separately yialds, (2 }—» 54,

or . applylng the rule drfectly, (23)E 2 3% = A 5 64, '

sihis‘fulé is’written algébralgaily as: Cx‘)h-ﬁ * X o

- In . addition to these three rules of axpcnents, one must. also keeP in
mind that ANY BASE RAISED TO THE PDWER ZERO 18 NUMERICALLY EQUAL TO ONE\

" That is x = 1.for all values of X “except’ zero ir which case, aﬂ&a%sclute
value is ;ndaterminate -

 III. LARGE AND SMALL NUMEERS ‘} R .

The nuclear ?ﬂadlcal te:hn@lagist frequently pEffoms :alculatlans in-'
volving extremely large and small mymbers. The preceding rules, with
‘the number 10 as a base, greatly simplify these calculations. For in-
stance, suppose.ope wished .to evaluate: . (D ODEODQQSJ5 X EBADDODDDD) =
(JEDOO x 0. DODODDDDGE?) =7 - . B S
® VE = : . . .
" As ;t LS~WflEEéﬂ in dezlmal Eofﬁ this calculation is extremely cumber-
some. -Since our numberlng system’ is based on powers of "10 (i.e. ﬁging

10 as .the base), the ‘above numbers may be written as the desired number
" of 51gn1flcanc figures times 10 raised to some power. Each movement of
Athe decimal point changes the magnitude of the number hy the factor 10
'if ,we move.the decimal point 6 places ro the right, we increase -
agfiitudé of the number by the factor- 10° We multlply the number
to compersate. .

Y

In-this ‘example,. 0. .0000000875 has -seven ‘zeros between the decimal. palnt
and the first significant f;gura ' Thus, it may be written-as 8.75 X 1078
since the decimal point has been moved eight places to Ehe right. Simi-
larly, the number 6340000000 may be written as 6,34 X 10° by moving the
dezlmal point nlne places to the left, Cantlnulng with the ‘example,
72000 = 7,2 X 10 and 0.00000000067 = 6.7 X 107%. . .
'Er:,ﬁ. . R . . ’ ’ -
Thus the quatlenc hecomes < ; - : -

(8.75 %-107%) (6.34 x 10°)
7 X

(7 2-X-10%) (6. 104Ig} =_' - .
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Now’énly thé significant. figyres need be multiplied and divided, "The
appraprlate prer of ID is, determlned by u51ng the prevlausly stated - 'fff
rﬁl E ex| . T, . . v e T o

€3 o v R o e ot L 7 S 1»
Rewritiﬁg Ehg}éxample-and“aluing yieldsi B o f;. i
‘ . T\ T = R : F
b .15) (6. 0l=E ), - 1 S
. _.(é. ) (6.0 11 —T 1@} = 1,15 9;; = 1.15 x 107
_ f7i2 }@6! )) 10 : . ‘10 .
' whlch may Ee written 1ﬁ dec;mai farm as 11500@00 ‘ T i

A quatlent EDﬂE?lnlng any number of factors may be evaluated in this : -
: way. o # o CL L o . .

< P

1v. L@GARiTHMsf :
_ Comsider the équaziaﬁ y a* 'in which the base,'a cis raisedﬁﬁg the X
. power. This same equation, may, be written*in the fotm, log,y = xi_ I .
the first statemént, x-is written as ar ‘exponent, while in the' se,and
x is expressed as a lagarithm “The {atter exptessian states, My is the

lagarithm of ¥y if a 1s used as ghe b';ggﬁx\ : ¢’ :

0

By :cmparing thF Ewo equations, one cah dedugé the ganeral definiticn Tof
‘a logarithm which states "The lcgaflthm ofwa number to any: base is the .
power’ to which the base must be raised to glve the number.'  Thus, log-
~arithms and exponepts are identical; the same.rules apply to both,. It
is:, HEQESSEEyLEhat 111 logarlthms used ‘in a gix n'operatian be: expressed
r g ative.to the 'sdme base.  Almost any nqmbér'zaﬂld serve as.a base, but i
mmon usage: common .of ﬂfiggg;gn logarithms (base 10): ' '}
'flan 1mgaf1thms (base ‘e.= 2,71828. . .)Y. The ch@1§2a:j§fufﬁ
bVlDuS§ bur system of numbers is based on pBwETE of 3
e of e may not be so feadlly apparent, and the reader .3
ollege algebra book for a discussion of the origin S

,s a’ base is
_ . “The significant
‘_’15 referred to any

 of e The use cf e las a base simplifies ‘the mathemaclzal statements of
s~ facrte EGpCéfﬁLng qutntgcles which are changlng at a rate prpDrtlDﬁal to
the agnlcude of the quantity, . : - :
. ) ! ' 2 - e

A RuLes EG:VUsing_Magaritth

- The féllpwingzszmbgl sm has been generally adcpted ‘and w111 be used

K dthroughout the remainder of thls chapter

Vo . & v L | y

* . \ 1cglgx = log x . Lo
As prEViDuslyAmedticn d, the fules for us;ng lagarlthms are ldentlcal to -

. those fgf‘éxp@ﬂéﬁﬁsi! Restated in logarithmic terms they are: *

ik

=

w1, lnCa J ,_ . !:. ll- .o

2. In%=1na-1lnb ‘ - :
= Y b ot : o e

3. -Ilna=bln'a ... o A R

1na +1n b +1nct. . .+ 1nn

o
o]
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. ,of Ehanglﬂg,,élﬁhér natufifiy or by artlflclal means, at a rate pro-
portional-to the amount of:a materlal preaent at any tipe. These pro-
cegses aré said to Be ”Eﬂp@ﬁEﬁtlalnvln their time mate of chaﬁge and
the amount present. ats-any. tidfe is pf@partlonal to the amount present at
an earlier "time muktiplied by same pgwaf of e, Radléactlve*degay is an .
exponential relationship. = '« S S e s oo
. Y o T ’ N Lo -
' SDme examplas of expmnentlal equatlaﬁs and thélf graphical pfesantatlgn
~are given in the material which follows: The student should become
 fam111af w;th these Expanantlal relat,anshlp& aﬂd practice- evaluatlﬁg o 5
them ‘Values Df e talsed to’ pDSlthE and negative powers are given in, l )
any ga@d set of mathematical tables, or a sllde rule may be used to .-
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Time Interval

Befofe Testhg

Todine-123 -

'lod&ne-li}ﬂOT-ﬁ:

£ 00

24 hDurs

e

Prata;n 3,
I@dlne Con= -

| Sodium Jodide -

50 pCi orally.

oy

?‘*VEISLGE REELQ

?,Cﬁfamaﬁéé ,
A graphy -

,iddiné=l31

oy

Sodium Iodide ;

100 gciféz 11y

(ISH Uptake:"i

Iadlné 131 or
rradiﬁéilzglfi'

'pCi admiﬁiéfered;ﬁ””
SDA.abave activi

"B

odine-123’

fiédiﬁe 131’? i

SDdlum IDdldé'

v'ibé*géi‘étally:

Véh_haurg SN

I@dineélBl,cr

|aCi administered

= 50% above actiii;y’;

Lodine-123, .
. 'f’ %, | Sodium Ibdine . '|remaining in gland’
i R97§S%lﬂﬁ) e o : '
7. T-3 Resin Todine-131. S
Test (Inm fSDdLum IDdldE ' i
S Viere) T oL ta i o B .. , \

{‘k-RAI
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chn“=,

24 hours

-
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o Activity
sAdministered”

“Plasma ='ﬂ
"Clearance: .
‘and/gr »A

'Turnaver

Q;;RBG Uptake
',and/ax T
‘Turnaver ‘

In vivo "

~ing Capac-
ity Test

LA

I

- If@n ng' : o
Ferraus Cltraﬁé o

Ferrnus Cltrate

.‘.

Iran 59

Farraus C;Erate

Iron=59 - .
| Ferrous Citrate

<1 MCl arally

| 20 wei.

700 pg. Ferrous

i "jHAmmﬂnlum Sulfateﬁ‘_
-1 300.mg. Ascprblcsél
'fACli

A“"A. !

| Test Perfarmed N
,Ianltrn‘ .

-BYood Samples: ..
10520530, 60,
.905,120 and 1@0.‘

,.'minutes .

;Periadlé ‘Blood - -
‘Samples- far 14
days?

1 Pefroaié Count- -
,ing faf lﬁvdays :

~_Counting

E(Chrmmiqmiéf

50 pei 1.

e

=k

too 1 Sampless

Hypapraf? <| Albumin - .. L 2 '4 da ys
teinemia “y o SRR RS R -
.. (Intestinal| Iodine-425 Serum S50 pCi I.V. R i .-
. ‘Loss)’ _ (human) Albumln s ; R ~ :
. "‘Iadlne .131 sEfum_;?fflo .50 QCL 1; vﬂ " .
= - 77-;(human) Albumln L ii, e _ N
R R »
- ’~,“ E -gl;"i . ‘
L [ ;. 3 M
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Twe . [

’f_cfaL}?_iUrlne Collec=
: S| dien X 24 hrs.

chalt 57

Cwn o | tiom X 24 hrs. =
""érally_;U:iaézcd;lééé."V

© . | tion X-24 hrs.
Ci orally:| Urine-GCollec-

“*b, 2rd Stage -
'-%”S¢h111ing . o
(mlth "+ |-Cobalt-60, ", . . i
lntﬁ1n51ﬂ - Cyanacobalamin N .+ |'tion X 24 hrs.

; Faetqf)' B AR - , S :
'vé{ BrdaSEagé:.'-<C3balt§57-_: . - | 0.5 ibCi orally | Urine Collec-
" Schilling S ok o T tion X 26 hrs.
" (Tetra- ' ~[Cobalt-60. ** | '0.5 WCi orally |Urine Collec-
cycline x |Cyanocobalamin - ... . .- |tion X 24 hrs.
7-10 days) [ I o B
%1000 micfagram&-vitaminlelz _ .
intramuscularly 2 hours post— - X 3 N
administration of activity. '
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)
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B
oy

h
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:Activity

Admlnlstered '},

1 pCi/kgm OF
.100 wCi- 1.V,

.. ‘(Bewel prep. -

72.haurs pr:r
langer..,

=1Te§ﬁnetiﬁm§99m,
Pertechnetate. .

:ﬁéﬁcgtyéig7ir
Chlormferodrin *

(Eléahydfin)

.

_ChlgrmEfgdrlﬁ o
(Neohydrin).

'i,yawpridfitéwsééﬁgaw;;-f

15 mCl I V.- .
(age abcvé 40)

L . 3 :

| ‘10 mC‘Qi' v
g ,'.€‘ag.e,lsa_49)--;. S

1 mCl I V.

( 1 ml. Merzu%‘

hydtln_I.M,

night before)

700 w0 TV,
~ (.1 'ml. Mercu= |. .

éEO%ED;minﬁééé
(not -to exceed .

1-1/2 -2 héﬁrS'

Med*astlﬁum _

Technetium—?‘iimé :
Albumin (;'

Perte:hnetaia

Iadine-lSl

Human Serum Aibumian.-

lvnight;beiéré)

|+ 10 mex TV,

Immédlai;ely Er

[

Immediately

‘Mer;uryﬁ197 o

Chl@rmarcdrin
(Neahydrin)
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AR Radgnnuglide & .  Activ tyr'iﬂ- §'Time Iﬂterval ;7 ?tﬁf.;ﬁ;
e f,ift: Chemi:al Fnrm "_f'”? Admiﬂistered Befare Testing o

§. Liver . - | - Techaetium-9%m | 1'mCi T.v., Immediatély fff‘
S Sulfide Collaid S R P ; e

f: Iading 131
Rsse Baﬁgal ’;fifi,ﬁf

";ﬁ* Gelqsigs-;_f;:fs“‘,f_'15éEQCi*T£viA;; 1of152m;ﬁg;és;‘jgﬂ

c Teehnetiumﬂﬂgm Jivfj“mci I.V. . '|Immediately
IR Maqraaggfégéted Alb S BRI

Ibdine-131 Sérum Alb 300 1Cl I.V.  .|tomedfately
ﬂétrcaﬁgfégates-.‘ T P R

fi?_*ggﬁgthE,',j;’ _ Sélenium—75 T v [150=250-uct LY | T
e : 2 SelénOmethianine Q}.f"\' ot

-8, - Placenta . & Iadine=131 Sgrum Alb S”QCiaiEVEQf_w;'iD miﬁﬁt%s=:f'jn&
- S Serum Human A;bumin o f;_f“ N oo

LT e e Chromfum-51 . . - |10 uet 1.v. - [10 minutes
T =Apé§dium Chrcmaté ’ - Y e .

o RO Q*Technetium—ggm |1 met tve [Immediately
S e T ;7A1buminatéy7;;vif7'i R o : : L

e’ .| Technetiun-96m . |1 mct I,v. . - [limediately: .~
o+ k< osulfide Collodd ~ . [ .00 oo f T L

| chromtum=51 . .. .|150-200 uCi I.V.[4 and 24 hours - .
R ¢ Sbaium,thraqaée . T
“ | Gola-198 . ' - |100%uct'I.V. " [10415 minutes. -

e Calloid I f;i: o s oo o L

: B
. T R




Cewe o

.. "¢ .. Scanning Procedures

_ -+ (continuedy- i

L Study.

Rad‘nnuglj_dg & S
| Chemical Form =

Activity

‘Tne-Taterval

710, Thyrotd

_Administered

. 100 w i orally,

Before Testing -

24 hoyrs.

s f;,(-_in’::ludés:s;ans
‘. of neck, chest,

.. _and bone)

1 Iodine- Lo
Sodiun Iodide’

123

| Todine-131"or " .




Radionuclide &

Act ivity

Chemiéalgfﬁrﬁ

‘Hemodynamics
(Circulation

. Blood Voi, -
Vﬁluﬁé '

Cow : (Y
b
L=

iivér Blood "
e, Kidhey

~‘Function .. =

', .

' Humaﬂ Serum Albumln

‘Rose Bengal "

iIoéiﬁe*Iﬁii

:Aé';nistgrgdf,;

B

£ 750 uci L.V, ..

Hamodynamic and Blcgd

wr

Iodlne 125 {_ .

¥

Iadine 131
Human Serum Albumiﬂ

fédineélBl

Hippuran R

| 20 bet 1.V

5 poL 1L

150 pCi T.V.

1uCi/3.5 kgm.
‘body w31ght '
1. V. R :

148 hau;é;

;,10 and 20
"mlnut3577=

10 min te

Immediately

EequeiTgs;igg'

;Imméﬁi§tely‘

' Rad Cell Studles f :

- Red Cell
. ;.Mass :

Red-CePl”
: SurviVal_;

fQIn%Viv@'_
. Sequestra-
tion .
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 -thomium-51' : .ﬁr

Sodlum Iadnhlppufate

Chramlum 51
delum Chromate. -

Sodium Chromate

o
£

Chromism-51  °
Sodium Chrgomaté

160 pCL L.V.

160 wei TV,

16QwCi I.V.

20 and 30"
‘minutes

Periodic .

counting up - .

| to one month* .

Periodic 7
counting up

| to. one month¥.

*1, 3

5,7,10,14,21 ‘and 28 days. -

Time Interval . . ¢
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_‘Hi uran
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- b: sténdard man? .
: -T(mrad her uCl admlnlstered)

1 [ Strontiup chlarlde IS [RER PR AU RN F N

sy

' f0fgan?ﬁfj':Typglbfgétgdﬁ' Radlnnuﬂlrde &;\3£Gut2i Wpﬁléh Eigqﬂ' Bone  {Kidney| Liver | Spleen !Thyfﬁia7hij;: ‘
il TR - ”;'E pody | Baron] ||| ~ A EE

Sllver S Nucleonics 23, (8),. 106 (1965) S : :

There is 10 general agreenent on the bio lnglcallgssumptlnns tHat aﬁn the baSlS cf 1nternal
;-‘dase zamputatlans and therefure the published dose values vary 51gn1f1cantly Tgpfmean
.;:fradlaﬁlnn doges glven in the last. seven colimns are based on the fcllDWLdg referénces: '_;.*;'
" Osborn, 8.8y, and ‘Ellis, R i i The' Seience of Icnlzlng Radiation (E. E. Etber ed. )y
- Chap, 29, Charlés € Thnmas Sprlngfield 1965, Seltzer R A., KEEElakes J G., and Saenge
b Ly Wei Eng, I Hed: 271 54(19543 Soith, E. M*‘*

III wrpusddw ,
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lErgthfg&yte vglume (ml) ‘ ;
: 8 2 X height (cﬁs) + 17 3 x Weight

t‘!

: Plasma valume (ml) E,

S <
Farmulasuf,r‘WDmen

:jErythrccyte volure Iml) : ' " '
k! 16.4 x héight (:ms) + 5. 7 Xfw21ght (kgm) 1649 i 129 ml (1 ‘s, D )

“
l

Plasma valume (ml) : I ; ,%sz
4D 5 X hé;ght (cms) + 8 4 X we;ght (kgm) 48115t ;96 ml (.

J A. Retzlaff Re :Cell Valume, Plasma Valume aﬂd Lé,n Bgdxkﬁass-
‘in Health Men and Women, The Deuelapment of a Blood Volume Standard

! Thesis, Mayc Graduate Schaal of 'Medicine, University at Minnescta
L 11963, _ , o

oo
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. .7-',.' . A-’ i . “J L R v\' . . LC F‘.

Lo WEIGHT FAcrégs.;' -
Fen e ”_'_! I L o
\ : S i = L o . N

e ;_; , Halés

Weight - ... . "Weight . R .
— e Kﬂagraﬁls S 17 EL?WE ) I9.D(Wt‘.l,

J

100 ‘lbs. 45,5 kg, . 737 ‘m. 4@9 ml S 2% ml '
101 - - 45.9 794 LT 413 . 2624
__102 L. 46.4 . 803 .. - 418 . - . 264
V1030 LV 4648 8100« 621 0 0267
L1060 4703 818 ., - ¢ 426 20 ,
©105 & L 47,7 =825 . . 429 o\ - 232
106 . .. .48.2 v 834 . .0 o 434 Co27s e
107 - . 486 841 .7 431 " 277
108 - . 4901~ . 849 " 442 , 280
~109° T 49.5. 7 - 85 - - c4k5 - 0 282
11 .~ . . .50.07-c 0 865 . 430, . . . 285
1 5005 874 - . . . 4S4 . . .288
112 £ 7 50.9 . ... ..880 -~ 4 .7 458. . .- 7290
113 .0 - 5l.4. - .889 . . T 463 T 283 %
114 < . “..5L.8.7 -7 896 ¢ 466 - 295
oo A15 0 o e 28293 Y% T 905 - 4710 . Yo 298
CII6 ¢ o0 52,7 - re912 L w476 300.
;11? . . §3.2 7 Y 920, - ., 478 +303 7
’11&;' . +53.6. .. 927 . 482 -, 305 -
Sng 54,1 936, .-t 487 . .+ 308
120°°- » " . 54.5 943 490 * . -, 311
121, .-+ 55,00 7" . 951 - - 495 <. 313
122 .. 5.5 . - 960 . - 499 .- 316,
123" ’ 55.9 © . 967 ' 503 , 319
1124 : - 56.4 - 976 508 ©321
“125° -~ o+ 56.8- . 983 .~ 511 324
'126 " 57.3 9¢1 " . 516 327
127 . st o 0 998 519 o329 N
© 128 . .. 58,2 . . 1007 - 524 ., . .332. - -
11129 L 58.6 - 1014 - - . 527 334
L7130 ¢ s 9,1 - 1022 " - . 532 . : 337
131 . . 59.5 1029 535 . 339
o132 . - - 60.0 1038 1,540 342
o133 © 60.5 1047 544 345
1% . ¢ 60.9 - 11053 - 548 . w7
- 1357 - 6l.4 . 1062 . 553 . . 350
<136 ~ 61.8 .- 1069 556 - . 352 -
ot s 62,3 1078 .. 561 355
"138 . . 62,7 - . 108 . . _ 564 .. 357
139. /. - 63.2 * 3093 0 ¢ T §§9 360
o140 63,6 . 1100 ' 572 362
11 . 64,1~ -, 1109, .. 517 . . . 35 .
142 - - 64,5 .. 1116 . . 580 : 368, - . 542
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Weight Voo T W,
. ’B.B i '\,.,P )
Kilograms - 17330He.Y . “9.8(ue) .

143 . 7 65.0 - . 1124 % 585

144 , % . 65.5 - - 1133 .. ¢ 589
1457 . 65,9, . - 1140 593 -
.. 146 1bss  66.4kg. - 1149 ml. . 598 ml.
147 Y 66,8 0 T 1156 . 601,
1487 - 67.3. - ' 1164 ' 606

M9 6707 onan o 609
150 © 68.20 " ' 1180 614
151 ' - 68.6. - - 1187 - - 617

1520 -t 69.1 . 1195 . . - 622
© 153 T 69.5 © 1202 . 625
S 154 . 70,0 01211 630
155 - .- 70.5 1220 634
156 .. 70.9 . S 1226 - 638
157 > 114 1235 , . 643
158 71.8 . 1242 . 646
1ss 7 72,3 .. - 12517 651
1607, 72.7-.. - 1258 654
. 16L .t 73,2 ' 1266 -+ - . 659
e 1620 0t 13.6~ - L1273 < 662 . -
163 RN 5 1282 - 667 -
.. 164 _ 7405 v 1289 - 670 S
165. C.J5.0% 1297 - 675 X
.. 166 , 75.5 < 1306 . 679 -
L1867 -0 T 75,9 .. 1313 7. - 683
S 168 0 7644 o 1322 ‘688
169 © 776.8 1329~ 691 . -
170 L Th3 ‘ 1337 Tt 696
L. 71,7 . 1344, 699 *
<172 .. 0 78.2 1353 - 704
173 ©ot78.6 1360 .. 707
174 L7901 . Y 1368 : 712
175 . 79.5 . 1375 - 715 ~
176 - 80.0 1384 ©o7200 0,
177 80,5, - 1393 . . 726 n
178 - .. -.80.9 1399 - 728
- 179 - 81.4 .. 1408 - " 733
180 ‘., 8.8 . 1415 . 736
181 L 82.3 C1626 - 741
182 . s 82.7 C1431 - 744
183 83,2 C1439- .0 749
184 . 83.6 . . 1446 7152 L
185 84.1 . ' o155 - T 157,




" Height .

 Kilograms -

84wt 2 -

186 . '84.5- T+ ATLAE2 i 760, T v voe82 . 7 T10
t187 . . .85.0." . 1470 S U765. 0 48L. S b U3
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="3%" 192 - 1574 .~ = - 4550 . " 3149
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gingthE'publicaEicﬁ

'"IBM Data Processing

Techniques - Index
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_(C20~8062) ;" Copies -
‘are available through
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Ihe cards are
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to allow. for flexibility
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example, author card
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training manual for puclear _ A’l e No.
di ine technologlsts, ‘ ©ool_Accession 0. -

and Welfare, '

' Publlc Health Serv1ce Publltatlon Number BRH/DMRE 70 -3
(October 1970) 221 pp." (Limited distribution), » '
BSTRACT: This marnual was: prépared for use in the

| didactlﬁ portion of.a training. program in nuclear

médicine technology taught. at the Univérsity of
1 Cincinnatis Topics covered .include the physics and,
w 1n5tfumentat13n assoclated with the use of radio-
nutlides in medicine as well as a brief ‘sutline of.

. the nuclear medicine studies done at the Cineinnati
b General Hospital
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A tr%gning manual for nuclear , . i

| medicipe technalogisﬁs . AF%éssion gq' -
.5. Department of Health -Educdtion, and Welfare, :

.| Public Health Service Publication Number BRH/DMRE 70-3 4

(October 1970) 221 pp. (limited distribution).
ABSTRACT: This manual was prepared for use. in the
didactic pcrtion of .a training program in nuclear
medicine technalagy taught at the Univers;ty of
Cincinnatl Topias covered 1nclude the phy31cs ‘and

the nuclear medicine studies ‘done at ‘the Clncinnatl Y
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