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DETERMINATION OF Cr=51 AND Fe-59 CONTAINED IN SAMFLES OF
BIOLOGICAL MATERIALS. - ETUDY OF SOME TECHNIQUES,

Introduction

l =~ In difforant situationms, preasnt in wedical propedectics, it 1ia convenl

ent and even netassary to empley, similtanesusly, a tracer quantity of
more than one radlojsetope. This happens, for inastence, when 1t 1s wanted to
know, coneomitantly, the iren plasma clearance, the parcentage of iron utiliza-
tion, the blceod volume, the erythrecyte life span, the erythrokineticea,etc..And
such situations became more frequent with the increasing use of radioisctopesin
mﬂdicineg’ﬁ'T’lz'lqa Sometiwes the patlent has recently been aubnitted to a

test with a certaln radicisotepe and it 1s necassary to make ancther ona with a

different radionctive tracer.

¢ = The problem to be considared ia easentially the followlng: there 18 =&
zample - whieh will be cnlled "mixture" - containing a certain quantity X
of a radioisotope R and X' of a radionurlide R', ete., and other samples - "stan
darda" —~ rontnining, separately, the radioisctopes, Ry R', etc., in aliguots of
the administered doses. The determinntion of the fraction of the total activi-
ty carreaponding to each radiniaontope in the mixture could be made - at least
in principle — 1§ 1t were poseible to repeat tha sample and standards counting
in a5 many different conditions g the namber of the active componenta.
% -~ Several techniquea have already heen given 1'4’5’8'g'lﬂ’ll’lz’l5’14’15’ﬂr
the detarmination of two and even more redionuclides present in gamples
of hliclopricnl materiala In nmuelear phynalcs thie preblen 12 not new and solu -
tiong have 1lready bern found far it since the felger-Mullar counter was the
anly detegtor nvailable., With the uae of the scintillation countera and the

ulag anilysers the posaibllitles were increased. Weo are not golng to discuss
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at length thila problem but only te presant aome technlques which we found uaaful
durlng verlous experiments with somples contalning Cr-51 and Fe-5%. The technl-

ques to he deacribad ara related te the following asubjlectas

a) determinatien of the gsample radicactive decay,
b) uae of abaoorber {filtar),
c] uge of pulae analyner,

d) uge af atenuntor [dlucrimlnatur).

a) Determination of the aample radicacilve decay

1 - The radioactive decay of a single radicnuclide 1s given by an exponential

law and the radicactive decay law of a sample containing two radlolisctopea
of differant half-livesa 1a obtailned by adding two exponentirls. For such a mix-
tura, the counting rates c¢btained at successive tlmes fall on a curve that,when

plotted on a semi-logarithmic paper, can ba decomposed into twe atraight lines.

2 - If the half-lives of the samplels components are known, 1t ia poessible %o
datarmine the contribution of sach radlocisotope te the total activity
from the gountings realized in two different daies This i= exactly what  hap-
pena in the ceea of aemples conteining Cr~%1 and Fe-59, The procedurs ia quites
pimpls, but from ites axamination it will becoms clear thatit 1a not always prac-
tically sultable.
3 - Let us call Tl the half-1ife of the Cr-0l, T2 the half=life of Fe~59, and
Kl = Q,EEE/TI, and k, = ﬂ,ﬁ?}sz the respective desintegration constantos .
1f in a certoaln time t = 0 the net counting {per unit time) of the gample ie

Hg* we can write,

Ny = By, + Ny, (1}
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Hnl and Hﬁ2 being the contributicne of the Tr-51 and Fe-59 respectively. Repent~
ing the counting after t days { in the pame conditions, regarding the counting
system and the geomatry ), it will be found another velue ¥ given by

“x oKyt kst
H=H 20 1* «+ L. (2}
From the equationa (1) and (2) we can determine By, and N
N - N, .a Hat
N o 0 (3)
Q1
o k1Y . okt
- H..eE1%
. _ N Hg o (41
Q2

B-kEt — ﬂ-klt

4 - For the determination of N, and N,,, the exponontials which appear in (3)

and (4) must be calculatod. Just to moke it easiar for the roader,we will

indicate in table I the values of thooo exponentials for agme values of t.

Table I
' % - daya 5 10 l 15 20 40
a %1t 0,A7955 0,77360 0,68042 0459845 0, 35814
o k2% 0,92738 0,86096 0479887 0,74125 0,54945
a ¥2t | gtE1t]| o 04833 0,0836 0,11B45 0,14280 0,19132




% = Waing the expreaalons (3] and (4), the mocuracy and precisien of the values

obtained are affacted by the following factors: = m) the exactnass withwhich
the half-lives of the two radiolaotopes are knowng b) the ateabllity of the count
ing aystemy o) the reprodutibility of the geomatry in the countings; 4} the Tre

clsion with which the countings are made, u} tha time elppszed batwaen succeznlve

countings.

5&) The firat facter gives a systepatic error in the results, frenquently the
phyeician dces not have thes means to determine the half-life of & radip

isebtope with more exactnesa than the veluea found in tha tablea. Regarding Cr-51,
the values found in table vary from 26,5 to 27,8 dayet ueually we conasider ite
value az 27 dayse For the Fe-5%, the values vary from 45 to 47,1 days, Bnd we
usgually congsider the value for its half-1life aa 46,% daye (Huclear Date Sheet =
W B.S }

56)The etability of the counting aystem depends on the characteristics .

the syatem itself and of the working conditions (conditioned air, contrad

lad humidity, contimaous or diseontinuoue operation, ete.). Thias stability can be
tested by counting 1in successlve dates a sample of & radicactive material with =a
half-1ife aufflclently long (C=-137, for exarple), In & general way, the long
term stabllity of the counting aystems at the physician's disposal 15 satisfacto-
ry enoigh for the slm we have at the moment.

En} Regarding the sacintillation heads with well-type cryatal the roprodu-

tibility of the pgeooetry s, 1in general, very good and needs nao

discuesion

54} The counting proacision denemwls on different factora, as the zample actl

vity, baekground, time avillable for ceuntinge, etc + The gtandard de=~

yintion gnd the warlation coeffieient conceralig to the observations are c¢aleoulat

1.0,1
ad from wory well known equations r 4, in which antar as variablea the sample -
counting tlme, the total nueber of counla accumulnted in that tilme interval, a3

well aa the time 1in.which the Lpckyxround wae reglatercd and 1ts total count
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55} Congidering a glven sample nnd R gilven atandard deviation, there iz a
vory strong influencs of the tima interval betwean countings an the
preclaolen of the resultas. Aa the time interval btetwesn the measurements 1a ine

creaged, the precigion incrsagyes ng wells. In our cass, the atandard devistionfor

N i=,
-2 kot
L/I + a 2

01
—kot kgt
o 2% | Tl

6, -0 (5)

and for Hﬂ ia,

2 R

vl ¥ 9-2 klt
G, (6)

ﬂ"kgt - ﬂ"kl t

whare Ef.iﬁ the estnndard devintion of the determination of N or Hu, when the nea
gurements are made with equal precision. An analysis of equations (5) snd {6)
shows that for the time intervals equal to 10, 1%, 20 and 40 iays, ﬁ?l and EF-E
are related tafby the following nxpressinns:ﬁl = 15,10 . {5-2 = 14,5 3 ﬁ—l =

10903 6, = 10,2016 = 7667 §,=82610, =606, = 566 .

Let us dmarine an hypothetic mizture with a certolpn quantity of Cr-51 and Fe-59 m
that we have for t=0, Hﬁl = 17250 c/hin; HUE = 550 c}hin; HIDI = 1800 Efﬁin and
after 10, 1% and 20 days ¥ i3 equal to 3441 cfhin; 1290 cfhin and 1156 nfminﬁgg
pectively Suppoge that these countings were made in a way as to give a standard
deviatlion of 15 cfhln. Aocording to the 1pitial ecounting and the one obtained on
py 2nd 39%  for Hﬂ?'
o1 Bod 27,8% for LI
oy and 22,4% for Hu‘.}z' It can

be noticed that the value of the roefflrient of varlation can be decreased by de

the tenth day, the coefficinrnt af variation would ba 18% for M
The counting realized on the 15th day would give 13,2% for ¥
and the gne of the 20th day wonuld glve lﬂpﬁﬁ for N

creaning‘Er, that 19, by pettlnege n brtier counting otatistica.
g
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£ = The former observations show that She methed whiech was described can give

satisfactory Tesults from the practicaml peint of view, when there 13 ne in
convenience in welting a few days for doing the counting needed for thas calcule-
tion af the final resultsj however, when the neceasity arlees of & guick diag -

noatic decislon or when teaults with a small varianca are regulred, ths method

should not be applied.

T = Aa gn example, we give in table IT some rasulis obtalned with samples con=
taining Cr-51 mnd Fe-59 in known proportions; in 1t the time interval bat
woan meanuremente was 40 days. In tha game table, besides the calculated couni

ing-rates are shown the values one should expect ts obtaln.

TABLE 1T
tube 1 Z 3 4
Cr~51
+
1280 ¥ 9o 2475 & 90 s120 £ 90 [ 735 ¥ 9o
caleulated
+ + +
expected 1300 = 15 2550 - 15 5200 - 15 | 675 <= 15
Fa=59
1195 = g 2578 = 84 5022 - B4 553 = 84
cAalculated
+
expected 1250 + 15 2510 = 15 4950 — 15 | 620 = 15
A1 - The procedure indicated nabove for atudying the sample dechy can be changed:

tnatend of restricting eurc~lves to moasurementa in two predatermined times
a aerlesg of measirements rnr be maderibher in consecutive or alternate daya and

from thess Jdnla the values of HD and HQE ean be paleulated by the leart EDATT: 4]




Ta

methed. Although tha calgulations are rather lenghty the results obtained RT4a
better; *n practlce o decipion between the methods deacribed above should ba
made taking inte aeeount the availability of time for cmleulations, but usually

the firat methed is good enough.

b} Use of nbeorber (filter)

1 - The abaorption coefficlent of nny materinl is a funection of the radiaticn
cnergy. 3inece Cr-5]1 glves 5 geamma radiation of 320 keV, whils thope cf
the Fe-59 have more than 1 MeV, the lead abaorpilon coefficient has very dilffe -
rent values for puch radiationa. Thie result can be used to aevaluats the frac -
tion of the activity, in e mixture of Cr=51 and Fe-~59, which 1= dus to aach ipo-
tope Libty et al.? woere the firat ohnes to suggest the yse of a lead abaorber
for the ananlysis of biological samploa, containing the sbove radicnueclides, when

a gcintlllation detector 18 uged.

2 = WwWhen o crystal well deiector 13 used the absorber must be a oylinder of

uniform thiekness surroundimg all the reglon of the sampling tube which is
inserted in the well., Two mensuraments shownld be madet one with and one with-
out abaorber In order to keep the same geometry Libby has suggestad tha
uae of a wooden suppert with the bsame &imenslons as the lead filter. In  our
menpsurcments we have used an aluminium suppoert whaich has the advantages of be-—
ing stiffer and lasting lomger, beaidea belng easily decentaminated in caose

of an accident

2 - In f1g 1 two filters -ind the reorrenponding supports waurh were used in our

megaureents are gkhketochod
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FIG I

52 -tnm
A e T Al Pb
e 250255078 ol —_— BPESUTA AR
% | thickneas =lmm I : thickness= 2, mm

The thicknegn of the first me wna 1 mm and of the sagond 2,3 mm. It should b
noetliced that the dimenaions ef the [lter are rrlated to those of the well and

the countipg tuben used.

4 = The first step muat be Lo dotermine the relation between the total count
ing-ratea which are obtilned for samples containing only Cr-51 and only

Fe~5% when using the absorber, and when yaing the eupport. Once those relatlons

are known, thoy can ke used for nny detormination which usea the seme counting

ayeitem and the amme fllter and support Let nﬂl be the net counting-rate of i

LS
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tha Cr-5] sample measured with the support and let Kl‘“ﬂl te the result for the
4ams aample when & fllter i1s usrd nnd the measurement 1a made in the aame timain
terval Let HD2 and KE'HOE ba the correspeonding counting-rates for the Fe - 59
samttl @ All those measurementa should be mede in such a way that the stetiaticmd
errorg are amall since the variancaa for El and KE will ke glven by the sums of
the variances related to the counting-rates from which the above coefficientsare

caoleulzted

5 - Let us supposs the net counting-rate of a aample g¢entaining Cr-51 and Fe -
59 bha n, when ebiained with support and n when obtained with filter. L]
can wrlte
+
ng = n, +n, {7)

(8}

whrre with " and n, we represent the unknown counting-rates corresponding,res -

n= Kl.nl + KE'“E

pectively, to Cr-51 and Fe-59, when maasured with the support From the above

equations we get the fellowing exprassieons for n, and n.:

n - EE np 1 e
A (9}
KL~ %,
n - kK B
1 0
n, = (10}
F. -
2 Kl
& - For the first patr (tilter and support) uaed wa got Kl = 0,%2%5 and KE e

0,8048 Jith |E1 ~ Kzl = 0,3%93 For the seccond, the values were Kl =, 3557

and K, = 0,8317, with IE1 - K2| = D,4760,
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T = The zcecuracy end preclsion of the results obtained by thia technique ia
influenced by several factors amongat which the most lmportant are: a)the

accuracy wlith which Kl rnd K. were meaasured, 'b] the preelstan of the countingsat

2
¢) tha reprodutibliity of tha geomotbrys 4} the differance between K. and K_.

1 2
Ta) The acpuracy with which Kl and K? i known depends on the moasurementa
which were made for thelr computation  Onee the values for thoga coel
fiecients are fixed, theilr errora will determine a systematie error in the re =
sults., Une should obsarve that the =rror with which those coefficlenks pan ba
obtained 1= smaller than errors dur to the uncertitude in the half-lives.
Th} The problem of the precislon of the measurements iz szimilar to the ooe
which has alrendy bnen canalderrmd in the case of a radicactive dacay
and there is nothing else to ndd to what hape already been sald,
7c) The reprodutibility of tha goometry depends on the good construction
of the filter and support and there in no problem if both have egqual

dimenszions.
7d) The precisioen of ths caleulated wolues of ny and n, depands strongly on
the differences between the values of Kl and K2 Supponing El end EE

with fixed values, the atandard deviation for ny wlll be exprassed byt

\? 1 =+ KE

6‘1 <Y (11)

end far ng by«

6 =G’ 1 + Fil (12)
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whete (5-15 the standard devintien of the sample sountingy. For our first pair
we have 6-1 = 3,86- and GE = 5,4 0- § for the ascond cona 6-1 = 2,?6—and
ES > = 2.4 o . It 1a not practical to increase more the filter thickness un-
less a erystal with 2 larger dlameter is avallabla, Indeed, for a given well
dinmeter any increase of the thickness of the filter will alao reduce the count
inpg efficlency, as long as the sample volume is maintained conatant.Consaquent-
ly, the sounting time muat be inereased in orvder to reduce the stabtiaticml er -

Tor ko a convenient value For use with s normal cryatel a filter of 1,5%5mm of

thickneas gives antdigfactory reoulia, from the practical point of view.

8 - As an example we give in table III the reaults obtained with this techni-
que, for the coonting rates corresponding to Cr-51 and Fe-5%, in sample s

of known crmpasitlen, snd using the firat pair of filter-support

Table IIX
Lute 1 ) 7 4
ealeulated 1031 - 57 2189 = 57 632 T 57 [ 4323 I 57
expectad 1950 bl 15 2150 T 15 5a0 * 15 4350 * 15
1 -
Fo-39 1153 2 &1 21a8 L 51 509 = z
cealculated 2y =5 - - 5 2 - 51 4943 = 5§l
expectad 1200 I 15 2470 15 | 650 = 15 | 4900 = 15

t
Hel = Tt is importnnt to netlee that the variations coefficlents are much
smaller than the corresvonding ones in Table II1, even with Hﬂl and

ng being of the sama order of magnitude.
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c} = Upe of the puloe snelyger

l - Tt 13 well krnown that the acintillation counter glves pulses whoss helpghts

depend on the energy of radietion abzorbed in Lhe crystal,y 1n contrast %o
what happens with a Gelger-Muller counter. Due to thi2 circumstance 1t is possl
tle, uaing & pulae analyaar, to ssparate different energiesa. HNow, tha shaps of
the gamma radiation spectrum iz characterintie of each radleonuclide thet emlits =
ganwa rays. It is then possible to identify the radiocnuclides, using a methed -
that 18, in principle, similar to the method used in eptical spectrometry for
the identification of elementa, Thia idantification of the radienuclides by the
gamma ray spectrum is made waing a pulase analyser and B acintlllation counter.
There are many different kinds of pulae anelyserz of one channel. Thay can be
used with different techniquea that we ars not golng to diseuss at the moment.let
ng remembar enly that, by varying the base end keeping fix the window, it is pea
aible to get o gamma apectrum of the somple. Pig. 2 gives the desintegration -
achemes of Cr-5] and Fa-5%9, figp 3 pives the gamma spectrum of Cr-5]1 and fig 4
tha one of Fe-%9, bgth obtnined with a medler) eppectrometer.

Fip 2
Er-51 Fe-59
~'50%
a-10%
Faf)
E.C.,~ [q0-a7% 50% 1,30 Ma¥
0,32 H 1,10 Ma¥
0
4 Yy 0

Dapgintegration schemea of Cr-51 and Fe-59



Fig. 3

20

J-—.'..J

Spectrum of Cr-51
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2 — An examination of the Fimma cpevtrum of Cr-5), for example, shows that at

the low erergy and bhere 190 s ropdon of continueensly deereasing counting
rate,followed by A phelopenk at 320 keV. The ganmo radiations responsible for
the mppearance ¢f that regien do net come directly frow the desintegration of Cr
51 but pwe thedir orlgin to the so callad Compton effect. For this remsecn, that
reFrion 15 oudled Conpbon ecantinuus or Mampbon +oelun {n the other hand we oan
cboerve thael above the regi1on in whaoh Apponrs the photepeak of 320 keV¥ there ars
rie woTe eounting rates that can b stfribueled to the preasence of Cr-51 what we

count 13 only the backgreound radiation.

Fag 4

l.1 Moy

SIANPLES
AN |

Speetmm of Fe-59
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T - If we compare the apectrum of Fe-59 with thet of Cr-51, we can notica that

the peak of the Cr-51 1s in the Compton continuum of the spectrum of Fe-59,
Thus, in a mixture of Cr-51 and Fa-59 the pounting rates oo the regions of 320
ke¥, will result frem the contribution of ths Cr=-51 plus the Compton contipuum
due teo the radiationa given by the Fe-55. Fig 5 shows the spectrum of a mixturs
af Cr-51 and Fe-59.

4§ - When we exanioe & sample contalning Cr-51 and Fe=59 the countings at the
photopeak of the Cr-51 depend on thse Compton continuum due to Fe=59 hut
the countinga at the photopeak of Fa-59 are not influepcad by the Cr=51,

4 1 - Notwithetanding this interference botween the photopeak and the Comp

ton contimaum, the analysia of such a sample can be maslly made, duae

to the fact bthat the gammo-rey energlea are quite differant apnd the half=-livesars
lrrpa compared with the counting timne If wa had the Cr-5) and the I-131 (atudi-
cd by Adams et al 1’2] er rrdisnuclldes of half-livas of the same order of the -

0
counting timea, the problem would he mere complex 1 .

5 = The procednre adopted in the case of the mixture of Cr~51 and Fe=59, wa s
the following - A aampl: of Cr-51 waa taken and the corresponding photopaak
carefully located The basr level was then increasod till the valus that reduced
the counting rate to the background. That sample was then mubstituted by anaother
one containing only Fe-59. A first counting was mada on the photopeal of Cr-51 ,
and a second one changing the base to the lavel previouely estmbiished and opsn =
ing the window completely Cateulating the net counting retes; and dividing the
firast by the <econd, we gat a factor, which we indicate ag k, and by which wa can
cskittnte the rontribution of the TFe-59 to the counting at the photopeak of Cr-51
when we have those two radiolantopes Whan we have a aample containing Cr-51 and

Fe-59 twe countings arr nede, in the sanme conditions as indicated for the one con
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Fig. 5

YA\

1,3 1,1

Hixture of Cr-51 and Fe-5%

0,32 Mev
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taltning only Fe-5%. 8¢ we can wrlite:

- 1
By =W, o+ K, (13)
K, =N 1
2 Fe (14)
vhare Hl and H2 are the net counting cbtained and HGr and HFa are the parcels cor

reaponding t¢ the Cr-5%1 and Fe=9%9, respectively. From the above exprensisn we get

Ky, = N, {15)

4 a N, = YN {15)

6 -~ The following factora, besides othere, are responsible for the accureey and
precision of the resulta a) the agcuracy with which wa determinu_glb} the
atabllity of the aquipment employed; e) the preeiasion with which tha countinge

are madae

6a) In order to have X with a good accuracy 1t is nscessary that it be de -
terained from countings with small statistical errors. It is alsg cone-
vanient that the sample of Cr~51 usad for the determination of the photopeak hava
en activity not too different from the one expected on the samples to be counted.
This applles alase for the sample of Fe-59, This precaution must be taken because
the halght of the impulses given by the photomultipliera of common uss (as tha
Bumont 6292), depends on the counting rates, specially when theses are high 3 Cnce
k haa been determinad the error it will induce in the resulte will be a systomatic
one. hAs long as the equipment conditlona are maintained, k will not be altered ,
but it is alwaya convenient to determine k on the day the samples are counted.Cnce
k has bean found, and supposing the countings were made with the same standard de

viation © s the standard deviation tfi, raferring to ¥ will be given by

Cr



; 6, ° 6’\){1 » %) [17)

An an sxampls, with our eguipment 1t 18 frequent to have k¥ = 0,177 and =o

6'1 = 1,165

T = Table IY shows mome reapultm obitnined with samples contalning Cr-51 and Fa~

5%y in known guantities, and uaing the pulse analyaar

Tahls IV

]

tube 1 2 3 i
; cr~51 + + +
N I sooz X 14 3080 I 16 1010 ¥ 16 5130 ¥ 14
: axpacted 1585 2 15 w00 I 15 1015 = 15 6100 © 15
|
I Fa-54 + + + ¥
| eateulsed 1478 ¥ 15 3045 = 15 825 - 15 4592 I 15
F L
I expected 1500 = 15 3020 ~ 15 805 ~ 15 2620 L s
|

' T«l «~ From thesge data, we oan see that the varipnce 1a smalier now than for

i
! the former procosdures,with ths seme value for tha atetiaticel error

F| B = The procedura indisated for the use af the pulps analymer in messuremenbs of

i mixtures containing Cr-51 and Fo-63 1 sasler thon that indicated by Welns-

13,15

v tein et al Howsver, thair tachniques would be puccessful if the Cr-51 had

. gamma radintions ~ith energles vimilar to thoss ot the Fa-59; but this is not the
cape
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4] - Use of atenuator [diacrim;natur]

l = Dum to the photopeak of GCr-51 being far from those of Fep-59 it 1a pom -
gible ta analyse the mixture of thoaa rodiomuelides with methode simpler

and were spopemlic than that using a pulas nanplyaer,.

11 - An atenuator {ur a dlscriminatar} such B3 the aones that can be

found on many counting systeme, will bea sufficient to obtain the de

gired results The atapuator works almost ma the lov level discriminator or ba
g6 of the pulse sanalysersy it allows the elactronic counter to receive anly
pulaer which have a helght squal or greatar than a pre-fived level} and thim

helight can be varied bhetween limits meore or less amples.

2 = If the atcnuntor has been well adjuated, the pulaes from the rediations
glven by the Cr-51 will not bs counted or only counted partially ¥When =
thern i1 a mlxturs of Cr-5l and Fa-59, a large fraction of the pulaas from the
Compton continuum produced by the radiation of Fe-59 will obvioualy not be count
ed ag wells A counting of such mixbture will glve a result which will depend sp
lely on the amsunt of Fe-59 presasnt. On the other hand, the countinge made with
the discriminater on 1ta lowmat level, will give & result dus to the totrl amowk
of radionuclides present. If we count on tha game conditiona a qample contatning

only Fe-5% we will,then, b= able ko gat the deedred resnlt.

3 = The precadure usvally employed 1s the followlng

31 - A pemple containing only Cr-51 13 put in a counting tube and thia in
a well type orystal, The atenuation factor {(or discriminetor level)
ia carelully edlusted until the gounting rate is reducsd to the boekground value

{for the diascrimlnator setting used).

— mp—
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3 2 = The Ur-51 pamples 1es thon subsatituted by ona contalning only Fe-59.Lat
H' = K'“u ba the net counting with the atenuator on the choamen poai -
tign and "u the nat asunting with the stenuator at ita minimum level. Tha guetl-
ent of both countings will allow to determins K. This value for K rapresants
the fraction of pulgea from the pemples of Fa-59 thoet ars coupted when ths etenua
tor 1a in a level which elliminntea completely the countings due bto Or-%l.
3 I.a To know the composition of a given mixture wa prooced as followe
Ht being the net counting when the atenuater is mt 1fs miniwum level,
and Hp being the net counting whan tha contribution of Gr-%l 1la discounted, we can

writas

N =N + N {18)

{19}

/]
p = EHg,
wheara Hﬂr 18 the counting due 4o Cr=-%1 end HF; the one due to Fe-59, From the

above eQuatlons we heve

Npy = {1/R}. N (20)

Ny, =N, - {1/} N {21)

4 =~ The mecurecy and preclsion of these results depend principaliy on the follow
ing a] the sequreey with which K 18 determined; b] atabllity of the eguip
ment enployed, o} preecision with which the countings are made, eteo,

4m) Since E is the guotient of two countings, the accuracy by which 1t can
be cbtained depende on the countings atatistienl errors and on the ata

bility of the counting eyetem. Onoe K has been fixed, the error with which 1t vas
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obtainad will be B ayatematio ons An long ag the squipmenkt conditlone are the

same, K will nct be mpltarsd Hewever, it is alwnys convenlent to repeat 1ts da-
termination at the begining and and of & asries of measurementa. Once K i3 ob -

tainsd, the errora propagaticon law mmkss 1t peoanible to obiain the standard de--

viation dua to M and N Wa hkave
Cr Fa
&> - _ S (22)
Fe KE
2 1 (23}
tsér - ﬁrf ¥ Cri K?

whare Cft, (5'p, €5 rq &4 () oo BT0 the standard deviations relatively te ]

tl‘
Hp, HF; and Hﬂr’ respectively, The amaller K 1a, the pgreater wvill be the error
in datormining Hﬂr and Hrn' than, Lt ia d=sgirable that the poaition chposan for

the otenuntor e cne euch as to cut as 1little as posaible the pulsea of Fa-h9, «
with energiesa above Cr-H1

% - Table ¥ givea the results which wers obinined using a Fhilips counting eys
ter Ualng only the stanuator, it was found that in the position 10 x 2
the counting of a asople of Or=5] was reduced to background It alac ahowa Lhe

reaulta obtalned with a pample of Fe-59 and of & mixture of Cr-51 and Fes59.

Tabla ¥
ganplo atenuator c/aln Bkg o/ _min net counting
Fe=H% 1x1 178496 638 172%a
Fe-53 10 x 2 2442 55 2587
Cra51 + Fe-59 1x1 17072 538 16435
Cr-51 + Fe-539 0 x 2 1955 55 1300
K = 0,138
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Final J1llusntration

1 - 1In ths following tables we give mome resalis ealeculatad by theterhnlques
deacribed and corresponding te & series of blaood samples teken from patl-

enta who receivad Cr-51 mnd Fe=59 Thm results were"normalised™ by the Ffirst

ona obtnined with thes pulse anslyeser, in order to make emaler bhe CORNPRT1LEON.

The time interval in the decay technique was 40 doya.

Table ¥I

cr-%1 I 11 111 IV ¥ VI ¥II VIIX
Decay 2697 2710 2587 2286 1971 1689 | 1345 | 1389
Abaorbar 2697 26RO 2590 2315 2056 1854 1397 1303
Analymsar 2697 ZRER 2565 2330 2039 1azs 1429 1381
Atenuator 2697 2649 2551 4721 2041 1816 1443 12590
| Fe-59 I I 111 | v VI vit | viil
Dscay 1177 2646 4470 4745 5715 ! 4TT1 | 4468 | 46R5
Abhscrbar LLTT 2697 4401 4772 5620 4798 4413 4726
Anmiyasar 1177 2689 441% 47T4% S6ER0 4B2h 4395 §794
Atenuator 1177 2671 4427 4745 5545 4803 | 4382 | 4809

CONCIVSIONS

1 = We can ohgerve that Lthe hest reaults for mixturea containing Sr-=51 and Fe-
6%, are obteined vaing the pulse analyser Thie snalyser preaents the in-
convenliences of bteing = xpenelve, of diffiowit waintenance, and of neesding raafa-

taenca af kighly qualifised technieclana From s practieal point of view, and aa




23.

far as the analysle of the nixturs of Cr-51 and Fe=59 ara concarned, the pulae
nnalyger ean he gubstituted by the atenuater, {diﬂeriminatur} which 1s genersl

1y found in moat of the alectronie counters available fer sele,

If even the atenuator is not availabla, an absorber can be used. Finally
the anplyails of the radioartive mixture decay given riee ta larpa Aarrore, Rod

heing & time ronsuming technique doas not glve repulits at short time,
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