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Study of Precipitation in Neutron Activation Analysis (III)
Separation of Cuprous Iodide in Determination of Copper in
Biological Material

M. RAKOVIC

Department of the Medical Physics and Nuclear Medicine, Medical Faculty,
Charles University, Prague

The author investigated the possibility of copper determination in
various animal tissues by activation analysis by the use of the one-step
separation in the form of cuprous iodide. This simple separation combined
with analysis of decay curves is quite sufficient in practice. This fact is
verified by the measured decay and absorption curves and by tracing
experiments.

In recent communications [1, 2] the coprecipitation of sodium with potassium
perchlorate and the coprecipitation of iron with cobaltic 1-nitroso-2-naphtholate
have been studied. In this part of the research programme the author tried to ela-
borate simple precipitation of copper in order to use it in activation analysis of
biological material.

At the present time we often meet the general refusal of precipitation in activation
analysis based on the assumption that the precipitation is connected with copre-
cipitation of radioactive impurities. But such an assumption is of no practical impor-
tance if it is not supported by quantitative data. It is necessary to estimate: which
elements are coprecipitated, what is the yield of coprecipitation and what will be the
influence of coprecipitation on the result of activation analysis. In the estimation of
this influence the yield of coprecipitation, the nuclear data important for activation
and measurement and the approximate concentrations of the determined and copre-
cipitated element, have to be considered. Then it may be concluded that, either the
coprecipitation seriously influences the result of analysis and the method in question
must not be used, or the result of analysis is not changed (within the limits of
required accuracy) and the coprecipitation may be neglected in practice.

According to the authors opinion the refusal of precipitation in activation analysis
is also caused by many communications (published about the year 1950) where often
many useless separation steps had been used. In the investigation of new method of
activation analysis, it is necessary to verify the radiochemical purity after the se-
paration steps used. On the other hand in the case that many separation steps were
chosen, it is also necessary to give the evidence, that all of them are important.
In addition to this fact, in many of these recent communications the individual
separation steps are connected with the high yield of coprecipitation, because authors
had used classical procedures from gravimetry and had not tried to improve the
radiochemical purity by the changes of certain conditions (pH, the concentration of
holdback carrier, etc.).

The following nuclear reaction was used in determination of copper:

$3Cu(n, y)s4Cu.

The relative isotopic abundance of the target nuclide is 69.1 %, the activation cros:.
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section is 4.5 barn [3]. The half-life of the radionuclide $4Cu is 12.8 hours. It emits
the electrons (39 9,) with maximal energy of 0.571 MeV and the positrons (60 %)
with maximal energy of 0.657 MeV. Only in about 0.5 9, of all decays the electron
capture may be observed. This electron capture is connected with emmision of one
¥ quantum [4].

Experimental

The dried biological samples were weighed and wrapped in an aluminium foil. For pre-
paration of standards the dishes from aluminium foil were manufactured. About 0.2 ml
of the solution of cupric sulphate was dropped on the dish (0.2 ml of the solution contained
0.5 ug of copper). The solution in the dish was weighed, evaporated and the edges of the dish
were bent inside. Together with samples and standards the empty dishes were prepared for
activation. Samples,. standards and empty dishes were activated in a thermal column
(density of the neutron flux 10'2n em™2 s7!) during 20 hours. After activation the following
chemical procedure was carried out.

A porcelain dish was prepared for every sample. In this dish the solution of cupric
sulphate containing 50 mg of copper (as a carrier) was evaporated. The sample was dissol-
ved in the mixture of acids (hydrochloric acid, nitric acid, and perchloric acid 1:3: 1).
Several drops of hydrogen peroxide were added during the decomposition. After eva-
poration 1 ml of hydrochloric acid was added and the new evaporation was performed in
order to remove the remains of oxidizing acids. 0.2 g of sodium chloride and 1 g of am-
monium phosphate (dibasic) were added (as holdback carriers) to the evaporation. After
elution by 50 ml of water the solution was filtered in order to remove the remains which
did not undergo the decomposition (fat) and put in the new porcelain dish. 1.5 g of
potassium iodide was added. The mix ture was evaporated on the water bath to dry. After
elution by 100 ml of water the precipitate of cuprous iodide was filtered through a weighed
filter crucible, washed by water, dried at 130 °C and weighed.

The precipitates obtained from individual samples were measured by a Geiger—Miiller
counter at various times to obtain the decay curve. Simultaneously the counting rates of
standards and of empty dishes were measured. The activity of empty dishes (equals
about 1/6 of the activity of standard) was subtracted as a background.

In order to control the rad iochemical composition of the precipitations, the absorption
curves of precipitates together with absorption curves of radiocopper ¢Cu and radio-
phosphorus 3?P were measured.

In the second experiment the author tried to establish what share of the total activity
(after the decay of radiocopper) corresponded to radiophosphorus 32P. The precipitates
were decomposed by nitric acid and radiophosphorus was precipitated as ammonium
phosphomolybdate. The activity of this precipitate was measured by a Geiger—Maiiller
tube and was compared with the activity of cuprous iodide before its decomposition. In
the third experiment the cuprous iodide was precipitated (under the same conditions
as in the case of the biological material) in the presence of radiosodium 22Na as a tracer.
Various amounts of sodium chloride (as a holdback carrier) were added.

In the last experiment the influence of holdback carrier on coprecipitation of phosphorus

was studied by a similar technique as in the previous experiment in the case of sodium.
Radiophosphorus 32P was used as a radioactive tracer.
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Results

The decay curves can be seen in Fig. 1. Curve 1 is the decay curve of cuprous iodide
separated from activated blood. For other tissues similar decay curves were obtained.
After the subtraction of the dashed extrapolated line from the curve 1, the straight line
(in semilogarithmic plot) results. It is parallel with the straight line for the standard of
copper (curve 2).

100
I
0 Fig. 1. The counting rate I
i (c. p. s.) measured by the
Geiger—Miiller tube in depen-
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10 3 7 3 94 blood; 2. the decay curve of

the copper standard.

In Fig. 2 the absorption curve (obtained also for precipitate from activated blood)
is given. The experimental points are demonstrated as crosses. Simultaneously the
absorption curves of radiophosphorus 32P (full circles) and radiocopper ¢Cu (empty
circles) are given. The course of absorption curves of precipitates obtained from other
tissues was also between the curves of radiophosphorus and radiocopper.

The experiment studying the activity of phosphorus in cuprous iodide (after the dscay
of radiocopper) showed, that practically 100 9%, of the activity measured before the de-
composition of the precipitate, entered the precipitate of ammonium phosphomolybdate.

100

R

I'ig. 2. The counting rate (in percentage
from the value measured without filtration)
in dependence on the thickness of aluminium
foils used as filters, measured by the
Geiger—Miiller counter. The full circles —
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phosphorus 32P, the empty circles — expe-
rimental points obtained for radiocopper
84Cu, the crosses — experimental points

! obtained for Cu,I, preparation separated
0 60 120 mg cm=2 180 from activated blood.

10




Study of Precipitation (III) 751

The influence of sodium holdback carrier on the coprecipitation of radiosodium is
obvious from Fig. 3.

Fig. 4 demonstrates the yield of coprecipitation of phosphorus with cuprous iodide in
dependence on the amount of the holdback carrier. Whereas Fig. 3 was plotted in line-
ar coordinates, Fig. 4 was plotted in logarithmic ones.
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Fig. 3. The influence of the amount of I'ig. 4. The influence of the amount of

phosphorus holdback carrier (g P) on the sodium holdback carrier (g NaCl) on the

yield of coprecipitation of phosphorus (Yp, yield of coprecipitation of sodium (Yxa,
in percentage). in percentage).

Experimental decay curves were decomposed. The decomposition is demonstrated
in Fig. 1. The activity of radiocopper was extrapolated to the time ¢ = 0, adjusted
in relation to the chemical yield and the concentrations of copper in individual tissues
were calculated by comparison with the activity of standard at the time ¢ = 0. Two
samples of individual kinds of tissues (weighing 0.1—1 g of dry weight) were analyzed.
The results are summarized in Tab. 1.

Table 1

Results of determination of copper in various
tissues of white laboratory rats

The concentration of copper
. (g of Cu per 1 g of dry

Tissue tissue)

I | 11
blood 6.2 6.3
liver 12.0 9.3
kidney 16.1 16.9
spleen 5.6 5.8
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Discussion

The course of the decay curve shows, that the activity of the precipitate isolated
from activated biological tissue consists mainly of 2 components. The component
showing the shorter half-life was identified as radiocopper 84Cu. The long-lived one
corresponds to coprecipitated radiophosphorus 32P. The influence of phosphorus
can be expected. Due to the composition of the biological material the following
activities are prevailing: radiochlorine (short-lived), radiopotassium and radiosodium
(half-lives about 12—15 hours) and radiophosphorus (long-lived, 14.3 days). The
course of the absorption curve is also in good agreement with the fact, that the long-
lived activity belongs to radiophosphorus. Finally this fact was exactly verified by
the experiment in which radiophosphorus was separated from cuprous iodide after
the decay of radiocopper.

The decay curve must not be considered as a sufficient criterion of the radiochemical
purity when the impurities have not sufficiently different half-life from the half-life
of the separated radionuclide. '

In our case the possible presence of alkali elements as impurities was considered.
The half-lives of radionuclides 2K and 24Na are not sufficiently different from the
half-life of radiocopper ®4Cu. Thus the trace experiment was provided. Its results
are shown in Fig. 3. Considering the yield of coprecipitation, nuclear data of sodium
and copper, and average concentration of these 2 elements in biological material, we
can evaluate, that the influence of coprecipitated sodium on the results of determi-
nation of copper does not exceed 1 relative 9,. Such an increase of the result is
admissible within the limits of the reguired accuracy. As far as potassium is con-
cerned, the trace experiment was not performed, but it is not necessary to expect the
higher coprecipitation of potassium than this one of sodium, and the concentration
of potassium is lower than this one of sodium in many animal t'ssues. In addition
to these facts the substancial influence of radiopotassium should be obvious from
the course of the absorption curve (Fig. 2). In our recent communication [5], we
showed, that on the basis of abrorption beta curve the 8 activity of potassium can be
distinguished from that of sodium. In the case of copper the conditions are much
more advantageous then in the case of sodium, because the  radiation of copper is
much softer than the 8 radiation of sodium.

Figures 4 and 3 show, that the influence of the amount of the holdback carrier on
the purity of the precipitate is very important. Thus the choice of the random amount
of the holdback carrier (as one can read in many communications) is incorrect.

The procedure described is very simple. The author proved, that the one-step
separation by precipitation is sufficient. The evaporation of the mixture after
the addition of the precipitating agent is the mostly time consuming procedure.
But this fact cannot be considered as the serious disadvantage of the method, be-
cause several samples are usually analyzed simultaneously, and the half-life of
radiocopper is not extremely short.
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STUDIUM SRAZECICH POSTUPU PRO UCELY NEUTRONOVE AKTIVACNI
ANALYSY (III)
SEPARACE JODIDU MEDNEHO PRI STANOVENI MEDI
V BIOLOGICKEM MATERIALU

M. Rakovié

Katedra lékaiské fysiky a nukledrni mediciny Fakulty vSeobecného lékaistvi
Karlovy university, Praha

V préci je prokédzéno, ze jednostupriové srdzeci separace médi ve formé jodidu médného
plné postadi pti stanovovdni médi v zivodisnych tkénich neutronovou aktivaéni analysou.
Po aktivaci a po provedeni této separace se separovand srazenina méfi pomoci GM trubice
v riznych dasovych intervalech. Ziské se tak rozpadovd kfivka, sklddajici se ze dvou
komponent. Po odeéteni dlouhodobéjsi komponenty, kterd p¥islusi radionuklidu fosforu
32P, obdrzi se rozpadové kiivka, kterd se plné shoduje svym prubéhem s rozpadovou
kiivkou standardu médi. Jeji extrapolaci k nule se zjisti poddteéni aktivita radionuklidu
médi ve vzorku a po piepoétu, vzhledem k chemickému vytézku, se srovnanim s poédtedni
aktivitou standardu zjist{ obsah médi ve vzorku. Pro zhotoveni standardu autor doporu-
duje odpafovdni roztoku siranu médnatého na miskdch zhotovenych z hlinikové félie.
Standardy se aktivuji spolu s prédzdnymi miskami a po aktivaci se aktivita prédzdnych
misek misto pozadi odeéitd od aktivity misek s odparky.

Identifikace radionuklidu fosforu, jako koprecipitované slozky byla prokédzédna nejen
z prubéhu rozpadové a absorpéni kiivky, ale téZ pokusem o separaci fosforu po vymieni
aktivity radionuklidu médi a po rozkladu srazeniny jodidu médného. Fosfor byl v tomto
pripadé separovan jako molybddtofosforeé¢nan amonny.

Pomoci radioaktivnich indikdtort 32P a 22Na byl sledovén vliv mnoZstvi zadrzujiciho
nosiée na vytézek koprecipitace fosforu a sodiku. Tento vliv je znaény, a je proto dulezitéd
volba sprdvného mnozstvi zadrzujiciho noside.

VU3YYEHUE ITPOLUECCOB OCAMOEHUA OJA UEJEWA HENTPOHHOI'O
AHKTMBAIINIOHHOTI'O AHAJIN3A (III)
BHIIEJEHUNE MOOMIA OOHOBAJIEHTHOII MEIW PN ONPENEJIEHNU
MEIN B BUOJOINMYECHOM MATEPUAJIE

M. PakoBuu

Hagenpa spaueCHoil gusurn u sifepHoit Meuuuuer Garyinbrera o0Liell MEMINHEL
VYuusepcurera Hapaa, IIpara

B pabore ykassIBaeTcHd, 4TO OAHOCTENEHHOE OCaAUTEIbHOE BHeNIeHNe MENM B BULE MOIU/A
OIHOBAJIEHTHOIl MeIU COBEPIIEHHO TOCTATOYHO IIPH ONMpeNeJIeHNH MENN B TKAHAX HUBOTHEIX
HelITPOHHEIM aKTHBALMOHHEIM aHaJn30M. Ilocie aKTHBHPOBAHMA I IIOCIE TAKOTO OTHENEHNS
AKTUBHOCTE OTJIeNIeHHOT'0 OCaJIKa M3MepAlach ¢ HoMmombio cuerynka I'efirepa—Miomtepa
B DPa3IMYHBIX WHTepBajax BpeMeHu. Tax ObuIa moxyueHa KPHBAA pachmafa, COCTOAINAA I3
ABYX KOMIOHeHTOB. ITocie BEMHTAHMA JOJTOUBYLIETO KOMIIOHEHTA, KOTODHI OTHOCUTCH
K papuonsoromny gocdopa 2P, moayunrcda KpUBag pacnaja, KOTOPas MOJHOCTHIO COBMATAeT
¢ KpHBOii pacmaja cranpapTa mepu. IIpu sKcTpamoimpoBaHMI DTOIf KPUBOH M0 Hyis Ha-
XORUTCA HEePBOHAYANBHAA AKTMBHOCTH PAfIOM30TONA Mefu B o0pasie ¥ IOCIE mepecyera,
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C yYeTOM XMMMUYEeCKOr0 BHIXOJla IO CPAaBHEHMIO C NEePBOHAYANBHO! aKTUBHOCTBIO CTAHHAPTA,
HaXOJUTCA KOJINYeCTBO Mefiu B o6pasne. JIJ1s MpUroToBIeHNA CTAHAAPTA aBTOP PEKOMEHAYeT
BHIIAPUBATh PACTBOP Cyabdara Mefu B MUCKAX, CHEJAHHBIX U3 aJIOMMHHeBOHl (oibru.
CraHapT aKTMBUPYETCA BMeCTe C IIyCTHIMM MUCKAMU Y IIOCJI€ QKTUBMPOBAHMA AKTUBHOCTH
IyCTHIX MUCOK BMecTO ()OHA BEIYUTAETCHA U3 AKTUBHOCTU MUCOK C OCATIKOM.

IlpucyrcrBue papmuousoromna (ocpopa Kak OCAKIAEHHOTO KOMIIOHEHTA OBIIO J0KA3aHO
He TOJBKO M3 XONAa KPHMBOHl pacmafa ¥ KpPUBOIl IOIVIOLIEHMA, HO TaK#e M BHIeJeHHEM
docopa mocie ucyesHOBEHUsA AKTUBHOCTU PAMOM30TOIA MEU U II0CIe PA3JIoKeHUA 0CaIKa
uonuaa opHoBaleHTHOU Meau. @ochop Obln BHAeNeH B Bupe Moimbmarodocdara aMMOHUS.

Iepesena T. Juaaureeposa
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