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ABSTRACT 

32 Experiments were performed to eliminate the disturbing effect of 
P in activation analytical measurements of trace elements in biological 

n of 3 2P, specially prepared zirconli samples. FOr fast chemical separation of J«P, specially prepared zirconium 
phosphate precipitate proved to be suitable. 
Several trace elements of Bowen»s kale sample as well as dried potato powder 
and ignited and pulverised animal bone originating by courtesy of the IAEA 
were analyded using the elaborated method. 

АННОТАЦИЯ 

Исследовалась возможность исключения мешайте го воздействия изотопа 
фосфора при определении содержания следовых элементов в биологических материа
лах методом активационного анализа. Для Оыстрой химической сепарации изотопа 
3 2Р применялся изготовленный специальным способом преципитат фосфата циркония. 
В течение исследований была определена концентрация некоторых следовых элемен
тов в савойской капусте Бауэиа и в полученном от МАГАТЭ с целью проведения 
сравнительных измерений картофельном и костном порошке. 

KIVONAT 

Biológiai anyagok nyomelemtartalmának aktivációs analízisénél a ko
moly zavaró hatást okozó fökomponemek közül a foszfor zavaró hatásának kikü
szöbölésére végeztünk kísérleteket. A 3 2P izotóp gyors kémiai elválasztására 
megfelelő módon előállított cirkónium-foszfát csapadékod használtunk, amely 
alkalmas a foszfor szelektív elválasztására. A vizsgálatok során a Bowen-féle 
kelkáposzta, valamint a Nemzetközi Atomenergia Ügynökségtől nemzetközi össze
hasonlító vizsgálatok céljára kapott burgonyapor és állati csontpor néhány 
nyomelemének koncentrációit határoztuk meg. 



Introduction 

A large variety of neutron activated aamplee can 
be nondeatructively analyaed by uae of high resolution semi
conductor detectors. However, in a considerable number of 
caesa the nondestructive method is impracticable because of 
interfering activitiea which can be only removed by chemical 
separation. The main componenta of bioaamplea, carbon, hydro
gen» nitrogen, oxygen, sulphur, preaent no or only negligible 
interferencea if activated. Out of the other important ele
ments in biosamples, sodium, potsssium, phoaphorua, chlorins 
end bromine it is above all the Ha activity produced in 
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the ***fta/nv4/ Na reaction which interferes with the activity 
meaaurementa. The half-livee of both Ha A j / 2 » 15.0 .h/and 
* 2K /Tj/2" 12.45 h/ are comparable with that of biologically 
important trace elements thua they can not be separated from 

the latter by cooling» Several methoda have been already re
ported for the removal of both activities /1-7/. 

The short-lived 3 CI activity /Tj/2» 37 min/ can 
be usually suppreaaed by applying a euitable cooling time. 

In the case of long irrediationa /50-100 h/ of 
bioaamplea the evaluation of low energy photopeaka is rendered 
difficult by the 3 2 P activity / ? 1 / 2 " 1* *•/ produced in the 
3 1P/n,7/ 3 2P or the 3 2S/n,p/ 3 2P reaction. The photopeaks in 
the energy range to 0.6-0.8 MeV of the gamma spectrum are 
masked by the bremeStrahlung due to the intense beta radiation 32 from J P. Thua it is important to remove the phosphorus from 
tie activated aample to be analysed. The most extensively 
used methods are the following: 

Precipitation of phoaphorus in the form of zir
conium phosphate /8/. The drawback of this method is that 
because of the high ^ zp activity two auccessivs precipitations 
are necessary. 

Selective ion retention by use of inorganic preci-
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pitatea waa investigated in detail by Girardi and his group 
/6/. If these precipitates react with solutions containing 
trace elementa different reactlona may take place, auch aa 
iaotope exchange, precipitation, redox reaction, mixed 
crystal formation, ion exchange. These processes can lead 
to the varying retention of different ions. The retention 
mechanism ia difficult to describe by comprehensive chemical 
formulae. Because of their diversity it is not easy to infer 
the behaviour of ionic precipitates under different experi
mental conditions. Nevertheleaa, under standardised experi
mental conditiona theae precipitates prove to be highly 
useful for chemical separation. Girardi and hie group per
formed many experiments with about 15 precipitates suitable 
for so-called selective ion retention and as a result of 
quite a few thouasnd adsorption-elutlon cycles it became 
possible to use these precipitates for the removal of inter
fering activities in bioaamples. Tin dioxide, hydrated man
ganese dioxide, acidic aluminium oxide and zirconium phos
phate were investigated in view of phosphorus retention. 
The most extensively used one is zirconium phosphate /ZP/. 
The preparation of the most appropriate ZP precipitate and 
its possible applications are described by Török and Diehl 
/9/. The properties of the best ZP precipitate were 
thoroughly studied by L.Gy.Nagy and his group /10/. The 
reversibility or irreversibility of the sorption, the effect 
of some parameters /grain size, flow rate, heat treatment 
of precipitate/ on the sorption and the sorption capacity 
were evaluated from elution curves taken by chromatographic 
technique and from the analysis of sorption isotherms. The 
best separation factor /of the order of 10" -10~ 5/ was 
obtained for a ZP column charge of 1-2 mg of P/g ZP, a grain 
size of 0.1-0.3 mm and a flow rate of 0.8c«7min. The ZP 
precipitate structure was studied by thermogravimetry and 
X-ray diffraction. It was found that the precipitate with 
optimum sorption properties is amorphous, its water content 
varies from 17 to 24%. Thus, it can be visualized ее s 
nZr0 2rP 2°5» m H2 0 f o r r a c o r a P O U D d • Because of its high water 
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content, the loose structure permits the PO£~ ions to be 
retained on the precipitate by chenisorption« 

In the present work ZP precipitate was chosen for 
12 the retention of * P activity. The phosphorus retention was 

studied with regard to the conditions under which the 
essential trace elements are not, or negligibly retained. 

Experimental 

The ZP precipitate for the removal of phosphorus 
from biosamples was prepared according to reported /9,10/ 
procedures. The reports showed that for phosphorus retention 
the precipitate prepared with zirconium excess was the most 
suitable. The reaction time measured for this precipitate 
was suitably short /15 min/. VThen column technique was used 
the flow resistance of the precipitate appreciably increased 
already in 6-12 hours after the preparation. A pretreatment 
with hydrochloric acid waa proposed for the elimination of 
this inconvenience. The present experiments were performed 
in a cup where the suspension was magnetically stirred. Here, 
too, agglomeration was observed, thus the proposed pretreat
ment was applied. The cited /9,10/ workers used for phos
phorus retention а б И hydrochloric acid medium, while Gi-
rardi and his group preferred a 7 M nitric acid system for 
the retention of phosphorus with ZP precipitate. In the 
present work the latter was chosen beceuse the organic mate
rial was destroyed in nitric seid medium. 

The measured quantity of ZP was suspended in 5 or 
7 ml of 7 M nitric acid solution. 2 hours before its use 
this ZP precipitate was always conditioned in 2.4 If hydro
chloric acid, filtered, washed with water and pumped off. 
To the 7 M nitric acid solution containing the precipitate 
в solution of radioactive phosphate was added which was 
prepared by irradiating KH2P0^. The solution used in each 
of the experiments contained about 0.1 mg of phosphorus. 
The experimental solutions were magnetically stirred for 
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10-15 minutes. On termination of the experiment tne precipi
tate was filtered, washed with 7 M nitric acid, then the beta 
activity of the samples was measured with plastic scintilla
tor. In the different runs the quantity of precipitate, the 
elution volume and the stirring time were varied. The results 
of the measurements are listed in Table I. 

Table I 
Phosphorus retention given in percents of the 

initial activity for different quantities of ZP 
precipitate 

ZP /mg/ washing Sample: 1» 2. 3. 4. 5» 
7M HH0 3 Stirring: 10' 10» 15» 15» 15» 

200 3x10 
400 - •» -
600 - » -
800 - " -
1000 - » -

The possible retention of biologically important 
elements on the ZP precipitate was studied in model experi
ments. Kot each of the elements was separately studied. The 
elements having gamma spectra which showed no interference 
between their activities were retained together on a given 
amount of ZP. Thus, one of the solutions contained 5 Cr, 
5 9Pe and 6 5Zn, the other ^Co, 4 6Sc and 8 6Rb. Antimony was 
studied separately since its reported behaviour proved to be 
ambiguous. To minimize the retention of the trace elements 
as tsr ss possible 5 mg of their inactive carritrM were 
added to the sample. After msgnetiesl stirring the precipi
tate was filtered on 04 glass filter and washed with 7 M 
nitric esid. The activity of the eluate was measured with 
45 ós1 Nuclear Diodes type Ge/Li semiconductor detector 
combined with KFKI NTA 512B type 1024 channel analyzer. The 
solution containing the original amount of trace elements 
was used ss reference. 

86 89 91 89 93 
92 94 95 96 94 
96 95 97 98 97 
97 97 98 99 98 
98 99 99 99 99 
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The retention wae measured for varied experimental 
parameters. The results are listed in Table II. 

Table II. 
Retention of trace elements on ZP Riven in per cents 

of the- Initial activities 

Sample 1. 2. 3. 4. 5. 
Element 

Cr 57.4 59.2 69.8 91*3 95.4 
Sb 73.1 b5.7 68.8 68.3 87.1 
Sc 73.4 86.8 96.7 99.8 99.9 
Zn 76.1 79.5 91.2 98,2 99.6 
Hb 76.5 86.1 88.3 90.5 91.2 
Co 88.9 90.3 95.8 98.9 99.9 
Pe 58.2 66.3 69 »8 97.6 98.8 
Notes: 

58.2 66.3 69 »8 97.6 

ZP /g/ 1.0 1.0 0.8 0.4 0.2 
Stirring/min/ 15 10 15 15 10 
Sample /ml/ 15 10 5 5 5 
Washing [ always with 7 И HNO., 3x10 ml 

Sample 6. 7. 8. 9. 
Elemenl 

Cr 90.5 88.3 89.5 90.1 
Sb 87.3 76.8 68.3 82.5 
Sc 99.6 96.4 98.3 98.9 
Zn 98.2 97.0 95.4 97.3 
Rb 89.1 86.3 88.4 89.2 
Co 99.9 99.8 99.6 98.9 
Pe 98.9 

0.6 
96.3 
0.6 

97.8 
0.6 

98.1 
ZP /g/ 

98.9 
0.6 

96.3 
0.6 

97.8 
0.6 0.6 

Stirring/min/ 10 15 10 15 
Sample /ml/ 5 5 5 5 
Washing: 3x10 ml 7 M HN0 3 
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It io apparent from the table that the use of 0.6 g ZP ia the 
moat useful precipitate. 

The experiments were continued by the analysis of 
following biomaterials: 1. Bowen•a kale sample which can be 
regarded aa a standard reference material because of ita 
extensive use in international comparative analyses for over 
more than 10 years. 2. Dried potato powder and animal bone 
the latter ignited to 400°C then pulverized received from 
the IAEA for international comparative analyses. 

On the composition and on the concentrations of 
many trace elements in the kale sample reliable data are 
available. In the analyses of the potato and animal bone 
the trace elements named by the IAEA had to be determined. 

The samples and standards were irradiated in the 
WWR-S type reactor for 100-115 houra with a neutron flux of 
2-4.10 n̂/ca*. a depending on the position of the samples. 
The samples were processed after a cooling for 6 days. They 
were destroyed with a 1:1 mixture of cone. HNO-, and HpO« 
using aa a rule of 10-15 ml of the destructive agent. After 
destruction the samples were evaporated to dryness, then 
dissolved in 5 ml of 7 M nitric acid and added to the ZP 
precipitate. The gamma spectrometric measurements were 
carried out after separation of the precipitate from the 
solution. The above mentioned bioeamples are substantially 
different in composition, thus the parameters obtained in 
the model experiments had to be revised for the actual samples. 

The q entity of the ZP precipitate had to veried 
from 0.4 to 0.8 g, the time of the magnetical stirring was 
alternatively 10, 15 and 20 minutes. The results of the 
experiments are shown in Figs. 1. and 2» 

The most apparent in Fig. 1 is the bremsetrahlung 
due to •* P in the low energy range of the spectrum. Because 
of this high intensity background radiation the photopeaks 
of 5 1Cr /E^ . 0.320 MeV/ and of 1 1 5 C d - 1 1 5 m I n /E y « 0.336MeV/ 
are not detectable. Even the the low energy photopeak of 
4 7Ca /Ц > 0.160 MeV/ie difficult to evaluate in this region. 
Phosphorus could not be sufficiently removed with 0.4 g of 
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Fig.2. Gamma spectrum of a kale on 0.6 g of ZP 
precipitate after a separation with a stirring 
time of 15 min. 
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ZP and stirring tinea of 10, 15 or 20 minutes. Phosphorus is 
Fully removed with 0.8 g of ZP, however, also rubidium, sine, 
iron and chromium traces are retained to some extent by this 
quantity of precipitate. It was found that with 0.6 g of ZP 
phosphorus is sufficiently retained while the photopeaks of 
chromiuir and cadmium can be adequately evaluated in this case. 

The phosphorus content of the potato powder is less 
than that of kele therefore the use of Ö.4 g of ZP and 10 
min. stirring seemed to be convenient. 

The highest phosphorus concentration was found in 
the bone sample. In this case 0.8 g of ZP and a 15 rain, 
stirring time was thought to be the most appropriate. 

Discussion 
The results in Table I. show that with a ZP pre

cipitate varying from 0.8 to 1.0 g a phosphorus retention 
of 98-99% can be achieved. With regard to trace element re
tention, more than 0.6 g of ZP is not advisable. Por a stir
ring of 15 min. and 98> phosphorus retention, 95-99$ of cobalt, 
ac9ndium, zinc, iron and chromium remain in the eluont. The 
precipitate was washed with 3x10 ml of 7 M nitric acid solu
tion. The bone sample was treated because of its high 
phosphorus concentration with 0.8 g of ZP and stirred for 
20 minutes. 

Table III. compares the results obtained for 
Bowen's kale with the activation analytical data reported 
by Bowen /11/. 

It is apparent from the tabulated data that calcium, 
cadmium, cobalt, chromium and zinc can be reliably determined 
with the present method. The behaviour of antimony on the 
ZP precipitate is not unambiguous. A considerable error may 
arise from the fact that the quartz ampoules used for irra
diation contained some antimony which contaminates the 
samples to an Irreproducible extent during dissolution from 
the ampoules. Rubidium and iron were retained to some extent 
on ZP and further experiments are needed to prevent this 
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Table III. 
Results obtained for Bowen*a kale sample with phosphorus 
removal listed along with Bowen'a activation analytical 

data 

Element Bowen-NAA / 1 1 / 
/Ug/g 

Ca 40409+.2544 / 1 1 / 
Cd 0.76+0.192 / 1 1 / 
Co 0.0592+0.0103 / 1 5 / 
Cr 0.356+0.127 / 1 0 / 
Ре 117.3+16.2 / 1 2 / 
Rb 53.38+3.87 / 7 / 
Sb 0.0719+0.0173 / 1 3 / 
Sc 0.00779+0.00092 / 7 / 
Zn 31.85+2.09 / 2 3 / 

Present results XX 
/Ug/g 

Deviation 
% 

37800+1615 / 5 / -6 .5 
0.61 +0.10* / 4 / -20 
0.059+0.0053 / 1 5 / -O.J 
0.32+0.072 / 1 5 / -10 

99+9»73 A V -15.6 
45+3.51 / 1 7 / -15.7 

0.24+0.136 / 1 5 / +234 
0.0094+0.0022 /15/+20.7 

31+ 1.49 /3 3 / -2 .7 

*reeult , standard deviation /number of laboratory averages/ 
'"'result, standard deviation /number of measured va lues / 

Table IV. 
Comparison of the results obtained for some trace elements 
in the potato and bone samples with those given by the IAEA 

Animal bone powder Potato powder 

Element IAEA, /Ug/g Present 
work,^ug/g 

IAEA,/ug/g Present 
work,/Ug/g 

Co 0.463+0.16 0.559±0.053 0.0205+0.0064 0.070+ 
0.007T1 

Cr 683±241 311+127 0,25/median/ 0.306+ 
0.C6Ó? 

Ре 1520+.360 1000+^394 18.6+.4.7 16.4+0.933 
Zn 183+12 178+.17.7 11.9±1.3 9.7+0.721 
Rb - 3.9+0.8 6.10+0.54 6 .7 i0 .8 
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inconvenience. The main objective of phosphorus removal is 
to permit the low energy /B*<0.6 MeV/ photopeeke to be 
evaluated. For the biologically important elements in thin 
range /cadmijm nnd chromium/ the evaluation - considering 
the small photopeak areas - seems to be satisfactory if this 
method is used. 

Table IV lists the comparative data for the bone 
and potato samples analysed for the IAEA. In the pulverized 
hone sample both the present and the IAKA measurements 
showed considerable oeviations for chromium and iron. The 
value given by the IAEA for chromium is improbably high, 
it seems reasonable to assume that the bone sample was 
contaminated with chromium during pulverization. 

The present experimental results suggest that the 
method of phosphorus removal is useful, though in the case 
of some elements further refinements are needed. 
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