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Summary

A method has been developed for the determination with neutron-

-activation analysis of the following trace elements in soft biological

tissues: Br, Ca, Cl, Cu, K, Mg, Mn, Mo, Na, P, Sr and Zn.

The method consists in performing a short-term irradiation of

the samples with a high thermal neutron flux, followed by fast chemi-

cal separations and gamma-spectrometric measurements.

The chemical separations and the measurements of short-lived

nuclides from a run are finished within 70 min, after the end of irra-

diation.
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1. Introduction

The determination of short-lived nuclides in biological material

with neutron-activation analysis is often difficult. The main reasons

for this are the slowness of most of the existing wet combustion

methods for organic material and the general need for fast radio-

chemical manipulations.

Meinke (1) used fusion with sodium peroxide for dissolving diffi-

cultly soluble samples, including the biological ones. This technique,

in combination with very rapid and selective radiochemical separa-

tions, opened the possibility of studying a large number of elements

with short radioactive lifetimes (2). Benson et al. (3) and Bock-

Werthmann (4) developed methods for paper chromatographic sepa-

rations applicable to neutron-activation analysis. By performing the

separations before the activation, time is saved to an extent which

allows of the easy determination of for example 3. 8 min V-52 and

10. 5 min Co-60 m in biological tissues (3). Quite recently Bethard

et al. (5), Bo wen et al. (6) and Brune and Sjöberg (7) have reported

rapid procedures for determining short-lived nuclides of essential

trace elements in neutron-activated biological material.

The main purpose of the present work has been to develop a rou-

tine method for the simultaneous determination, with neutron-activa-

tion analysis, of a smaller number of biologically important trace

elements forming radionuclides with half-lives down to about 10 min.

The method has been tried out with human liver-tissue samples,

and consists in combining short-term irradiations with a few chemi-

cal separations selected as parts of a group separation procedure,

which has been described earlier (8, 9, 10, 11).
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2. Experimental

2. 1. Preparation and irradiation

The liver-tis sue specimens were taken with glass and plastic

instruments, dried and sealed in small quartz ampoules as described

in detail elsewhere (12). Each ampoule containing 30 - 40 mg of the

dried samples was placed in an aluminum can and irradiated for 10
13 2

min. with a thermal neutron flux of 3. 6 • 10 n/cm sec. The

samples were then transported from the reactor to the laboratory

with a pneumatic tube system. The time interval between the end

of the irradiation and the arrival of the samples in the laboratory

varied between 3 and 6 rain.

2. 2. Chemical separations

2. 2. 1. Destruction of organic matter and distillation

A small distillation apparatus of conventional type was used

for combustion of the organic material of the samples and the sub-

sequent distillation of activities of bromine and chlorine (10). The

apparatus consisted of a 15 ml pear-shaped and 15 cm long-necked

distillation flask attached via an adapter to a 50 ml washing bottle

containing 25 ml 6 n NaOH.

A small capillary tube equipped with a. stopcock and a small

funnel at the end led to a point near the bottom of the distillation

flask. By applying water suction to the washing bottle a weak

stream of air could be passed through the apparatus via the capil-

lary tube. The distillation flask and the adapter were surrounded

by a 35 cm high Pyrex glass tube with a diameter of 5 cm. The

flask was heated with a stream of hot air produced by a gas burner.

The open flame of the burner was placed near the lower end of the

glass tube surrounding the distillation flask and at a distance from

the flask sufficient to avoid direct contact.
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The apparatus was prepared for separation before the end of

irradiation of the samples and was operated in the following way.

The irradiated quartz ampoule was broken and the sample trans-

ferred without washing to the distillation flask. 0. 5 ml of cone.

HLSCK was then sucked into the flask via the capillary tube. The

organic material was thoroughly carbonized by heating to incipient

fuming of SO.,, while a very slow stream of air was drawn through

the mixture to avoid bumping. Small drops of 30 per cent H->O-,

were then sucked into the mixture through the capillary tube with-

out interrupting the heating of the flask. To the colourless solution

obtained 0. 5 ml of a solution of 30 mg/ml of NaCl in HBr was added

dropwise in the same way as the hydrogen peroxide. The solution

was prepared by mixing 5 ml of a H^O solution of 300 mg/ml of NaCl

with 45 ml 48 per cent HBr. The apparatus was then cooled down

with a blast of compressed air. During the end-phase of the cooling

period 0. 5 ml 3n HC1 was added through the capillary tube. Finally,

the distillation flask was disconnected from the apparatus. The con-

tent of the flask was diluted with 1 - 2 ml of H?O containing 0. 3 per

cent H2O_ and passed through a G-4 glass filter disc. The flask and

the filter were rinsed successively with a further 1 -2 ml of the

mixture of H_O and H.,O? and the filtrate made up to 5 ml with the

same mixture. This filtrate, whose composition corresponds to

that of solutions used for adsorption experiments with anion-ex-

changé resin in the sulphate form (11), was used for subsequent

ion-exchange group separations.

2. 2. 2. Ion-exchange separations.

Further chemical separations were performed with four ion-

exchange columns coupled in series. The columns were set up be-

fore the end of irradiation of the samples. The first column in the

series consisted of Dowex 2 x 10, 200 - 400 mesh resin prepared

in the sulphate form with 1:10 H7SO> followed by washing with

water. For the second column Dowex 2 x 10, 200 - 400 mesh in the

hydroxide form was used. Column three consisted of Dowex 50 x 12,
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200 - 400 mesh in the sodium form. A mixed-bed column prepared

from equal amounts of the same cation-exchanger in the hydrogen

form and the anion-exchanger in the hydroxide form ended the

series. The second column of the series being 20 mm in diameter,

was prepared with 15 ml wet anion-exchange resin in the hydroxide

form. 10 ml wet resin was used for each of the remaining columns

which were 12 mm in diameter.

Further details concerning the preparation of the different

resin forms are given elsewhere (9> 11).

To the top of the three last columns of the series was added

2 - 3 ml distilled water. They were then coupled together with

rubber stoppers, the last column being attached to a 100 ml suction

flask. The remaining column, the anion-ex changer in sulphate form,

was wetted with a few drops of distilled water just before being

placed in front of the series.

The chemical separations within the column series were per-

formed in the following way.

The sample solution obtained after the filtration step described

above was added to the first of the coupled ion-exchange columns

and passed through the series at the rate of 4 ml/min. by means of

suction. When the level of the sample solution had reached the top

of the resin mass in the first column the subsequent washing solu-

tion, consisting of 30 ml H,O and containing 0. 3 per cent Ĥ CX

was continuously flowed through the system at the same rate. Suc-

tion was continued until the first two columns in the series were

drained. They were then removed and individually rinsed on a suc-

tion flask. Five ml H~O containing 0. 3 per cent ELO? was used for

the first column and the same amount of 0. 1 n NaOH for the second

one. This extra washing was performed in order to remove traces

of unwanted activity of mainly Na-24, which may spatter on to the
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glass walls of the columns during operation. Finally, the resin

mass of each column was thoroughly stirred in a small portion of

themixture of H~O and H_O? and transferred to polythene tubes

for counting.

Through the remaining third and fourth columns was continu-

ously passed 20 ml of a solution of 30 rag/ml of sodium hexameta-

phosphate in 0. 1 n NaOH at the rate of Z ml/min. The resin of the

fourth column was then mixed with a little distilled water, stirred,

transferred to a polythene tube and counted.

The third column, the cation-exchanger in sodium form,

which now contained radionuclides of the alkali metals only (9),

was treated, finally, with 50 ml 0. 5 n NaCl. The solution was

continuously flowed through the column at the rate of 2 ml/min.

Adsorbed Na-24 activity passes quantitatively into the effluent,

whereas activities of the other alkali metals remain on the column.

The resin of the third column was prepared for counting in the

same way as the fourth one.

The NaCl-solution used as eluant was diluted to 500 ml, a 10

ml aliquot being taken for counting.

2. 2. 3. Counting

All the six groups of elements chemically separated were

counted during a time interval of 20 to 70 min. after the end of irra-

diation of the samples. A 256-channel gamma spectrometer attached

to a 3" x 3" solid type Nal crystal was used for the measurements.

The resin mass belonging to the first and the last columns in the

ion-exchange column series was counted for 10 min. close to the

detector. The remaining groups, including the NaOH solution, were

counted at 10 cm distance from the crystal and with a counting time

of 1 min. Decay of the groups was followed for a few hours.
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After 1 -2 days' decay the anion-exchanger in hydroxide form

constituting the third group of the chemical separation scheme was

counted for 20 min. in a 3" x 3" well type Nal crystal attached to a

512-channel analyzer. Magnetic stripping technique was then applied

for stripping in turn of Cu-64 (1. 02 mev sum peak) and Zn-69 m

(0.44 mev), leaving a P-32 Bremsstrahlung practically free from

c ontamination.

3. Results

The experiments with human liver-tissue showed that radioactive

isotopes of the elements Br, Ca, Cl, Cu, K, Mg, Mn, Mo, Na, P,

Sr and Zn could be easily determined in the different chemical groups

as follows:

Group 1: NaOH-absorption: Br-80, Br-82, Cl-38

Group 2: Dowex 2, sulphate: Mo-101 (+ Tc-101 daughter)

Group 3: Dowex Z, hydroxide: Cu-64, Mn-56, P-32, Zn-69 m.

Group 4: Dowex 50, sodium: K-42

Group 5: Dowex 50-, sodium eluate: Na-24

Group 6: Dowex 2 - Dowex 50, mixed bed: Ca-49, Mg-2?, Sr-87

4. Discussion

4. 1. Determination of Zn-69 m

The determination of Zn-69 m in the presence of Cu-64, both

of which are precipitated as hydroxides together with the Mn-56

activity in the third group of the scheme (8), was in the present

experiments easily performed with magnetic stripping technique.

However, in possible other cases with a very dominating C"-64

activity this way of measuring will fail.
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The problem may instead be solved by chemical means. This

can in principle be done by taking 1 ml of the filtrate from the G-4

filtration step for Zn-69 m determination as follows.

The solution is diluted to 20 ml with 0. 5 n HC1 and flowed

through a 12 mm diameter column of 10 ml wet anion-exchange

resin in the chloride form. The column is then washed with 30 ml

0. 5 n HC1. Zn-69 m activity is quantitatively retained by the resin,

whereas Cu-64 passes to the effluent (12).

4. 2. Selective separation of Na-24

The present ion-exchange column series is a combination of

four different groups of a more extensive chemical separation pro-

cedure (12). Results from separate studies of a larger number of

trace elements within each of the four groups have been given else-

where (8, 9, 10, 11).

With the present method, however, separation by means of

the cation-exchanger in sodium form has been slightly modified to

make possible also the determination of K-42 activity. The main

difference consists in using a longer column. This is to facilitate

a quantitative retention of radioactive nuclides of K, Rb and Cs

during elution of the Na-24 activity with 0. 5 n NaCl solution.

4. 3. Precision of the method

In the present work no serious distribution of activities among

the different groups separated could be observed. This is in agree-

ment with the results obtained with single trace elements (8, 9» 10,

11). However, in the case of samples with a much higher content

of sodium than the present ones, it may be necessary to wash the

ion-exchange columns more carefully, in order to remove possible

masking effects of Na-24 activity.
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In order to investigate the applicability of the present method

to fast routine determinations of trace elements in clinical mate-

rial, detailed recovery and reproducibility studies are in pro-

gress (13).
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2. Bestrålningsförändringar och neulroratmosfär i reaktortrycktankar —
några synpunkter. Av M. Grounes. 1962. 33 s. Kr 6:—.

3. Studium av sträckgränsen i mjukt stål. Av G. Ostberg och R. Attermo.
1963. 17 J . Kr 6:—.

4. Teknisk upphandling inom reaktoromrädet. Av Erik Jonson. 1963. 64 s.
Kr. 8J—.

5. Ågesta Kraftvärmeverk. Sammanställning av tekniska data, beskrivningar
m. m. för reaktordelen. Av B. Lilliehöök. 1964. 336 s. Kr. 15:—.

Additional copies available at the library of AB Atomenergi, Studsvik,
Nyköping, Sweden. Transparent microcards of the reports are obtainable,
through the International Documentation Center, Tumba, Sweden.
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