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ABSTRACT

This paper describes the analytical methods developed for

the estimation of Cs, I, Sr, Th and U in biological materials such

as food and human tissues. The methods employ both, the instrumental

neutron activation analysis (INAA) and radiochemical neutron acti-

—vation analysis (RNAA). The adequacy of these methods to determine

the concentrations of the above elements in dietary and tissue

materials was also studied. The study showed that the analytical

methods described in this paper are adequate for the determination

of Cs, Sr, Th and U in all kinds of biological samples. In the case

of I however, the method is adequate only for determining its

concentration In thyroid, "feut needs to be modified to improve its

sensitivity for the determination of I in diet samples.

1. INTRODUCTION

The stable elements Cs, I, Sr, Th and U have chemical and

biological behaviour similar to their radioactive counterparts,

Cs-137, 1-131, Sr-90, Th-232 and U-238, which form the front-end and

middle of nuclear fuel cycle. The exposure of occupational workers of

the nuclear industry and also the general public (in the event of a

nuclear accident) to these radionuclides, could lead to the radiation

hazard. To control the radiation hazard, it is important to know the

human biokinetic behaviour of these radionuclides for a realistic

assessment of radiation dose. The biokinetics of these radionuclides

could be extrapolated from the biokinetic studies based on the

ingestion and organ content, of corresponding stable elements.
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A number of analytical methods such as alpha spectrometry,

atomic absorption spectrophotometry, inductively coupled plasma-mass

spectrometry, fluorometry etc.[l-5D, have been employed by various

workers to carry out analysis of the samples for the above elements.

The methods employing neutron activation (both instrumental neutron

activation and radiochemical neutron activation) were prefered, in

view of the advantage they offered to the analyst, interms of the

freedom from the errors due to contamination of samples and from

reagent blank. In addition to these advantages, the neutron

activation methods are also quite effective in comparison to most of

the other analytical methods, especially when the elements to be

determined are present at nanogram and subnanogram levels of

concentration, because of the substantially lower detection levels

for the elements of interest.

2. ANALYTICAL METHODS USING BOTH INAA AND RNAA

2.1 Cesium (Cs)

Cs could be easily determined in various biological samples

using INAA. The stable isotope of Cesium, the 133Cs on neutron

irradiation is converted to its radioactive counterpart x3*Cs. The

characteristic gamma line of 795.8 keV is then counted using high

resolution gamma counting system such as Hyperpure Germenium Detector

coupled to 4096 Channel multichannel analyser.

The dried and finely powdered sample packed in polyethylene

container was irradiated for Id in high neutron flux position ( with

approx. 10**n.cm~aesec~**) in a nuclear reactor. The sample was then

allowed to cool for about 2 weeks and then counted for 795.8 keV

gamma line. Using this INAA method, the minimum detection level of 1

ng Cs in biological samples could be obtained. The other gamma line

of 604.7 keV could also be used for the estimation of Cs.

2.2 Strontium (Sr)

The concentration of Sr in biological samples could be

obtained using RNAA. On neutron irradiation, the stable isotope of Sr
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(ie **Sr) is converted to *T"Sr which could be separated using

radiochemical separation procedure and counted for 38V keV

characteristic gamma line.

The sample after neutron irradiation in a flux of about

101*n.cn>~*sec~1 for about lh was allowed to cool for about two hours

to allow the shorted lived interfering activities to decay.The sample

was then digested in the presence of about 100 ug stable carrier in

cone. HNO3. When the digestion got completed, 50 mg of Ca carrier was

added and the solution warmed for a few minutes. Calcium oxalate was

then precipitated from the solution by adding oxalic acid and also

simultaneously raising the pH of the solution to 3 by adding ammonium

hydroxide.. The Sr present in the solution was quantitatively

precipitated along with calcium oxalate precipitate, which was then

filtered dried and counted. Using this method, the minimum detection

level (M.D.L.) of 50 ng Sr could be achieved.

2.3 Iodine (I)

The concentration of stable Iodine is determined by the

measurement of gamma activity of the activated product x s aI obtained

from the stable isotope of (12rI) of Iodine, using the characteristic

gamma line of 443 keV (*ae0I), with high resolution detector system..

The biological sample was first irradiated for about 20

•in., in cadmium shield (0.6 mm) and then allowed to decay for 10-15

•in. It is then counted for the gamma line of ***I. The M.D.L.

obtained for I is Matrix dependent, being lower (40 ng) for milk

samples and green vegetables samples, which contain lesser quantities

of Na and Cl, etc. For other food and diet samples such as, wheat,

rice, diet etc., the M.D.L. obtained was relatively higher (140 ng).

Since the cooked diet samples are likely to contain Iodine

in concentrations lower than the minimum detection level obtained

using the INAA method, therefore the minimum detection limit needed

to be improved (lowered) by resorting to RNAA. A sensitive analytical

method involving the preconcentration of iodine present in the sample
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by coprecipitating it with bismuth suphide is being standardised.

2.4 Thorium (Th)

Th is present in biological samples in subnanogram quantities.

The analytical method such as RNAA, with adequately high sensitivity

and freedom from reagent blank, therefore, is most suitable.

The sample was irradiated for 24h in high neutron flux and

then it was allowed to cool for 1-2 weeks to allow the short-lived

interfering activities to decay. After cooling, the sample was

digested in cone, nitric acid in the presence of 50 mg of Mn carrier.

On completion of the digestion, 50 mg potassium Bromate (KBrO3) was

added to the solution, and MnO, was precipitated at 40% nitric acid

concentration. 2 3 3 P a which is the activated product of 2 3*Th, gets

quantitatively carried along with MnO 2 precipitate.

The MnO 3 ppt. was dissolved in Cone. HNO 3 with a few drops

of H 2 0 2 , the 2 " P a in solution was then co-ppted with BaSO« ppt. This

was carried out by adding 25 ml of Ba as BaCl 2 to the solution

followed by dropwise addition of 7 ml of Cone. H^SCu. The * 3»Pa got

quantitatively carried along with BaSO« ppt., which was filtered,

dried and counted for 311.8 keV gamma-line. There is no need to use

the carrier as the precipitation is quantitative. * 3*Pa could however

be used as radioactive carrier for yield determination. The minimum

detection level for this method was obtained as 0.05 ng Th.

2.5 Uranium (U)

In view of the extremely low concentration of U in various

kinds of biological samples, it was found convenient to use RNAA for

its determination. On irradiation, the stable isotope of *»*U gets

converted into its radioactive counterpart **^Np which has a half-

life of 2.33d, with two prominent characteristic gamma-lines 228 and

277.5keV ( besides 106 keV), which could be used for the

quantification of uranium in a sample.
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The sample along with the carrier 23*'Np was irradiated for

Id in high neutron flux. **«u got converted to *s'Np and the *3'»'Np

got converted to **-Np. The irradiated sample after Id cooling was

digested in Cone. HNO3. The solution after digestion was heated to

dryness. About 25 ml of 9M HC1 and 0.3-0.5 g of hydroxylamine

hydrochloride were added to it and solution warmed at low heat for

10-26) min, to convert the two isotopes of Np to lower (+4) valency

state. The solution was then loaded onto the anion exchange resin

(DOWEX-1), when the Np (and also Pa) was retained on the column but

the interfering activities were washed down. Np was then unloaded

(eluted) with lft MCI solution, when Pa also gets removed along with

Np and could be estimated as the byproduct of U separation. To the

eluted solution. Ba carrier was added and BaSCU precipitated as in

the case of Th estimation. The gamma-lines from the two isotopes of

Np, namely *3f>Np (934 keV) and the **^Np (228 and 277.5 KeV) were

measured using high resolution detector system. The M.D.L. obtained

with this method was 0.1 ng.

Table 1. Important nuclear parameters required for the measurement of

Cs,I,Sr,Th and U in biological materials

Element Isotope Gamma Energy Half-life Method MDL

Cs Cs-134 795.8 keV 2.1Y INAA 1 ng

1-128 443.0 keV 25 min INAA 40 ng

Sr Sr-87m 389.0 keV 2.83h RNAA 50 ng

Th Pa-233 311.8 keV 27.Id RNAA 0.05 ng *

U Np-239 228.0 keV 2.33 d RNAA 0.1 ng
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The important nuclear parameters such as the isotopes of

various elements employed for the analysis (using neutron activation

technique), the characteristic gamma-lines of these isotopes and

their half-lives, *re shown in Table 1. Also included in the table

are the minimum detection levels that could be achieved for the five

elements.

Table 2. Concentrations of Cs,I,Sr,Th and U in various reference

materials as obtained in the present work.

Element Bovine Liver

(1577)

Present Work Certified/

Literature val.

Citrus Leaves

(1572)

Present Work Certified/

Literature Val

Cs ug/g 0.020+0.004 0.017+_006 0.1+0.007 0.098+

0.19 1.8+0.1 1.84+0.03

Sr 0.138+0.003 95+4 100+2

Th 0.003 0.013+0.002 0.015+0.002C8]

U 0.0006 0.0008+0.M03 0.032+0.003 0.031+0.002[9]

0.027+0.001[10]

[6] Bovine Liver 1577 [73 Citrus Leaves 1572

[8] Iyengar et.al. [9] Byrne & Benedik [10] Ghoads & Veselsky
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Table 2 shows comparison of the concentrations of Cs, I, Sr,

Th and U as obtained using the methods described in the present work,

with the certified values given in the certificate of analysis. Where

the certified concentration values were not available, literature

values were included for comparison purposes. It may become clear

from this table that the concentrations of various elements obtained

for the two Reference Materials analysed to test the reliability of

the methods, are in good agreement with the certified or literature

values. The Iodine estimation in Bovine Liver could not be carried

out as the instrumental method (INAA) was not sufficiently sensitive.

Table 3. Concentrations of Cs, I, Sr, Th and U in the relevant

tissues and food materials along with the description of the adequacy

of INAA/RNAA

Element Approx cone, in biological materials M. D. L. Remark

Tissue cone. Diet cone.

Cs Skeletal muscle 10-30 ppb dupl.diet 10-25ppb Ing adequate

& Bone

I Thyroid 30(9-700 ppm —do- 0.3-lppm 0.04—0.14 ug

adequate for thyroid

for dietC?)

Sr bone 15-30 ppm -do- 2-5 ppm 0.05 ug adequate

Th bone 0.1-2 ppb —do- 0.5-10 ppb 0.05 ng adequate

U bone 0.1-lppb —do- 1-5 ppb 0.1 ng adequate

In the case of Iodine the M.D.L. for diet is matrix dependent.
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The adequacy of the analytical methods described above, was

studied on the basis of the reported concentrations of these elements

in various kinds of the diet and human tissue materials, and also the

minimum detection levels obtained using these methods. The data are

reported in Table 3. As is clear from the table, the methods are

adequate both for dietary as Mel 1 as the tissue materials, with the

exception of I concentration in diet. For this purpose, a method

involving RNAA is being developed and standardised.

3. CONCLUSION

The analytical methods based on instrumental and radiochemical

neutron activation (INAA 8< RNAA) were developed and standardised for

determining the concentrations of Cs, I, Sr, Th and U in biological

materials such as diet and human tissue . A study of the adequacy of

the analytical methods thus developed, showed that INAA is quite

adequate for the analysis of Cs in all Kinds of biological samples.

For determining the concentrations of Sr, Th and U, in biological

samples RNAA could be effectively emloyed. INAA is effective for the

estimation of I in thyroid tissue, but for determining the

concentration of I in dietary material, INAA is inadequate and

chemical separation of I prior to or post irradiation will be

required.

An analytical method involving the prcconccntration of

Iodine from the dietary material, with the bismuth sulphide

precipitate is being developed and standardised.
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