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ABSTRACT 

A radiochemical procedure for the determination of "Tc to 
overcomes the problems of presentation of the sample for ICP-
MS and the low specific radioactivity found in environmental 
samples is optimised. The % chemical yield for water and soil 
samples was found to be 65 ± 15; and for biological samples 70 
± 11. The limit of detection of wTc by ICP-MS was 0.004 ppb. 

The research work presented in this report was carried out at 
Scottish Universities Research and Reactor Centre, East 
Kilbride, Glasgow, U.K, during Ph. D studies (1987-1991). 
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INTRODUCTION 

wTc, the most crucial technetium isotope environmentally1, is 
a pure, weak /3-emitter with a maximum energy 0.292 MeV and a 
specific activity of 630 kBq mg'1. wTc is mainly released to 
the environment as waste discharge from nuclear reprocessing 
facilities and from nuclear atmospheric detonation tests and 
nuclear accidents2. 

wTc is thought to be a significant long-term risk due to its 
high fission yield, its long half-life and its high mobility 
in nature. Hence, it needs an accurate and precise technique 
for environmental samples. 

Inductively coupled plasma-mass spectrometry (ICP-MS)3'4 is a 
new powerful technique, enabling the direct measurement of 
long-lived radionuclides at the picogram levels involved. The 
application of ICP-MS to wTc determination in environmental 
samples, on the basis of a shorter analysis time and lower 
detection limits, is potentially very advantageous. 

The research reported here was carried out to develop a 
radiochemical method for Tc determination which could be 
applied to environmental samples in order to gain information 
by obtaining more related data to assess the impact of Tc 
releases on man. 
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EXPERIMENTAL 

Instrumentation 

Determinations were made on a VG Elemental ICP-mass 
spectrmeter (Plasmaquad PQl). The PQl instrumental parameter 
"menus" used during wTc optimisation are given in Table 1. 

For the measurement of 95*Tc (204 keV), a Nal(Tl) detector with 
MCA (Canberra Series 35) was used. 

Standards/Tracers 

The following standards and tracers were used in the 
measurement of technetium: 

a. Technetium-99 
wTc was added (in blank procedures) to determine the 
radiochemical yield. 

b. Ruthenium 
Atomic absorption (AA) grade ruthenium standard solution was 
used as required to determine Ru decontamination. 

c. Rhodium-103 
AA grade rhodium standard solution was added, in the final 



solution before the analysis by ICP-MS, as an internal 
standard to check any drift in the response of the instrument. 

d. Technetium-95m 
The 60 days half-life Y-e~"*itting isotope ̂ ^rc was applied as 

yield monitor. 

Procedure 

The procedure consists of three principal parts as follows: 

A. Sample treatment. 

(i) Aproximately 20 Bq of 95"*Tc was added to 1-30 g of oven 
dried (110 *C) biota samples. For 1-6 g of dried algae, 200 
cm3 of 9 mole dm*3 HN03 was added and for each portion of 6 g, 
a further 200 cm3 was added. The mixture was leached by 
refluxing on a hot plat. Refluxing was continued until brown 
fumes ceased to be evolved. The solution was cooled , filtered 
and evaporated to dryness. The residue was redissolved in 50-
100 cm3 2 mole dm'3 H2S04 and added 2 cm3 H 20 2. The mixture was 
heated for 10 min to ensure solution and cooled prier to step 
B. 

(ii) About 20 Bq WinTc was added to 10-20 g of soil/sediment 
samples in a crucible and ashed at 600 °C in a furnace for 
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approximately 24 hrs. Then 50-100 cm3 2 mole dm"3 H 2S0 4 

containing 2 cm3 H 20 2 was added to the ash in a beaker. The 
mixture was set aside for about 20 hrs before filtering 
through Whatman filter paper no 1. Continued to step B. 

/— . 

(iii) Approximately 20 Bq of ""re was added to 5-30 dm3 

filtered (0.2 fim filter paper) sea water. The filtrate was 
passed through 5 cm3 resin (Dowex 1-X8, 50-100 mesh). A 
diagram of the resin column is shown in Figure 1. The resin 
was eluted with 40-50 cm3 12 mole dm'3 HN03 with a flow rata of 
0.2-0.3 cm3 min'1. After addition of 2 cm3 of H 20 2, the eluate 
was evaporated at low temperature to dryness before step B. 

W.' 
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B. Tc separation from interfering reagents. 

The solution from section A was heated for 15 min after the 
addition of 1-2 cm3 5% NaOCl. The cooled solution was stirred 
with 40 and 35 cm3 5% tri-iso-octyl amine (TI0A) in xylene in 
a 250 cm3 beaker for 10 min using a magnetic stirrer, 
transferred to a separating funnel and drained off the aqueous 
phase. The organic phase was washed with 40 cm3 2 mole dm"3 

H2S04 containing few drops of 30% H 20 2 by shaking for 5 min. 
The organic phase was back-extracted twice with 20 cm3 of 1 
mole dm'3 NaOH by shaking for 10 min. After neutralizing, the 
aqueous phase was passed through 5 cm3 anion excharge resin. 
The column was washe-* with c>ld and hot deionized water. An 



tf 1'iTV rs. 

aliquote of 100 cm3 of 1 mole dm'3 NaOH was passed to remove 
retained elements other than Tc from the resin. 

C. Preparation of final solution for ICP-MS. 

t 

The column was washed with hot and cold water. The technetium 
was eluted as above in A(iii). The eluate was evaporated to 
dryness and dissolved in 10 cm3 2% HNO, (filtered if necessary) 
for ICP-MS analysis. 

DISCUSSION 

Many papers and reports1'5'8 have reviewed the available methods 
for radiochemical analysis of wTc, but most of them are not 
designed to deal with the low level activity likely to be 
found in environmental samples. A radiochemical method has 
been developed which can be applied to all types of 
environmental samples. Attention has been focussed for this 
purpose on ICP-MS for analysis which combines the remarkable 
characteristic of the ICP for atomizing and ionizing injected 
samples with the sensitivity and selectivity of mass 
spectrometry. 
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Importance of each part of the optimised procedure are given 
below: 



1. Sample treatment 

Due to the low specific activity of "Tc in the environment, 
large samples have to be considered for analysis. Keeping in 
view the need for precise and high chemical yields 
reflux/leaching (biota samples), ashing (soils and sediments) 
and anion exchange (water samples) were the methods selected. 
The details are given below: 

In the present work, a common reagent i.e. HN03 was used for 
wet oxidation for biota samples. To minimize the hazards, 9 
mole dm'3 HNO} is used with a corresponding increase in the 
time for the leaching9 of biota samples. Leaching of biota 
samples gave high % chemical yield compared to ashing8,10"12 

because if carbon remained in samples, the radiochemical yield 
would be lowered considerably. The disadvantage of leaching is 
that the conditions are less severe than in some other 
procedures, with the result that some types oir organic 
materials, notably those containing heterocyclic nitrogen, 
escape complete destruction. Hence, it is not suitable for 
soil samples. In the present study, it gave high chemical 
recovery, ashing was preferred for silt (soil) samples. 

During the development of the method, adsorption onto anion 
exchange resin was found much more feasible than other 
methods7,13 i.e. evaporation, direct extraction and 
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coprecipitation. Therefore, concentration of Tc into a volume 
of less than 50 cm3 could be achieved by using an anion 
exchange resin i. e. eluting the Tc from the resin in as 
small a volume of eluant as possible. 

V 

B. Tc separation from interfering reagents. i ,-

i 

Since ICP-NS is based on the measurement of the mass of an 
element, isobaric interferences at mass 99 must be eliminated 
as far as possible. For "Tc, "Mo is not a problem as this 
radionuclide decays with a half-life of 67 hrs and after few 
days it will decay completely. The other isobaric nuclide is 
"Ru. "Ru is stable and 12.7% abundant in natural ruthenium 
which occurs in the environment and hence, the elimination of 
Ru is a key problem, various processes e.g. boiling, solvent 
extraction, NaOH elution, precipitation, evaporation etc. are 
available methods for the decontamination from interfering 
elements, in particular for Ru4'8*10'15. 

i 
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A series of steps used to remove completely Ru contamination 
are given below: 

1. NaOCl is added to obtain Tc0'4 and RuO'̂ . The Ru0'4 is 
volatilized from 2 mole dm'3 H2S0^-Na0Cl solution by heating to 
100*C while the TcO\ is left in the solution. 
2. The 2nd step for Ru removal is the extraction of Tc0'4 



l eav ing Ru in 2 mole dm'1 H2S04-H2O? by 5% TIOA-xylene 

extraction. 
3. 1 mole dm 1 NaOH washing step is applied to get rid of Ru. 

C. Preparation of final solution for ICP-MS. 

In order to meet the requirement of ICP-MS instrument, the 
final solution has to be in a suitable form: < 2% in HNO, ; a 
salt concentration of less than 0.1* and colourless. After 
passing 1 mole dm'1 NaOH, the column was washed thoroughly with 
cold and then with hot distilled water to remove salts, and Tc 
was stripped with 12 mole dm'5 HNO}. To minimize acid 
concentration, the eluate was evaporated to dryness and 
finally the residue was redissolved in 2% HNOs and filtered, 
if necessary. 

Analysis 

Radiometric (Y-spectrometry of "^Tc) analyses were carried out 
throughout the development of the method and for the 
radiochemical yield determination in the environmental 
samples. For the measurement of "Tc, Rh and Ru ICP-MS was 
applied. 
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Chemical recoveries 

By using the tracers i.e. wTc and ^Tc, the chemical yields 
for different types of samples were measured and found to be 
as follows:-

1. Biota samples (alga) - Reflux/leach -• removal of Ru -» anion 
exchange column -• ICP-MS 

70 ± 11 % 

,** 
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2. Soils and sediments - Ashing -» Ru elimination -» anion 
exchange -» ICP-MS 

65 ± 15 % 

3. Water samples -» anion exch. •* Ru elimination -• anion 
exchange - ICP-MS 

65 ± 15 % 

The yields during different steps were in: good agreement with 
other techniques described in the literature7'14. 

Intercomparison studies 

In the present study two intercomparison reference materials 
were analysed. The first of these was a marine algal material 
"AG-B-1"16. The second reference material "BNFL seaweed" was 
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Fucus vesiculosus17. 

By using ICP-MS, the results of "Tc obtained for both the 
refernce materials along with the certified values of other 
laboratories are given in Tables 2 and 3. The values for "Tc 
obtained from IAEA and BNFL reference materials (seaweeds) 
were in good agreement with the certified values. 

Due to the non-availability of a soil intercomparison sample, 
reliance had to be placed on the wTc and 95?Tc tracers used. 
The recovery of Tc from the silt (soil) sample as measured by 
''̂ rc tracer appeared satisfactory when compared with the biota 
samples. 

Limit of detection fL.O.D) 

The estimate of error for a given standard is given by: 

Std Dev 
Error .« 

Runs 

L.0.0. = 3 * error counts - 0.004 ppb 
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CONCLUSION 

After the optimisation of the procedure for the determination 
of "Tc to meet the high purity requirements of ICP-MS, and 
handle the low specific radioactivity found in • the 
environmental samples, this procedure has been successfully 
applied to "Tc analysis. A range of sample has been examined 
in a limited way and are reported earlier18. 
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Table l: Instrumental parameters and element menus 
for " T C analyses on the VG PlasmaQuad PQl at SURRC. 

Forward power (r.f.) 1357 W 
Reflected power < 5 W 
Nebuliser V-groove (kel-F) 
Spray Chamber Double pass Scott, 

water-cooled 
Loadcoil-sampling cone distance 10 mm 
Coolant flow 14.2 1 min"1 

Auxiliary flow 0.41 1 min"1 

Nebuliser flow 0.71 1 min*1 

Peak jump parameters: 
points per peak 20 
dwell time 160 MS 
peak jump sweeps 20 
DAC steps between points 5 

Mass range 92-104 
Number of channels 1024 
Number of scan sweeps 400 
Collector type Pulse 
Points per peak 5 
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Table 2: intercomparison of 9 9Tc measurements in IAEA Marine 
Alga Sample AG-B-I. 

Lab Code No. "TC, mBq g.f 

(no. of obs.) 

2 11.4 ± 0.5 (2) 
5 11.1 ± 1.5 (5) 
6 14.7 ± 0.2 (2) 
27 13.3 ± 1.2 
28 11.5 ± 1.5 

Confidence interval 
(a = 0.05) 11.1-14.7 

Present work: 12.55 ± 1.5 (2) 
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Table 3: interconparison studies of BNFL seaweeds. 

Lab gas method "tc 
taken used Bq g"1 ± a 

l 2 Liquid scintillat
ion spectrometry 
(LSS) 

4.54 ± 0.31 

2 2 LSS 4.42 ± 0.20 
3,A 2 6-counting 3.38 ± 0.25 
B 1 Gas-flow Geiger 

counting 
4.60 ± 0.43 

4 1 6-counting 4.99 ± 0.19 
5 2-3 ICP-MS ca. 4.0 
6 2-3 ICP-MS <4.40 

The overall mean (1-6 samples) = 4.64 ± 0.25 

* <0.1 ICP-MS 4.51 ± 0.45 

* » Results of present work 
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