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ABSTRACT

Determination of the physical, chemical and radiological properties of wastes intended
for disposal in any radwaste repository represents one of the major goals of every country
dealing with nuclear facilities. In most disposal facilities the long lived α- and β-emitting
radionuclides have the most restrictive inventory limits, because they do not decay
appreciably in the lifetime of the facility. One of the most restrictive radionuclides is 129I, a
fission product with long half- life, high mobility and biological hazard for the human body.

The purpose of this paper is to present and to compare the 129I results obtained by two
different Institutes, using different measurement methods on a wide variety of low level
radioactive waste streams generated at the Paks NPP. The Institute of Nuclear Technique of
the Technical and Economical University of Budapest analyzed 129I in a sequential scheme
that included preconcentration, neutron activation, post-irradiation chemistry and counting of
the shorter-lived 130I activation product, while the Institute of Nuclear Research of the
Hungarian Academy of Sciences used radiochemical separation followed by low-energy
direct gamma-ray spectrometry.

The results show a good correlation and prove the availability of both measurement
methods.

1 INTRODUCTION

129I, is a natural long-lived isotope, with a half-life of 15.7 million years, artificially
produced in nuclear power plants. It is a fission product and may enter into the primary water
through the walls of the rod elements of the fuel. It is released in the liquid and gaseous
effluents of the nuclear fuel reprocessing plants. The low activity of 129I compared to other
radionuclides as well as the low energy of the emitted photons (40 keV) followed by the beta-
decay makes its measurement difficult [1-2]. This is the reason why 129I has long been
considered a potentially problematic radionuclide in low-level radioactive waste disposal [3].
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129I once released in the environment it is very mobile due to its low retention in sub-surface
soil.

A relatively big amount of different 129I measurement techniques can be found in the
literature. The most sensitive of these techniques are: radiochemical neutron activation
analysis (NAA), accelerator mass spectrometry (AMS), mass spectrometry (ICP-MS, MS), γ-
spectrometry, X-ray spectrometry (XRS) and liquid scintillation counting (LSC) [4-12].

The purpose of this paper is to present and to compare the 129I results obtained by two
different Institutes, using different measurement methods on a wide variety of low level
radioactive waste generated at the Paks NPP.

The Institute of Nuclear Technique of the Technical and Economical University of
Budapest analyzed 129I in a sequential scheme that included preconcentration, neutron
activation, post-irradiation chemistry and counting of the shorter-lived 130I activation product,
while the Institute of Nuclear Research of the Hungarian Academy of Sciences used
radiochemical separation followed by low-energy direct gamma-ray spectrometry.

2 EXPERIMENTAL

2.1 NAA method

Prior irradiation the samples were acid digested and iodine distillation performed (2 ml
of KI inactive carrier was added to 100 ml evaporator concentrate or sludge and 5 g of ion
exchange resin). The volatile iodine was collected in a NaOH bubbler extracted and separated
from other components with several portions of CCl4. Iodine was reduced with hydrazine and
the reduced iodide back extracted into water. This water solution was evaporated and the
sample was dried in the presence of LiOH.

The sample was weighed and removed to a quartz tube, which was then sealed. The
quartz ampoule was radiated with thermal neutrons (two different fluxes were used: 1012

n/(cm2*s) for 8 hours and 1014 n/(cm2*s) for 10 hours). After 10-20 hours of cooling period the
ampoule was opened (the ampoule was crushed into a separatory funnel using a small Teflon
rod) and the precipitate was dissolved in HNO3. The iodine was extracted with two portions of
CCl4 and the solution was measured with a germanium detector.

In case of the standards the preconcentration step was disregarded, and chemically pure
materials were weighed into quartz ampoules: the carrier added in form of NH4I, the LiOH
and the 129I spiked solutions were dried under an infrared source and the ampoules were
closed. The irradiation of standard samples was performed in parallel with the real samples.

Blank samples were obtained by adding 2 ml of KI carrier solution into 100 ml 1.5 M
NaOH solution and prepared under the same condition as the real samples.

2.2 γγγγ-spectrometry

Inactive KI was added to 1000 ml of evaporator concentrate or 5 g of ion exchange
resin, weighted into a reaction vessel and dried. H2O2 and sulphuric acid were added in small
amounts to the dried sample until all the material was digested. The elemental iodine captured
into the CCl4 solution was washed with nitric acid and reduced to iodide with NaHSO3 and
back extracted to water. Acidified silver nitrate solution was added to precipitate silver iodide.
The dry silver iodide precipitate was mounted in a well-known geometry and counted by
gamma spectrometry. Standard samples (spiked with 129I) and blank samples were obtained by
adding 2 ml of KI carrier solution into a beaker containing the dried concentrate of a pH=12
solution of NaOH (1000 ml 1.5 M NaOH) and prepared under the same condition as the real
samples.
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The 129I-spiked standard solution was prepared from a stock solution provided by
Amersham International. All the chemicals were of reagent grade.

The samples mounted onto aluminum rings were measured for 129I activity using a
HPGe γ-ray spectrometer (Canberra Model BE5030) equipped with a preamplifier (Canberra
model 2002 CP). The detector has an active diameter of 80 mm, the carbon epoxy window
thickness was 0.5 mm, the distance from window (outside) 5 mm. The γ-ray spectral data
were recorded by a multichannel analyzer (DSA-2000) processed by peak search and nuclide
identification software (Genie 2000).

3 RESULTS AND DISCUSSION

In case of NAA method a neutron-gamma reaction converts 129I to 130I, which has a half-
life of 12.3 h [13]. The gamma spectra were measured on an HPGe detector (10 mm distance
from the detector) at 536 keV (99%). The measurement time was 60 minutes. The cross
section for formation of 130I was taken as 140 cm2/g. The decay constant of 130I was 1.558*10-5

s-1. The chemical yield was calculated from the quantity of 126I produced by fast neutrons in
reaction 127I(n,2n)126I. 126I was measured at 388 keV (35%). The iodine yield on analysis of
irradiated samples was 85±5%. The chemical recovery was 3-49% for evaporator
concentrates and sludge and 3-6% for ion exchange resins (the acidic digestion of polystyrolic
resins is very difficult and takes long time). In the case of standards the chemical yield was
considered 100%.

The 129I activity in the samples was determined by comparing the activity of the
activated 130I in the samples with that of the standard (both decay corrected to the end of
irradiation), after correcting for the chemical recovery, which was determined by comparing
the activity of 127I tracer in the samples with that of the standard. The limit of detection for 129I
depended on the irradiation time and reactor flux, the amount of sample used, the chemical
recovery, the background and efficiency of the detector, the source to detector distance and
the acquisition time for the γ-ray spectrum.

In case of direct γ-ray spectrometry the activity of the 129I in the samples, blank and
standards was determined from the intensities of 29.8 keV Kα of Xe transition. The
measurement time was 10080 minutes (1 week). The chemical yield (determined by adding
inactive potassium iodide to the samples) ranges between 45 and 60% for all types of
radioactive waste.

A typical gamma-ray spectrum of a sample containing 129I is presented in Figure 1:

 

Figure 1: Gamma-ray spectrum of a silver iodide precipitate for yielding a 129I analysis
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The results obtained by the two methods are presented in Table 1:

Table 1: 129I activity-concentration in different evaporator concentrates, sludge and
spent ion exchange resins

Code no. Sample 129I (mBq/l ± 1σ) or (mBq/kg ± 1σ)
NAA γ-spectrometry

1. evaporator concentrate 64.3 ± 8.5
105.6 ± 25.2

71.9 ± 4.3
-

2. 13.9 ± 2.7
< 15.5

29.3 ± 3.2
-

3. 29 ± 6 33.2 ± 16
4. 13 ± 8 33.4 ± 15
5. 12 ± 6 25.2 ± 11
6. 7 ± 5 < 16
7. sludge 754 ± 121 622 ± 39
8. 928 ± 335 57 ± 26
9. spent ion exchange resin 9630 ± 3032 8780 ± 110

10. 34620 ± 7220 24570 ± 236

The 129I levels in evaporator concentrates have values of 10 to 100 mBq/l, sometimes
didn't reach the detection limit of 5-20 mBq/l calculated conform Currie’s definition [14]. 129I
concentration of about 10-30 Bq/kg dry resin could be easily measured in the ion exchange
resins.

The sludge samples contain 129I of about 1 Bq/l, a two order of magnitude higher value
than the evaporator concentrates. On the basis of our scaling factor calculations [15], taking
into account the higher 137Cs key-nuclide concentration in the sludge samples, the 129I/137Cs
ratio of 10-8-10-7 is kept constant and the regression coefficient (R) and correlation coefficient
(b) range each time between 0.3-0.56 and 0.52-0.74, underlining the correctitude of
measurement data.

The results show a good correlation and prove the availability of both measurement
methods. However, the one order magnitude difference registered in case of a sludge sample
(928±335 mBq/l and 57±26 mBq/l) can be interpreted as a consequence of the inhomogenity
of the samples supplied in the framework of this study rather than an inconsequence of the
two methods.

The results summarized in Table 1 were also compared with the 131I concentration of
“fresh” primary water. The 131I/129I ratio was about 107, which is in a good agreement with the
theoretical ratio calculated for the VVER-440 reactors [4] and proved the availability of both
measurement methods.

4 CONCLUSIONS

One advantage of neutron activation is that it provides good sensitivity with short
counting times after the sample is activated. NAA is a sensitive method (detection limit of
mBq/l order of magnitude) but requires specialized equipment and it is an expensive and
complicated method (pre- and post-irradiation chemical steps are needed). The precision and
sensitivity of the method might be improved by enhancing the chemical recovery and the
separation from matrix components in special bromine (interferences due to the activation
products 80Br and 82Br, which arise from bromine originally present in the samples, can be
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reduced to acceptable levels by post-irradiation chemistry, but in this sense further studies are
needed).

In case of higher irradiation fluxes radiolysis of the samples occur and the chemical
recovery has to be lower. In any case, the results showed that independently of the radiation
fluxes suitable steps might conduct to good chemical recoveries.

Gamma spectrometry needs radiochemical preparation (due to the low specific activity
of 129I it is necessary to separate the iodine from all the other radionuclides prior to its
quantification) and has a lower sensitivity (about 1-2 order of magnitude lower) than the
NAA. However, in case of samples originating from NPP's could be successfully used,
especially in laboratories where expensive, specialized equipment is not available.
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