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ABSTRACT 

This report describes an improved method for analyzing 129  I in fission product mixtures 
originating from fuel reprocessing studies. The method utilizes conventional iodine valence 
adjustment and solvent extraction techniques to chemically separate ' 29  I from most fission 
products. The '29 I is then determined by neutron irradiation and measurement of the 12.4-h 
1301 produced by the neutron capture reaction. 

Special techniques were devised for neutron irradiation of ' 2 9  I samples in the pneumatic 
tube irradiation facilities at the High Flux Isotope (HFIR) and Oak Ridge Research (ORR) 
reactors. Chemically separated 129  I is adsorbed on an anion exchange resin column made 
from an irradiation container. The loaded resin is then irradiated in either of the pneumatic 
facilities to produce 1301. Sensitivity of the analysis with the HFIR facility (flux: 5 X 1014 
neutrons cm-2 S-' ) and a 100-s irradiation time is approximately 2 ng. Samples up to 250 mL 
in volume can be easily processed. The method has been in routine use for about two years 
and has given good results on samples of reactor fuel solutions and off-gas traps. 



1. INTRODUCTION 

Iodine-1 29 is the predominant radioactive isotope of iodine in irradiated reactor fuels 
that have decayed for more than a few months. In addition, because of the long half-life 
(1.6 X lo7 years) and high fission yield (0.7%), '29  I is a major fission product in old fission 
product mixtures from high burn-up fuels. The fate of ' 2 9  I in the chemical reprocessing of 
reactor fuels is therefore of considerable importance in relation to fission product inventory, 
eventual disposal or recovery of theisotope, and environmental release. The behavior of ' 29  I 
in chemical reprocessing operations is complicated by the volatility of iodine under some 
conditions and the presence of iodine in multiple oxidation states or organo-iodine com- 
pounds. Chemical analyses are often required to  establish or  verify the behavior and/or fate 
of ' 2 9  J in reprocessing operations. 

Accurate analysis of '29 I in fission product mixtures by direct counting is not possible 
because 129 I decays by emission of low energy (0.15 MeV) beta particles, and there are no 
high energy gamma rays associated with the decay. Also, as a result of its long half-life, ' 2 9  I 
has a very low specific activity (6.4 Bq pg-'). Both of these conditions make direct radio- 
activity measurements to  determine '29 I difficult and insensitive. 

Neutron activation analysis (NAA) is usually the preferred method for analysis of 
iodine-] 291-6 : submicrogram quantities can be determined by measuring 1301 produced by 
n, y reaction. The thermal neutron cross section for the capture reaction is 27 barns, and the 
half-life of the 130 I product is 12.4 h.7 Iodine-130 has four prominent gamma rays [418, 
526, 668, and 734 keV] which can be easily measured by gamma ray spectrometry. When 
analyzing highly radioactive fission product mixtures, a chemical separation of '291 is 
required prior to NAA to eliminate gamma ray-emitting fission products which cause inter- 
ference in the analysis. 

Neutron activation analysis has been used for several years at ORNL for determination 
of '291 in dissolved reactor fuels and gas trapping  system^.^ Several features of the method 
used for the analysis caused recunng problems. Samples for irradiation were large (10 mL), 
and only a few samples could be irradiated at a time, often resulting in delays in reporting 
of analysis results. There were appreciable flux gradients (-20%) in the irradiation facility 
which caused poor precision. Sensitivity of the analysis was inadequate for some samples 
because of insufficient neutron flux in the irradiation facility. 

This report describes an improved method for analyzing ' 2 9  1 which was made possible 
by the development of techniques for irradiation of samples in pneumatically operated 
irradiation facilities at the Oak Ridge Research (ORR) and the High Flux Isotope (HFIR) 
reactors. Both of these facilities have high and stable neutron fluxes (ORR: 4 X 10' 3 ,  
HFIR: 5 X 1014 neutrons cm-*s-'). However, irradiation of aqueous samples a1 lllt: ORR 
requires special care to avoid overheating and rupture of the polyethylene rabbits. Note that 
liquid samples cannot be irradiated in the HFIR and sample size is restricted to less than 0.5 
cm3 in both facilities. These limitations were overcome by preconcentration of 12' I on an 
anion exchange resin and direct NAA of the ' 29  I-loaded resin. 



The improved method has been in routine use for about two years. Tt has been tested 
on several sample types and has increased the precision and accuracy of analysis results. 
Sensitivity of the analysis has been iicreased because of the higher neutron flux levels in the 
HFIR and ORR facilities. Shorter irradiation times and separation procedure modifications 
have resulted in a reduction in the time required for analysis. The new method is applicable, 
with slight modifications, to  most high-flux pneumatically operated NAA facilities. 

2. EXPERIMENTAL 

2.1 Equipment and Reagents 

A modified polyethylene irradiation insert is used as an ion-exchangr: c.:ol~.~mn for pre- 
concelltration of 129 I prior to NAA. Figure 1 sllows the modified insert and a polyethvlene 
rabbit containing the insert during irradiation. Approximately '20 holes of 0.4-mm diam 
are drilled through the bottom of the insert to allow passage of solution through the resin 
bed. Because of the small size of the column, special apparatus (Fig. 2) was constructed to 
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Fig. 1. Insert modified for inn exchange preconcentration of 12'1. 
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Fig. 2. Apparatus for loading 12'1 on resin column. 

aid in loading the '29  I on the column. Vacuum is applied to the bottom of the insert from 
a 250-mL filtering flask. Vacuum is controlled by a stopcock allowing adjustment of the 
flow rate of sample through the column. 

Bio-Rad AG 1x4 resin*, 100-200 mesh, is used in the nitrate form. The resin is pretreated 
in 20- to  30-g batches by thoroughly flushing with distilled water to  remove excess nitrate. 
The resin is stored as a slurry in distilled water. 

Iodine isotopes used in this work were obtained from the ORNL Operations Division. 
An ' 2 9  I secondary standard containing 0.256 pg/mL of '29  I was prepared and standardized 
against NBS SRM 4949 using NAA. All other reagents were of reagent-grade quality. 

Two computer-based garnIIleray spectrometer systems were used to  determine ' 30 I 
and 13' I after neutron irradiation. One system consisted of a Ge(Li) detector of 10% 
efficiency coupled to a Nuclear Data Analyzer, 50/50 series. Data from this system were 
slureJ a i d  proccsscdusing the computer pmgram, MONSTR.8 A Nuclear Data 6620 spectro- 
meter system and 20% Ge(Li) detector are presently used for routine application of the 
method. Irradiations are performed in the NAA facilities at the HFIR or the ORR. 

2.2 Recommended Procedure 

The procedure for separating '291 from other fission products is given below along 
with information on the irradiation and radioactivity measurements. A post-irradiation 
removal of 82 Br is included in the procedure but is used only on samples where 8 2  Br inter- 
feres with the 1301 radioactivity measurement. Standard '291 samples are treated in the 
same manner as the samples. 

*Registered trademark. 



Ten milliliters of 2 M Na.2 CO, , 1 mL of 13' I internal standard for yield determination, 
and 1 mL of 2 mg/mL iodide carrier are mixed in a 60-mL separatory funnel. A predetermined 
volume of sample solution is added to the funnel followed by 2 mL of 5% NaClO solution, 
and the contents of the funnel are mixed. Complete oxidation takes 5 min. The solution is 
acidified by slowly adding 3 t o  4 mL of concentrated HNO, with mixing. Ten milliliters of 
CCl, and 3 to  5 mL of 1 M NH20H*HC1. are then added to reduce periodate to iodine 
which is extracted into the CCl, layer by shaking for 2 min. The carbon tetrachloride layer 
is then transferred into a new separatory funnel, and the aqueous solution is discarded.The 
carbon tetrachloride solution is shaken with 5 mL of H 2 0  containing 3 to  5 drops of 1 M 
K2 S2 0, until both phases are colorless. The carbon tetrachloride phase is discarded, and 
the aqueous phase is retained for ion exchange chromatography. 

With the resin column insert on the suction flask (Fig. 2). the column is filled approxi- 
mately one-half full with slurried resin. Excess liquid is removed by adjusting the stopcock 
on the vacuum line to  maintain a flow rate of one drop per second through the column. The 
resin is then washed with 2 mL of distilled water. The sample is filtered to remove any 
solids and transferred to  the resin column. After sample loading, the resin is washed with 
5 mL of H 2 0  to remove all cations. The resin i s  then dried hy pi.!lling air through tho rcsin 
for 1 min. A cap is placed on the insert, and the insert is removed from the suction flask 
and placed in a plastic vial for irradiation. Samples are either irradiated for 100 s in the HFIR 
or 5 min in the ORR and allowed to  decay for at least 6 h. Irradiated inserts are removed 
from the rabbits and transferred to counting vials. Samples are normally counted at a 
source-to-detector distance of 10 cm.. 

The chemical yield of iodine in the separation procedure is dctermined by adding a 
1-mL aliquot of 13' I internal standard iodide solution into a centrifuge cone with 1 mL of 
1 N NaOH and 3 to  5 drops nf I .M K,S,O,.  The solution is mixed and tla~lslerred Lo a 
resin column. Iodine-13 1 is quantitatively retained as iodide ion by the resin column, The 
tol.unrr~ is dried, capped, and placed in a counting vial for gamma ray spectro~~ietry measure- 
ments at the same geometry that samples are counted. (This method was developed for aged 
fission product solutions where the 13' I has decayed. In samples containing ' 3' I, ' 2 5  I can 
be used as an internal standard. for yield determination.) 

Samples normally need no further treatment except those very low in ' 2 9  I where 82  Br 
interferes. Bromine-82 radioactivity in the resin is removed by washing the irradiated resin 
with NaN03 solution. 'The insert is placed on the sucti-on flask, and a 1-in piece of rubbcr 
tubing is attached to the upper part of the insert t o  act as a reservoir for solution. The resin 
column is washed with 10 mL of 0.1 M NaNO, at a flow rate of one drop per second. 
Suction is applied to the column to remove excess solution, and the column is placed in a 
clean plastic vial for radioactivity measurements. Resultant gamma ra.y spectral data are 
processed by either an absolute or  comparative NAA m e t h ~ d . ~  



3. RESULTS AND DISCUSSION 

A chemical separation is required to remove fission products from the 1291 prior to 
NAA in samples containing large quantities of mixed fission products. The initial step in 
this separation involves oxidation of iodine to  periodate with sodium hypochlorite. Oxidation 
ensures that all reduced iodine species are transformed to a single valence state and that 
there is isotopic exchange of added tracer 131 I and 1 2 9  I from the sample. After the initial 
oxidation, periodate is reduced to iodine by hydroxylamine hydrochloride. The iodine is 
extracted into carbon tetrachloride, and then stripped by reduction to iodide with K2 S2 05. 
This procedure has been used p rev i~us ly '~  and is very effective in separating iodine from 
fission products. For samples containing very high levels of fission product activities, how- 
ever, it may be necessary to repeat the chemical valence adjustment and solvent extraction 
procedure to obtain additional decontamination. 

The ion exchange resin used in this work was Bio-Rad AGlx4 in the nitrate form. The 
purity of the resin was a critical factor because resin impurities can give radioactive products 
in the irradiation which would interfere in the activation analysis. Bio-Rad AGlx4 is a high 
purity resin, but still contains small quantities of bromine and chlorine. Extensive washing 
of the resin with sodium nitrate does not significantly reduce the halogen impurity content. 
It is suspected that chlorine and bromine are covalently bonded to the resin and therefore 
cannot be removed by anion exchange processes. 

Chlorine and bromine impurities in the resin give 38 C1 and 82  Br products in the activation 
analysis. Both of these products have gamma rays in their decay which cause complications 
in the gamma spectrometric determination of ' 30 I and 13'  I. A decay period of at least 4 h 
is effective in reducing the interference due to 37 min 38 C1. (The delay also allows 8.9 min 
130m I produced in the irradiation to  decay to 1301.) Bromine-82 has a longer half-life (35 h) 
and is therefore present when gamma spectral measurements are made to determine 12.4 h 
1301. In this work, the bromine content of the resin has been of the order of 0.25 ppm 
which limits the sensitivity of the method to  about 2 ng of 129  I. 

The interference of 82 Br in the method can possibly be reduced or eliminated by use 
of coincidence counting of 1301, but a chemical separation of the 82Br from the 1301 is 
easily performed and was used in this work to obtain maximum sensitivity (0.1 ng).6y1 
Experiments showed that following neutron irradiation of the anion exchange resin, the 
82 Br formed during the irradiation was present as an anion that could be readily eluted from 
the column. Since bromine is tightly held by the resin before the irradiation, it is apparent 
that 82  Br is released by the Szilard-Chalmers reaction.12 Therefore, an additional step was 
added to the method to selectively elute 82  Br from the resin column prior to  measurement 
of 30 I gamma rays. 

Previous s t ~ d i e s ' ~ - ' ~  have shown that halides are sequentially eluted from anion 
columns by nitrate in the order: chloride, bromide, and iodide. Experiments were performed 
to establish specific conditions for the 82Br/1301 separation using the resin column. For 
these experiments, a 0.1 M NaN03 solution was used as the eluting solvent, and the flow 
rate through the resin was approximately one drop per second. As shown in 'l'able 1, 



Table 1. Elution of halides from resin column 
with 0. I M snrli~~m nitrate 

Percent eluted 
Elution volume, mL 

Chloride Bromide Iodide 

separation of' 8 2  Br and ' j U 1  is not quantitative but is adequatc for most applications. An 
elution volume of 10 mL is recommended for samples containing small amounts of 1301. 
Under these conditions, 80  to 85% of the 82Br is eluted with no significant loss of 1301. 
Iodine-130 elution starts when approximately 15 mL of 0.1 M NaN03 solution is passed 
through the resin. Small losses of 130 I cause no difficulties because chemical yields may be 
determined from the final yield of ' ' I tracer in the counting sample; therefore, elution 
volumes up to  15 mL are satisfactory in most cases. 

Because of the small quantity of resin (-0.3 g) and high flow rates used in this work, 
studies were made to determine the recovery of iodide by the anion exch-ange column, 
Incomplete retention by the column would result in low recovery and decreased sensitivity 
of the method. These studies were made using ' I as a tracer for iodide, and showed that 
greater than 99.8% of the iodide is retained by the column with the conditions specified 
in the procedure. 

In some cases, it may be desirable to load 12'1 directly on the ion exchange resin 
without prior chemical separation. For this reason, additional studies of iodide adsorption 
were made from solutions of nitric acid and sodium hydroxide. Results of this study are 
shown in Table 2. High retention of iodide is obtained from all sodium hydroxide solutions 
from 0.1 to  5 N. Quantitative adsorption is not possible from nitric acid solutions greater 
than 0.1 N. Based on these studies, 12' I can be directly absorbed on the resin from weak 
nitric acid (<O. 1 N) or  sodium hydroxide solutions. 

Iodine.-129 is adsorbed on the anion resin colun111 afi iodide. Under some conditions, 
iodide could be oxidized to  iodine and volatilized resulting in losses from the irradiation 
container, decreased sensitivity, and possible contamination of the irradiation rabbit and/or 
pneumatic tube. Experiments were performed to ensure that losses by volatilization were 
not occurring. Iodine-1 29 and stable iodide were adsorbed on the resin, and the load of resin 
was irradiated for 3 1 s at the HFIR. The resultant ' 30 1 radioactivity was then measured, and 
the ' 2 9  I concentration in the resin was calculated. At 10-d intervals, the irradiation and 
1301 measurement were repeated. For the three successive irradiations performed in this 
manner, 0.25 5, 0.256, and 0.258 pg of ' 2 9  I were found, indicating no significant losses due 



Table 2. Retention of iodide on resin column 
from nitric acid and sodium hydroxide solutions 

- 

Concentration NaOH Retention, % 
or HN03 Sodium hydroxide Nitric acid 

" ~ t  these nitric acid concentrations, iodine appeared in the solution 
and could not be kept in the iodide form. 

to volatilization. Also, losses by volatilization could not be detected for samples containing 
from 0.001 to 1 mg of natural iodine carrier. 

Separations using CC14 often resulted in insoluble impurities containing sodium being 
occluded by the organic phase. The insoluble matter was stripped into the aqueous phase 
and was retained by the ion exchange resin. Sodium-24 was produced during the irradiation 
and interfered with gamma ray spectrometric analysis of the sample. This difficulty was 
circumvented by filtering the sample prior to adsorption of ' q 9  I on the anion exchange resin 
as described in the recommended procedure. 

The improved 1 2 9  I method has been in use for approximately two years. In routine 
analyses, duplicate sample aliquots are processed through the chemical separation and subse- 
quent activation analysis procedures. Table 3 shows typical results for routine samples run 
by the new method. The uncertainty of results shown in the table is the average deviation 
for duplicate determinations. In most cases, samples contained large amounts of fission 
products which were separated prior to  NAA. Typically, the average deviation of duplicate 
samples is of the order of 1 to 4% of the mean value, which is acceptable for most studies. 
Rechecks are presently being performed on analyses when the average deviation is greater 
than 10% of the mean values. Experience to date indicates that the need for recheck analysis 
is very infrequent (less l11ru1 olle sample in 100). 

Sensitivity of the analysis is of the order of 2 ng of ' 2 9  I using either the ORR or HFIR 
reactor. Sample volumes up to 25 mL have been run routinely with lower limits of 1U4 
pg ' 2 9  I/mL. Sample volumes could be increased to 250 mL, if necessary, to give a sensitivity 
limit of the order of lUS  pg ' 2 9  I/mL. 

Overall, the improved method has eliminated most deficiencies in the analysis of 1 2 9  I 
in samples originating from fuel reprocessing studies. The precision of the new method is 
at least a factor of 5 grcatcr than could be obtained previously. This precision increabr, is 
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Tablc 3. Results for lZg1 routhe ur~dyscs 

Irradiation Sample No. site ' I found, pg/mL Average deviationlmean, % 

HFIR 

HFIR 

HFIR 

HFIR 

HFlR 

ORR 

ORR 

ORR 

ORR 

ORR 

ORR 

ORR 

ORR 

primarily due t o  the reproducible irradiation of samples and standards in the pneumatically 
operated NAA facilities at the ORR and HFIR. In a.ddit.inn, sensitivity of the analysis h a  
been improved by at least a factor of 100 because of the higher neutron flux in the ORR 
and HFIR. Improvements in the chemical separation procedure and elimination of  the need 
for post-irradiation chemical purification have reduced the analysis time by approximately 
50%. 
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