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THE ANALYSIS OF DECONTAMINATED 
DEFENSE WASTE SALT SUPERNATE FOR I-129 

SUMMARY 

A method is reported here for the analysis of I-129 in decontami­
nated defense waste salt solution at concentrations as low as 0.14 
pCi/ml. Repeated analyses have been unable to confirm the presence 
of I-129 in decontaminated samples of Tank 24 supernate. 

INTRODUCTION 

The current flowsheet for the treatment of .defense waste salt calls 
for the disposal of decontaminated salt solutions at an engineered 
burial site in the form of a mixture of soil, cement and salt. 
Although the major fission products will be removed in the decon­
tamination process, radioiodine (I-129) has been identified as a 
potential environmental contaminant that could be released through 
the proposed disposal facility. 

Present calculations, based largely on fission yield inventory 
estimates, indicate that I-129 will have no significant impact upon 
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environmental quality in the salt disposal area. However, a 
reliable and sensitive analytical method is needed for 1-129 in 
decontaminated salt supernate solutions, so that the environmental 
consequences of the disposal facility can be estimated with real 
rather than upper limit values. Current estimates of environmental 
impact use an upper limit estimate of 100 pCi/ml for the average 
concentration'of 1-129 in decontaminated waste salt. preliminary 
data for Tank 24 reported herein, indicate that this estimate may 
be far too high. 

DISCUSSION 

The approach described here for the analysis of 1-129 makes use of 
analytical technology that was developed at SRL for the NURE pro­
gram. The method is a modified version of a procedure that was 
developed at ORNL for the specific purpose of measuring 1-129 in 
fission waste. 

The most important deviation with respect to the Oak Ridge 
procedure has been to eliminate valence adjustment and solvent 
extraction steps that were intended to separate 1-129 from other 
fission products in the waste sample. Instead, the major fission 
product separation occurs in the process decontamination step, 
using tetraphenylborate/sodium titanati precipitation and filtra­
tion. Iodine in the filtrate is then separated from sodium and any 
residual fission product activity by adsorbing it on anion exchange 
resin and rinsing with distilled water. 

In order to validate the modified procedure it was necessary to 
prove that the adsorption of 1-129 from the filtrate is quantita­
tive. This was demonstrated, first with samples of simulated 
defense waste salt supernate, using 1-131 standards in overnight 
equilibrium distribution coefficient measurements, and then by 
column breakthrough experiments (see Appendix). Then, samples of 
decontaminated supernate from Tank 24 were analyzed. The technique 
of standard additions was applied to assure that 1-129 recovery was 
both linear and quantitative. Working with 1-129 standards, 
response linearity was established over at least three orders of 
magnitude in sample concentration, and over a factor of 25 in 
sample volume. 

The new procedure is faster, simpler to employ, and is approximate­
ly. three times as sensitive as the solvent extraction procedure. 
The advantage in sensitivity is fairly important to the activation 
analysis, since the Cf-252 activation facility at SRL has a 
relatively low neutron flux for this kind of analysis. 

A secondary advantage of the new method is its avoidance of the 
carbon tetrachloride extraction solvent (a suspected carcinogen) 
that is used in the solvent extraction method. 
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Procedure for the Analysis of 1-129 in 
Decontaminated Defense Waste Salt Supernate 

Reagents, Materials and Equipment 

Dowex l-X8 (hydroxide form, 100-200 mesh*) 
4M NaOH (chloride free) 
1-129 standard (as NaI solution) 
Ultrapure deionized water (NaCl free) 
50 ml of sample (for duplicate 25-ml sample determination) 
1M NaOH (for cleaning) 
Drierite (or equivalent dessicant) 
Neutron activation analysis rabbits 
Polyethylene inserts for rabbits 
Whatman *41 filter paper 
Tygon tubing (for insert-to-pump connection) 
Dessicator 
Peristaltic pump 
Engraver (to label rabbits) 
Vacuum 

Sample Preparation 

1. Check that the sample is decontaminated defense waste salt 
supernate. Sample should be caustic and should contain 
greater than O.OlM N02- (to assure that 1-129 is present 
as 1-). Total non-volatile beta-gamma activity should not 
exceed 105 d/m.** 

2. The columns are prepared as follows: 

* 

"Rabbit Columns" are made from polyethylene vials that fit 
exactly into the polyethylene "rabbits" used in pneumatically 
controlled sample changing for neutron activation analysis. 

Preparation of "Rabbit" Columns 

A. Drill a single 1 mm hole in the bottom of the vial. 

An equivalent 
good results. 
atory. Finer 

resin AGl-XS (Bio-Rad, Inc.), ,vas also used with 
The hydroxide conversion was made in our labor­

mesh resin (200-400 mesh) also works very well. 

** For samples more radioactive than this, follow the decontami­
nation procedure first. 
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B. Cover the bottom (and hole with a piece of coarse filter 
paper (Whatman #41) cut to size. 

C. Fill the column with a slurry of Dowex l-X8 strong base 
anion exchange resin, or its equivalent (200-400 mesh, in 
the hydroxide form). 

D. Connect the column to a peristaltic pump with plastic 
tubing (Tygon connections were used here). Set pump to 
0.5 ml/min, downflow. 

3. Pass 5-10 ml of 4M NaOH through the entire system. (Approxi­
mately 50 ml of NaOH should be used if there is any chloride 
present on the resin.) 

4. Pass 25.0 ml of the salt supernate sample completely through 
the resin column. 

5. Rinse column and tubing with 50 ml of deionized (ultrapure) 
water. 

6. Pump or draw air through the column for 5-10 minutes, being 
careful not to allow enough pressure to tear the filter 
paper. 

7. Remove the column and place in a dessicator to dry under 
vacuum (with CaC12). For RAF* analyses, the columns should 
be dried overnight. Samples going to the Cf-252 facility 
can be processed immediately. 

8. Place the dry column in a "rabbit" for neutron 
Place the columns upside down in the "rabbit." 
especially important if the sample is to go to 
facility. ) 

activation. 
(This is 

the RAF 

9. "Rabbits" should be marked to indicate sample number and 
orientation prior to heat sealing (their lids). 

Standardization 

Analytical standards consist of aliquots of the salt supernate 
sample that have been spiked with a standardized 1-129 solu­
tion (internal standard). At least three standards are 
normally required to demonstrate linear response and recovery 
by this technique of standard additions. However, once these 
are established, a single standard is sufficient to verify the 

* RAF refers to the activation facility at SRP's C Reactor. 
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recovery and response curves. Sample concentrations are then 
calculated by dividing the response by the slope of the 
calibration curve (counts/concentration). 

with no analyte present in the sample, the standard curve is 
linear, and should pass through the origin if response is 
normalized by subtracting the appropriate blank (See 
Figure 1). 

Blanks 

The analytical blank consists of a "rabbit column" that has 
been treated exactly the same as the samples with the excep­
tion of sample introduction itself. The major interferences 
arise from the resin matrix and residual sodium, both of which 
can be accounted for by this blank. 

Additional blank tests were made with simulated salt supernate 
solutions that contained trace amounts of Cs-137, chromium and 
other potential interferences. However, none of these 
appeared to be significant. 

Decontamination 

Discussion 

The ion exchange concentration procedure is not designed for 
contaminated fission product waste. Samples of 15 year waste salt 
supernate which contain greater than 105 d/m/ml of non-volatile 
beta-gamma activity should be decontaminated before being analyzed 
by this procedure. 

Decontamination, specifically the removal of Cs-137, can be 
accomplished by the addition of an excess of sodium tetraphenyl­
borate, or by passing the salt supernate sample through a cesium­
specific ion exchange bed consisting of 200-325 mesh Cs-100 resin 
(Duolite International). For analytical purposes a column of 
Cs-100 will decontaminate approximately 30 bed volumes of defense 
waste salt supernate. 

For maximum accuracy, both decontamination methods require the 
employment of a yield monitor (1-131) to assure that 1-129 is not 
being lost in the decontamination procedure. However, the loss of 
iodine in decontamination and concentration is so slight that good 
accuracy can be obtained without one. A decontamination procedure 
is described below. Iodine recovery was 97.7% for this procedure 
as monitored by an 1-131 tracer. 
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Decontamination Procedure 

Reagents: 

1-131 Standard (approximately 10 8 d/m/ml 1-131, as NaI) 
Sodium tetraphenylborate (0.5M) 
Sodium titanate/isopropanol (12 gil in slurry form) 
Sample of defense waste salt supernate 

1. Prepare a yield monitor standard (100 ~l of 1-131 standard made 
up to 63 ml with 1M NaOH). 

2. Obtain 60 ml of supernate sample.* 

3. Spike with 100 ~l of 1-131 standard. Mix well. 

4. Then add: 
a. 400 ~l of sodium titanate slurry 
b. 2.5 ml of sodium tetraphenylborate solution. 

5. Mix well and allow to settle. 

6. Filter 50 ml for analysis (1 sample + 1 internal std). 

7. Filter an additional 3 ml for comparison with the yield monitor 
standard. Count each to determine iodine loss. 

NEUTRON ACTIVATION PARAMETERS FOR 1-129 

(Cf-252 facility) 

Activation time: 3.33 hr. 
Decay time: 13.0 hr. 
Counting time: 5.6 hr. 
Energy monitored: 0.536 MeV 
Thermal neutron flux: 10 9 cm- 2 sec- l 
Geometry: Approximately 2 cm (automated and reproducible) 
Detection limit (on Dowex Resin normal sodium background). 

=0.9 + 0.3 ~g 

Reactor Activation Facility 

Activation time: 1.00 hr. 
Decay time: 28.0 hr. 
Counting time: 5.6 hr (at 773-A). 

* This amount p~oduces two 25 ml samples for direct analysis. 
These amounts should be scaled up as needed if more than one 
internal standard is required. 
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Energy monitored: 0.536 MeV. 
Thermal neutron flux: 8 x lOll cm- 2 sec-I. 
Geometry: approximately 2 cm (at 773-A). 
Detect ion limi t : O. 022 tig 
(on Dowex resin, normal 'sodium background). 

PRIMARY STANDARDS 

Three samples of a diluted 1-129 standard were analyzed by beta 
scintillation counting. The scintillation counts (corrected for 
background) were within 9.4% of the calculated activity of the 200 
~l standards. Counting error was less than 1% and sampling preci­
sion was +2.2% (RSD). Systematic error was high with respect to 
the calculated 1-129 beta activity, indicating that standard and 
sample concentrations may be as much as 10% greater than .reported. 
This error would not be significant, especially near the detection 
limit of the method, but subsequent standards will be analyzed to 
verify accuracy. 

RESULTS 

Samples of decontaminated Tank 24 defense waste salt supernate were 
analyzed by the described procedure. No 1-129 was detected (see 
Table III). The detection limit of the method was 3.9 pCi/ml (95% 
confidence) when the activation was performed at the Cf-252 
facility at SRL. 

A sample was also activated at the RAF (Reactor Activation Facil­
ity). Again, no 1-129 was detected. The detection limit was below 
0.45 pCi/ml (70 ng/25 mll for the sample and standard that were 
analyzed. 

CONCLUSIONS 

The new procedure appears to work well for the analysis of 1-129 in 
decontaminated defense waste salt supernate samples. This should 
be borne out as more samples become available. The detection 
limits of this new procedure are more than adequate to identify 
hazardous levels of 1-129 in defense waste supernate, if they 
exist. Even greater sensitivity would be obtainable by improving 
the resin washing technique ·for removing sodium, and by using a 
larger fraction of the resin capacity. 

JPR:pmc 
Att 
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VALIDATION STUDY OF 1-129 ANALYSIS BY 
DIRECT RESIN ADSORPTION AND NEUTRON ACTIVATION 

Analysis of Resin by NAA 

Preliminary method validation involved analyzing the anion exchange 
resin (Dowex l-X8) to assure that its intrinsic background from the 
activation of chlorine, sodium and bromine would permit its use for 
activation analysis. The resin was first converted to the hydrox­
ide form and rinsed with deionized water to remove sodium. Some 
samples were analyzed without further treatment. Others were 
treated with simulated decontaminated supernate (with TPB and 
Cs-137 and without) rinsed with pure deionized water, and analyzed. 
Also included was a series of 1-129 standards in deionized water. 

The results of these tests (Table I) showed that 1-129 could be 
analyzed at the submicrogram level (1 ~g = 1.61 X 10-10 Ci 
1-129) at SRL's Cf-252 facility. 

Iodine Adsorption on Dowex l-X8 

Equilibrium Studies with 1-131 

Overnight batch equilibrium tests (Table II) demonstrated that 
1-129 should be adsorbed efficiently from caustic decontaminated 
supernate solutions containing large amounts of nitrate (2.4 molar) 
and nitrite (0.7 molar). The distribution coefficient (Kd) for 
iodide in these solutions was low enough to preclude the "resin 
slurry" approach from consideration as a quantitative method of 
1-129 concentration. However, a column concentration method 
appeared promising. 

At constant Kd, momentarily ignoring capacity considerations, the 
breakthrough volume (VB) for a column of this resin is, ideally, 

where P is the bulk density of the resin and VB is the volume of 
the column (cm3 ). 

For a 5 ml "rabbit column" with a bulk density of roughly 0.75 
g/cm3 , a KD of 29 indicates a breakthrough volume (i. e. C/Co = 
0.5) of 109 bed volumes. The maximum sample volume that can be 
treated (with >95% cumulative recovery) is a function of kinetics 
and must be measured by column breakthrough experiments. A rough 
estimate might be 70% of theoretical for an efficient column at 
reasonably low flow rates. 
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Although it was performed with simulated defense waste salt super­
nate solutions, this experiment is strong evidence that the iodine 
in the supernate is in the form of an exchangable anion (1-) 
that can be efficiently concentrated with Dowex l-XS. Additional 
evidence for this can be found in the column tests described 
below. 

Column Studies with 1-131 
(Simulated Defense Waste Salt Supernate) 

Breakthrough studies were performed with 1-131 in simulated defense 
waste salt supernate containing all of the major components of the 
decontaminated salt supernate that will be produced by the DWPF 
(Stage 2). This includes normal levels of iodine, chromium, and 
tetraphenylborate as well as nitrate, nitrite, hydroxide, and the 
other major components of the anticipated samples. The results of 
duplicate tests indicated no detectable breakthrough of 1-131 under 
the sampling conditions described in the procedure (25 ml sample 
volume, 2 ml/min, 200-400 mesh Dowex l-X8 resin). 

Column Studies with 1-131 
(Tank 24 Defense Waste Salt Supernate) 

The breakthrough curve for 1-131 on a 6-ml "rabbit column" of Dowex 
l-X8 is shown in Figure 2. The feed was a sample of decontaminated 
supernate (from Tank 24) that had been spiked 24 hours earlier with 
1-131. Trials were performed at two flow velocities. The results 
show that a volume flow rate of 2 ml/minute (20 column volumes/hr) 
could be processed through 100-200 mesh Dowex l-X8 while still 
obtaining better than 97% recovery from a 30-ml sample. 

Before running this study, the spiked feed was allowed to equili­
brate overnight to assure that the 1-131 spike had sufficient time 
to exchange with any iodine already present (in the Tank 24 super­
nate sample). Since 1-131 was recovered with approximately 100% 
efficiency, it is virtually certain that any 1-129/1-127 in the 
original filtrate sample would have been recovered as well. 

Valence Adjustment 

1-129 tracer tests were also used to prove that any 1-129 in the 
salt supernate samples was in a form (1-) that would be readily 
adsorbed by strong base anion exchange resin (Dowex 1). This was 
accomplished by verifying the conversion of iodate, a poorly 
adsorbed form, to iodide, in a recovery test. Actual samples of 
supernate and the concentration and analysis methods of this 
procedure were used. 

A sample of 1-129 was converted to the iodate form with a 10-fold 
excess of NaOCl (all in 1M NaOH). A 1.0 ml aliquot of this 1-131 
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iodate stnadard was then made up to 25 ml with Tank 24 salt super­
nate (decontaminated filtrate). This was allowed to equilibrate 
overnight before it was analyzed. A second standard, containing 
the same 1-129 activity in the form of iodide, was made up the same 
way and analyzed directly. The entire 25-ml volume of both samples 
was concentrated on "rabbit columns" and analyzed by NAA. An 
unspiked filtrate sample of Tank 24 decontaminated salt supernate 
was also analyzed to serve as the blank. 

The results were in good agreement, with 93% of the 1-129 iodate 
being recovered, compared to the 1-129 iodide sample. Counting 
error was 4.9% (RSD). 1-129 activity in the Tank 24 sample was 
less than 4 pCi/ml. 

JPR:pmc 
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ANALYTICAL DETECTION LIMITS FOR 1-129 AT THE SRL Cf-252 FACILITY 

Sample 

Blank 
(column and filter) 

Resin Column Blank 

TPB Supernate Blank 
(10 ml simulated supernate) 

Cs-137 Spiked Supernate Blank 
(10 ml sample) 

1-129 Standard 
(0.73 /lg in 10 ml of distilled water) 

1-129 Standard 
(73.3 /lg in 100 ml of distilled water) 

1-129 Standard 
(0.73 /lg in 100 ml of distilled water) 

1-129 Detected 
(/l g) 

<0.27 (3 (J') 

<0.41 (3 (J') 

<0.94 (3 (J') 

<0.99 (3 (J') 

0.69 + 0.20 

73.3 + 1. 5* 

0.99 + 0.26 

* All other samples normalized to this standard. 
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VERIFICATION OF IODINE (131) ADSORPTION ON DOWEX 1-X8 

Aqueous 
Solution 

Deionized Water 

1M NaOH 

Simulated Supernate 

«10-8 M iodide) 

Simulated Supernate 

(including 1.6 X 10-5M I 
and saturated with 
tetraphenylborate) 

Resin/Aqueous 
(Mass Ratio) 

1:10 

.. 
.. 

.. 

Kd 
1-131 Mass Distribution 
Ratio (Resin/Aqueous) 

1200 

900 

32 

29 



" 
" 

, 
DPST-83-325 : 

R. B. FERGUSON 15 February 23, 1983 

Sample 

Tk-24 

Tk-24 
STD A 

Tk-24 

Tk-24 
STD 3 

Tk-24 
STD C 

TABLE III 

TANK 24 DECONTAMINATED SALT SUPERNATE ANALYSIS 
(Cf-252 Facility, SRL) 

Response 
Concentrated (Background 

1-129 
added to 
sample (g) Volume (ml) Normalized pCi/ml 

25 o + 140 <3.9 

7.33 x 10-6 25 3390 + 200 47 

1 -34 + 99 < 0 

7.33 x 10-6 1 3874 + 130 1.2 x 10 3 

7.33 x 10-5 1 42,500 + 400 
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