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Summary

The current BNFL Inc. flowsheet for the pretreatment of the Hanford high-level tank wastes includes 
the use of Superlig materials(a) for removing 137Cs and 99Tc from the aqueous fraction of the waste.  The 
cesium-selective Superlig 644 (SL-644) and the technetium-selective Superlig 639 (SL 639) materials 
have been evaluated in tests with actual waste samples.  These materials have a finite processing lifetime 
in the plant and will need to be disposed of.  The composition and level of residual radionuclide 
contamination is important for assessing various disposal pathways for the spent Superlig materials.

This report contains the results of analyzing subsamples of the SL-639 and SL 644 materials that have 
been used in small-column testing of actual waste samples at the Radiochemical Processing Laboratory.
The wastes that have been tested include samples from Tanks 241-AW-101 (Envelope A) and 241-AN-
107 (Envelope C).  The spent resins were analyzed with inductively coupled plasma/atomic emission 
spectrometry (ICP-AES) for metals, cold vapor atomic absorption (CVAA) spectroscopy for mercury, 
gamma energy analysis (GEA) for radionuclides, and inductively coupled plasma/mass spectrometry 
(ICP-MS) for selected metals and radionuclides. 

The analytes of interest that were detected at levels above the minimum reportable quantities (MRQs) 
are given in Table S1.  The results for both samples contain the contribution from interstitial liquid, which 
was <0.1 M NaOH for SL-644 and deionized (DI) water for SL-639.  All specified MRQs were readily 
met, and the quality control checks met the requirements of the governing quality assurance (QA) plan.
Since the detection limits were generally well below the MRQs, the concentrations of many other analytes 
of interest may be found in the body of the report.  While these results provide an indication of the analyte 
concentrations that may be left on the spent resin, they do not fully represent the concentrations that may 
be found after extended plant processing with additional load/elute cycles and different waste 
compositions.

(a)  These materials have been developed and supplied by IBC Advanced Technologies, Inc., American 
Fork, Utah.



iv

Table S1. Analytes of Interest Detected at Levels Above the MRQs

Analyte SL-644 SL-639 MRQ Method

µµg/g µµg/g µµg/g
Cr 670 -- 100
K 220 160 60
Na 83,800 -- 5,400

ICP-AES

99Tc 6.74 6.95 2.0
238U 14.8 -- 6.0

ICP-MS

µµCi/g µµCi/g µµCi/g
60Co 1.31 -- 0.12
137Cs 21.3 -- 0.01

GEA
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Terms and Abbreviations

BNFL BNFL, Inc; subsidiary of British Nuclear Fuels, Ltd.

BV bed volume

C/C0 analyte concentration in column effluent divided by analyte 
concentration in feed

CVAA cold vapor atomic absorption

DI deionized water

GEA gamma energy analysis

ICP-AES inductively coupled plasma/atomic emission spectrometry

ICP-MS inductively coupled plasma/mass spectrometry

MDL method detection limit

MRQ minimum reportable quantity

QA quality assurance

RPP-WTP River Protection Project-Waste Treatment Plant
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1.1

1.0 Introduction

The current BNFL Inc. flowsheet for the pretreatment of the Hanford High-Level tank wastes 
includes the use of Superlig materials(a) for the removal of 137Cs and 99Tc from the aqueous fraction of 
the waste.  The cesium-selective Superlig 644 (SL-644) and the technetium-selective Superlig 639
(SL-639) have been evaluated in tests with actual waste samples.  These materials have a finite processing 
lifetime in the plant and will need to be disposed of.  The composition and level of residual radionuclide 
contamination is important for assessing various disposal pathways for the Superlig materials.

This report contains the results of analyses of subsamples of the SL-639 and SL 644 materials that 
have been used in small column testing of actual waste samples at the Radiochemical Processing
Laboratory.  The wastes that have been tested include samples from Tanks 241-AW-101 and 241-AN-107
(the 241 prefix is common to all Hanford tanks and will not be used hereafter).  The analyses of the spent 
resins include inductively coupled plasma/atomic emission spectrometry (ICP-AES) for metals, cold 
vapor atomic absorption (CVAA) spectroscopy for mercury, gamma energy analysis (GEA) for 
radionuclides and inductively coupled plasma/mass spectrometry (ICP-MS) for selected metals and 
radionuclides.

While these results provide an indication of the analyte concentrations that may be left on the spent 
resin, they do not fully represent the concentrations that may be found after extended plant processing 
with additional load/elute cycles and different waste compositions.  BNFL estimates that the SL-644 may 
last for 100 load/elute cycles with Envelope A and C wastes and 20 cycles with Envelope B wastes.(b)

The number of useable load/elute cycles for the SL-639 is not well defined, but is likely on the order of 
hundreds.

(a) These materials have been developed and supplied by IBC Advanced Technologies, Inc., American 
Fork, Utah.
(b) Specification 7 of Contract No. DE-RP06-96RL13308.
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2.0 Experimental

This section describes the sample processing history for the SL-644 and SL-639 resins and discusses 
the resin subsampling and preparation for the analytical procedures.a

2.1 SL-644 Processing History

The SL-644 resin was used in a small dual-column ion exchange system to remove cesium from 
samples of Tanks AW-101 (Envelope A) and AN-107 (Envelope C).  The AW-101 sample was processed 
in June 1999 with the conduct of two complete loading cycles.  Both columns were loaded, rinsed with
deionized (DI) water, eluted with 0.5 M nitric acid, rinsed with DI water, and regenerated with 0.1 M 
NaOH (Kurath et al. 1999).  The second loading cycle was conducted with the same AW-101 sample to 
remove residual cesium that was not removed during the first cycle.  The AN-107 sample was processed 
in October 1999 with a single load/elute cycle.  All process steps were similar to those used in processing 
the AW-101 sample (Kurath et al. 2000).  Since both columns were eluted after each run, the order of the
columns was not switched.

The extent to which 137Cs was removed from the columns before analysis is indicated in Table 2.1.
The 137Cs concentration and the 137Cs C/C0 values (analyte concentration in column effluent divided by 
analyte concentration in feed) are shown for the final eluate samples for both columns and for the final 
rinse sample and composite regeneration sample for Column 1.  The C0 value is 153 µCi/mL and 
corresponds to the 137Cs concentration found in the AN-107 cesium ion exchange feed sample.  For 
reference, the target end point for elution is a C/C0 = 1E-02.

Table 2.1. Final 137Cs and C/C0 Values for the SL-644 Columns Used in Actual Waste Testing

Column 1 Column 2
137Cs Concentration

µµCi/mL 137Cs C/C0

137Cs Concentration
µµCi/mL 137Cs C/C0

Final Eluate Sample 9.1E-01 5.9E-03 0.73 4.8E-03
Final Rinse Sample 5.5E-02 3.6E-04 ND ND
Composite
Regeneration sample

2.3E-02 1.5E-04 ND ND

ND = Not determined.

The total amount of SL-644 initially added to the columns was 8.6 g (4.3 g/column) on a dry basis (at 
95oC) in the hydrogen form.  When the resin was removed from the columns, it was in the sodium form in 
contact with dilute caustic (<0.1 M NaOH).  The total volume of the resin beds just before removal from 
the columns was 40.7 mL.  This volume is expanded relative to the 30 mL of resin observed during the 

a Information related to sample preparation may be found in the laboratory record book BNW 13687, 
pages 19-22.  Analytical results were obtained under Analytical Service Request # 5732.
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loading step in the processing of the AW-101 sample and the 34.5 mL observed during the loading step in 
the processing of the AN-107 sample.

2.2 SL-644 Sample Preparation and Analyses

The resin from both columns was removed into separate jars for removal from the hot cells.  DI water 
from a squirt bottle was used to wash all of the resin from the columns.  Excess liquid above the settled 
resin was removed with a syringe, but the resin remained submerged in liquid.  Since some dilution of the 
interstitial liquid occurred, the concentration of NaOH was less than the 0.1 M used to regenerate the 
columns in the last process step.  Once the jars had been transferred to a fume hood, the contents were 
combined and manually mixed.  The liquid in contact with the resin was a very dark, nearly opaque 
brown color.

Separate 10-mL subsamples of the wet resin (10.0262 g) and the liquid were obtained in 20-mL
scintillation vials and counted directly for the GEA.  The resin subsample was then dried at 95oC until a 
steady mass of 1.1532 g was obtained.  The preparative method used to dissolve the resin was selected 
based on previous work with resin materials.  The resin was dissolved on a best-effort basis, and no 
attempt was made to validate the preparative method for the analytes of interest.  However, the method is 
considered to be applicable to the resin matrix and the analytes measured.  In summary, the dried 
subsample was dissolved in hot nitric acid (16 M) with the aid of hydrogen peroxide (50%), taken to near-
dryness, and then diluted with water to a final volume of 20 mL with a nitric acid concentration of about 
0.3 M.  A flow diagram of the resin-preparation steps may be found in Appendix A.  Separate 10-mL
aliquots of the dissolved resin were used for ICP-AES following procedure PNNL-ALO-211 and ICP-MS
following procedure PNNL-ALO-280.  During the preparation of the wet resin subsample, excess liquid 
was removed from above the resin with a pipette, but the settled resin was kept in a fully submerged state.
Consequently, the analytical results for the resin contain the contribution from the interstitial liquid.

Another portion of the SL-644 wet resin was air dried to a constant mass.  Subsamples (≈0.1 g) of the 
air-dried resin were processed and diluted to a volume of 25 mL following digestion procedure 
PNNL-ALO-131.  The mercury level was determined using CVAA spectroscopy following procedure 
PNNL-ALO-201.  Separate subsamples of the air-dried resin were further dried in an oven at 95oC to 
determine the f-factor (ratio of oven-dried mass to air-dried mass).  This information was used to adjust 
the mercury concentrations to a dry basis (at 95oC).

2.3 SL-639 Processing History

The SL-639 was used in a small dual-column ion exchange system to remove Tc from samples of 
Tanks AW-101 and AN-107.  Both samples had been previously processed for cesium removal with 
SL-644.  The AW-101 sample was processed first in July 1999 (Blanchard et al. 1999), and this was 
followed about 16 weeks later in early November by processing the AN-107 sample (Blanchard et al. 
2000).  Following the processing of the AW-101 sample, the lead column was eluted with 0.5 M nitric 
acid.  The positions of the lead and lag columns were switched so that the partially loaded lag column 
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became the lead column for the next sample.  Following the processing of the AN-107 sample, the lead 
column was eluted with water at ≈50oC.  Some additional experimentation was completed in which some 
AN-107 simulant was passed through the column and then some additional actual AN-107 sample.  At the 
completion of these experiments, both columns were partially loaded so additional elution was conducted.
Approximately 225 mL (48 bed volumes [BVs]) of DI water at 50oC was used to elute the first column.
The initial 19 BVs were pumped through the column at a flow rate of 3 BV/h, and the remaining 29 BVs 
were pumped at a rate of 1.5 BV/h.  The second column was eluted with 0.5 M nitric acid at ambient 
temperature since switching the heating system to the second column would have been difficult.  The 
volume of nitric acid used was about 363 mL (77 BVs).  The flow rate was maintained at 3 BV/h.
Several BVs of DI water were used to flush nitric acid from the system.

The extent to which Tc was removed from the columns before analysis is indicated in Table 2.2.  The 
95Tc C/C0 value is shown for the final aliquot from each elution.  The 95Tc was added to the samples in 
trace amounts as ammonium pertechnetate (NH4TcO4) in 1 M NaOH to follow the progress of the testing.
The samples along with the original AN-107 Tc IX sample were counted in a portable GEA instrument.
The C0 value corresponds to the 95Tc level found in the feed sample and was determined as counts per
3-min count time.  For both columns, the desired elution cutoff of C/C0 = 1E-02 was not obtained.  This 
cutoff was also not obtained during the actual sample testing due to a very slow decline in Tc 
concentration that resulted in large volumes of eluate.

Table 2.2.  Final 95Tc C/C0 Values for the SL-639 Columns Used in Actual Waste Testing

Column 1 Column 2
95Tc C/C0

95Tc C/C0

Final Eluate Sample 0.053 0.036

The total amount of SL-639 added to both columns was 9.4 mL or 4.5 g on a dry basis (at 95oC).
Unlike the SL-644, this material does not exhibit an appreciable change in volume when in contact with 
the various processing solutions.  Consequently, the resin BV just before removal from the columns was 
unchanged.

2.4 SL-639 Sample Preparation and Analyses

The resin plus interstitial DI water from both columns was removed with a plastic bulb pipette and 
combined in a single container.  After mixing, separate subsamples of the wet resin (2.9321 g, 2.55 mL) 
and the liquid (1.9288 g, 2 mL) were added to 20-mL scintillation vials and counted directly for the GEA 
following procedure PNNL-ALO-450.  The resin subsample was then dried at 95oC until a steady resin 
mass of 1.2251 g was obtained.  The preparative method used to dissolve the resin by dry ashing and acid 
dissolution of the residue was selected based on previous work with resin materials.  The resin was 
dissolved a best-effort basis, and no attempt was made to validate the preparative method for the analytes 
of interest.  However, the method is considered to be applicable to the resin matrix and the analytes 
measured.  In summary, the dried resin was ashed at 450oC, and the ash was dissolved in 16 M nitric acid 
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on a hotplate, reduced in volume to ≈0.5 mL, and then diluted with water to 20 mL with a nitric acid 
concentration of about 0.3 M.  A flow diagram of the resin preparation steps may be found in 
Appendix A.  Aliquots of this solution were used for ICP-AES following procedure PNNL-ALO-211 and 
ICP-MS following procedure PNNL-ALO-280.  During the preparation of the wet resin subsample, 
excess liquid was removed from above the resin with a pipette, but the settled resin was kept in a fully 
submerged state.  Consequently, the analytical results for the resin contain the contribution from the 
interstitial liquid.

Another portion of the SL-639 was air dried to a constant mass on filter paper.  Subsamples (≈0.1 g)
of the air-dried resin were processed and diluted to a volume of 25 mL per procedure PNNL-ALO-131.
The mercury level was determined using CVAA spectroscopy following procedure PNNL-ALO-201.
Separate subsamples of the air-dried resin were further dried in an oven at 95oC to determine the f-factor
(ratio of oven dried mass to air dried mass).  This information was used to adjust the mercury 
concentrations to a dry basis (at 95oC).
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3.0 Results And Discusion

This section contains the results of the analyses conducted on the SL-644 and SL-639 spent resin 
samples.  The results of the analyses include ICP-AES (metals), CVAA (mercury), GEA (radionuclides)
and ICP-MS (selected metals and radionuclides).  The analytical reports and calculations may be found in 
Appendix B.

3.1 ICP-AES Results

The results of the analysis of the SL-644 and SL-639 spent resin samples with ICP-AES are shown in 
Table 3.1 along with the BNFL specified minimum reportable quantities (MRQs).  Analytes of interest 
(i.e., those with specified MRQs) are given in the upper portion of the table while other analytes that were 
detected are given in the lower portion. All concentrations are based on the mass of the resin samples 
dried at 95oC.  The results for both samples contain the contribution from the interstitial liquid: <0.1 M 
NaOH for SL-644 and DI water for SL-639.  The analytes of interest that were detected in the SL-644
sample at levels above the MRQs include Cr, K and Na.  Potassium was the only analyte of interest 
detected in the SL-639 sample at levels above the MRQs.  All specified MRQs were readily met and the 
quality control checks met the requirements of the governing quality assurance (QA) plan.

The results from Table 3.1 are given on a volume basis (10 mL for SL-644 and 2.55 mL for SL-639)
in Table 3.2 and compared to the compositions of the cesium ion exchange (Cs IX) feeds.  The 
compositions of the cesium ion exchange feeds were obtained from Kurath et al (1999) and Kurath et al 
(2000).  The components that appear to have concentrated on the SL-644 resin relative to the feed 
concentrations include Cr, Co, and Zr.  Other metals that are found on the SL-644 resin in significant
amounts include Ca, Cu, Fe, Na, Ni, Pb, Sr, and Zn.  For SL-639, the only component that appears to be 
slightly concentrated relative to the feed is Fe.  Other metals found on the SL-639 resin in significant 
amounts include Cr, Mn, Na, and Sr.  The presence of these components indicates that the resins likely 
have some affinity for these metals.a  Processing of additional waste quantities or types, as will occur in 
the River Protection Project-Waste Treatment Plant (RPP-WTP), could result in higher levels of these 
metals in the resins.  The high concentration of Na in the SL-644 resin is due to the resin being mainly in 
the sodium form and from the interstitial liquid.  For both resin samples, a significant portion of the boron 
and silicon present is likely from leaching of the glassware used in the sample preparation.

a Results not contained in this report indicte that the SL-639 and SL-644 resins do not contain appreciable 
quantities of these components.
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Table 3.1. ICP-AES Analysis of Spent SL-644 and SL-639 Resins and the MRQs

SL-644 SL-639 MRQAnalytes
of Interest µµg/g µµg/g µµg/g

Ag 5.04 <0.24 100
Al 60.9 [6.5] 3,600
Ba [0.58] [0.41] 600
Ca 147 [9.9] 6,000
Cd [0.56] <0.24 20
Cr 669 5.0 100
Cu 116 [1.1] 600
Fe 84.2 30.4 1,200
K [220] [160] 60
La <0.43 <0.4 3,000
Mg [5.7] [6.2] 5,400
Mn 0.92 1.63 300
Na 83,800 2,300 5,400
Ni 51.5 [4.4] 1,800
Pb 10.9 <1 30
Ti 4.02 [0.15] 600
Zn 20.6 [0.45] 1,200

Other Analytes Measured
As <1.4 [1.9] --
B 170 88.9 --
Bi [9.8] <1.6 --
Co 70.9 <0.4 --
P [9.1] [6.4] --
Pd <5.2 [6.9]
Ru [1.4] <1.2 --
Si 22.8 39.7 --
Sr 1.57 2.4 --
Th [14] <13 --
Zr 181 <0.4 --

Notes:
1. Overall error for results greater than 10-times the method detection limit (MDL) is 

estimated to be +/- 15%.
2. Results in brackets [ ] are within 10 times the MDL with errors likely to exceed 15%.
3. Less than (<) indicates the result is less than the MDL. 
4. The dashes (--) indicate that no MRQ was specified.
5. The dissolution preparations (both wet ashing and dry ashing) were performed on a best-

effort basis; i.e., dissolution procedures were not validated.
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Table 3.2.  Comparison of ICP-AES Results for Spent SL-644 and SL-639 Resins to Cesium Ion 
Exchange Feed Concentrations

Analytes
of Interest

SL-644 SL-639 AW-101 Cs IX 
Feed

AN-107 Cs IX 
Feed

µµg/mL µµg/mL µµg/mL µµg/mL
Ag 0.58 <0.09 <0.6 <1
Al 7.0 [3.1] 11,100 2,450
Ba [0.07] [0.20] <0.4 <0.4
Ca 17 [4.8] 5.6 170
Cd [0.06] <0.09 1.5 29
Cr 77 2.4 43 46
Cu 13 [0.5] 4.9 20
Fe 9.7 14.6 14 [11]
K [25] [77] 15,600 [780]
La <0.05 <0.16 <1 <2
Mg [0.7] [3.0] <4 <4
Mn 0.106 0.78 1.6 2.9
Na 9,660 1,100 105,500 119,200
Ni 5.9 [2.1] 4.4 240
Pb 1.3 <0.4 27 67
Ti 0.46 [0.07] <0.2 <1
Zn 2.4 [0.22] 5.2 [6.7]

Other Analytes Measured
As <0.16 [0.9] 18 <10
B 20 43.2 73 36
Bi [1.1] <0.8 <4 <4
Co 8.2 <0.2 <1 2.5
P [1.0] [3.1] 222 310
Pd <0.6 [3.3] <12 <30
Ru [0.2] <0.6 <3 <45
Si 2.6 19.1 221 [49]
Sr 0.18 1.16 <0.2 136
Th [2] <6.3 <32 <40
Zr 21 <0.2 2.1 2.5

Notes:
1. Overall error for results greater than 10-times the MDL is estimated to be +/- 15%.
2. Results in brackets [ ] are within 10 times the MDL with errors likely to exceed 15%.
3. Less than (<) indicates the result is less than the MDL.
4. The dissolution preparations (both wet ashing and dry ashing) were performed on a best-

effort basis; i.e., dissolution procedures were not validated.
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3.2 CVAA Results for Mercury

The results of the analysis of the SL-644 and SL-639 spent-resin samples with CVAA for mercury are 
shown in Table 3.3 along with the BNFL-specified MRQ.  The results are given on a mass basis and are 
based on the mass of the ≈0.1 g resin samples.  The mass basis of the resin samples is adjusted to a dry 
basis at 95oC using f-factors (ratio of oven-dried mass to air-dried mass).  The f-factor was 0.824 for 
SL-644 and 0.988 for SL-639.  The results for both samples contain a minimal contribution from the 
interstitial liquid since most of the liquid was absorbed by the filter paper on which the samples were air 
dried.  The MRQ was readily met for all samples.  The level of mercury found in all of the resin samples 
is comparable to the levels found in the process blanks, so it appears that there is no appreciable quantity
of mercury present in the resin samples.

In general, the quality control checks met the requirements of the governing QA plan with the 
exception of the matrix spike.  The recovery of the matrix spike (27%) was below the acceptance criteria 
of 75% to 125%.  The high-carbon content in the resin may have caused failure of the matrix spike by 
requiring more oxidizing reagent than was available.  Recovery of the post spike was 105%, well within 
the acceptance criteria of 75% to 125%. Since the post-spike recovery was acceptable, it also implies that 
low recovery of the matrix spike was related to sample digestion.

Table 3.3. CVAA Mercury Analysis of Spent Resin and the MRQ

Sample Concentration MRQ
-- µµg/g µµg/g

SL-644 0.23 1.5
SL-639 0.13 1.5

process blank-1 0.19 --
process blank-2 0.12 --

3.3 Results of Gamma Energy Analysis

The results of the GEA of the SL-644 and SL-639 spent resin samples are shown in Table 3.4 along 
with the BNFL specified MRQs.  The results given on a mass basis (µg/g) in the second and third 
columns are based on the mass of the resin samples dried at 95oC.  The results given on a volume basis in 
columns 5 and 6 are based on the resin sample volumes; 10 mL for SL-644 and 2.55 mL for SL-639.  The 
results for both samples contain the contribution from the interstitial liquid, which was <0.1 M NaOH for 
SL-644 and DI water for SL-639.  All specified MRQs were readily met, and the quality control checks 
met the requirements of the governing QA plan.  The presence of 95Tc and 95mTc is the result of adding a 
95Tc tracer to the waste samples to monitor the Tc ion exchange experiment.  The analytes of interest that 
were detected in the SL-644 sample at levels above the MRQs include 60Co and 137Cs.  No analytes of 
interest were found in the SL-639 sample at concentrations above the MRQs.
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Table 3.4.  GEA Results for the Spent Resin and MRQs

SL-644 SL-639 MRQ SL-644 SL-639
µµCi/g µµCi/g µµCi/g µµCi/mL µµCi/mL

60Co 1.31E+00 3.45E-04 1.2E-01 1.51E-01 1.66E-04
137Cs 2.13E+01 7.5E-05 1.0E-02 2.46E+00 3.6E-05
154Eu 6.59E-03 1.93E-03 3.0E-01 7.6E-04 9.25E-04
155Eu 1.43E-02 1.83E-03 6.0E+00 1.65E-03 8.78E-04

125Sb <2.6E-02 <3.3E-04 -- <3E-03 <1.6E-04
134Cs 1.64E-02 <7.4E-05 -- 1.89E-03 <3.5E-05

144CePr <3.5E-02 <8.0E-04 -- <4E-3 <4E-04
241Am 8.93E-03 1.07E-03 -- 1.03E-03 5.13E-04

95Tc -- 2.64E-02 -- -- 1.27E-02
95mTc -- 5.58E-01 -- -- 2.68E-01

Note: -- indicates that no value was specified.

The results of the GEA of the interstitial liquid samples are shown in Table 3.5 along with the ratio of 
the concentrations (given as %) in the liquid to the ratio of the concentrations in the resin plus liquid 
sample.  These results are based on the liquid-sample volumes of 10 mL for the dilute caustic (<0.1 M 
NaOH) in contact with the SL-644 resin and 2 mL for the DI water in contact with the SL-639.  The 
relatively low-percentage values indicate that most of the radioactivity detected in the resin plus liquid 
samples was associated with the resin.

Table 3.5.  Interstitial Liquid Radiochemical Results by Gamma Energy Analysis

SL-644 SL-644
liquid:resin

SL-639 SL-639
liquid:resin

µµCi/mL % µµCi/mL %
60Co 8.2E-03 5.4 <6E-06 0
137Cs 1.6E-02 0.65 <7E-06 0
154Eu 1.4E-04 17.9 6.3E-05 8.5
155Eu 9.3E-05 5.7 3.7E-05 5.3

125Sb 5.0E-05 ND <2E-05 ND
134Cs 2.3E-04 12.2 <6E-06 ND

144Ce144Pr 6.1E-05 ND <4E-05 ND
241Am 2.4E-04 22.8 3.4E-05 8.4

95Tc -- ND 2.1E-05 0.21
95mTc -- ND 3.5E-04 0.16

Notes: -- indicates that no value was provided.  ND = not determined because 
one or both values for ratio were at the MDL.
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3.4 Results of ICP-MS Analyses

The results of analyzing the SL-644 and SL-639 spent-resin samples with ICP-MS are shown in 
Table 3.6 along with the BNFL-specified MRQs.  The results given on a mass basis (µg/g) in the second 
and third columns are based on the mass of the resin samples dried at 95oC.  The results given on a 
volume basis are based on the original volume of the resin samples; 10 mL for SL-644 and 2.55 mL for 
SL-639.  The results contain the contribution from the interstitial liquid; <0.1 M NaOH for SL-644 and DI 
water for SL-639.  The analytes of interest that were detected in the SL-644 sample at levels above the 
MRQs include 99Tc and 238U.  For the SL-639 sample, only 99Tc was detected at levels above the MRQs.
All specified MRQs were readily met, and the quality control checks met the requirements of the 
governing QA plan.

Table 3.6.  ICP-MS Analysis of Spent SL-644 Resin and the Minimum Reportable Quantities

SL-644 SL-639 MRQ SL-644 SL-639
µµg/g µµg/g µµg/g µµg/mL µµg/mL

As 2.86E-01 2.13E+00 2.3E+00 3.3E-02 1.02E+00
Se <6.3E-02 6.7E-02 2.0E+01 <7.3E-03 3.2E-02
Tl 1.87E-01 <5.4E-03 6.0E+00 2.2E-02 <2.6E-03
V 9.3E-02 1.36E-02 6.0E+00 1.1E-02 6.5E-03

99Tc 6.74E+00 6.95E+00 2.0E+00 7.8E-01 3.34E+00
126Sn (1) 1.2E-02 <2.2E-03 6.0E+00 1.4E-03 <1E-03

127I 2.0E-02 <8.6E-03 3.0E+01 2.0E-03 <4.1E-03
129I <4.7E-03 3.3E-03 -- <5E-04 1.6E-03

233U <5.2E-03 <2E-03 6.0E-01 <6E-04 <1E-03
234U <2.6E-03 <1E-03 6.0E+00 <3E-04 <5E-04
235U 1.52E-01 <2E-03 6.0E+00 1.8E-02 <1E-03
236U 1.5E-02 <2E-03 6.0E+00 1.7E-03 <1E-03
238U 1.48E+01 2.1E-02 6.0E+00 1.71E+00 1.0E-02

237Np 4.7E-02 <2.2E-03 6.0E+00 5.4E-03 <1.1E-03
239Pu 6.6E-02 <2E-03 6.0E+00 7.7E-03 <1E-03

240Pu (1) 1.4E-02 <2E-03 6.0E+00 1.6E-03 <1E-03
241AMU (2) <5.2E-03 <2E-03 TBD by method <6E-04 <1E-03
242AMU (2) <5.2E-03 <2E-03 TBD by method <6E-04 <1E-03
243AMU (2) <5.2E-03 <2E-03 TBD by method <6E-04 <1E-03
(1) Calculated from response of different isotope.  Results should be considered semiquantitative.
(2) AMU-242 calculated using Pu-242. AMU-241,243 calculated using Am-241, Am-243.
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4.0 Conclusions

The following conclusions can be drawn from these studies.

• The analytes of interest that were above the MRQs for the SL-644 resin include Cr, K, Na, 60Co, 99Tc,
137Cs, and 238U.

• The analytes of interest that were above the MRQs for the SL-639 resin include K and 99Tc.

• Based on the ICP-AES results, the components that appear to have concentrated (relative to the waste 
samples processed) on the SL-644 include Cr, Co, and Zr.  For the SL-639 resin, the only component 
that appears to be slightly concentrated is Fe.  The presence of these components indicates that the 
resins likely have some affinity for these metals.

• No significant level of mercury was found in either of the Superlig samples.

• The analytical methods met the MRQs for all analytes of interest.
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Resin Sample Preparation Flow Diagrams
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Figure A.1. Flowsheet for Analytical Preparation of SL-644

Sample size ~1-g dry wt.
Pre-weigh (tare wt) pre-
labeled 250-mL glass

Weigh solid sample into
beaker.  Record weight.

Add 5 mL 16 M nitric 
acid to sample.

Place beaker with watch glass on hot plate 
set at approximately 90 to 120°C.  Dark 
orange colored fumes indicate that 
destruction of organic matter is occurring. 

Continue digestion by adding 
1 mL to 2 mL aliquots of 
nitric acid at a time taken to 
near dryness until sample is 
digested as indicated by a 
clear or pale yellow color of 
residue/liquid.

After approximately 5 mL to 10 mL of 
nitric acid has been used, hydrogen 
peroxide may be added if addition of nitric 
acid alone does not produce additional dark
orange fumes. 
Caution:  Add hydrogen peroxide in 
only 240-µL aliquots at a time.

Continue to heat sample until nearly 

warm on hot plate until residue 
dissolves, and then add 20 mL of 

r and warm for 1 to 2 min.

plate and allow to cool to 
room temperature.

Filter sample if residue present.
Sample is in approximately 2% 

nitric acid (~0.3 N), ready 
for analysis.

Split sample into two labeled 20-

ICP- -MS.



2

Figure A.2. -639

Pre-  20 mL 
glass scintillation vials.

Weigh solid sample into vial.

-mL gl
beaker; place a watch-
cover on top of beaker.

Put beaker and sample with 
-glass into cold muffle 

Program muffle furnace as follows:

Dry:  Ramp @ 10 C/min; Temp = 130 C; Hold = 1.0 h
Ash:  Ramp @ 10 C/min; Temp = 450 C: Hold = 10 h

After cooling to room temperature, 
add  concentrated nitric acid.

Place sample vial on a hotplate set 
at ~120 C; evaporate to ~0.5 mL.

°C; add 

continue heating ~20 min. be ~10.5 mL

Cool to room temp and dilute to 

Filter sample if residue present.

(~0.3N), ready for analysis.

0 mL for ICP-
and 10 mL for ICP-
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Analytical Results and Analysis
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Sample Identification

Sample ID Sample Number Description
SL 644- 00 1367 -644 resin sample + interstitial liquid
SL- -SR 00- SL 639 resin sample + interstitial liquid

-644 LQ -1369 Interstitial liquid in contact with the SL-
(<0.1 M NaOH)

SL- -LQ 00- Interstitial liquid in contact wit -639 resin sample 
(DI water)

 1) Analytical Service Request # 5732


































































