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EXECUTIVE SUMMARY:

The results of this study indicate that the combination of extraction chromatography and on-line
flow-cell scintillation counting can exceed a WC detection knit of 0.005 vCdmL in the presence
of %r, 137CS,and’% in less than an 18 minute analysis time. Initial experiments focused on
using the ABEC and TEVA ScintEx resins. The ScintEx resins are a combination of the
extradon media on a plastic scintillator that provided a high absolute detection efficiency (up to
80Yo),but degraded (only tested and observed in TEVA ScintEx resin) during reuse of the resin.
A mixed-bed resi~ which incorporated equal amounts of TWA resin and BC-400 plastic
scintillator in a flow-cell, was also investigated. The detection efficiency was approximately 5°/0

and the theoretical minimum detectable concentration was calculated to be 0.00014 yCtirnL for 3-
minute ‘count time (estimated 18-minute total sample processing time). Further investigation of
the variation in detection efficiency horn flow-cell to flow-cell and sequential loading is warranted
as well as continued development of the ScintEx resi~ which could circumvent the problems with
varying detection efficiency.



I. ABEC ScintEx Resin Flow-Cell

ABEC ScintEx resin was loaded with approximately 122 Bq (1 mL) ‘TcO~ in 4 M NaOH
and eluted with water. Displayed in F@re 1 is the number of counts in 10 seconds vs. time
during the loading and elution of the ‘Tc on/from the ABEC ScintEx resin. Following loading
and a 4 M NaOH wash of the flow-cell, the pump was stopped for 30 minutes to establish the
count rate before the ‘Tc was eluted. Table 1 surmku-izes the loading eflkiency, total ‘Tc
recovery and the flow-cell absolute detection efficiency for the two trials of the ABEC ScintEx
resin. No degradation of the resin was observed during these trials. One problem with the
ABEC ScintEx resin is significant chemical/thermal luminescence that ocours when the flow-odl is
conditioned with 4 M NaOH subsequent to the ‘Tc elution with water. This luminescence
decays to an acceptable level within two hours.
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Figure 1. Loading and elution profile from the ABEC ScintEx resin (flow-cell E1OABECO1),trial #1.

Table’ 1. Summary of ABEC ScintEx results (flow-cell E1OABECO1).

Trial # Loading Efficiency(%) Total Recove~ (‘/0 Detection Efficiency (0/0)
1 100 99.2 79.2
2; 100 100 79.3
Mean 100 99.6 79.3
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IL TEVA ScintEx Resin l?low-Cell
A. ‘Tc loading in 0.1 M HNOS, elution with 8 M HNOS

TEVA ScintEx resin was loaded with approximately 122 Bq (1 rnL) ~cO~ in 0.1 M HNOSand eluted
with 8 M HN03. Displayed in Figure 2 is the number of counts in 10 seconds vs. “tie during the
loadiug/elution of ~c on/from the TEVA ScintEx resin (flow+Al E1OTEVAO1). Following loading and a
0.1 M HNOSwash of the flow-cell, the pump was stopped for 30 minutes to establish the count rate befbre
the WC was eluted. Table 2 summarizes the loading efficiency, total WC recovery and absolute detection
efficiency for the five loading and elution trials that were conducted with flow-cell EIOTEVAO1. The
loading efficiency was approximately 100% and the total recovery of the WC was approximately 100%.
The detection efficiency fbr WC with the TEVA ScintEx was initially 50%, but degraded to 1% by the
fifth tria~ see Figure 3. This resin also exhibti chemical luminescence, but it is not as significant as with
ABEC ScintEx. The chemical luminescence is iuidatd with the introduction of the 8 M HNOS (at 3400s
in Figure 2) and decays to an acceptable level m 15 minutes.
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Figure 2. Loading and elution profile from the TEVA ScintEx resin (flow-cell E1OTEVAO1),trial W. The
spikeat 3400s is dueto chemicalluminescence.

Table 2. Summaryof TEVA ScintExresults (flow-cellE1OTEVAO1).
Trial # Loading Efficiency(70) Total Recovery (%) Detection Efficiency (%)
1 99.9 99.4 50.6
2 100 101.2 10.4*
3 100 100.3 22.8
4- 100 100.2 6.5
5 100 100.7 0.9
Mean 100 100.4

*Different counting geomet~ for flow-cell
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Trial #

Figure 3. Variation in the absolute detection efficiency for flow-cell E1OTEVAO1as a fiction of the
numberof loadingand ehtion trials conducted. Note: trial #2 had different flow-cell detection
geometry than the other trials.

B. ‘Tc loading in 0.1 M or 2M HN03, elution in 4 M or 8 M HNOS

AnolherTEVA ScintExflow-cell(E1OTEVAO2)was investiga~ but with modifiedloadingand
elutionprocedures. LoadingWC out of 0.1 M HNOSand elutingwith variousamountsand concentrations
of HNOS,the detectionefficiencywas initially -70Y0 and was degraded to 7% within threetrials. Figure 4
showsthe loading(fkom0.1 M HNOJ/elution (with 4 M HNOJ of ~c On/hornthe TEVA ScintExresin
(trial #l). Following three trials of loading WC in 0.1 M HNOS,the loading solution was changed 2 M
HN03. By loadingthe WC in 2 M HN03 the scintillationlight ilom the ScintExresinwas againdetectable
witha detectionefficiencyof 30Y0, which steadily decreased to 8.5% after 8 loading and elution trials (for a
total of 11 for the flow-cell). Figure 5 displays the detection efficiency dependence on the acid strength of
the loading solution. Figure 6 illustrates the difference in the loading and elution profiles for trials #3 and
#4. me loading efficiency was -100% and the total recovery of the WC was -1OOYOfor all 11 trials.
These data are summarized in Table 3. It is worth noting that the chemical luminescence was reduced from
what was observed when loading in 0.1 M HNOsand eluted with 8 M HNOS.
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Figure 4. Loading and elution profile from the TEVA ScintEx resin (flow-cell E1OTEVAO2),trial #1. The
spike beginning at 2500s is due to chemical luminescence. *

Table 3. Summaxy of TEVA ScintEx reads (flow-cdl E1OTEVAO2).

Trial # Loading Efficiency (Yo) Total Recovery (0/0 Detection Efficiency (%)
1* 100 103.8 70.6
2*

3*

4
5
6
7
.8
9
10

100
100
100
100
100
100
100
100
100

103.9
102.2
100.3
102.3
102.4
103.2
102.2
101.9
101.4

16.3
6.6
30.3
25.6
22.0
19.4
18.1
14.5
11.0

11 100 100.2 8,5
100 102.2

Wc loaded in 0.1 M HNOSotherwise loaded in 2 M HNOS. Elution was with either 4 M or 8 M HNOS.
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C. ‘Tc loading in simulated tank matrix

.,’
.

.’ “

A simulatedHLWtank matrix solution was prepared using the “recipe” provided by the Task Order
Representative. The tank simukint matrix contains 12.4 M Na+, 3.0 M NO;, 3.0 M NO~, 4.5 M OH and
1.9 M A13+.One mL of tank simukmt was diluted with 0.25 rnli of DDI HZOand 0.25 mL of the ~c
spike and allowed to age for 24 hours. As prescribed in the Task Order, KMnOAwasadded (1 drop 0.01
M KMnC).Jto slightly color the matrix solution pink. The pinki&pu@e color changed to blue-green
within one hour. The first set of trials was conducted with the matrix solution described above- Figure 7
displays the loading and elution profile of the WC spiked simulated tank solution. After the considerable
chemical luminescence decayed oq the detection efficiency fir the first t.rialwas calculated to be 41%,
which decreased to 9.49’oin the second trial. The flow-cell was removed from the detector and it was
observed that the resin color had changed from white to yellow. Table 4 summarhs tie results of these
trials.

The second set of trials investigate an acidified simulated HLWtank matrix. The spiked matrix
solution was acidified to 2 M HN03, which resulted m formation of a white precipitate. Increasing the
acidity of the solution (greater than 2 M) dissolved the precipitate, but did not allow fix optimum loading
ontothe TEVA column. Oiven s@cient time (-24 hours) the precipitate did dissolve m 2 M.HN03- ‘This
aci@@d HLW waste tank solution which also contained 1 drop of 0.01 M KMnOAresulted in some
chemical luminescence, but was significantly reduced horn the previous trials, see Figure 8. Figure 8
illustrates the kding and ehtion of the TEVA ScintEx under these conditions. Table 5 summmims the
results. The second flow-cell also degraded rapidly. A third attempt at utiking the TEVA ScintEx resin
was pursued with the KMn04 removed from the.solution. ARer one run, the flow-cell was very discolored
and tier tests with &e TEVA ScintEx were not pursued. The results are summarized in Table 6.
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Figure 7. Loading and elution profile from the TEVA ScintEx resin (flow-cell EIOTEVA03). Significant
chemical luminescence is observed. The plateau in the count rate (3000 - 5500s) was used to determine
the detection efficiency.
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TabIe 4. Summary of TEVA ScintEx results with simulated HLW tank matrix withoutacidificationor
KMnOq @OW-C-ellE10TEVA03).

“Trial # Loading Efficiency (%) Total Recovery (Yo) Detection Efficiency (0/0
1 97.3% 89.9% 41.2
2. 99.7% 99.3% 9.4
Mean 98.5 94.6
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Figure8. Loading and elution profile horn the TEVA ScintEx resin (flow-cell E1OTEVAO4). Technetium-
99 is loaded out of the tank matrix solution that was acidified to 2 M HN03. Chemical luminescence is
observ~ but significantly reduced from the previous trials.

Table 5. Summary of TEVA ScintEx results for acidified simulated HLWtank matrix with KMnOg added
(flow-cell E1OTEVAO4).

Trial # Loading Efficiency (Yo) Total Recovery (‘?/0) Detection Efficiency (0/0
1 96.l% 101.4% 43.0
2 86.2% 98.7% 0.0
Mean 91.2 100.1

‘.

Table 6. Summary of TEVA ScintEx results for acidified simulated HLW tank matrix without KMnOA
(flow-cell E1OTEVAO5).

Trial # Loading Efficiency (Yo) Total Recovery (’?/0) Detection Efficiency (Yo)

1 97.9% 99.3% 26.2
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III. TEVA/BC-400 Mixed-Bed F1ow-Cell

Due to the degradation of the TEVA ScintEx resin in 2 M HN03, the composition of the
flow-cell was changed from TEVA ScintEx to a mixed-bed (equal masses) of TWA resin and
BC-400 scintillating plastic bead.

A. ‘Tc loadkg 2 M HC1, elution with 8 M HNOS

A flow-cell (TEVA-BC400-03) was used to investigate the uptake of ~c out of 2 M HCI
as well as characterize the chromatography of the mixed-bed flow-cell. The loading solution was
switched to.2 M HC1in anticipation of radiological interference that would be observed with’~
in fiture tests. The loading and elution prcdle was acquired in a manner similar to that described
for the TEVA ScintEx resin. IXsplayed in Fi~e 9 is the loading and elution profile for these
condkions. Note that the chemical luminescence at the time of the elution (-3200s) is small.
Figure 10 is a pulse height spectrum of the eluted ‘Tc as measured by liquid scintillation (Wallac
1415, liquid scintillation counter).
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Figure’9. Loadingand elutionprofilenom the TEVMBC-400 mixed-bedresin(flow-cellTEVA-BC400-
03). Technetium-99is loadedout of 2 M HC1.

Page 9



0.16111111111111111,1111 111111111111 ~11,1111~

0.12

0.08

0.04

0.00
o 100 200 300 400 500 600 700 800

Channel#

F@ure10.Wallac 1415LSCspectrum ofelutioneffluent fromwTcloadiig trial.

Table 7. Summrnvof TEVA/BC-400mixed-bedresults (flow-cellTEvA-BC400-03\.,- . ,-
Trial # Loading Efficiency (Yo) Total Recovery (%) Detection Efficiency (’%0)

1 99.5 92.0 7.5

B. ‘Sr, 137CSand ‘%% intetierence tests, Loading in 2 M HC1, elution with 8 M HNO~

The potential radio~ogical interference by ‘Sr, 137CS,and’~ was investigated.
Strontium-90 at 1000 times higher concentration than ‘Tc was loaded and eluted from the flow-
cell twice with only minor interference (13gure 11). Five mL of ‘Tc in 2 M HC1(24 Bq mL-l)
was loaded on the mixed-bed flow-cell followed by 2 mL of 2 M HC1wash. Once the count rate
was established, 1 ti of ‘Sr (24,000 Bq mL-l) was pumped through the column followed by
10 mL of 2 M HC1wash. The count rate as again established and determined to be only slightly
higher than prior to the ‘Sr loading. The radioactivity on the flow-cell was eluted with 5 mL of 8
M HNOS of which 1 mL was counted by LSC (Figure 12). By comparison of F@res 10 and 12,
one @ seethe presence of the ‘Sr in the LSC spectrum of the elution effluent. Based on a mass
balance of the ‘Tc, ‘Sr in the eluted eflluent was determined by d@erence. The decontamination
factor for ‘Sr using the above procedure is -1300 based on the total ‘Sr activity loaded. Table 8
summarizes the resuks of these trials.
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Figure 11. Loading and elution profile from the TBVAA3C-400mixed-bed resin (F1ow+4I TEVA-
BC400-03) for ‘Sr interference trial #1. Both qc md ‘Sr are loaded out of 2 M HC1. Strontium-90
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F&ure 12. Wallac 1415 LSC speotrum of elution effluent from ‘Sr interference trial #l. The
spectrum indicates the presence of ‘Tc and ‘nSr.
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Table 8. Summaryof ‘Sr interference results usingTEVMJ3C-400mixed-bedresin (flow-cell TEVA-

..,.

BC400-03).

Trial # ‘Tc Loading Efficiency ‘Tc Total ‘Tc Detection
‘/0 Recove~* (’%0) Efficiency (’XO)

1 99.6 110.5 9.8
2 99.7 115.0 9.3
Mean 99.7 112.8 9.6

*Greaterthan 100°/0is due to residual‘Sr in the flow-cellprior to final elution

Cesium-137 at 3000 times higher concentration than WC was loaded and eluted from the flow-cell
twiw with only minor intm-tkreneeand at 300 times higher concentration three times with minor or no
interference. The 137Cs-interferencetest was pefiormed in a manner similar to the ‘Sr interference test.
One mL of 137CSat 72000 Bq mL-l was loaded and washed from the flow-cell following the loading of ~c
(Figure 13). The radioactivity on the flow-cell was eluted with 5 mL of 8 M HN03 of which 1 ml was
counted by LSC (Figure 14). By comparison of Figures 10 and 14, one can seethe presence of the 137CSin
the elution effluent. Based on a mass balance of the WC, 137CSin the ehited effluent was determined by
dif%rence. The decontamination Factor for *37CSusing the above procedure is -1300 based m-the total
137CSactivity loaded.

Cesium-137 (7200 Bq mL-l) was loaded and eluted in three trials. In two trials, 5 mL of 137CS
(7200 Bq &-’) was loaded and there was a slight elevation in the count rate after the 137CSwas washed
from the flow-cell. Displayed in Figure 15 is the loading and elution profile for the 137CSinterference trial
(#5) when 1 mL (7200’Bq W*) is pumped through the flow-cell. Note the total 137CSactivity passing
through the column is 60 times higher than that of ~c. Table 9 summarizes the results from these trials.

105 k , , I s , I , i , , t I , 1 , , , 1

104

10’

10°

0 1000

‘Tc in 2 M HCI

‘WCS in 2 M HCI

2 M HCI

8 M HNO~

2000 3000 4000 5000 6000

Time (s)
Figure 1,3.Loading and elution profile fi-omthe TEVM13C-400 mixed-bed resin (flow-cell TEVA-BC400-
03) for 137CSintefierence trial #l. Both WC and 137CSare loaded out of 2 M HCI. Cesium-137 was
loaded at 3000 times higher concentration (600 times higher activity) than ~c.

Page 12



..
.., “

0.16

0.00

1 I 1 I I I n 1 I I 1 1 1
‘O’.-<;’’’’’’’’’’’’’’” ““f
●*!

4

Ldlld
o 100 200 300 400 500 600 700 800

Channel #

Figure 14. Waliac 1415 LSC spectrum of elution effluent from 137C5intefierence trial #1. The spectrum
indicates the presenee of ‘Tc and 137CS.The peak at channel 550 is the result of the conversion electron
from *37CS.
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Figure 15. Loading and elution profile from the TEVA/BC-400 mixed-bed resin (flow-cell TEVA-BC400-
03) for 137CSinterference trial #5. Both WC and 137CSare loaded out of 2 M HC1. @sium-137 was loaded
at 300 times higher concentration (60 times h@er activity) than ‘Tc.
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Table 9. Summaryof 137Csintefierence results using TEVM3C-400 mixed-bedresin(flow-cdlTEVA-
BC400-03).

Trial 137CS ‘37CS Yc Loading WC Total WC Detection
# Concentration Volume Efficiency (%) Recoveiy (%) Efficiency (%)

@q InL-’) (mL)
1 72,000 1 99.6 141.8 9.1
2 72,000 1 99.7 180.7 8.5
3 7,200 5 99.7 98.2 11.1
4 7,200 5 99.4 -** 10.4
5 7,200 1 99.8 96.3 13.4
Mean 99.6 10.5

*Greaterthan loOO/Oisdue to residual 137CSin the flow-cellprior to final elution
**Effluentwas not quantified

Plutonium-239 at 2 times (5413q &l, 1 mL) and ‘Sr at 10 times higher concentration
(240 Bq mL-l, 1 mL) than ‘Tc was loaded and eluted from the flow-cell three times without any
intetierence. This interference test was performed in a manner similar to those discussed above.
The elution effluent was collected and analyzed by liquid scintillation. The results of these trials
showed no ‘Sr or ‘k in the elution eilluent (l?@ure 16). Table 10 summarizes these results.

Total recoveries of 137CS,‘Sr and’% were not performed, but are expected to be good
based on the count rate of the flow-cell detection system returning to background levels following
elution.
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Figure 16. Wallac 1415 LSC spectrum of elution effluent from ‘Sr/n9Pu interference trial #l. The
spectrum indicates only the presence of ‘Tc. The presence of either ‘Sr or ‘9Pu is not observed in the
spectrum.
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Table 10. Summaryof ‘Sr/=~u intefierence results using TEVMBC-400mixed-bedresin(flow-cell

Trial # Loading Efficiency (’Mo) Total Recovery (‘%0) Detection Efficiency (’%0)

1 99.8 87.2 10.3
2 99.8 90.6 10.5
3 99.7 96.6 8.8
Mean 99.8 91.5 9.9

C. ‘Tc loading in simulated tank matrix

Due to the rapid degradation of the TEVA ScintEx resin in the simulated tank ma~ the”
TEVA/BC-400 mixed-bed resin was also irivestigated with the simulated tank matrix. A flow-cell
(TEVA-BC400-01) was tested with the acidified (to 2 M HNOS) HLW tank matrix with no
KMnOa added, Figure 17 is a display of the loading and elution profile. Table 11 summarizes the
results.

Another mixed-bed flow-cell (TEVA-BC400-02) was constructed and repeatedly tested.
This flow-cell was successfidly loaded with ‘Tc in the acidified (2 M HNOS) wii.stetank mati
containing excess Mn04- and eluted with 8 M HN03 a tot.@of seven times. Various oxidation
steps were investigated using KMn04 as the oxidant. IfKMnOA is added before acidtication as
specified in the Task Order, the permanganate ior+ Mn04-, is reduced to form manganate, MnOa=,
which is green in color (this condhion was. discussed previously}. For the solution to have a
residual pink hue (indicating excess Mn04-), typically 0.4 mL of 0.1 M KMn04 was added after
0.5 rnL of simulated tank solution was acidified with HN03. Displayed in Figure 18 is an example
of a Ioadmg and elution profile forthe flow-cell. For these trials, 5 mL (24 Bq mL-l ‘Tc) of
acidified simulated tank matrix with excess Mn04” was loaded followed by 2 mL of 2 M HN03 at
a rate of 0.5 mL rnin-l. Elution with 8 M FIN03 (5 mL) results in a rapid return to the background
level. Table 12 summarizes the Ioadmg efficiency, total recovery and detection efficiency of these
seven trials. Displayed in Figure 19 is the absolute detection efficiency as a finction of the
number of trials. The fluctuation in the detection efficiency warrants flu-ther investigation. The
fluctuation in the total recovery is attributed to varying detection efficiency caused by color
quench. The LSC cocktail turned yellow after the effluent sample was added. A proper quench
cuwe should account for the “loss” of ~c.

A TEVA/BC-400 flow-cell was success~y loaded with ‘Tc in acidified (to 2 MHC1)
simulated HLW tank ma- which contained a chemical oxidant. When the HLW tank simulate
was acidtied to 2 M HNOS, a white precipitate (aluminate salts) would form then typically
redissolve in 24 hours. It was discovered that by acidification to 2 M HC1,the precipitate would
quickly redksolve. For these trials the oxidation step was pefiormed by adding 0.05 mL of HZOZ
(30%) in 2 M HCI then heating and mixed in an ultrasonic bath. The flow-cell was loaded and
eluted (with 8 M HNOJ a total of six times. These trials were performed in a manner similar to
previous trials. Table 13 summaries the loading efficiency, total recovery and detection efficiency
for these six trials. Displayed in Figure 19 is the absolute detection efficiency as a fimction of the
number-of trials.
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Figure 17.Loading and elut.ionprofile from the TEVM3C-400 mixed-bed resin (Flow-cell TEVA-
BC400-01). Technetium-99 is loaded out of the tank matrix solution that was acidified to 2M HNOS.
Some chemical luminescence is observed around 3400s.

Table 11. Summaryof TEVA/BC-400mixed-bed(How-cellTEVA-BC400-01)results. Technetium-99
is loadedout of simulatedHLWtank matrix acidifiedto 2 M HNO~..

Trial # Loading Efficiency (’%0) Total R.ecowxy (VO) Detection Efficiency (’XO)
1 98.9 95.1 16.4

,.,
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Figure 18. Loading and elution profile fkomthe TEVA-BC400 (flow41 TEVA-BC400-02), trial #2.
Loading solution is tank matrix acidified to 2 M HN03 wi& residual MnO{.

Table 12. Summary of TEVA-BC400 mixed-bed flow-cell (flow-cell TEVA-BC400-02) results.
Technetium-99 is loaded out of simulated HLW tank matrix acidified to 2 M HhQ.

Trial # Loading Efficiency (‘/0 Total Recovery (%) Detection Efficiency (‘/0
1* 99.6 102.1 6.8
-2* 99.4 111.1 8.7
3* 99.2 101.8 9.0
4 99.3 94.9 5.7
5 99.7 101.3 6.1
6 99.6 113.1 5.2 ,
7 99.2 119.1 6.3
Mean 99-4 106.2 6.8

Tabie 13. Summary of TEVA-BC400 mixed-bed flow-cdl (Now-cell TEVA-BC400-3) results.
Technetium-99 is loaded out of simulated HLWtank matrix acidified to 2 M HCI.

Trial # Loading Efficiency (Yo) Total Recovery (Yo) Detection Efficiency (’XO)
1 99.5 99.2 3.6
2 99.4 100.5 3.0
3 ;, 99.4 101.0 4.9
4 99.1 93.6 3.8
5 98.9 95.0 6.9
6 95.7 104.4 5.7
Mean 98.7 99.0 4.7
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Figure 19. Variation in the absolute deteetion efficiency of flow-cell TEVA-BC400-02 and TEVA-BC400-
03 as a function of the number of loading and ektion trials conducted.

. . ...

IV. Minimum detectable concentration determination

The minimum detectable concentration was determined for the mixed-bed flow-cell deteotor. Prior to
loading WC, the background count rate is established (typically 0.5 eps), which cxmldbe eondueted in a 3
minute period. At a flow rate of 0.5 mL rein-l, loading a 1-rnL sample followed by 2“mlof wash requires a
time period of 6 minutes. If the sample is counted for 3 minutes with an absohd.edetection efficiency of
5Y0, the minimum detectable concentration is 0.00014 pCi/mL, using Curne medmdology. Elution with 3
mL of 8 M HNO~would take another 6 minutes. For a total of 18 minutes of processing time, a minimum
detectable concentration weUbelow 0.005 pCi/mL ean be atileved. Increase in the loading/elution flow
rates and reduction of the counting and elution times are possible, but have not been investigated. Figure
20 is a graph of the minimum detectable concentration as a fimetion of count time for a I-r& sample.
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Figure20. Minimumdetectable concentmtion (MDC) (pCi W*) versus count time for a 1 rnL loaded onto
the mixed-bed flow-cell. The background count rate is 0.5 cps and detection efficiency of 5%.
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