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~ Radionuclide AnhlysisUsing Solid Phase Extraction Disks -

‘ Donna M. Beals, Wanda G Bntt, Jane P B1bler Dorothy Al Brooks |
Savannah Rlver Technology Center
| Westmghouse Savannah vaer'Company |
| o AlkenSC29808
- ABSTRACT |
The use of so]id phase extraction (SPE) disks was studied for the quantiﬁcation of selected:
radronuchdes in aqueous solutions. The extractton of four radtonuchdes using six types (two
) | commermal, four test matenals) of 3M Empore'IM RAD dlSkS Was studled The radlonuchdes studied
| were technetlum-99 (two types of disks), cesmm-137 (two types) strontrum-90 (one type) |
| plutomum-238 (one type) Extractlons were tested from DI water river water and seawater.
Extraction eﬂicrency, kmetlcs (ﬂow rate past the dlsk) capac1ty, and potenttal mterferences were

studied as well as quant,lﬁcatronf methods.

) ]NTRODUCTION
Methods mcorporatxng sohd phase extractlon (SPE) disks for the quantrﬁcatlon of spemﬁc
, ‘radronuchdes were evaluated-as possrble altematrves towet chemical separations from large volumes of :
surface water Momtonng for radronuchdes in surface waters is requlred around nuclear facilities to '
fulfill regulatory comphance and to ensure the pubhc safety However most radlonuchdes are present
in extremely low concentratlons requmng extensrve processmg of Iarge water samples pnor to analy31s ‘

Current enwronmental samplmg and analysxs procedures used at the Savannah Rrver Slte (SRS) a

_ Department of Energy nuclear production facrhty_located in Aiken SC (currently'in standby), require -
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the collection»ol" large volume water samples.‘ Inthe "la_b, samples are often processed byevaporation, o
selective precipitation and ion. exchange c’oncentratlon‘pnor to-chemieal separation in order to achieve '
the required detec‘uon hrmts and specxﬁcrty for reportmg to regulatory agencies. The use of selectrve
SPE disks (3M EmporeTM RAD drsks) was evaluated in terms of ease of samp]e processmg, cost
l eﬁ‘ectlveness and detection lnmt of the analysxs The elements studled were technetrum, cesrum,
strontium and plutomum. : | e
| Emporem.RAD disks area combinatlon of M Empore™ Menmbrane technology and selective : '.
| adsorptron resin technology Empor dlSkS contam chromatographlc partlcles emneshed ina |
network of PTFE fibrils to form a strong porous sheet, or membrane The propertres of the membrane |
are determined by the sorpttve or reactive properties of the chosen partxcle Imtlally membranes were -
prepared contammg hydrophoblc octyl- and octadecyl—bonded sxhca partrcles for reversed-phase v
~ extractions of enwronmental pollutants and used to replace hquld-hquld extractions. Thls technology
was thenexpanded to include membranes'-that'\vere selective for the e)\ctraetionlof 'radionuclldes t_”rom‘ Co
solution.- The testmg of the developed RAD dlSkS is discussed below |
Two commerczally avallable Empore RAD disks as well as four other speclally prepared »
matenals were tested The Sr RAD disk makes use of IBC Advanced Technologres Inc AnaLig™
Molecular Recogmtron Technology such that the Anang adsorbent partxcles in the drsk allow selectrve :
: adsorpnon of strontxum. “The Tc RAD disks contain GD-l‘ -sorb‘ent for the selective adsorptron of -
technetiurn. " Both ofthese are co{mmercially availabl‘e._ o |
| The rernaining'.membranes tested were prepared only for this study 3M icorp prepared a
_ 'membrane contammg the EIChroM Industnes Inc. (Danen IL) TEVA resin, whrch has been Well

charactenzed for the extractlon of technetlum ﬁ'om aqueous solutlon We also evaluated a dlSk for the ‘
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extraction of pluton_ium from solutloné thisdislc had sodium:titanateincorporated in the E'rnp\orem
memb'ranet 3M _Corp. also prepared two typee of SPE disks for the e><tractlon of Cs. One disk
contained th‘e sodium l‘orm of resorcinol-formaldehyde resin; reéorcinol-fonnaldehyde resin has been
-tested and used,at‘ the SRS for the remoyal of Cs ﬁom waste3. The other teet disk for Cs contams 3
potassium cobalty felrocyanide (KCF C) Hexacyanoferrate 'compoundsfhave oftenbeen us“edvfor the

‘ envrromnental analysxs of radrocesrum 3 A complete drscussron of all the test results can be found in
Beals, et al the results of the testmg of the two commercral dlSkS (Tc RAD and Sr RAD) and the test.

Cs RAD disk contammg KCFC are discussed below. |

‘ANALYSIS' METHoDs
- The extractton of technetlum from DI water, ﬁltered and unﬁltered nver water and filtered
seawater was studled Standard solutrons of To-99 were used to spike test solutlons Allquots of
- spiked solutions containing Tc-99 were COunted by liquid scintillation spectrometry to det'errnine :
| »solutlon act1v1ty before and aﬁer passing through the SPE dlSk “For countmg, three mxl]rhters of
| , solutron was placed mto a plastrc llqmd scmtrllatton vial along wrth 19 mllhhters of hquld scmtlllatlon
cocktail; samp]es were counted for 30 minutes usmg an energy window of 4 0-300. O KeV The SPE
dlSkS were counted for adsorbed T&99 by either placmg the diskina llquld scmtrllatlon v1al with 3 mL
of DI water and 19 mL of cocktail, countmg as above, or a]temattvely, the dlsk was placed onatwo
mch stainless steel holder and counted for twenty minutes by gas ﬂow beta proportlonal spectrometry
| Uptake of strontium from solutlon was studied by spxklng DI water or nver water with a
known amount of Sr—90 SPE drsks that had been exposed to test solutlons contammg Sr-90 were

counted by gas flow beta propomonal countlng. »Samples were counted for 20 minutes each.
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| v Solutlons D1 water‘ river\water and seawater) for testing the Cs ~speciﬁc SPE dxsk ‘were spiked with
Cs—l37 “The Cs-137 concentratlon ‘of the solution or dlSk was measured by gamma spectrometry, .
using the 661.6 KeV gamma ray of Cs-137 for calculatron of the sample activity. Although Cs—l37 is -
also a beta emltter the K~40 in the matnx of the KCFC dlsk precludes the use of beta proportlonal

| counting for the detemnnatlon of Cs-13_7 actrvrty._

. RAD DISK CHARACTERIZATION STUDIES
Ic RAD Disk T ests
Imtlal tests showed that greater than 95% of the Tc-99 was removed ﬁom splked one liter

solutlons of DI water, unﬁltered river water or seawater by passmg the solution through the Tc RAD

disk. - The flow rate tested’ 1mtxally was 5 -mL/mmute and later about 30 mL/mlnute The eﬁ'ect of ﬂ0w ‘

rate was evaluated by pumping sprked DI water through the Tc RAD drsk usmg a penstaltxc pump

The 95%+ extractron eﬂlmency was consrstent at ﬂow rates up to 100 mL per minute (Flgure 1) usmg

a solution volume of up to 8 hters Drsk were loaded wrth as much as 5000 pC1 of Tc-99 Iater withup -

to 15 nCi of Tc-99 wrth no apparent breakthrough In a later test two Tc RAD drsks were pIaced n- |
 series. Usmg sprked filtered nver water less than 0. 5% of the Tc-99 was found on the backup disk for "

a sample volume of up to 10 hters pumped at a ﬂow rate of 10 mL/mmute (Table 1)

3M Corp recommends that samples should be ﬁltered pnor to passmg through the Empore

| disks to prevent cloggmg, as the eﬁ'ectrve pore sxze of the disks is about 0. l-0;2 micron. We were -
usually able to pass one liter of unﬁltered river water through the Empore dlSkS or several liters of . |
'ﬁltered water.. The next series of studxes therefore ettammed the effect of pumpmg large volumes of
unﬁltered water through the disks. Unfiltered Tver water was collected ﬁom Steel Creek on the SRS.

Wlth no ﬁltratxon only 1. 2-1 75 liters of i nver water were able to pass through the d1sk pnor to:
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complete pluggmg ‘Using a graded Whatman filter, wrth a-nominal pore size of 10 to l nncron, 2.3-
3.1 lrters of coarsely filtered water was passed through the disk prlor to cloggmg

A study was next desxgned whereby the Steel Creek water was passed through filters of
dlﬂerent pore si sizes prior to passmg through the Empore disk. Gelman Supror filters with pore sizes
0f0.1,0.2, 0. 452and 0.8 micron were used for this test. The unﬁltered creek water vyas first passed |
through a graded Whatman filter, then a Gelman filter, then through the Empor drslc Only 12 hters .

of water were able to pass through the 0. lu Gelman ﬁlter sumlarly to the prevrous test using no

: filtration. Only 2.8 hters of water were able to pass through the 0.2 p dlSk combmatron, and 3.5 liters

of water (the maxnnum tested here) through the 0.45 and 0.8y filters. In all cases the extractlon
eﬂic1ency of Tc—99 from solution was greater than 95% as determmed by liquid scmtﬂlatlon counting of
: the treated solution, The paxtlcle filters and Tc RAD» dlsks were all also counted by liquid scintillation
; spectrometry For the smaller partrcle sizes, 0.1 and 0.2p, approxxmately 55% and 20%, respectrvely,
of the Tc-99 actmty was found on the Gelman paxtlcle filters rather than the Empore dlsle ‘This was
reduced to less than 15% of the Tc-99 on the 0.45 and 0.8t partlcle filters, with the remaining 85%+
on the Empor\ dlsk |
| | Another test completed evaluated the best counting method of the Tc-99 collected onthe Tc
- RAD disk. .The 3M technical data sheet on the' Te RAD disk suggests either gas ﬂoW beta
proportional countmg or hquld scmttllatlon spectrometry are surtable for acttvxty determmatlons
Several disks were prepared by passing spiked DI water or sprked unﬁltered fiver water through Tc

RAD dnsks.y Half of the disks were counted by, beta proportronal co.untmg while the other half were

counted by liquid scintillation spectronietry. The disks counted by liquid scintillation spectrometry
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were not dried pn'or to additioh ot the cocktail; the disks counted by beta proportional spectrometry -
wei’e dried at 70°C for 15 rninutes pn'or to countlng. | o |

-‘ The counting eﬁiciency for the DI water disks by llquid scintillation was 68—76% however the 1
' countmg eﬂicrency of the river water samples by hquld scintillation was only 6-95%. ‘The unﬁltered
river water disks drd have sxgnlﬁcant color due to partlcles removed by the dlsk, poss’bly quenchmg the -
beta countlng eﬂicxeney Al disks, DI or river water counted by beta proportronal countmg averaged
43.643. l% countmg eﬁcrency In a separate study an average countmg eﬁic1ency of 45.0+10. 3% was

‘calculated for DI and unﬁltered nver water samples. The larger error in the second set of data was

due to the spxke actrv1ty bemg less than 4. 5 pCr inall cases, whlch is near the detection limit of the
( detectors. | |

~We next designed a study to loolc at the dlscrlmination of the Tc RAD disk against other beta y |
emitting radionuclides whlch may mterfere in the beta proportlonal countmg of Tc-99 Dexomzed
1water (one hter) was splked with elther 330 pC1 of Cs-137, 1400 pCr of C—l4 or 400 pCi of Sr-90
The water was passed through the TcRAD disk at a ﬂow rate of 30 mL/minute. The dlSkS were then
~ counted by beta proporhonal countmg, any counts above the detector background ‘would be |
attnbutable to the contammant added. The decontammatlon factor for the C-14 and Cs—l37 was
greater than 99.9%. A small number of counts above background were observed for the solutlon
contammg the Sr-90, 1mplymg less than 2% retentron of Sr by the Tc RAD dxsk | |

Another test completed on the Tc RAD drsks evaluated the effect of water volume passed
through the disk versus countmg efﬁcrency A concern was that at higher sample volumes some of the

adsorbed Tc-99 might be embedded further in the disk thereby decreasmg the countmg efﬁclency by

beta proportronal techniques. Sample volumes from 1-10 hters were all sp1ked w1th the same amount
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of Tc-99. The sample solutions were passed through the Tc RAD dlSkS ata ﬂow rate of about 20
mL/mmute After drymg, the drsks were counted by beta proportional countmg As seen in Table 2
the count rate was constant over the various volumes processed mdlcatmg that the T0f99 countmg ) ’4
/efﬁc1ency was not effected by volume of water processed up to ten hters o
87 RAD Disk Tests
The other commercra]ly availableEmpor RAD dlsk evaluated was the SrRAD disk. 3M
| ~Corp recommends pretreatment of the Sr RAD dlSk with methanol and 2M nitric acrd prior to passing
~ the sample through the drsk They also recommend that the sample be acrdiﬁed to 2M with mtnc acid
~ prior to extractlon For sunphﬁed processmg the feambrhty of runmng the sample wrth no
pretreatment of the disk, nor _acrdrﬁcation of the samples, pnor to extractlon, was teSted- Solutions of
DI water;»an'd unﬁltered river Wat_eri tV,e,re spiked with Sr-90; n\o additionall’acid Was added._ -One set,of v
each matiix was passed through theSrRAD drsk Wi‘_th'. no ipretreatment of the disk._ ,The others ,yvere - i
- passed through the Sr RAD disk after treatment with 2 mL of methanol and 20 mL of 2M nitric acid,
_following th‘emanufactures instructions/.’ Aﬁer the solutions had passed through the disk; they yvere all |
treated iden_tically, thh a 20 mL 2 M nitricacid.tvash and drymg at l't)“:’Cfor 1 5 minutes. 'Iv‘he.’count”
rate of the two samples passed through the.untreated disks was S’l‘95 cpmifor the DI water and ’58.70
cpm for the unﬁltered river water, as opposed to-49.20 and 53.90 cpm, respectively, for the treated'
‘, d]SkS The untreated dlSkS gavea slrghtly hi gher count rate than the trwted disks; the drﬁ‘erence
between the DI and river water is not 31gmﬁcant Based on these results the Sr RAD disk was not
pretreated in later studles
~Based on the Tc-99 countmg method expenment drscussed above beta proportional countmg

was also. used for the Sr RAD drsks Therefore it was necessary to determme the decontammation
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| ’factor by the SrRAD disk for other beta ermttmg radionuclides.‘ As-.for the Tc RAD‘:disks above, one
’ liter samples ol‘ DI water were splked,with C-‘l4 (1400 pCi) 'Cs-137 ( l30‘pCi) or T¢.99 (1700 pCi):
l , The solutions were passed through a Sr RAD dlSk and then counted by beta propomonal |
spectrometry The calculated decontammatlon factor for Tc—99 and C-14 was over 99. 98% but only
98.5% for Cs-l37 Iess than 2% of the Cs-137 was retamed by the SrRAD drslc
| . Insome of the early tests wrth the Sr RAD disk unexpectedly low and vanable count rates on
the disk were noted Dlscussmns with 3M Corp techmcal suppoxt mdlcated they had also noted thrs
eﬁ'ect when the disk was not completely dry pnor to countmg ‘Dunng the mrtraltests whrch‘resulted
. inthe Iow count rates the SrRAD drsk was dned at 70°C for 15 mmutes immediately after processmg. |
| Later the oven drymg step was delayed, allowmg the dlSkS to air dryfora few hours before placmg
them in the oven at 70°C for 20 mmutes Aﬁer tlns slight modtﬁcatron the mconsxstent results were no
longer observed | |
* The next test used splked unﬁltered nver water Sample sizes were vaned as shown 1n Table 3,
with all samples recervmg the same amount of Sr—90 sprke The Sr RAD dxsk clogged aﬁer only 700 .
mlL of the one hter solutron had been passed through the drsk, the result in Table 3 has been oorrected
for thrs The two liter sample ﬁmshed ovennght, thus had air pulled through the dlSk for an | |
i undetermlned amount of time pnor to the acid rmse and countlng As shown in Table 3 the count
: rates center’ed around: the expected 55 cpm. The only‘ anornaly isthe two hter sample count rate of 35
cpm. The' four liter sample count rate also seems a bit lower than the other Samples, 'hqwever no_t ,
signiﬁcantly. In a later test,\yariable sample volumes of ‘ﬁltered river water were sprked with VSr-90. :

‘The solutions were passed through two Sr RAD disks in series at 10 r,nL/minute. For up to ﬁveliters




WSRC~ MS -G 4-3680

‘ 'there ‘was no apparent -breakthrough of Sr—90 to the second disk' 1 l% of the S£-9o Was on the second ‘
R _dlsk for the 7.5 hter sample and 20% for the 10 hter sample (Table 1). - |
E CsRAD Disk
The ﬁrst test of the Cs RAD dxsk consrsted of passmg one lrter of spiked DI water or spiked

‘nver water through the Empore drsk ata ﬂow rate of 5 mL/mmute Approxrmately 60 pCi of Cs-
. 137 was added to each solutlon The dlSl(S and the processed ‘water were counted by gamma
spectrometry to determme the uptake efﬁcrency No Cs-137 was detected in either ahquot of the
: processed water. The calculated actxvrty of the drsk whlch had been used to extract the Cs-137 ﬁ'om

the DI water and the river Water was 64+4 pCr and 61:h4 pCr respectrvely, mdlcatmg a quantrtatrve

extraction by the Cs RAD disk under these condxtrons

| The eﬁ‘ect of pH on the uptake eiﬁcrency of the Cs RAD drsk was next; tested F1ve one hter
, So_lutions of river water were splked with 65 pCr of Cs-137. The solutlons were then adjusted toa pH
of 2 4,6,8 orklo\usi.ng nitric acid and sodiurn hydroxide. Thesolutions vtrere then'passed through a- |
Cs RAD dlSl( at a flow rate of 0.5 liter per hour (sllghtly over 8 mL/mmute) As seen in Table 4,
solutron pH had no eﬁ’ect on extractlon eﬁicrency Atest to deterrmne the decontamination factor of
' the Cs RAD drsk agamst some other beta emlttmg radlonuchdes was also performed Carbon—l4 and
| Tc-99 were found to have a decontammatlon factor from Cs-137 of greater than 99.9%. 15-20% of
the Sr-90 contammant was retamed by the CsRAD drsk Thls is not surpnsmg as the KCFC is not as
selective of an absorbent as some of the other absorbents used in the Empore technology |
The eﬂ‘ect,of,sample volume on the extractron el.ﬁcrency was tested by passing various volumes ‘

of 0.45p filtered river water, spiked with Cs§137, through two Cs RAD disks in ser'ies. For sample |
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3 volumes up to ﬁve liters no Cs-137 was detected on the backup dtsk Evenup to 10 hter sample sizes,

only a few percent of the Cs—137 was detected on the backup drsk (Table l)

FUTURE WORK |

Based on these results a study was conducted testmg the applxcablhty of these solid phase
- extractlon drsks for ﬁeld use. An automated ﬁeld sampler was developed to collect and process river
water through the RAD drsks in the field, thereby ehmmatmg the nwd for any chemlcal separatlons to

be performed in the lab. The results of the ﬁeld study are summarized in Beals, et al.7.

'SUMMARY |

»Seyeral solid phase extraction materials made by 3M Corp. yvere' tested for the etttraction'of |
-Sel'ected radionuclides ﬁorn ~aqueous solutions. The TcRAD diSl{ was found to be quantitative' for the
: extractioh of Tc-99 from DI Water n'ver water or vseawater at ﬂotv rates up to 100 mI/rrxinUtes
| Samples ofup to 10 hters were processed through a single drsk, collectmg as much as 15 nCi of Tc-99
w1th less than 1% breakthrough Beta proportronal counting was found to be the preferred method of |
: quanttﬁcatlon due to quenchmg of the s:gnal by color ﬁ'om ﬁltered pamcles when usmg quuld
:scmtlllatxon spectrometry Decontatmnatron from other beta emitting radronuchdes (C-14, Sr—90 and
Cs—l37) was found to be greater than 99 %: except for Sr-90, of which less than 2% was retained by
the Tc RAD drsk | |

. Quantltatlve estractions of Sr-90 yvere accontplish‘ed using the Sr RADdrsk on sarnples ot‘ up
to ﬁveliters, With no pretreatment of the\dislg and without acidification of the sarnple. ' Counting was

~ again by beta proportional spectrometry,,however, the disk must be completely dry prior to counting to

10
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avoid .biasing‘results"low.' Decontarrﬁ.na‘t'ion from other beta\emitti’ngk radionuclides (C-14 Tc—99 and
Cs 137) was found to be greater than 99 9% except for Cs-137 of whxch less than 2% was retamed by
the Sr RAD disk.

. Quantltattve extractions of Cs—137 were also accomphshedﬁ'om aqueous solutions, using a : )
test material containing KCF C. Sample pH and satnpte volume upto 10 liters had little effect on

- extraction efficiency. Tt was found that 15-20% of added Sr-90 was retained by the Cs RAD disk.

- Countmg of the Cs—137 was by gamma spectrometry thus decontammatxon from other beta emttters

was not as 1mportant for the Cs RAD dlSk as for the Tc RAD and Sr RAD disks counted by beta
‘proportlonal countmg. : |

Using the results obtamed during th1s study, laboratory based methods for the analys13 of Tc-
99, Sr-90 and Cs-137 should be 51gtnﬁcantly unproved Typical sample volumes currently used are |
_ | only one hter several liters of sample can be processed through the Empor RAD dtsks enablmg
lower detection limits to be obtamed Current methods of ana]ysxs for Tc-99 and Sr-90 requxre
extensive chermcal separatlon whtch would be ehmmated usmg the SPE techmque Overall these R
RAD disks appear to meet the cntena ot‘ providing faster better and cheaperTesuIts for aqueous

radlochemlcal determmatlons
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Figdr,e 1: Flow ﬁat@ versus T¢-99 Réténtion by EmporevDisk,_
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- Table 1:. Sambie Volume versus Extraction Efficiency of Empore RAD Disks

sample volume : Tc-99 (cpm) o Sr-90 (cpm) - Cs~137 (pCi) '
(liters) firstdisk  second disk % breakthru firstdisk ~ second disk % breakthru - firstdisk  second disk % breakthru
1. - 53929 05 001 8725 0.05 007 58.6 - <06 <1
25 . 78982 07 001 6725 . 020 - 030 56.8 | <04 - <07 -
5 11592.9 02 000.. ~ 4880 . . 105 . 211 63.0 0.4 . 058
75 77558 - 279 0.36 - 4775 . 590 1100 419 12 - 283
10 . 81480 . 262 0.32 4625° 1195 2053 380 - 13 33

Table 2: >T¢-99 Counting Efficiency versus Sample Volume Processed

sample volume  Tc-99 error

(lters) - - (cpm) (1 sigma)

B 1182.1 77 .

2 13199 . 82 N
4 11787 77 ~

. B 1240.0 79
8 12031 77

10 - 1270.0 - 80

Table 3: 'Sr-90 Counting Efficiency versus Sample Volume Processed

sample volume . Sr-890 error

(Iiters) - (cpm) (1.sigma)
005 559 = 17
01 - 588 17
0.25 60.3 17

- 05 . 58.2 1.7 . .

o S 1 65.9 22 .

. S22 381 13

4 92 . 16

Table 4: pH Effect on the Extraction Efficiency of Cs-137 from River Water

Cs-137 - emor

pH pCi) (1 sigma) ~

2 680 . .46 : ) , o : iy
4 553 43 o : , o :

6 75.6 51 : ‘ : ' ‘ '

8 648 47

10 693 47




