Schnellmethoden zur
Bestimmung von Aktiniden
und Sr in Umweltproben
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Extraktionschromatographie
Aktinide und Sr in wassrigen Proben
Schnellmethode zur Bestimmung von Sr-89/90

Aktinide und Sr in Boden-, Nahrungs-, Beton-
und Ziegelproben
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Schnellmethoden

« Stor- und Ereignisfall
— Schnelle Ergebnisse, hoher Probendurchsatz

— Situationseinschatzung, Ergreifen geeigneter
Mal3nahmen

— Meist recht geringe Probemengen und kurze Messzeiten

* Routineanalytik
— Hoherer Probendurchsatz

— Probenvolumen /-masse und Messzeit abhangig von
Nachweisgrenzen
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Extraktionschromatographie

» Organischer Extraktant impragniert auf inertem Trager
— « Supported solvent extraction »

— Verteilung zwischen zwei Phasen
— Schnelle Kinetik — héhere Flussraten

— Hoher Anteil des Extraktanten am Resin
» Hohe Dichte funktioneller Gruppen
* Hohe Kapazitat
» Kleine Saule
* Niedrige Elutions- und Spulvolumina
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Extraktionschromatographie

» Selektivitat ahnlich der Flussig-fllissig Extraktion

— Sehr breite Auswahl unterschiedlicher Extraktanten
» Flissige Kationenaustauscher (z.B. HDEDP)
= Amine und Ammonium Salze (z.B. Aliquat 336)

= Solvatisierende und chelatisierende Extraktanten, hauptsachlich
P=0 Funktionalitaten (z.B. CMPO, TBP, DPPP)

= Kronenether
— Resins gemal’ Trennproblem
— Kombination mehrerer Resins maoglich
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Bestimmung von Sr, Pu, Am und U In
Wasser- und Urinproben
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Aufeinander gesteckte TEVA, TRU und Sr Kartuschen
Trennung in < 6h (Vakuumbox/Kartuschen)

— Flussraten: 1 mL.mint (Laden und Eluieren), 3 mL.mint (Spilen)
Resultat kann in < 8h erhalten werden

— inkl. Messung, « Ereignisfall-Niveau » = einige Bq.L*

1 L Probenvolumen: Wasser (pH 2) oder mineralisierter Urin
Zugabe von internen Standards und Sr-Trager (oder Sr-85)
Ca-Phosphat Mitfallung
Aufnahme in 3M HNO;/ 1M AI(NO,), \ E \ g
Redox (Pu(IV)): Fe(ll) / NaNO, - - :
Laden Uber die drei Kartuschen
Spulen mit 3M HNO,




Calcium

phosphate .+ 1) Redissolve in 8 mL 6M HNO3 and 8 mL 2M AI(N03 ) 3

precipitation

2) Add 0.5 mL 1.5M Sulfamic Acid + 1.25 mL 1.5M Ascorbic Acid
3) Add 2 mL 3.5 M Sodium Nitrite

Vacuum box procedure

Beaker rinse: 3mL 3MHNO03
5mL 3M HNO3 to stacked cartridges

l»il Th Elution
Separate cartridges: _1 20-25 mL
TEVA Resin alone: 10 mL 3M HNO3 9MHCI

Pu (and/or Np) Elution
20mL
0.10M HCI - 0.05M HF - 0.03M TiCI3

Add 0.5 mL 30 wt% H202

2 mL TEVA Resin —
Th(IV), Pu(lV), Np(IlV) —> (50-100 um) Cerium fluoride l
. Alpha spectrometry
uvI), Amlil) — 2 mL TRU-Resin Cerium fluoride
{50-100 um)
[ |
Sr Resin alone: TRU Resin alone:
15 mL SMHNO3 Sr —> 2 mL Sr-Resin Elute Am/Cm with 15 ml 4M HCL/add
10 mL 0.05M strip Sr {50-100 um) 15 ml H20 + 50 ug Ce+ 3 ml HF
|
. Rinse 12 ml 4M HCI-0.2M HF
: »Evaporate/ beta counting Elute U with 15 ml 0.1M NH4HC204

T RISHE M
Scheme: Rapid method for actinides and Sr in aq. And urin samples, Sherrod et al. 2007 INTERNATIONAL



TEVA ResIn

Trialkyl, methylammonium Acid dependency of K' for various ions at 23°C.

nitrate (or chloride) TEVA Resin
1,3*.1,__ - T Ty
:E Pu (V) -i ‘E
\ 10* | E—
N + NO3 or CI- i
AN
3
102
R = CgHqy7 and CqqH31 o L
- U-:'ﬂl/ _
- Extraktant: Aliquat 336® ° |
- TEVA: TEtraValent Actinides ’ / . ﬂ
- Retention von Pu(1V), Th(IV), Np(1V) 0 T 10! 107 e 10!
[HNOg] M [HC M
- Sr, Am(I1l) und U(VI) nicht zurtickgehalten Honwitz, et al. (HP195)

- Th Elution mit 9M HCI
- Np/Pu Co-Elution mit 0.1M HCI / 0.05M HF / 0.03M TiCl; oder Rong§w>,/\‘\
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TRU ResIn

Acid dependency of k' for various ions at 23-25°C.
c h 108
m 10°
Ph CH,
Bu
CMPO

TRU Resin
108
108

108

104

102

10!

- Extraktant;: CMPO /TBP e

Fe (lll)

- TRansUranium elements 101

107

- Retention von Am(II) und U(VI) "l =em=5 " w0z ~tor % 100 o i "
[HNO3] M (HCI) M

- Am Elution mit 4M HCI Honultz, et ol. (HP193)

- Spulen mit 4M HCI / 0.2M HF zur Th Entfernung

- U Elution mit 0,1M Ammonium Oxalat -\/.>.,\0\.
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Sr Resin

Diluent: 1-octanol

Dietz et al. 2004

»  1.0M 4,4'(5")-di-t-butylcyclohexano 18-Krone-6 in 1-Oktanol
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Sr Resin

Figures 2 and 3 Figures 4 and 5
Acid dependency of k' for various ions at 23-25°C. Acid dependency of k' for various ions at 23-25°C.
Sr Resin Sr Resin
!03 E L Illlrj T T TTIT T TTTIN E_l' TIIIIIFI T rrorrmr T 1 ||||||:. 163 3 e e
: i
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: ca(l) | - o~Tammm © [ F
1 —2 | L !I.III 1L ||J||||1 L Lill 1 1 l!III'II 1 |||||||| L L I-Ll-.LL |C-2 1 ljllllll L L IIIIII| L Illllu 1 1 IIIIII L 1 IIIIII 1 L L LLlll
10°€ 101 100 101 102 10! 100 10! 102 101 100 101 102 10 100 10!
[HNQa] M [HNG3] M [HNO3] M [HNO3] M
Horwitz, et al., (HP292) Horwitz (HP199)

» Retention von Sr, Selektivitat fir Sr Gber Ca, Ba, Ra
» Tetravalente Aktinide und Lanthanide von TEVA/TRU zuriickgehalten
» Spulen mit 3M HNO, / 0.05M Oxalsaure nicht notwendig
» Sr Elution mit verd. HNOg, Pb verbleibt auf dem Resin
> Proben mit sehr hohem Pb-210 Uberschuss problematisch ./‘\.,\
@

»Elution mit 2M HCI oder vorherige Pb-210 Abtrennung (z.B. AlX)
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NRIP-2008 Water Analysis Results

Nuclide Avg. Difference Avg. Difference
Reported vs NIST Longer Recounts
Pu-238 13 % 6.3%
Pu-240 - 2.3% -4.5%
Am-241 9.6% 1%
U-238 -0.5% -9.4%
U-234 9.0% -6.7%
Sr-90 -14 % N/A

Actinides: 45 minute count time / Recounts: 2 hour count time

Dauer der Trennung: 3 — 4h
Ausbeuten > 80 - 90% oW Q

S. Maxwell at 2007



The Rapid Determination
of Strontium-89 and
Strontium-90 in
Environmental Samples

Terence O’'Brien®, Lawrence Jassin,

E. Philip Horwitz and Daniel McAlister
Eichrom Technologies and PGRF

Presented at the MARC IX: Conference

Gi(hrom Kailua-Kona, HI

expertise. collaboration. results. M arCh 29! 2012 bt pelle e
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Sr-89/90 Schnellmethode

Wasserproben

Cerenkov Messung (GPZ prinzipiell auch
moglich)

— 5Sr-89

— Y-90 (Ggw. mit Sr-90 angenommen)

Sr Resin / DGA Resin

Ahnliche Methode: Z. Molnar und N. Vajda
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Flow Sheet: Rapid Sr-89 & Sr-90

Preconcentration

Aliquot & Acidify <pH 2

v
Add Sr & Y Carrier/Tracer
and Matrix Spikes

y

Add Calcium Nitrate, Barium Chloride,
Ammonium Phosphate, Phenolphthalein

v

Add Concentrated Ammonium Hydroxide
To dark pink phenolphthalein end point

v
Centrifuge 2000-3000 rpm 5-10 minutes
Pour off supernate
; sl \ Dissolve Precipitate with 8M Nitric Acid
GIChrom and 0.5M Aluminum Nitrate
expertise. collaboration. results DiSpOSG Of quu'd |
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Probenaufgabe: Rinse 8M HNO,

8M HNO, / 0.5M AI(NO,),

c
3
c S
S le— Sr &
73
[
=
O k—— Y =
< 4
3 3
(@)
182
Abfall
[ ] e
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Spdlen:
8MHNO; 1 5 Eution:
3M HNO, / 0.05M Oxalséure 0.05M HNO
8M HNO, ' ’
f=
3
h
1 2
Abfall > Sr Fraktion

Spulen:

8MHNO; 1 »
0.1M HNO; —

3M HCI

E

d

<

O

a)
1

Y Elution:
— 0.5M Essigsaure

oder 0.1M HCI

Y Fraktion

Abfall
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Acid dependency of k' for various ions at 23-25°C.

Sr Resin

Acid dependency of k' for various ions at 23-25°C.

Sr Resin Sr Resin
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g i F 3 : i F Pb (Il
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DGA Resin
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Load/Rinse 8 M HNO, with 0.5M Aluminum Nitrate
Rinse with 0.1M HNO,

i

Distribution coefficients (Kd) of 60 elements on TODGA resinin 4
logarithmic scale as a function of HNO; molarity AL



DGA Resin

LTI 4 ] axcan metais 3 Poor metais ‘_'C—; ———
1';'}‘ 3 [ Akatine earth metals (] Nonmetais B..EH EEJEE 80
it T B Teanstion metais [ Larthanice series e L |
ik 21 [ wese [ Actnide serios ;
- ‘ -0 [0] Ptatinum group Transiticn metals —
Na [ Mg -1 Al Si P
e 02 46 810 i |
I EHEEE HCI concentration 0 v | T
- o (mol L) n
‘ 20 Bl
{ K] . . { |
K| on | T /) <o ‘—H;_‘_jl TS
Xy T an C S =
EEE %—ﬁi { _—7'@'—_-1 (111) 7(“@)
Sl | anuEw | 0 A || Ay | | || || ) ||
[T || / 5 In
TR T VT /Zr < |— TRR ] ‘[ (1) : Sb
|- j*m— vy il 7~ oy —(m) S ~ | v |/ am
3 . Ru__ /\‘,4
=11} i () (f i s
W |l ' || [ Ll | | [ 1]
| s T |7 T oo = e —— 0s " /:“N ' | e %
—t0—|—em— N — /|5 e am-— [ aw ® an \
I | r‘f_-_...“-....l LTINS L ‘ Ll ! HEONE l{\ am
Bzesacsalil| |1 | | I \

NHEE Secondary Rinse with 3M HCL Optionell Spalen mit 8M HCI

~ ~ ~7|
] 2 /[ F& | / / / / / / /
7 —~/~— ~/[-~ EEEEE 7’ Sm - %*h—‘”' ~8d—| 7| oyl Ho— iﬂh o ponm | |1 w4 |/ e pam
111) (1x) (uny [ () () (uy |} aqmy |/ [ (D ()
w17 ca || ARHN | W iraail ARG | AW 4 L] L i
111) (§159) | (m

wBE 7088 Bl 7[*' Distribution coefficients (Kd) of 60 elements on TODGA resin in
‘ i logarithmic scale as a function of HCl molarity

.
expertise, collaboration, results




Yttrium elution from DGA

10000

lo.0o 4

[¥]in ppm

==1M HCI - 27.1 %R
-=—0.5M HCI| - 86.2 %R

0.1M HCI - 90.8 %R

1.00 ?

.10

eichrom™ = s

expertise. collaboration. results

=e=1M ic-84.4 %R
—=0.5M Acetic - 88_._];_?;’2_8.,

wawvw. eichrom.com
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Elutionsstudie

-10 =

Y Separation - normalized

:I.I. SmL :I.H.SI'I'I.EH

%mh

2R 5-I'I1I.EM

3ILEI'I'IL3I'|.I'I :IS.SI'I'I.D,:I.M 255mLoimM AN SII'I.HMI'H 2M: 5 mL 3 MHC
HMO3

1E:SmLOd1m 2E:5mLO1m

Hl

Hd

C. Dirks, 2012
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Aktinide und Sr in Boden-, Nahrung-,
Beton- und Ziegelproben
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Methoden zur Analyse grof3erer Probenmengen anpassbar
Zugabe interner Standards und Sr Trager (oder Sr-85)
Mineralisation im Muffelofen bei 700°C

NaOH Schmelze

Zwei Mitfallungen zur Matrix-Entfernung

— Fe(OH),; / Ca-Phosphat

— LaF; unter reduzierenden Bedingungen (TiCl ; -> U(IV))
Aufnahme in 3M HNO; / 1M AI(NO;);/ 0.25M Borsaure
Redox (Pu(lV)): Fe(ll) / NaNO,
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Probenvorbereitung

1-2g soil sample or 1g concrete or 10g food
Add tracers (Pu242/Pu236, Am243, U232, Sr
carrier). Heat on hot plate

Heat at 700°C for 2 hours In Furmace

; ! g

Wet Ash wath HNOj / H:O3 on Hot Plate

100g food sample
Add tracers
Ash 12h at 550°C

v
! Heat for ~ 10 min. at 600°C in Furnace

L e . = ‘ ____________ I

Fuse in Zr Crucible 15 min. (159 NaOH @ 600°C).
Hydroxide precipitation (5 mg La Carrier, Fe, Ca, PO, TiCl;

v

Lanthanum Fluoride Matrix removal
(1 mg La. Ca, HCL/HF.TiCly)

v

Redissalve in SmL 3M HNO:-0.25M Boric Acid
6mL 7M HNOy, 7mL 2M AI(NO, ),

v

Valence Adj.. 0.5mL 1.5M Sulfamic Acid
1.25mL 1.5M Ascorbic Acid +1mg Fe
TmL 3.5M NaNO»
1.5mL 15.8M HNO,

v

Column Load
Solution

59 soil sample
Add tracers
HNO,-HF Digestion, Heat on hot plate

< _______________ |

S. Maxwell et al. 2011

<1 Tag
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Vakuumbox

Probenaufgabe auf aufeinander gesteckte TEVA, TRU und DGA
Kartuschen -> Retention der Aktinide

Spulen mit 3M HNO,

Trennung der Kartuschen (TEVA und TRU/DGA)
— Th, Pu (Np) Aufreinigung tber TEVA
— Am/U Aufreinigung Uber TRU/DGA

Mikromitfallung

Probenaufgabe-Eluat und erster Spulschritt vereinigt und zur
Trockene eingedampft

Sr Aufreinigung uber 3 mL Sr Resin Saule oder Kartuschen (2 mL
+ 1 mL)

0.\ .
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Trennschema (Sr optional)

S
TEVA + TRU + DGA I
Load 5r Collect Load/Rinsc )
> - —p SrHean
Sohution Add 5wl 3M HNO; beaker rinse. . Saln’s and Evapoce ‘:
10mi 3M HNCycolumn rinse I
Solit Cartridoes .
G = S O S O S O S O ... T
Np(IV) TEVA boa '
! Rinse w 10mL 3M HNO, N - Redissolve with 10mL 8M
Th(IV), | 20mL oM HC1, {Remove Th) »| Rinsew/ 8mL0.1M HNO; I HNO; + 8mL 3M HNO
Remowe U -
Pu(IV) SmL 3M HNOs { ) : i
+ v I Load to 3mL Sr
. Resin Column
Blute Pu w/ 20mL 0. 1M HCH).05M stack TRU+DGA | U(VI), I
(Move all AmdCim te [HGA) 1| Rinces:
| - SmL 8M HNQ; Beaker Rinse
| 10mL 8M HNO; Column Rinse
Am(l) v U(VI) 5mL 3M HNO
. 3
DGA TRU | 0.05M Oxalic Acid
Addlg_:r_an;t:su inse wi Sml 3M HL R w45l AMHoE- | - 10mL 8M HNO;
o2 JmlL 1M HNOs & 159mlL 0.2M HF- 0.002M TiCAs |
0.05M HNO, (Remove La). & SmL 8M HNO, . ¢
I .
Ehute Am/Cm w 10mL Blute Uwf 15mL 1M ) = “53035;\4‘”&:, (1::”‘"
0.25M HCL NH H.C-0, I '
* | \ 4
Add 0.5mL - Evaporate on
20% TiCh | Planchet
k J I l
N Add 50pg Ce 1o 1mL 49% HF Fiter & ]
» count by alpha speciroscopy ‘—— I pGas rFtIOW |
h roportional
< 6 - 8 h | Counting
T = -

S. Maxwell et al. 2011
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DGA ResIn

Extraktant: 0 0
R 0 R
R R

Extractionsggw.:

mit X= NO5™ or CI

» DGA, Normal (N,N,N’,N*-tetra-n-octyldiglycolamid), TODGA = DN
— Hauptsachlich Radioanalytik

» DGA, Branched (N,N,N’,N*-tetrakis-2-ethylhexyldiglycolamide),
TEHDGA = DB ®

- Hauptséachlich Radiopharmazie [ e
(e-"ﬁ)/ .
O TRISKEM
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DGA ResIn

DGA, Normal DGA, Normal
1E+6 1E+6

1E+5 1E+5

1E+4 f/ A 1E+4
1E+3 M 3

/ 1E+2

e /
/u
1E+1 ©Am 1E+1
/ EPu
p AU
®Th <
1E+0 / 1E+0 \ ¢ Am
@, MW Pu
A AU
A ®Th
1E-1 1E-1
1E-2 1E-1 1E+40 1E+1 1E-2 1E-1 1E+0 1E+1
[HNO3] [HCI]

» Sehr hohe K’ fir Am

» Am / U Trennung mit 0,1M HNO;, U eluiert / Am (und Pu/Th) zurlckgehalten
» Am Elution mit verdunnter HCI

» DGA sehr robust gegen Matrix-Interferenzen (Fe(lll), Ti, Ca) .‘\ P

»Im salzsauren erhoht Fe(lll) die Am Retention \/ /‘l\\.

T RISHKEM
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Ergebnisse Referenzproben (MAPEP)

> Gute Ubereinstimmung (Bias 15% < B < -15%)

» Hohe Ausbeuten flr Aktinide, gute Ausbeuten flr Sr

Sample Code Am(%i)eld Pu(g;(i))eld U g:);.e)ld Sr(%//isld
MAPEP-18 soill 96.2+6.33 102.2+10.5 84.0+5.64 60.0+2.8
MAPEP-20 na na na 66.0 +/- 6.0

10g baby food 84.61£7.5 93.5+8.1 77.9£13.1 na
10g apple 93.4£9.1  97.5#12.1 88.9+10.9 na
10g squash 88.5+3.5 97.5+5.9 77.9+13.1 na
MCQEErZZéS 85.3+6.5 89.6x7.9 76.9t4.4 na
MAPEP-18 brick  93.7+2.9 94.7+9.0 88.1+5.4 na

S. Maxwell, 2010/11



Alphaspektren

Pu and Np spectra for concrete sample

50
Pu-238
40
C
o 3
U
N Mp-237 || Pwz3s
T 2 [ ——[ s |
S J
1‘] I“
: . M li. ¥ .
3500 4000 4500 5000 5500 6000 6500

Tracer Yield = 99.8% Count Time = 16 hours FWHM = 28.4 keV

U isotope spectra for concrete sample

N2 EON

80

| U-234
60— | U-238

| U-232 |

40 — —
20 — J —
| J) J f L
0 Al b i L
3500 4000 4500 5000 5500 6000 6500

Tracer Yield =86.2%  Count Time = 16 hours

FWHM = 30.1 keV

Am and Cm spectra for concrete sample

Region type: MANUAL  Tracer ID: am243-444 Tracer FWHM: 43.12%
=

60

B

50

40

Counts
30

20

10

e

5000
Energy (keV)

550 000 GSDE

Alphaspektren, Betonproben, Mikromitfallung

S. Maxwell, 2011
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