WASHINGTON STATE UNIVERSITY

College of Pharmacy and
Pharmaceutical Sciences

£

Measurement and uncertainty challenges in bringing
USTUR'’s decades-old radiochemistry program
into the 2lIst century: Part 1

George Tabatadzet, Daniel J. StromT, Thomas L. Rucker#

fUnited States Transuranium and Uranium Registries
1845 Terminal Drive, Suite 201, Richland, WA 99354
fLeidos, Energy and Environmental Division, P.O. Box 2502
Oak Ridge, TN 37831

65t Radiobioassay and Radiochemical Measurements Conference
TR #6215 22K Atlanta, Georgia, October 31 - November 4, 2022



U.S. AEC 1966 Meeting on Plutonium
Contamination in Man (Rocky Flats Plant)
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National Plutonium Registry: Blue Ribbon
Committee (1968)
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Standing left to right: Carlos E. Newton, Jr., W. Daggett Norwood, H.D. Bruner, Philip A. Fuqua

Seated left to right: Thomas F. Mancuso, J.H. Sterner, Robley D. Evans, Herbert M. Parker \\
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Not photographed: Clarence C. Lushbaugh, Lloyd M. Joshel
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Genealogy of the USTUR

1968

1970

1978

REGISTRIES MANAGEMENT

National Plutonium Registry (NPR) Rocky Flats

Hanford Environmental Health Foundation

I
United States Transuranium Registry (USTR)

Hanford Environmental Health Foundation

United States Uranium Registry (USUR)
Hanford Environmental Health Foundation

ANALYTICAL SUPPORT

Pacific Northwest

Facility Laboratory

Los Alamos
Scientific Laboratory

1992 United States Transuranium and Uranium Registries (USTUR)

College of Pharmacy, Washington State University

1971

1978

1989
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USTUR Mission Statement

* Follow up occupationally-exposed individuals (volunteer
Registrants) by studying the biokinetics (deposition,
translocation, retention, and excretion) and tissue dosimetry of
uranium and transuranium elements, such as plutonium,
americium, curium, and neptunium

» Obtain, analyze, preserve, and make available for future
research, materials from individuals who had documented
Intakes of uranium and transuranium elements

* Apply USTUR data to refine dose assessment methods in
support of reliable epidemiological studies, radiation risk
assessment, and regulatory standards for radiological
protection of workers and the general public
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USTUR Registrants

Individuals with documented history of exposure to the actinides

« Selection criteria: 22 nCi (internal deposition) or 210 rem (external)
* Mainly former nuclear workers from DOE sites

* Voluntary tissue donors (posthumous):

whole- (48) and/or partial-body (317) donations
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Unique Data Resource

* 12 'ﬂ‘ 253 Work history

Medical records

Smoking historyt

Chemical exposure recordst

I

Radiation exposure records
Bioassay measurements

Tissue analysis results (Pu, Am, U)

T - self-reported
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Primary Research: Biokinetic Modeling and
Internal Dosimetry of Actinides

* Testing, improving and parameterizing biokinetic models for

radiological protection Anatomiat RglonsofResirtoy Trc
v Human Respi A
piratory Tract Model (ICRP 130) = P
v Wound Model (NCRP 156)
v Systemic models for U, Pu, Am (ICRP 137 & 141) \M
« Modeling actinide decorporation - L -~

* Evaluating uncertainties in internal radiation
dose assessment
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Principal Study Questions

Maximizing measurement quality and utility
considering limitations

1. Activities
For the radionuclide of concern, what are
the activities in dosimetrically important
organs and tissues?

2. Uncertainties
What is an acceptable uncertainty in
USTUR activity measurements?

The goal is to develop USTUR-Specific Data
Quality Objectives (DQO)
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Limitations

Acceptance limit for registrants (74 Bg uptake)
Limited samples from each registrant

Historical spike of 1/30 Bqg

Use of 2 g of ash maximum in separation process
Counting time

Tissue sample backlog

cost Increasing Increasing

\

: :

Time
Resources

v v

Decreasing Decreasing
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Measurement Quality Objectives

Measurement results and the
combined standard uncertainty of
the measurement results are the
principal products of USTUR's

radiochemistry laboratory MQOs
o - Accurac
Measurand — the quantity intended Precisioz
to be measured . Sensitivity
» True but unknown activity in the - Representativeness
USTUR tissue, organ or other sample . Completeness

USTUR'’s ultimate goal is an acceptable
relative uncertainty in its
measurements.

International Organization for Standardization (ISO). Uncertainty of measurement - part 3: Guide to the expression of
uncertainty in measurement (GUM: 1995). Geneva, Switzerland; Guide 98-3 (2008); 2008.

Joint Committee for Guides in Metrology (JCGM). International vocabulary of metrology — basic and general concepts and
associated terms (VIM). JCGM 200:2012 (JCGM 200:2008 with minor corrections); 2012.
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USTUR Analytical Methods

 USTUR tissue radiochemical analysis protocol

Drying & Digestion & Actinide a-source Actinide
Ashing Dissolution separation preparation mMmeasurement
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Sample Processing & Analytes

 Sample processing

1 Collection \1 Dissection \

* Analytes of interest

Preservation
& Storage

1 Tracking \

238,239, 239+240, 240, 241, 242D |

228,229,230,232THh @ 232,234,235,236,233| |
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Sample Processing: Masses

Mass (tare, gross, and net) measurements are made at several
stages of radiochemical processing

Mdary = Mdri+bkr = Mpkr

Tissue Sample at Tissue Sample at Prepare Tissue Drv Sample
Autopsy (m |:> Dissection (m,;) |:> Sample (M) |:> Y P
@ o g "

Msoln = Mlsoln+bottle = Mpottle Mash = Mlash+bkr = M pbkr

i Disolve/Digest
{ Add Tracers } <:| [ Tak(enf;-\llc;uot } <:| |: |ScS>E\]/renp||§es } { Ash Sample J

Separate Electro-deposit on Count by .
Elements Planchets . a-spectrometry Archive Planchets
s B S| TP @
0 .

PuAm U Th
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Sequence of Events: Radiochemical
Processing

Activity notation is
Aisotope,destination,origin(t)
Green boxes are the

desired measurands.

Dashed red boxes are
measurement results in
an ROI.

Dotted purple boxes
indicate element
fractions (element
planchets).

A* indicates an
“apparent activity”
inferred from countsin a
region-of-interest (ROI)
in alpha spectrometry.

Corrections to A* must
be made to infer values
of desired measurands.

Tracer Reference
Date, 2005-10-20

Date of Sample [ Taking of Aliquot from Acid Solution
Sample Processed Addition of Tracers to Aliquot
Donation,  Into Acid Separation of Elements in Aliquot 2018-05-17
t Solution : Midpoint of Am
D Date/Time, t.,

Counting Dates,

t
tref,AB l l CAm
v
- = |-
»
CAZ,»,AZtr(tref,AS) (V’tr,AE) r == 'A' - === zt- - ; ------ |
— —> .
- AA?),—,AZinAZtr(tref,AS) H. A3, AM,A3INA3tr\*CAm
» _ H 1 ------------------- \
AA],—,Samp(tD) — Xfa|q— ma|q/mso|n : | g AA'I,Am,an(tCAm) :
H |
1
CA],—,ABtr (tref,AB) ( VItr,AZ) 1 A (t ) A !
— = .
- AA],-,A]inA3tr tref,AB) . AlLAM,AlLINA3tr\*CAmMm Al :
1
H | 1
—_— 1 —> AA],Am,AminPZtr(tsep) H > AA'I,Arn,P]inPZtr(tCAm) 1
HERN ]

CP],-,PZtr(tref,Pz) (Vltr,PZ)
= Apr-prinpatr(trerp2)

CPZ,»,P2tr(tref,P2) (V’tr,P2)
= Apopainpatr(Lrerp2)

H 4 . .
> AP],Pu,P]inPZtr(tsep) > Appupinp2erltcpu) ] > Anpupinpzerlingrowth since te,,)
H |

| )
Ap1-sampl(tp) > xfiq > Ap1puaiglteru) g"‘l > Anpuaiglingrowth after tp)
APS,-,samp(tD) > a alg : > AP8,Pu,an(tCPu)
N o e e e e e e e e e e -
_ O 1
AP9O,-,samp(tD) = *Talq : = AP9O,Pu,an(tCPu) 1

tref,PZ
Tracer Reference

Date, 1994-06-07

tCPu
2018-05-03

Midpoint of Pu
Counting Dates

Sequence of Activity Variables (not to scale)

Am H
Fraction i

>
U
(o3}
N -

—————

Pu
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Calculations: MARLAP’s N+1 Counting
Statistics
USTUR a-spectrometry measurements

« Sample count time tc = 150,000 s (~1.75 days)
« Background count time tgz = 300,000 s (~3.5 days)
* 5to 15 background counts typically observed in an RO

v" MARLAP: these are “low numbers of counts”

* For best accuracy and realistic statistics, use N+1 counting stats
formulas (first published by Rainwater & Wu, Nucleonics 1:60-69
1947 and many others since)

Ne+1 Ng+1 Ne+1 Ng+1
Ry = — - Var(Ry) = |— 7 T : 2
s i tg lg




Calculations: Activity

« Activity of isotope X on the element Z-fraction planchet

(&_&) (NS+1_NB+1)
tS tB . RS _ RB . RN tS tB

efx ROVRR Efx,ROIVRR fx,ROVRR xz,alq" 6z ¢fx RO RR

Ay 7.a1(tCz) =

* |f there are no contaminant isotopes present, then the
“apparent activity” is simply the activity: A = A*

» Relative Uncertainty of the activity of isotope X

) Ns+1, Ng+1

u(4y , alg tZ th

ugp (A = = = + u2(¢e) + u? + u?

r(Ax 7,alg) - (Ns 1 N+t 1)2 r(&) +ux(fx ROD + UV RR)
\\\ & tp




Calculations: ?24’Am Activity

 Contribution to the Am fraction

1. 24Am activity in the Am fraction from the aliquot of the dissolved tissue solution;

2. ZAm activity in the Am fraction from 24/Am in the 243Am tracer; and

3. 24Am activity in the Am fraction from the 24'/Am that has grown in from the 24Py
contaminant the 242Pu tracer up until the time of element separation.

AA],Am,a]iq(tGAm)
= Aum—ROLAm, 3sourcest GAm) — AA1,Am A1inA3t CAm) —AA1,Am, A JmPZtr(tsep,Am)

¢ Relative uncertainty of 24/Am activity

w(d g7 Am,aliq) = \/ u2(A 4m—RoLAm, 3sources) + W(A41Am A1inA3er) + W (A A1, Am AlinP2tr)

£




Calculations: 238pu Activity

 Contribution to the Pu fraction

1. 238py activity in the Pu fraction from the aliquot of the dissolved tissue solution;
2. 1Am activity in the Pu fraction that has grown in since separation of elements,
arising from the 2#'Pu contaminant in the 242Pu tracer

3. 24Am activity in the Pu fraction that has grown in since separation of elements,
arising from 24'Pu in the aliguot of the dissolved tissue solution.

A pg Py alig(t ¢.Pw
= Apg1A1-ROLPu 3sourcest CPwW — AA1,PuPLinaligqt P — A41,PuP1inP2u tCPw:

« Relative uncertainty of 238Pu activity

2 1/2

2 ;A%
ur(A pgt41—ROL Py, 3sourcest GPWIA PS8+ AT —ROL Pu 3sources
2 2
u(A pg py aligtpw) = | T¥r(A41,Pu Pinaliq(t ¢ PuIAA1 Py P1inaliq

2
,ﬂfu +ur(A47,Pu,P1inP2et G PUIAA L, Py P1inP2tr
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Calculations: Summary

* Equations Compendium: mass, mass fraction, volume (pipetting),
Isotope ratio, activity, activity concentration, radiochemical recovery
yield and all associated uncertainties

Ay 7z yie(tc,z)
Yyrr(Y) = — - : PP
(-1- Y t\'(_{rr\"r Je TrAes el .l"‘:‘ t1
Minit Msoln 1 m? [u?(m,) u?(my) ‘
Apit = Aplanchet —— —— —  u? (m,/my) = — 2 Ay 7 atiq(te.z) Mooy P P P
i planche mprep maliq yRR a b mg mézl mg AX,Z,SOIIl(tC,Z) = 28 1qY d SO}I] “J‘\"(} H\»'.(} )) - \I\' “h‘(’h ‘/,Hr(l( A )) + “,’-“(("1- ) II'“I'\ Y ))
yRR( ) Maliq
2 2 2
u“(Ayjanch u”(m/m u“(Mggpn/Ma; ) 2
wza, ) = [ Cmancne) | 2 (Pinie/ Morep) | 4% (Mot i) g (A zsoin (t6,2)) = |13 (Ax 2iq (t0,2)) + 12 R (V)
2 m2.. /m2 m2, /m%,
planchet init prep soln aliq
2 A (e
N u? (Yrg) (A Mipic Moo 1 ) Ay z50in(tp) = Ay zs0m(tc,z) e ¥zt up(Ay 7010 (tp)) = ur(Ax 2501 (tc,2))
lanchet SO —
y[Z{R pranene mprep mah'q YRR a ,
Apt,am, atinazer (b am) = Ca1, asr (breg az)e A1 ECAM el Ay, o
2 2( 2 2 2 _
u?(A; ) = 4 (Apancher) I G LY (Mprep) I (msoin) LY (maiiq) w(Aa1am atinastr) = Ur(Aa1 Am Alina3t)AAL Am, AlinA3tr
init A2 mz ) mz mz m2 A
planchet init prep soln aliq Al,Am,PlinP2tr (tC/ Am )
2 2 , A
N u (é}RR) (Aplan(:het Minit  Mgoln 1 ) — CPl,PZtr (tref,PZ)VPZtr ﬁ (e*APl(tsep*tref,PZ) — e*/1,%1(fsep*tref,l’z))e*AAI(fC,Am*fsep)
YRR Mprep Maliq YRR Al P1
2(4 2000 2 2 20 2 U(Cp1,p2er (Lres p2))
W2(A ) = u (zplanchet) u (T;Ilmt) u (T;lpwp) u (T;lsoln) +u (Zlahq) u (ZRR)_ Up (Aa1,Am,P1inr2e (Ec,am)) = Up(Cp1 p2er (Ererp2)) = Co1 o2t (bret p2)
Aplanchet Minit Mprep Mol maliq YRR et

4 (ts) /1000 Aa1,puptinp2er (Ec,pu)
X,-,prep\tD 8 ) a1
= = _ —Ap LPuT bse _ _A, L Pu™ Lse —Ap sep™ Lret, P2
Cx wet(tp) — ( ke ) — CPJ,r’zn-(frer‘_,r’z)Vqum(‘? prlte,pu—tsep) _ p—Aa1lte,pa—t p))e p1 (Esep—Eref,p2)
‘ u(Cp1,p26r (trer,p2))

1000 1 A; en(Ep)u?(m up (Aa1,pu,p1inr2er (Ec,pu)) = Ug (Cp1 poer (trep2)) =
u (CXJwet(tD)) - ( g) J(uz (AX,—,prep(tD)) SR (prep) e o Cp1,p2tr (tret, p2)

2
1 kg Mprep prep

Aa1,py,p1aliq(te,py) = ingrowth of **' Am in Pu fraction from **!Pu
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Calculations: Statistical Criteria

» Critical Value (S'0)

SCX

2
Sl =—22 S, (Nad Y N TS £ P Nt d)S(145
cx =y SexWnditatszrg)=dlg — 1)+ =14 |+ 27— |(Na+d)p {144
S B B B B

« Minimum Detectable Activity (MDA)

2 2
Z1-B “1-B ts
! SC + +Zl— \/ +SC +RBtS(1+ )
SDx SDx X - Py 4 X tp

efx ROIYRR ts€fx ROIYRR tsefx ROIYRR

« Minimum Quantifiable Activity (MQA) - value of a theoretical
measurand activity that can be measured with a specified
statistical precision e.g. MQA(O.1) for uy=10%

)




Routine Measurements at USTUR

The critical value of the net count rate, S, is the smallest count rate

that has only a 5% chance of being due to background noise

 For some applications, these are recorded as “nondetects” or “less-than”
values

« USTUR does not censor its measurement results by changing numbers to
nondetects

USTUR is not determining whether activity is present in autopsy
samples —we know it's there, so it's only a question of how much

USTUR records and reports values less than S along with their
uncertainties

Highly uncertain measurements (rather than nondetects or less-thans)
contain information that can be used for calculating intake and dose
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Thank you for your attention
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