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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
Not photographed: Clarence C. Lushbaugh, Lloyd M. Joshel
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Registrants

Individuals with documented history of exposure to the actinides

Primary exposure: 23°Pu, 23%pPu, 241Am, U__,, HEU, DU (***Cm, 2°’Np, %/Pm)
Criteria: 4 nCi (10% of the then-Maximum Permissible Body Burden of 40 nCi)
Mainly former nuclear workers from DOE sites

* Voluntary tissue donors (posthumous)

JATE BIOKINETIC MODELS

LATE WITH EXPERIMENTAL DATA
} RADIATION PROTECTION STANDA
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Historical Landmarks

First Whole-Body Donation

* Worked with unsealed ?*'Am source for 2 years

« 241Am was detected later in routine urine samples

Contemporary estimate of intake: 8 - 40 kBq
Systemic deposition: 82% skeleton, 6.3% liver; 11% other tissues

In vivo calibration phantoms of skull, torso, arm and leg
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COMPARISON OF TWO LEG PHANTOMS CONTAINING *AM
IN BONE

Gary H. Kramer,* Bay Hauck:* Keyin Capllo* Wemer Rithm," Nabil El-Faramawy,

David Bro

Abstract—Three facilities (CIEMAT, HMGU and HML) have
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* Didier Franck.! Maria Antonia Lopez,
i Francisco Navamo+* Begofa Peres.* and Sergei Tolmachex

* Teresa Navarro,**

for Bioassay and Tn vivo Monitoring (Kramer and Lim-
son Zamora 1994; Daka and Kramer 2009), has collab-
orated with Helmholtz Zentrum Minchen-Deutsches
Forschungszentrum fiir Gesundheit und Umwelt (HMGU)
in Germany and the Centro de Investigaciones Energéticas,

in their activity distril ty
estimate could be quite large f the ommercial ez phantom
¢ USTUR leg
phantom and, Vrea person. s the Inter
phantom was created as a result of a r

deemed Lo be the more represent
actually happen if a person were in
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INTRODUCTION

Te Humax Monitoring Laboratory (HML), which oper-
ates the Canadian National Calibration Reference Centre

* Human Monitoring Laboratory, Ridistion Protcction
775 Bookfield Roud, O a CI Canada; ' Helmholtz
Rescarch Co Cavironmenal
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y (CIEMAT) in Spain to
compare the counting characteristics of the United States
Urenium and Transuranium Registries’ (USTUR) leg ph
tom held at the United States Department of Energy’s
Phantom Library (U.S. DOE 2009) with those of other
ally-available phantoms. The USTUR phantom,
the subject of a complete iealth Physics journal issue
(Breitenstein et al. 1985), has had the *' Am deposited
in bone through a normal metabolic process resulting
in an activity distribution that is representative of what
may be expected in an exposed human male.

Each facility has also previously made measure-
ially-available eg phantom (not
necessarily the same phantom for each facility but all
from the same supplier). The commercially-available
phantom had the * Am artificially distributed in the bone
substitute material unlike the USTUR phantom. All three
facilities use their partial body or lung counters for the
measurement of radioactivity in bone. While each is
based on hyperpure germanium, the details of each
facility are somewhat different. This paper presents the
results of the comparison of the two types of leg
phantoms and shows that the two phantom types
(commercial vs. USTUR) are not similar in their
activity distributions.

comme:

ments on a comm

MATERIALS AND METHODS
Human monitoring laboratory

Lung counter. The detectors used were developed
by ORTEC (Ortec 2010a) using a new front contact
technology. This new technology provides excellent
energy resolution and peak shape at low energies with
large area detectors, which makes them very interesting

e health-physics com

adiaion Measaremenc 82 (2015) 54-75

Cantonts lists available at ScencaDirast
Radiation Measurements

ELSEVIER fournal homepage: www.slsevier.com/locate/radmeas

EURADOS %'Am skull measurement intercomparison @rnuka
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 results obtained show that tis necessary the fabrication of a new phantom.
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Historical Landmarks (ll): The Atomic Man

Largest recorded Am intake !!!

* Explosion of ion-exchange column with ~100 g of *'Am

* Estimated uptake > 40 MBq

A.MJ r‘?i’.r'Jt

* Extensive Ca/Zn-DTPA chelation therapy

* Systemic deposition after treatment - 0.5 MBqg
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DEDICATION
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Genealogy of the Registries

REGISTRIES MANAGEMENT ANALYTICAL SUPPORT

1968 National Plutonium Registry (NPR) Rocky Flats

Hanford Environmental Health Foundation Facility

I
1970 United States Transuranium Registry (USTR)

Hanford Environmental Health Foundation

1978 United States Uranium Registry (USUR)
Hanford Environmental Health Foundation

Los Alamos
Scientific Laboratory

1992 United States Transuranium and Uranium Registries (USTUR)

College of Pharmacy, Washington State University
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Pacific Northwest
Laboratory

1971

1978

1989




Mission

* 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 public

S. Y. Tolmachev at PNNL: Radiochemistry at the USTUR
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USTUR Today

Funded: U.S. Department of Energy, Office of Domestic and International
Health Studies (EHSS-13)

Managed: Washington State University, College of Pharmacy and
Pharmaceutical Sciences (Award: DE-HS0000073)

Operated: Central DOE IRB #WWASU-68-50181

WASHINGTON STATE UNIVERSITY

College of Pharmacy and
Pharmaceutical Sciences
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USTUR Facilities: Off WSU Tri-Cities Campus

WASHINGTON STATE UNIVERSITY

College of Pharmacy and
Pharmaceutical Sciences

Laboratory
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Registrant Statistics

Primary nuclide

239py 306
238p|, 12 ﬁ 12
241 A 5

Uranium (NU, HEU, DU) 49

Age (9

Living
partial-body donors 13 84+14 (53-97)
whole-body donors 3 89+9 (81-100)
Deceased
partial-body donors 319 69+13 (25-100)

whole-body donors 7811 (49-96)
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Unique Data Resource

USTUR data

I

T - self-reported

Work history

Medical records

Smoking history?

Chemical exposure recordst
Radiation exposure records
Bioassay measurements

Tissue analyses results

S. Y. Tolmachev at PNNL: Radiochemistry at the USTUR
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National Human Radiobiology Tissue Repository
(NHRTR) at the USTUR

USTUR research: frozen and acid-
digested tissues (acid solutions)

Radium Dial Workers study: frozen,

plastic-embedded, and dry tissues
NHRTR

materials

Plutonium Injection study: plastic-
embedded bones (1)

T - from Argonne National Laboratory @ ——————>———>—————————————————
T - from Los Alamos National Laboratory
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USTUR Operation and Research: Schematic

Tissue Radiochemical Biokinetic
collection =REWAS modeling

| ettt et lieslieiesfisiiesiesiiestiosiiestintiosfietifinfifieiedifidie 1
= Sample in 40 mL 3M HNO; - TM Al(NO3); 1 Other tissue

N . . . B Tntermediale Rapid Slow
I fbrs
Add 0.75mL 1.5M sulfam|c.a<.:|d +6mL 0.75M ascorbic acid . (;::rr:]\‘l:]ed) rnover (ST1) wnover (STO) turnover (ST2)
Add 2.5 mL 3.5 M sodium nitrite 1

Sample loading (1 mL mipy ~— TTTTTE=TET - _I _____ T_ _t _____ 17"

N
\
/

g

5) Beaker rinse: 2 x 5 mL 3M HNO, -<— ! |
! \ 6) Separate cartridges Mo~~~ - -mmmmmmm--- I 1
7) TEVA rinse: 30 mL 3M HNO, 1 l_| 8) Rinse: 20 mL 9M HCl (Th) |  Skeietost ¥ K '
§ | 1 |
1 1 1
f \ 1 Cortical Cortical Cortical qu 1 14
— 9) Puelution: 20 mL 1 volume surtace marrow || ': :
. 1
0.1M HCL- 0.05M HF —0.04M rongalite . S r3 L :
1 ! ]
l I 1 mLTEVA resin ' ¥ y il i
(50 -100 um) 1 Trabecular Trabecular Trabhecular | _' )
- B---() 1 volume surface MArrow ﬁ : Blood 2 :
Electr ition ! !
L] ] 1 mL TRU resin ectrodepositio 1 T F K !
(50 - 100 pm) l iR ol N 1
| : Kidueys [ 1 Gl Tract
1mL DGA resin Alpha spectrometry M i H ! L lrac
1 1 contents
(50 - 100 pm) 1 Other e, '
| 1 kidney |4 o 1 {q
v . 1 rh L
i Urinary ——==T |
D d(4-8 3 1 4 1
C iscard { ) Urine [« bladder e tlI:f)El{els N Gonads licees
‘."h- content 1 | Blood 1 |~
| Jp————— T
b ,.'l'
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Data for Biokinetic Modeling

Human study

H1: element of interest A1: element of interest

H2: chemical analog

A2: chemical analog

Ragiatio
Val. 79,
Nuclea

(199%)

RELIABILITY OF THE ICRP’s SYSTEMIC BIOKINETIC

MODELS

R. W. Legegeitt, A. Bouviliel and K. F. Eckermant
+0ak Ridge National Laboratory
Building 1060COM. MS6480

on Effests Branch

Animal study

completeness of data unde;

s of differ
mportant r

iection organisations
glected issue of the
internally deposited
National Council on
nents (NCRP) is pre-
f the biokinetic and
in the US to asses

ction (ICRP) is pre-
its models and dose
ublic; and the Com-
rities (CEC) and the

USTUR: H1-type study!

US Nuciear Regulatory Commission (NRC) are prepar-
ing a joint report that summarises independent expert

judgments on uncertainties in the biokinetic, dose, and

risk models used in their probabilistic risk assessment
codes for reactor releases of radienuclides. Tn all of
these efforts, uncertainties in the biojogical behaviour
of elements in humans have been identified as the domi-
nant uncertainties in most estimates of dose from intern-
ally deposited radionuclides.

This paper. which grew out of work done by the
authors as part of these efforts by the NCRP, ICRP, and
CEC-NRC, discusses the sources, quality, and com-
pleteness of data underlying the ICRP’s bickinetic mod-
els and examines the associated uncertainties in those
models as dosimetric tools. After a general discussion
of the relative merits of different sources of biokinetic
data, the data base and associated model uncertainties
are evaluated for selected radionuclides representing
various levels of knowledge of bickinetics in humans.
Attention is focused mainly on the behaviour of radio-
nuchides after their absorplion to blood.

w
oy
o

d and the as: anxared uncenamuc: in those models as dosimetric tools exammed /\fter a

ilying the biokinetic models of the International Cormission

data, the data base and
veve]s of kno‘.vle

TYPES OF INFORMATION USED TO BUILD
BIOKINETIC MODELS

As a rule, a systemic biokinetic model for an element
is based on some combination of observations of the
behaviour of the element in human subjects (H1), the
eiement in other mammaiian species (A1), chemicaily
similar elements in human subjects (H2), and chemi-
caily similar clements in other mammalian specics (A2).
Depending on the degree of biological realism in the
model structure, the four primary types of information
might be supplemented with considerations of mass bal-
ance and basic physiological data (P).

In general, greater confidence can be placed in a biok-
inetic model based on HI data than a model based on
H2, Al, and/or A2 data of equal quality and complete-
ness. For most elements, however, H1 data alone are
not sufficient to develop a meaningful model, due either
to the sparsily of such observations or to limitations in
the data such as the atypical nature of the human study
groups, uncertainly in the level and pattern ol intake of’
the element, or inaccuracy in the measurements. For
such reasons, H1 data must be supplemented or
in many cases by surrogaie data and/or physiological
considerations.

Use of Al data (interspecies extrapolation) is some-
times supported by interspecies comparisons but mere
often relies on the concept of a general biological regu-
larity across mammalian species with regard to cell and
organ strueture and function, biochemistry, and body
temperature regulation. However, the qualitative simi-
larities among mammalian species often do not translate
inlo quantitatively similar bebaviour of radionuclides,
whether or not the data are scaled to account for difter-
ences in body size or metabolic rates. Moreover, there

S. Y. Tolmachev at PNNL: Radiochemistry at the USTUR
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Primary Research: Biokinetic Modeling and
Internal Dosimetry of Actinides

Testing, improving and parameterizing biokinetic models =)

for radiological protection i a— :
* Human Respiratory Tract Model (ICRP 130) o [EBeT
- Wound Model (NCRP 156) LN =
 Systemic models for U, Pu, Am (ICRP 137 and 141) - \\

* Brain dosimetry (NCRP Commentary 31)

NCRP COMMENTARY No. 31 ?
sophagus
0.6
DEVELOPMENTOEKINETICAND | | vecsaissssassisiianniaas \ S R —— '

(

) 1 i
_ car tissue
] I

Courtesy William J Bai

|
ANATOMICAL MODELS FOR BRAIN | Particles in initial state Particles in transformed state |
DOSIMETRY FOR INTERNALLY

DEPOSITED RADIONUCLIDES
01 ¢ —

[}
o !
[} ]
0.001

| il ] (e e

1 Lo 1

| ol : 1 |
1 0.001 ! | 0.001 1
1| LNgy ‘—| BB,eq | ' - scar € =1 -1--| BB’ I | BB,.q |—> LNy | 0
1 1 I [} ]
\ Ao2 | ! 2 4 )
| | I

]

|

I
1
0.001
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1
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| .
0.001 ! .001
(—l bbgeq | I | bb’ | | bbyq %
i
1 0.

1 0.001 10.00003
INT |

X p ]
10 100 1,000 10,000 1 A i '
Time After Injection (d) oy, 1 S -~ =y scar I e Rl 1
L 1 " : | 1
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et I Sp Stﬂ
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‘Backbone’ of the Registries: Tissue Analyses

Drying and Actinide a-source Actinide
ashing separation preparation measurement

WASHINGTON STATE UNIVERSITY

&
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USTUR 350: Sequential Actinide Separation

* Vacuume-assisted extraction chromatography

DOI: 10.1007/510967-007-7120-4

Journal of Radioanalytical and Nuclear Chemistry, Vol. 275, No.3 (2008) 605-612

Rapid column extraction method for actinides and strontium
in fish and other animal tissue samples

S. L. Maxwell 11L,* D. M. Faison
Washington Savannah River Company, Building 735-B, Aiken, SC 29808, USA

(Received June 12, 2007)

The analysis of actinides and radiostrontium in animal tissue samples is very important for e

vironmental monitoring. There is a need to measure

actinide isotopes and strontium with very low detection limits in animal tissuc samples, including fish, deer, hogs, beef and shellfish. A new, rapid

separation method has been developed that allows the of

uraniym, icium, curium and strontium isotopes.

in large animal tissue samples (100 200 g) with high chemical recoveries and effective removal of matrix interferences. This method uses stacked
TEVA Resin®, TRU Resin® and DGA Resin® cartridges from Eichrom Technologies (Darien, L, USA) that allows the rapid scparation of
plutonium (Pu), neptunium (Np), uranium (U), americium (Am), and curium (Cm) using a single multi-stage column combined with alpha-
spectrometry. Strontium is collected on Sr Resin® from Eichrom Technologics (Darien, IL, USA). After acid digestion and furnace heating of the
animal tissue samples, the actinides and ¥*VSr are separated using column extraction chromatography. This method has been shown 1o be effective
over a wide range of animal tissue matrices. Vacuum box cartridge technology with rapid flow rates is used to minimize sample preparation time.

g

ot

Introduction

The analysis of plutonium, neptunium, uranium,
americium, curium and strontium-89/90 at extremely
low levels requires the analysis of large animal tissue
samples. ERIKSON! used a series of coprecipitation steps
after sample ashing to scparatc and measurc actinides
and strontium in animal tissue samples. MELLADO?
described a new method to determine actinides and
strontium in fish samples using UTEVA Resin, TRU
Resin and Sr-Resin. Samples from 5 1o 40 grams were
analyzed with recoveries that were often less than 40%.
The fish reference material IAEA-414 was analyzed
with and without calcination. For the calcinated samples
(5 g of ashes), the recovery values were about 45% for
Pu and about 15% for Am, while the values obtained
without calcination (5 g of dry sample) were 20% for Pu
and 2% for Am. For U, the best recovery value was
obtained for samples without calcination, about 32%,
while for samples with calcination the value was about
19%. The authors noted that Am recoveries seemed to
be very dependent on the sample intake and sample
pretreatment, and that this was likely related to the
relatively low retention of Am on TRU Resin. LEg3
reported  high  chemical recoverics  for  marine
environmental samples using a combination or anion-
exchange and column extraction chromatography,
however, the anion-cxchange work required the usc of
relatively large volumes of acids with evaporation steps
as well as an additional calcium oxalate precipitation
step to preconcentrate americium. Based on a survey of
the literature, there is still a need for a rapid, rugged
column extraction method that provides high tracer

recoveries for actinides and strontium in animal tissue
samples using small extraction chromatography
columns.

As part of a food surveillance program at the
Savannah River Site (SRS) in Aiken, SC, USA,
freshwater and saltwater fish, shellfish, deer and hogs
arc routincly analyzed for radionuclide content. A new
animal tissue method was developed in the SRS
Environmental Laboratory that is simple, effective and
allows the use of small resin cartridges to separate
actinides and strontium isotopes [rom 200 gram lissuc
samples with high tracer recoveries and effective
temoval of interferences. This method was tested over a
wide range of animal tissuc matrices with very good
success. This new method uses stacked TEVA Resin®,
TRU Resin® and DGA Resin® cartridges from Eichrom
Technologies (Darien, IL, USA) that allows the rapid
separation  of  plutonium, neptunium, uranium,
americium and curium using a single multi-stage column
(2 ml resin volumes) to separate actinide isotopes for
alpha-spectrometry. DGA Resin®, which has very
strong retention for americium and curium, is used to
enhance chemical recoveries of those analytes from this
difficult matrix. The DGA Resin has a capacity (k")
Tactor of approximatcly 30,000 in 3M nitric acid, much
higher than americium retention on TRU Resin, which is
approximately 1004

Strontium was collceted (rom the evaporated column
load and rinse solutions, redissolved and separated using
Sr Resin. Three milliliters of Sr Resin was used to
ensure very high recoveries of strontium, but two
milliliters of St Resin probably could probably be used
to minimize costs with a moderate decrease in strontium
yields.

—

« § LU ]

-

B DGA B TRU I TEVA
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USTUR 350: Pu/Am/U Separation

N —

H W
-_— S S S

5) Beakerrinse: 2 x 5 mL 3M HNO;
6) Separate cartridges
7) TEVArinse: 30 mL 3M HNO,

H

1 mLTEVA resin
(50-100 pm)

1 mL TRU resin
(50-100 pm)

1 mL DGA resin
(50-100 pm)

Sample in 40 mL 3M HNO; - TM Al(NO;),

Add 0.75 mL 1.5M sulfamic acid + 6 mL 0.75M ascorbic acid
Add 2.5 mL 3.5 M sodium nitrite

Sample loading (1 mL minT)

A

L]

8) Rinse: 20 mL 9M HCIL (Th)

9) Pu elution: 20 mL
0.1M HCLl-0.05M HF - 0.04M rongalite

-~ --- (6

v
Discard (4 - 8)

S. Y. Tolmachev at PNNL: Radiochemistry at the USTUR
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Electrodeposition

l

Alpha spectrometry
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USTUR 350: Am (Cm) Separation
TRU - DGA cartridges from Step 6

11) Separate cartridges 13) Rinse: 10 mL 0.1M HNO, (U)

10) Am to DGA: 15 mL 4M HCI _l 12) Rinse: 3mL 1M HNO,

l_ 14) Am elution: 10 mL 0.25M HCI

1 mLTRU resin 1 mL DGA resin

50-100 um — 50-100 pm
( H )___“___(11) ( Km)
1 mL DGA resin »
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USTUR 350: Uranium Separation

TRU cartridge from Step 11

15) Rinse: 12 mL 2.0 M HCl-0.2M HF (Th)
16) U elution: 15 mL 0.1M ammonium bioxalate

M ae
!

Discard (15) Electrodeposition
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USTUR 520: Electrodeposition

Phoenix® EP-12 Series electrodeposition unit

Journal of Radioanalytical and Nuclear Chemistry, Vol. 234, Nos 1-(1998) 213-218

Optimization and characterization of a sulfate based electrodeposition method
for alpha-spectroscopy of actinide elements using chemometric analysis

S. E. Glover,** R, H. Filby,** S, B. Clark,** S. P. Grytdal*

* Nuclear Radiation Center, ington State University, Pullman, WA 99164-1300, USA
*¥ Department of Chemistry, Washington State University, Pullman, WA 99164-4630,USA

(Received Februoary 5, 1998)

Alphz ic using Si is the standard method for the determination of alpha emitting actinide elements. This
method requires the preparation of sources for analysis which do not degrade the encrgy spectrum of the emitted alpha particles via sample self-
absorption. A variety of methods for the electradeposition of actinides have been reported in the literature, many of which require long deposition
times and lack reproducibility. A sulfate based method has been evaluated for the preparation of these sources using chemometric analysis to
optimize the method and evaluate several variables and their interactions with the goal to achieve high yield source preparation in 1 hour or less.
Typical resolution for this method is 30 keV or less with recoveries approaching unity.

In-house electrolytic cell

Na,SO, electrolyte solution
1 hr electrodeposition @ 0.75 A
a-source: J=5/8" stainless steel disk (planchet)

DOI: 10.1007/s10967-008-0514-0 Jowrnal of Radioanalytical and Nuclear Chemistry. Vol. 276, No.2 (2008) 369-373

A robust, field-deployable method for the electrodeposition of actinides

A. Plionis,!* D. Haas,! S. Landsberger,! G. Brooks?

7 University of Texas at Austin, Nuclear Engineering Teaching Lab, Pickle Research Campus, R-9000, Austin, Texas, 78712, USA
2 Los Alamos National Laboratory, Los Alamos, NM, US4

{Received March 2, 2007)

Several methods for the clectrodeposition of actinides for alpha-spectrometry analysis have been developed over the past few decades, but none
have been specifically designed to facilifate rapid analysis in a field situation, This paper describes the development of an electrodeposition
procedure that is specifically adapted for usc in a mobile lab. Using thesc techniques one would be able to obtain preliminary results in the event of
a radiological incident. Quantitative yields with associated uncertainties have been determined for the procedure. It has also been shown that short
deposition times can provide quantifative resulis,
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USTUR 600: Alpha-Spectrometry

* ORTEC: Ensemble (4) and Octéte PC (3) systems
* Detector: ENS-U450 (56)
e Calibration: E&Z Analytics (1); USTUR in-house (8)
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* Background count time: 300,000 s
« Sample counttime: 150,000 s
* Detection limit: 0.03 Bq (130 fg 23°Pu; 2.4 fg 41Am)
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Data Quality Objectives Document

* Addresses the sample collection and data analysis needs in support of
the USTUR mission
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239+290py activity concentration (Bq kg”)

239Py Activity Concentrations in Human Tissues

100000
10000
1000
100
10

1

0.1
0.0
0.001
0.0001
10°

______ —O— LNTH (n =294) —@— Skeleton (n = 283)
—O—Lung (n =314) —®— Heart (n =94)

"""" —O— Liver (n =311)

—®— Brain (n = 93)

(
(&

(
i ‘«gmm"‘ @@
«W*“&@(Q

i« “‘&&t@&&(&& E
o

\(
(@

@
«k\@(&(@(((((@

R ((\\=

(

(@ ((((
U

@G
L@

USTUR® August 2024

S

10

20 30

50

Percentile

S. Y. Tolmachev at PNNL: Radiochemistry at the USTUR

70 80 90 95

99




WASHINGTON STATE UNIVERSITY
239+290py concentration (ug kg™')

Sz

239Pu Mass Concentrations in Human Tissues

—
o
—
T ||||rrI'|_I_I'I'I'I1T'

—O— Lung (n=314)  —®— Heart (n=94)

E . .
: = —O— Liver (n=311) —®— Brain (n=93)
10T Lo OO - s
: «
C ((((&‘(((t((('%:& C
i (&=
:E (((N«%&&K««&&k ......... ............... /.
- i il &
-3 F ,. ,m@a«@g&@@ 5 o -
1 0 E R g&@@& """"" i R P v i
L OO G

[ T ||||I'I'I'! T ||||I'I'I'|

—
o
~N
T ||||I'I'I'|

. USTUR® December 2024
10 i |
5 10 20 30 50 70 80 90 95 99

Percentile

T ||||rI'I'|

—
—

S. Y. Tolmachev at PNNL: Radiochemistry at the USTUR



Sz

Model Prediction vs Measurements

ICRP human respiratory tract, human alimentary tract and systemic models:

10,000 ‘
¢ Wholebody ™ Liver Annals of the ICRP
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At Well predict respiratory tract and skeleton, underestimate liver, and overestimate whole body 45/
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Needs for Advance Analytical Techniques

Low intakes and isotopic composition: 23°Pu and 23°Pu /24°Pu

Minor actinides: 2°’Np (T,,,=2.144x10% y) and 244Cm (T,,,=18.1y)
Short-lived B-emitters: 4'Pu (T,,,=14.35y) and '*’Pm (T,,,=2.623 y)
Non-radioactive metal analyses: Be and Zr

Analyses of keratinoid materials: hair and nails

Radionuclide distribution in individual organs: lungs, brain, heart, etc

Uranium isotopic composition: Depleted, 11%

Natural, 19% N

~~

\Unk\nown, 16%

\ Enriched, 31% D
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Np and Cm Biokinetic Modeling
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Beryllium Biokinetic Modeling

ANNALS OF THE

PUBLICATION 151

Occupational Intakes of
Radionuclides: Part 5

Urine
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Beryllium in Human Body: Single Case Analysis

* Self-reported exposure duration: 6y
 Estimated total °Be content in whole body: 46.3 = 0.2 pug

Brain

0.258 + 0.002 pg (0.56%)

Liver
11.3+0.2 ug (24.5%

Muscle
1.65 +0.09 pg (3.6%)

Pancreas

0.0073 = 0.0002 pg (0.02%)

Other soft tissues
0.328 £0.002 Bg
(0.71%)

Testes
0.0018 = 0.0004 pg (0.004%)

Thoracic lymph nodes
0.94+ 0.01 pg (2.0%)

Lungs
3.26 £0.01 pg (7.1%)

Spleen
0.025 +0.001 pg (0.05%)

Skeleton -
28.2+0.1 g (61.0%)

Fat

S. Y. Tolmachev at PNNL: Radiochemistry at the USTUR
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Actinides in Keratinoid Materials
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A multi-collector ICP-MS method for quantification of plutonium, uranium, e
and americium in hair and nails of occupationally or medically
exposed individuals

D.L. Arbova®"®, S.Y. Tolmachev ¢, J.D. Brockman >%’

* Pacific Northwest National Laboratory, Richland, WA 99354, United States
Department of Chemistry, University of Missouri, Columbia, MO 65211, United States
€ United States Transuranium and Uranium Registries, College of Pharmacy and Pharmaceutical Sciences, Washington Siate University, Richland, WA 99354, United
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4 Research Reactor, University of Missouri, Columbia, MO 65211, United Siates

ABSTRACT

The 2Py, *8U, and 2*'Am concentrations and 2**Pu/?**pu, 35U,2*8U, and 2**U/**®U atom ratios were measured in the hair and nail samples using a new method
utilized TEVA, UTEVA, and DGA extraction chromatography and multi-collector ICP-MS. Samples were collected from individuals who donated their bodies to the
United States Transuranium and Uranium Registries. The concentration of ***Pu ranged from 0.22 to 15.8 ng/kg. The 2"°Pu/%Py isotopic ratios ranged from 0.026
t0 0.127 which is consistent with weapons-grade plutonium, Concentration of uranium fell between 1.84 pg/kg and 29.5 pg/kg and 2*>U/%%8U ratios ranged from 4.8

%1077 t0 7.6 x 107>, Elevated *°U/**u

atom ratios were measured in two cases and ranged from 5.0 x 10™® — 2.4 x 1073 indicating exposure to spent or

reprocessed uranium material. The concentration of *!Am was measured in four hair samples and ranged from 0.02 to 0.21 ng/kg.

1. Introduction

In workplaces where exposure to uranium, plutonium, and ameri-

samples reflect blood levels at the time the keratin was synthesized.
Hair and nails samples may be useful for determining actinide
exposure following an accident, a nuclear detonation, or in the case of

cium oceurs, health physics surveillance programs are used to
a workers internal dose [1]. Workplace exposure can occur though
inhalation, wound, or ingestion. Following intake, the actinides are
absorbed into the blood and distributed to organs. Radionuclide excre-
tion occurs though through urine, feces, and perspiration as well as hair
and nail growth. Element-specific biokinetic models relate the organ
distribution of a radionuclide to the levels in urine or feces for radiation
dose estimation. The International Commission on Radiological Pro-
tection (ICRP) has published biokinetic models for uranium, plutonium,
and americium [2].

Hair and nail are keratinous materials that could be an alternative
biomonitor for actinide exposure outside of workplace exposure moni-
toring. Urine and fecal samples are sensitive to recent actinide exposure.
The hair follicles and the nailbed both have a blood supply and actinide
levels in hair and nail could therefore reflect blood levels at the time of
keratin growth [3,4]. The distal portion of a fingernails and toenails was
formed 3-12 months prior to collection [5,6]. Hair collected at the scalp
represents exposure during the last month, since hair grows approxi-
mately 1 em per month [6,7]. Actinides measured in hair and nail

uranium, exposure. Tt may be difficult to collect urine or
fecal samples from a large population close to the time of the accident.
Hair and nail have the advantage that they are simple to collect and store
and are sensitive to past exposure. For example, in epidemiology studies
nail samples have been collected by participants at home and mailed to
the study center [5].

Several studies have examined the relationship between heavy metal
levels in keratinous materials and intake. For example, toenail cadmium
levels were correlated to cigarette smoking, a major source of exposure
[8]. Toenail arsenic levels were correlated with arsenic levels in drinlk-
ing water and diet [9,10]. Toenail lead levels were correlated to blood
levels, although the toenail lead is reported to be more variable than
blood [11,12]. Karpas et al., demonstrated that toenail and hair uranium
levels are correlated to uranium levels in drinking water [13-16].
Brockman et al., reported that **°U/%*U and 2U/?®U anthropogenic
atom ratios in hair and nail samples collected from current nuclear
workers who self-reported exposure to enriched or depleted uranium
[71.

There are a few studies that report plutonium levels in hair and nail

* Corresponding author. Department of Chemistry, University of Missouri, Columbia, MO 65211, United States.

E-mail address: brockmanjd@missouri.edu (J.D. Brockman).

https://doi.org/10.1016/j.talanta.2023.125607

Received 3 September 2023; Received in revised form 12 December 2023; Accepted 27 December 2023

Available online 28 December 2023
0039-9140/© 2023 Published by Elsevier B.V.

Li et al. Acompartmental model of U in human hair for protracted ingestion
of natural uranium in drinking water. Health Phys. 96(6): 636-645; 2009
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Radium Distribution in Brain

* 226Ra activity in brain: 5.7 £ 0.2 Bq

#® ROYAL SOCIETY
- OF CHEMISTRY

) Check for updates Quadrupole and multi-collector ICP-MS analysis of
226Ra in brain from a radium dial painter

Cite this: J. Anal. At Spectrom, 2022,
1369

D. L. Arbova,® S. Y. Tolmachev ®® and J. D. Brockman ©®*>

Two ICP-MS methods were developed to measure the radiotoxic isotope **Ra in brain tissue:
a radium dial painter worker. The first method was a direct analysis of acid digested sample;
quadrupole ICP-MS. The instrumental LOD of 2*°Ra was 0.1 ng kg™, Polyatomic interferenced
226 were investigated and Pb was identified from a polyatomic interferent in an in-house
prepared from bovine brain, with a 226/208 formation ratio of 4 x 10~%. The quadrupole I
method was also used to measure levels of beryllium, strontium, and uranium. A second methg
developed that included cation-exchange chromatography to separate ***Ra followed by an;
sector field MC-ICP-MS. The instrumental LOD for the cation exchange method with
detection was 0.5 pg kg * (19 mBq kg ). The measured concentrations of **Ra in di
regions ranged from 0.09-0.72 ng kg~* (3.3-27 Bq kg™*) and radium was non-uniformly di

23 o
sarcoma. In one case study, a patient treated for osteosarcoma

Received 11th November 2021
Accepted 18th May 2022

DOI: 10.1039/d1ja00393¢

rsclifjaas the brain.

Introduction

Radium is a radioactive alkaline earth metal produced through
the natural radioactive decay chains. Among the radium
isotopes, **°Ra has the longest half-life of 1600 + 7 years.! The
226Ra decay chain produces 4 alpha particles and 4 beta parti-
cles before terminating at ’°Pb. Internal exposure to **°Ra and
its progeny are a human health concern due to effects of high
linear energy transfer (LET) ionizing radiation.* Human expo-
sure to radium oceurs through consumption of food and water.
he concentration of *°Ra in natural waters ranges from 0.1
pg L™ (0.5-20 mBq L™').* Combustion of coal releases
°Ra with concentrations in fly ash ranging from 1.21-65.6 ng
kg™ (44.3-2400 Bq kg™*).* Plants uptake **Ra through root and
foliar processes.* Animals are exposed through ingestion of
food and water.*

The health effects of **°Ra exposure have been studied using
data from the United States Radium Dial Workers cohort.” The

and head carcinomas of the mastoid and paranasal sin
watch dial painter's studies were used in the developn
a radium biokinetic model published by the Internath
Commission on Radiological Protection (ICRP).”

223RaCl, is currently being used for the treatment of oste

with 2*RaCl, was observed to have shrunken metastasis in the
cerebellum brain region.” This observation suggests that
radium could be transported across the intact blood-brain
barrier (BBB), potentially by calcium transporters.*4 Although
in this case it is unclear if the BBB integrity was compromised
by cerebellar metastases o radiation damage. Adverse neuro-
logical effects associated with exposure to ***Ra and other high
LET emitters are currently under investigation in the Million
Person Study (MPS)."* The neurological effects of high-LET
radiation is also of interest for estimating risk associated with
exposure to high-LET galactic cosmic radiation (GCR) during
manned space flights.**” Direct measurement of **Ra in
tissue samples from the watch dial painter cohort

watch dial painters, who were i women, applied
a luminescent mixture of **°RasO, and Zn$ onto watch dials
and other instruments. Prior to 1926, it was common practice
for the dial painters to “tip” or “point” the paintbrush using
their lips leading to ingestion of radium.® The ingested *°Ra
primarily accumulated in bone and the watch dial painters had
an increased risk of developing osteomyelitis, osteosarcomas,

“Department of Chemistry, University of Missouri, Columbia, MO 65211, USA. E-mail
brockmanjd@missouri.edu

*United tates Transuranium and Uranium Registries, College of Pharmacy and
Pharmacetical Sciences, Washington State University, Richland, WA 99354, USA

“Research Reactor, University of Missouri, Columbia, MO 65211, USA

This journal is © The Royal Society of Chernistry 2022

would provide additional evidence that radium can cross the
blood-brain barrier and provide data for development of
a radium biokinetic model with a brain compartment.

220Ra can be measured by radiometric and mass spectrom-
etry methods.” Radiometric techniques include alpha spec-
troscopy, liquid scintillation counting, and emanation
counting. Alpha spectroscopy requires a thin, plated source of
226Ra to minimize self-absorption and 48 hour count times. An
alpha spectroscopy method that used cation exchange chro-
matography with selective complex formation followed by
electrodeposition reported detection **Ra detection limits of
0.014 pg L™" (0.5 mBq L") in urine samples and 0.014 pg (mBq)

J Anal. At. Spectrom, 2022, 37,1369-1376 | 1369

Corpus callosum

6.2+ 0.4 mBq

kg™

Cerebrum white matter

26 + 1 mBq kg

Cerebrum grey matter

6.8 + 0.2 mBq kg

Cerebellum

Brainstem

4.

8 £0.1 mBq kg

3.3+0.1 mBq kg

S. Y. Tolmachev at PNNL: Radiochemistry at the USTUR
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Beryllium Distribution in Brain

* 9Be content in brain: 0.27 £ 0.01 pg
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226Ra in brain from a radium dial painter
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a radium dial painter worker. The first method was a direct analysis of acid digested 53
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quadrupole ICP-MS. The instrumental LOD of 2°Ra was 0.1 ng kg™, Polyatomic interferd

226 were investigated and Pb was identified from a polyatomic interferent in an in-ho

prepared from bovine brain, with a 226/208 formation ratio of 4 x 10~%. The quadrupg

method was also sed to measure levels of berylium, strontium, and uranium. A seco
developed that included cation-exchange chromatography to separate ***Ra followed,
sector field MC-ICP-MS. The instrumental LOD for the cation exchange method
detection was 0.5 pg kg~* (19 mBq kg™*). The measured concentrations of #**Ra i
regions ranged from 0.09-0.72 ng kg~* (3.3-27 Bq kg™*) and radium was non-uniforr

Received 11th November 2021
Accepted 18th May 2022

DOL: 10.1039/d1ja00393¢

rsclifjaas the brain

Introduction

Radium is a radioactive alkaline earth metal produced through
the natural radioactive decay chains. Among the radium
isotopes, **°Ra has the longest half-life of 1600 + 7 years.! The
226Ra decay chain produces 4 alpha particles and 4 beta parti-
cles before terminating at ’°Pb. Internal exposure to **°Ra and
its progeny are a human health concern due to effects of high
linear energy transfer (LET) ionizing radiation.? Human expo-
sure to radium oceurs through consumption of food and water.
The concentration of *°Ra in natural waters ranges from 0.1
pg L™ (0.5-20 mBq L™').* Combustion of coal releases
'Ra with concentrations in fly ash ranging from 1.21-65.6 ng
kg™ (44.3-2400 Bq kg™*).* Plants uptake **Ra through root and
foliar processes.* Animals are exposed through ingestion of
food and water.*

The health effects of **°Ra exposure have been studied using
data from the United States Radium Dial Workers cohort.” The

and head carcinomas of the mastoid and paranasal
watch dial painter's studies were used in the develo
a radium biokinetic model published by the Intern:
Commission on Radiological Protection (ICRP).”

223RaCl, is currently being used for the treatment of osteo~
sarcoma. In one case study, a patient treated for osteosarcoma
with ***RaCl, was observed to have shrunken metastasis in the
cerebellum brain region." This observation suggests that
radium could be transported across the intact blood-brain
barrier (BBB), potentially by calcium transporters. ' Although
in this case it is unclear if the BBB integrity was compromised
by cerebellar metastases or radiation damage. Adverse neuro-
logical effects associated with exposure to 2*Ra and other high
LET emitters are currently under investigation in the Million
Person Study (MPS)."* The neurological effects of high-LET
radiation is also of interest for estimating risk associated with
exposure to high-LET galactic cosmic radiation (GCR) during
manned space flights.'*"” Direct measurement of ***Ra in
tissue samples from the watch dial painter cohort

watch dial painters, who were i women, applied
a luminescent mixture of **°RaSO, and Zn$ onto watch dials
and other instruments. Prior to 1926, it was common practice
for the dial painters to “tip” or “point” the paintbrush using
their lips leading to ingestion of radium.® The ingested *°Ra
primarily accumulated in bone and the watch dial painters had
an increased risk of developing osteomyelitis, osteosarcomas,

“Department of Chemistry, University of Missouri, Columbia, MO 65211, USA. F-mail:
brockmanjd@missouri.edu

*United tates Transuranium and Uranium Registries, College of Pharmacy and
Pharmacetical Sciences, Washington State University, Richland, WA 99354, USA
“Research Reactor, University of Missouri, Columbia, MO 65211, USA

This journal is © The Royal Society of Chemistry 2022

would provide additional evidence that radium can cross the
blood-brain barrier and provide data for development of
a radium biokinetic model with a brain compartment.

220Ra can be measured by radiometric and mass spectrom-
etry methods.” Radiometric techniques include alpha spec-
troscopy, liquid scintillation counting, and emanation
counting. Alpha spectroscopy requires a thin, plated source of
226Ra to minimize self-absorption and 48 hour count times. An
alpha spectroscopy method that used cation exchange chro-
matography with selective complex formation followed by
electrodeposition reported detection **Ra detection limits of
0.014 pg L™" (0.5 mBq L") in urine samples and 0.014 pg (mBq)

J Anal. At. Spectrom, 2022, 37,1369-1376 | 1369

Corpus callosum

0.81 +0.06 pg

kg™

Cerebrum white matter

0.54 £ 0.04 pg kg™

Cerebrum grey matter

0.73+0.05 pg kg™

Cerebellum

Brainstem

0.46 £ 0.04 pg kg™

0.50 % 0.05 pg kg’
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239Py and #%°Ra Distribution in Human Heart

ATHOAIT
J. Radiol. Prot. 39 (2019) 950 D Borrego ei af R@S’h &‘%\ The
ﬁffcl @ National Council on Radiation ‘f@y Moll.
% ®eesrs Protection and Measurements 0 ' 'on
— R g 0 Person Study

COFOnary artery
Lt atrium

Lt anterior
descending artery

= ¢ Systemic Pu (n=7): <2 -33 nCi

Rt coronary
artery

* Ra uptake (n=2): <0.004, 272.7 pCi

Rt ventricle

Figure 1. 3D rendering of the detailed cardiac model for male patients developed from
contrasted CT images with 9 substructures delineated.
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235U/Z38U atom ratio

Binary mixture: f=
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Occupational Uranium in Human Tissues
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Drug Discovery and
Delivery

(Nanomedicine, Medicinal
Chemistry)

Faculty Research Interests

Translational
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Molecular
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Cancer Biology

(Telomerase repression,
tumor-stromal interactions,
environmental carcinogens)
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For more information on collaborations
and research reach out to:

Salah Ahmed

Associate Dean of Research &
Graduate Education

Professor, Pharmaceutical Sciences
salah.ahmed@wsu.edu
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PhD in Pharmaceutical Sciences and Molecular Medicine

Admission Requirements

* Bachelor’s degree or equivalent
* GPA of 3.0 or higher (out of 4.0)
* 3 letters of recommendation

e Statement of Purpose which should include:
= Professional goals
= Why they are interested in attending our program
= A description of their research experience, if any.
= |nclude the names of our faculty members whose research interests them
= Note: this is broken out in the application

* Transcripts
= Unofficial transcriptis acceptable for application review process.
= |f attended WSU, transcripts not needed
* International students: must meet Graduate School’s

minimum English language proficiency (see website)
https://gradschool.wsu.edu/international-requirements/

https://gradschool.wsu.edu/degrees/doctor-of-philosophy-

pharmaceutical-sciences/

* Priority deadline: December 5t
« Application review begins: December 5t

* Final deadline: January 10th

PhD Student Achievements
* Three F31 NIH Predoctoral Fellows
* Several NIH Diversity Supplements

* National Science Foundation Predoctoral
Fellowships

* Foundation Fellowships or Preceptorship Awards

* Travel Awards and Fellowships from Scientific
Societies

* Successful careers in Pharma Industry and
Academic Jobs

For more information reach out to:

Courtney Bilodeaux
Graduate Program Coordinator
courtney.bilodeaux@wsu.edu
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