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Disclaimer

United States Transuranium and Uranium Regqistries
(USTUR):

* IS not an epidemiological study

« focuses on actinide biokinetics for radiation
protection and dosimeftry

« supports radiation epidemiology through the
Improvement of biokinetic models for more
accurate dose reconstruction
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USTUR Today

« The USTUR is a federal-grant program funded by the U.S.
DOE Office of Domestic and Intfernational Health Studies
(AU-13)

« Operated by College of Pharmacy and Pharmaceutical
Sciences at Washington State University under Central DOE
Institutional Review Boards

* Faculty and staff:

« Location: Richlond, WA

« Website: www.ustur.wsu.edu
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Genealogy of the USTUR

REGISTRIES MANAGEMENT ANALYTICAL SUPPORT
1968 National Plutonium Registry Rocky Flats Pacific Northwest
Hanford Environmental Health Foundation  Facility Laboratory

I
1970 United States Transuranium Registry (USTR)
Hanford Environmental Health Foundation

1971 Los Alamos
Scientific Laboratory

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

1987

|
1992 United States Transuranium and Uranium Registries (USTUR)
College of Pharmacy, Washington State University
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Current Mission

« Follow up occupationally-exposed individuals (volunteer
Reqistrants) by studying the biokinetics (deposition,
translocation, retention, and excretion) and tissue dosimeftry
of uranium and fransuranium elements, such as plutonium,
americium, curium, and neptunium

« 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 general public

- Obtain, analyze, preserve, and make available for future
research, materials from individuals who had documented
infakes of uranium and transuranium elements
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Primary Research: Biokinetic Modeling and
Infernal Dosimetry of Actinides

 Testing, iImproving and parameterizing biokinetic
models for radiological protection
v Human Respiratory Tract Model (ICRP Publication 130)
v Wound Model (NCRP Report 156)

v Systemic models for U, Pu, Am (ICRP Occupational
Intakes of Radionuclides (OIR) Part 3 and Part 4 )

* Modeling actinide decorporation

« Evaluating uncertainties in internal radiation dose
assessment
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USTUR Registrants (l)

* Voluntary tissue donors (posthumous)
whole- (46) and/or partial-body (310) donation
« Former nuclear workers from DOE sites
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USTUR Registrants (ll)

« Documented intake of actinide radionuclide(s)

« Acceptance criteria:
I. actinide internal deposition of 274 Bg (2 nCi)
ii. external dose to whole body 20.1 Sv (10 rem)

C 'PARE PREMORTEM ESTIMATES WITH TISSI
“GANG OF FOUR” NANOCURIES SIS ]

Anyone who has potential for
‘transuranium deposition = 4nC

Health
Physicists
‘To provide registry informatio METABOLISM ‘
: to potential donors IHANCED OCCUPATIONAL RADIOLOGICA

IMPROVED UNDERSTANDING OF HUMAN A! 'i?‘
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Primary Intakes

m Pu-238,239
Am-241

m U-235,238
Mixture
Thorotrast

m Others

B Inhalation
Wound

m Inhalation/Wound
Injection

®m No Recorded Intake
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USTUR Operation: Schematic

Tissue Radiochemical Biokineftic

collection analysis

modeling
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NHRTR: National Human Radiobiology Tissue
Repository

* USTUR tissue donations: 9,000+ frozen fissues

B Skeletal, 48%

B Muscle + Skin + Fat, 22%

Alimentary, 4%

B Circulatory, 4%

B Glands, 4%

B Respiratory + TB, 3%
Lymphatic, 3%
Nervous, 3%

Miscellaneous, 9%

« Argonne National Laboratory historical samples
v Radium dial painters
v Plutonium injection studies
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Unigue Data Resource

Work history

Exposure records

Medical records

Bioassay measurements

ah

Tissue analysis results
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Actinide Particulate Material in
Occupationally Exposed Individuals

Route of intake

* Inhalation, wound
Material type

« Insoluble: actinide oxides

« Soluble: Pu(NQO,), , UF,
Retention site

« Respiratory tract, wound, lymphatic system; brain?
Typical study

 Distribution in tissues and organs
« Physico-chemical characteristics
Ultimate goal

* Estimation of radiation dose over time to
tissue/organ/body
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)  Microdistribufion of Plufonium in the Lungs:
the Mayak Experience
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PACHPE/IEJEHHE YACTHIL *PU Abstract — Lung tissues from workers at the Mayak Production Assoclation were examined to determine the distribution of

IO AHATOMIYECKHM OT/EJIAM NErKux plutonium (Pu) aclivity in various lung compartments. Stercological sampling metheds and autoradiography were used. Pu par-
PETTeY . . ticles were identified by micrescopic examination of autoradiographs and localised in one of six normal anatomic sites and two
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Macrodistribution of Plutonium in the Lungs:
the Mayak Experience

BOTIPOCT! PAITAATTHOHHGH SE3OTACHOCTY Mo 3, 2003

YIIK 546.799.4 1 572.025
© 2005

MAKPOCKOIHYECKOE PACITPEJEJTEHAE ITPOMBIIIEHHRIX
COEAMBERAR IYTORMS B NENKOM YEJIGBEKA

T, Kvopssueea, AB, Cokonoed

Poccua, 2. Bepex, Hxeno-Yperscrnin upcmungm duogdiezurn

lpeacrasiedbl  pesynbTalbl  BHANM3A  PACHPSISIEHUS  OTHOCHTENLHOW  ya2nbHOH
GRTABHOCTH TIRYTOHAA MOKIY cerMceHTavy nérkmx v pabotrmkes [MO “Masx”™, ywepmux B
1973-1994 rr. CornacHe UOMYYCHHEIM JRKHEIN, MOKAZATCTS HCPABHOMCPHOCTH PACTRCACSICHIS
TETYVTOHRS MEMOY CorMeRTaMI RARKCITT 0T MECTa TOKANMAIIN PAIAOBYEIMAA B DETKOM, W ¢To

CPEAHSS BEITHIHKE 115 BEPXHAX CRiMEATos 8 2,6 [pasa Beillie 10 CPABHERMID C aHATOIHYHBIV MIPABOE JiET'KOE JIEBOE JET'KOE

LIOKA3ZATSNCM LA ILEIAX CeIMCLITOR, " v
INPABOE JIEI'KOE: JEBOE JIEI'KOE:
Bepxuss gous (20 %): 1 — BepxyuieuHblii, Bepxusas noas (23 %): Bepxuuii omoen:
2 — 3aHuUl, 3 — nepenHuii. I, 2 — BepxylIeuHo-3aJH1e, 3 — NepeaHHii.
Cpeansisi noasi (8 %): 4 — narepajibHbIii, Huoicnuit omoea: 4 — BepxXHU S36IYKOBBIH,
5 — MeaHanbHBIH. 5 — HMDKHHI SA3BIYKOBBI.
Husxusn noas (25 %): 6 — Bepxylueuublii, Huxusia goast (24 %): 6 — Bepxyllueynblii,
7 — meauanbublii 0azaneubii, 8 — nepeanuii 7 — otcyrerByet, 8 — nepennnit GazanbHblii,
OazannHelif, 9 — maTepaasHBIT OazaTBHETH, 9 — marepanbHBIN 0a3anpHEIH, |0 — 3aaHMI

® D iSTri b U Ti O n : 10 — 3aaunii 6a3aIbHEIH. 0a3alIbHEIH.
v independent of lung pathology and 23?Pu material solubility
v non-uniform among anatomical lobes

« 2Py normalized to weighted-average concentration in the
lung: 1.48, 0.98, 0.69 for upper, middle, and lower lobes
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Plutonium in Respiratory Tract: the USTUR

Experience
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LNTH-to-Lung Concentration Ratio: Effect of
Smoking
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Biokinetic Modeling: Anafomical Region vs
Dosimetric Compartment

Anterior
Nasal Passage

. ICRP 66 human respiratory tract ., T
model(HRTM) divides thoracic e Extrthorsce
region of the lungs info three
compartments:

|. bronchial (BB) . Thoracic
Il. bronchiolar (bb) L\
Il. alveolar-interstitial (Al —— L/ —

- Each of the anatomical lobes

contains tissues from all three
dosimeftric compartments

Courtesy of W. J. Bair

What about plutonium distribution among
dosimetric compartmentse

50 years of the USTUR: 1968 to 2018



Plutonium in Dosimetric Compartments of

the Respiratory Tract

Externally funded

« EC SOLO (€£16,000) - soluble plutonium (Case 0269)

« US DOE ($75.000) - soluble plutonium (Case 0631 and Case
0745) and refractory plutonium (Case 0407)

USTUR-0

June 12, 2013

Technical Report on Plutonium Binding in the Upper Airw Technical Report on Plutonium Binding in the Upper Airw.

of the Human Respiratory of the Human Respiratory Tract: Case 0631 and Case 0745

Waork performed under the EC SOLO Project
Grant Agreement No 249675

Work pE:I'fm‘m ed under PNNL/JCCRER Award No 22

Submitted by gei Y. Tolmachev (PI)

Submitted to the Public Health England (UK) by: 2
US Transuranium and Uranium Re|
1845 Terminal Dr
land, WA

Dr. Sergei Y. Tolmachev (PI)

it} ‘P“Fiérmacy B Pharmacy

VASHINGTON SEATE UNIVERSLTY WESHINGION SIATEUNIVERSIIY

Case 0407: Refractory Plutonium Distribution in the Upper

Airways of the Human Respiratory Tract

Work performed under PNNL/JCCRER Award No

Prepared by S. Y. Tolmachev and M. Avtandila:

B Pharmacy

MESHINGION SIATEUNIVEISITY
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i) Lung Dissection: Left Superior Lobe ()

e« USTUR Case 0269

// BB region: Excision of BB from
generation 2 the rest of the
B — lobe’s tissue (bb
" BB region: and Al). There are
generation no ‘left-overs’

(contamination) of
Al once BB is
completely
excised.

Al region
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i) Lung Dissection: Left Superior Lobe (ll)

Cigarette
residues (black)

‘ Al region

Some of the last
generations of
the bb region
(terminal) are
infiltrated into the
Al. Due to the

~ | miniscule size of

bronchioles

b region: respiratory

50 years of the USTUR: 1968 to 2018

these it is difficult
to get them fully
separated from
the Al. As a result,
the Al region
contains a small
fraction of bbb
(terminal
bronchioles)
along the pleura.




Lung Dissection: Left Superior Lobe (lll)

BB region:
generation é

BB region:
generation 7

BB region:
generation 4

BB region:
generation 5

bb region: primary and
terminal bronchioles

50 years of the USTUR: 1968 to 2018

Portion of the
bronchial tree
starting at
generation 4. To
dissect each region
(BB, bb, Al) from
HRTM we started at
the bifurcation
(generation 1) and
counted down to
generation 8 and
separated this
portion from the
rest of lung.
Continued as far as
we were physically
able to for the bb
region. This is why
the Al may have
very small portions
of the terminal
bronchioles (part of
bb).




Lung Dissection: Complete

BB: 78.57 g bb: 26.62 g Al: 268.18 g
(21%) (7%) (72%)

« BB excised with no contamination by Al region
*  bb has very little if any Al contamination

« Alregion is fairly pure with some terminal bronchioles (part
of bb) which were too small to excise infiltrated along the
pleura
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237Py in Dosimetric Compartments of
Respiratory Tract: Individual Case Resulfs

* Plutonium distribution (* smoker)

- 239+240Py concentration, Bg kg'!

-

257202 46%£03 194208 745728
bb 289202 6.1£05 19208 89839
Al 228202 57%202 243x0.6 75947
lung 23.8*0.1 56*02 23.5*0.5 77137
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237Py in Dosimetric Compartments of
Respiratory Tract: Individual Case Resulfs

Z S
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237Py in Dosimetric Compartments of
Respiratory Tract: Summary and Conclusions

- 239+240Py normalized concen’rrc’rion

- GM (GSD) | GM 95% C

0.93+0.12 0.92(1.1) 0.75-1.13
bb  1.07+0.18 1.06(1.2) 0.79 —1.4]
Al 1.00£0.03 1.00(1.0) 0.95-1.05

« Plutonium distribution is independent of smoking
status and plutonium material solubility type

* Plutonium is uniformly distributed among dosimetric
compartments
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Plutonium(Americium) in Brain: USTUR Cases
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Uranium in Brain: USTUR Case 1031

0.0088 ——————F—— ——
' _Thoracic lymph nodes Occupational: SE , ]
SEU: 0.0086 ¢y ] Environmental: natural uranium (NU)-.
I ungs ]
o 0.0084
o :
CE) 0.0082 |
o 0.008 t \@brol Lobe (R)
> i
& 0.0078 .
o :
& 0.0076 [ Cerebral Lobe (L)1 _
I Skelet ]
0.0074 eeen
! Kidney\'\;.
0.0072 L . . TN

T 08 06 04 02 0
Slightly enriched uranium (SEU) fraction

Avtandilashvili et al. USTUR case study on accidental exposure to uranium hexafluoride.
J Radiol Prot 35 (2015) 129 - 151
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NCRP Scientific Committee 6-12

Development of Models for Brain Dosimetry for
Internally Deposited Radionuclides (2018 — 2020):

« Richard Leggett (Chair, ORNL)

« Sergei Tolmachev (Vice Chair, USTUR)
« Maia Avtandilashvili (USTUR)

Keith Eckerman (ORNL, retired)

Gayle Woloschak (NWU)

Raymond Guilmette (Staff Consulfant)

5“|'r' JAIT)- G‘

&E
£ 2 National Council on Radiation

NIGIHIR
‘*lm...-rlf’: Protection and Measurements

‘?‘
IS.":}'"-I'AL & {;,‘1’*

0 scrg,b

@‘&gﬂn
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Updated ICRP’s Biokinetic Model for
Systemic Plutonium (OIR Part 4, upcoming)

| Other !
. |Medium Fast Slow | tissue |
' neluding
[ NG _44/____/77_ __________ 5
(- T
I ___________
Skeleton S} | Liver |
|
I v/ I S Liver 2 ,
Cortical Cortical Cortical ' ! : N |
volume <-| surface > marrow > ' | L 1 |
| <1 iver
|
| I |
/[\\I/ | TR - A |
| , | Liver O l
Trabecular Trabecular Trabecular I
volume k| surface  [> marrow ' : SO SR
|
Blood
| A N i Gl Tract
o — — | I B contents
' Kidneys - |
' |
WV I | Other < : : \
Urine | [Urinary | | |Kidney > _ _ _IS[ |Gonads| |Faeces
 [bladder | | [Renal B V
contents | tubules ~ B|010d >
|
P

Leggett et al. Case studies in brain dosimetry for internal emitters: Is more biokinetic detail needed for
epidemiology? 12t HEIR Conference, Fontenay-aux-Roses, France, October 8 - 11, 2018.

50 years of the USTUR: 1968 to 2018




Alternate Biokinetic Model for Systemic
Plutonium with Explicitly Depicted Brain

1 Other
| Medium Fast Slow | tissue |
| (brain :
, removed
Brain s - v-7- / ————————— L
1T T
\\I l oo e e e e e
Skeleton B (/ | Liver :
| v ! ket Liver 2 :
Cortical Cortical Cortical | ' ! A |
volume | surface |3 marrow | ' ' |
| } ! Liver 1
T ! o i :
[ |
Y, | L Liver 0 !
Trabecular Trabecular Trabecular I
volume < surface —> marrow ! : R i e
|
Blood
| ) T Gl Tract
= — — — I I contents
" Kidneys L |
[
|| Other | : :
Urineg | |Urinary | = | Kidney N P Gonads | |Faeces
ébladder . [Renal | V
contents | | tubules ' Blglod
. |

Leggett et al. Case studies in brain dosimetry for internal emitters: Is more biokinetic detail needed for
epidemiology? 12t HEIR Conference, Fontenay-aux-Roses, France, October 8 - 11, 2018.
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i) Systemic Plutonium(Americium) in Brain
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Actinide Brain Dosimetry

INTERNATIONAL JOURNAL OF RADIATION BIOLOGY e Taylor & Francis
https://dol.org/10.1080/09553007.2018.1554923 Taylor & Francis Group

ORIGINAL ARTICLE M) Gheck for updates

Potential improvements in brain dose estimates for internal emitters

Richard W. Leggett?, Sergei Y. Tolmachev® and John D. Boice, Jr.¢

2Dak Ridge National Laboratory, Oak Ridge, TN, USA; PU.S. Transuranium and Uranium Registries, College of Pharmacy and Pharmaceutical
Sciences, Washington State University, Richland, WA, USA; “National Council on Radiation Protection and Measurements, Bethesda, MD,
USA; 9Division of Epidemiology, Department of Medicine, Vanderbilt Epidemiology Center and Vanderbilt-Ingram Cancer Center, Nashville,
TN, USA

ABSTRACT
Background: Element-specific biokinetic models are used to | Table 3. Summary of ratios of injection dose coefficients for brain in a refer-
from internal emitters. Typically, a systemic model for a radiony ayca male worker, based on systemic biokinetic models with or without an
ant repositories. Remaining tissues and fluids are aggregated i . .
the radionuclide is assumed to be uniformly distributed. In tH explicitly modeled brain.
radiation protection, the brain usually is addressed as an impli

than an explicitly depicted repository. Due to increasing inte Ratio of dose coefficients for
efforts are underway to improve brain dosimetry for internal rad Radionuclide brain Explicit Brain : Implicit Brain
Methods: We assessed potential improvements in brain dosim

modeling brain kinetics rather than treating the brain as a may Americium-241 0.13

10 elements for which brain kinetics can be modeled using pu Bismuth-207 0.57

coefficients were calculated for a relatively long-lived radioisoto, X '

versions of the ICRP's latest systemic biokinetic model for th Uranium-234 0.81

modified version differing only in the treatment of brain. If the | Plutonium-239 0.96

pool, the modified version depicted brain instead as a mass fra ——

included brain in Qther tissue, the modified version included an Mercury—203 (vapor) 1.4

on best available brain-specific data. Cesium-134 1.5

Results: The result for a given radionuclide is expressed as a 1 _

coefficients based on the versions of the model with and with Mang?nese >4 1'73

The following ratios A:B were obtained for the 10 radionuclid Polonium-210 1.7

0.57; 2**U, 0.81; 2*°Pu, 0.96; 2*Hg (vapor), 1.4; '*%Cs, 1.5; **Mil Radium-226 1.9°

These ratios indicate that a dose estimate for brain based on a Lead-210 33¢

contained in Other tissue may substantially underestimate or s
uglsits tha& re"‘*;“ bes; a"a"alble '})ral:n-sp‘zc'ﬁlc.b"’g‘.”fj'c ‘.’atj‘ Average ratio. Alternate explicit brain models were addressed (see text).
estlmate. epends ont eAqua ItyO tﬂe unaeriying |o-|net|c a b d d f 226R I . b H f d d
Conclusions: Where feasible, the brain should be depicted exp| ~Based on dose from a only; contribution from progeny not considered.
demiological studies addressing adverse effects of ionizing radia| “Average ratio. Alternate explicit brain models were addressed for *'°Po pro-

duced in the body after intake of 2'°Pb (see text).
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Physico-chemical Characteristics and
Distribution of Actinide Parficles(¢) in Brain

Ty 5,

‘\&P}')‘TFDH
§§c|' %?g? National Council on Radiation NOI'thWQSteI'n
%%@%:imgﬁ Protection and Measurements U].‘llVGI‘Slty

Argonne°

NATIONAL LABORATORY

The Bionanoprobe: Synchrotron-based Hard X-ray Fluorescence
Microscopy for 2D/3D Trace Element \Mapping

Si Chen''’, Tatjana Paunesku?, Ye YuanZ, Qiaoling Jin?, Benjamin Hornberger?, Claus
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