&® NORM 2019
<:> From Nano to Global

June 16-19, 2019 | Portland, Oregon

Uranium Content, Distribution, and
Biokinetics in Human Body

Sergei Y. Tolmachev, Maia Avtandilashvili,
Ronald L. Kathren

United States Transuranium and Uranium Registries
College of Pharmacy and Pharmaceutical Sciences
Washington State University

1845 Terminal Drive, Suite 201, Richland, WA 99354
www.ustur.wsu.edu

“Learning from Plutonium and
Uranium Workers”




Uranium as a NORM

« Main route of uranium intake: ingestion (diet)
» Reference intake rates:

Ingestion: 1.9 ng d-!
Inhalation: 0.0015 ug d-!

« Reference Man body content: 90 ug
« Major depository: skeleton (59 ug)




Uranium in Industry

« Main route of intake:
Inhalation i
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o Biokinetic Model for Systemic (Absorbed)
Uranium (ICRP Publication 137)
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@ United States Transuranium and Uranium
Registries (USTUR)

« Federal-grant program funded by the U.S. DOE Office of
Domestic and International Health Studies (AU-13)

« Operated by College of Pharmacy and Pharmaceutical
Sciences at Washington State University under Central DOE
Institutional Review Boards (DOE000320)

» Studies biokinetics and tissue dosimetry of uranium and
transuranium elements in occupationally exposed individuals

Faculty and staff:
AW T

 Location: Richland, WA

« Website: www.ustur.wsu.edu
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USTUR Operation and Research: Schematic
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Uranium Concentration in Respiratory Tract
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Uranium Concentration in Systemic Organs
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o] Occupational Exposure Groups: Uranium
Concentration in Lung
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Uranium concentration ratio

Effect of Material Type, Smoking, and Dust
Exposure: LNTH-to-Lung Concentration Ratios
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Natural Uranium in Human Body

* Three individuals with no
history of occupational
exposure to uranium

Paper

NATURAL URANIUM TISSUE CONTENT OF THREE CAUCASIAN MALES

Ronald L. Kathren and Sergei Y. Tolmachev*

Abstract—Uranium content and concentrations were measured in
the tissucs of three Caucasian male whelce body donors to the U.S.
Transuranium and Uranium Registrics with no kmown intake
other than from natural envirommental sonrces. Average total
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i) Uranium Retention in Skeleton

+ Skeletal uptake = (daily U intake) x (fraction absorbed from GI) x
(1 — early excretion fraction) x (skeletal uptake fraction)

Total body (ng) 77.4£0.5 61.2+0.3 105.2+1.15 81.3+22.2
Skeleton (ug) 35.6+£0.2 39.5+0.2 36.4 + 0.1 37.2+ 2.1
Fraction 0.46 0.65 0.35 0.48 £ 0.15

- Skeletal uptake = removal at equilibrium = 1.9 ug d-! x 0.02 x
(1-0.7) x0.48 =5.5ngd!

« Turnover in skeleton (A\) =5.5ngd1/37.2 ug=1.48 x 104d-!
« Residence time (t): A = A, e?; A/A,=0.5;t=4,671d (12.8 y)
« [CRP Publication 30 (1979): t=1,500d (4.1 y)




Uranium Systemic Content

Environmental Occupational
(% of total body) (% of systemic) | Reference
Man (%)

1.3 2.8 6.3 —-- o

O

Lungs 1.1
Thoracic LN 0.3 0.3 0.4 ---
Liver 0.27 0.34 0.36 4.7 0.65 0.5
Kidneys 0.81 0.42 0.25 0.63 6.2 7.8
Brain 0.40 0.40 0.99 1.17 0.35
All soft tissues  54.1 35.4 65.4 29.6 27.3 34.4
Skeleton 45.9 64.6 34.5 70.4 72.7 65.6

a Russell JJ, Kathren RL. Uranium deposition and retention in a USTUR whole body case.
Health Physics 86: 273-284; 2004

b Avtandilashvili M, Puncher M, McComish SL, Tolmachev SY. US Transuranium and Uranium
Registries case study on accidental exposure to uranium hexafluoride. Journal of Radiological
Protection 35: 129-151; 2015




Percent of systemic uranium content
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Uranium in Soft Tissue Organs
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i Long-term Retention of Enriched Uranium
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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)

* George Sgouros (Johns Hopkins University)

* Gayle Woloschak (Northwestern University)

« Raymond Guilmette (Staff Consultant)
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Alternate Biokinetic Model for Systemic
Uranium with Explicitly Depicted Brain

— o o EE EEE S EEE EEE B EEE BN B EEE EE EEE EEE B MEN B B EEE B B SEm B SEn SEm B EEm S B SEm B B e e oy

[
: Other Intermediate Rapid Slow |
| soft turnover (ST1) turnover (STO) turnover (ST2) |!

' tissue T $$ T :
> - _ _ _ _.

ST s e mmm— e —————— - | I Brain I

Skeleton ' '

! | 15| Plasma _|_>,EI Brain 1 !

Il Nonexch Exch : : 15 ) I

: cortical <— cortical Z Sﬁggsl > <—:_—_ — 13r_al_n_2_ — :

: volume volume : '_L_’ __________ |

iver I
| T : |
1| Nonexch Exch || Trabecular : <t Liver 2 :

: trabecular [€—] trabecular |~ surface T : ,r :

1 L_volume volume I A | I I

: I :;,, | * <« > Liver 1 :

____________________________________ I 1
[ 1 ————————————
I Kidneys I RBC
I I Pr— GI tract
! Other Nl > content
1| kidney tissue 4>
. ! v
llflrlélsry : Urinary i_
Urine na adder €1
content :_ path I Feces
_________ J




Dose Coetficient (Sv Bq!) for Brain

Biokinetic model with

Nuclide Implicit brain (A) Explicit brain (B) Ratio b:A
Am-241 2.80 x 10~ 3.62 x 10° 0.13
U-234 1.38 x 10 1.11 x 10° 0.80
Pu-239 2.56 x 107 2.45 x 107 0.96
Ra-226 1.87 x 10~/ 3.62 x 10~/ 1.94
Po-210 3.12 x 10”7 6.20 x 107 1.99

Current ICRP model for systemic uranium with brain
implicitly contained in Other tissue compartment
overestimates brain dose by 25%

Leggett RW, Tolmachev SY, Boice JD. Potential improvements in brain dose estimates for
internal emitters. International Journal of Radiation Biology: 1-13; 2018 (e-pub)




Conclusions

Uranium content, distribution, and biokinetics in human body
was studied for individuals with environmental and occupational
exposure to uranium

« Uranium concentration in the lungs was significantly different
among exposure groups: uranium miners > uranium processing
workers > occupationally non-exposed individuals (p < 0.0001)

« Uranium content in systemic organs followed a rank of order:
skeleton > soft tissues: brain > kidneys > liver (p = 0.4963)

 Skeletal residence time was estimated to be 12.8 vy, significantly
longer then ICRP value of 4.1y

« Long-term retention of occupational uranium in systemic
organs followed a rank of order: brain > liver > skeleton >
kidney
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