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U. S. Transuranium and Uranium Registries

- Established by U.S. Atomic Energy Commission in 1968

* Since 1992, operated by Washington State University as a research grant
funded by U.S. Department of Energy

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

» Tissue donors (posthumous): whole-(48) and/or partial-body (317) donations

Work history

Radiation exposure incidents

Unique

data Bioassay measurements

resource .
Medical records

Tissue analysis results
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USTUR Case 1028: Summary

® Female WhOIe'bOdy tissue donor https://www.atomicheritage.org/history/women-and-bomb

* Involved in enriched uranium processing
operations for 17 years

v' 235U: from 20% to > 93%
 Handled large quantities of uranium material
« High potential of chronic inhalation

« No acute inhalation incidents documented

- 25-year bioassay monitoring
 Heavy smoker for 38 years: 2+ packs per day

 Died at age 86 from acute myocardial infarction
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Tissue Radiochemical Analysis

« 129 samples from right side of body: 45 soft tissue and 84 bone samples
o 234U, 235U, and 238U measured using alpha spectrometry
- 20 samples analyzed by mass spectrometry for 236U and isotopic ratios

il Link:

JAAS

Proc. Radiochim, At 1. 173-181 (2011} DOL 10.1524/repr-201 100
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TECHNICAL NOTE W,
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Measurement of ***U in human tissue samples using solid phase extraction
coupled to ICP-MS
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Measurement of uranium isotopes in human tissue samples by TIMS
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September 2008 was the 40° anniversary of the US Atomic
Energy Commission’s vision in cstablishing the National
Plutonium Registry. Its successors, the US Transuranium
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elements, 10 study their uptake, translocation and retention
(biokinetics), and fissue dosimetry. To date, 325 past-worker
volunteers have donated their fissues for scientifie research,
inchading 36 whole hody donors

The Radiochemistry Program is an essential port of the
USTUR as the quality of scientific data obtained relies on
the quality of radiochenical analyses. The Fealth Safety and
Environmental Division of the Los Alamos National Lab-
oratory (LANL) started analyzing actinide elements in soft
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Uranium Distribution in the Body

- Estimated total 234235238 activity in whole body: 48.0 + 0.8 Bq

Respiratory tract
28.4 + 0.8 Bq (59.2%)

Liver
0.059 % 0.005 Bq (0.12%)

Other soft tissues
1.59 + 0.03 Bq (3.3%)

Skeleton
17.7 + 0.2 Bq (36.8%)

Kidneys
0.28 * 0.01 Bq (0.58%)

/
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Material Composition Retained in Tissues

U atom ratio

235U /238

100

10

0.1

0.01

0.000

. LNTH
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o Muscle
O

B Highly-enriched U
€ Natural U

Pancreas

Stomach

Urinary bladder . :
Large intestine ]

0.01

0.001 0.0001 O

Fraction of HEU, f
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IMB A

Professional

Biokinetic Modeling o 7

- IMBA Professional Plus: USTUR research version S
« Bioassay used: urine, chest counts, post-mortem activities
in lungs, liver, kidneys, skeleton
ICRP 137 uranium systemic model ICRP 130 human respiratory tract model
i I!E:iror\rf]: rd(ig'lt'le) tu rns\afg ric(’STO) tu rnc?\ic:rv(STZ) i Esophagus
S e Sads e 2 — %o
I e I T ] feof
E'g,;e};t;,', """""""""""""""""""""""" i Rapid dissolution state ET, i E ET, Slow dissolution state i
. CLiver i | 15 | 1| |
: Nonexchangeable Exchangeable L~ Cortical i i | LNgr |<M| ETseq | ET', i E ET, | | ETseq 0.001 i
| o S vome <] surface 5 | fo 110 !
| i V| Ny [<222H] BB, [ | | ! [88 | [BBuq 220 tNn |
| i foz ! 102f :
i :lor;excll'iangeable - fxt;hangljeable |~ Trabecular : 0.001 | bb,eq | | bb’ | : : | bb’ | | bbee | 0.001 :
| v:)alu:: ar v:)alu:':::ar <+ surface i T0.00ZE 50-002 |000003 i
: ! - T !
_______________________________::__K__fc_;r;_;y_;__:__:____:__
i C?therkidney
Urine = Lbjlggzrgr i Urinary path
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‘Best Fit' Intake Scenario

« Chronic inhalation, type M

« Two acute inhalations:
. Year 9, type M
1. Year 17, mixture of materials
86%: Case-specific, ‘Adjusted M/S’
solubility between M and M/S
14%: type S
« Possible U compounds involved:
Type M: UF,
Type M/S: U;O4
Type S: ?

ate (Bg d’)

ry excretionr.

Urina

Activity in lungs (Bq)

Time since employment start (d)

‘High-fired’ UO, and/or Scar-tissue encapsulation
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Model Parameter Adjustment:

Effect of smoking

HRTM

® DefaUIt Int > LNTH tranSfer rate 0.6 Esophagus 0.6
. Environment [< 7y 7y Environment
overestimated post-mortem 100 100
aCtiVity by factor of 9 i Rapid dissolution state ET, i i ET, Slow dissolution state
: RN
. . : 0.001 . L L ) 0.001_
- Rate adjusted to fit the e |F el e Ty LE i e
! 0 ! 10
. 5 6 L
measurement: 3x10~ > 2.3x10°° | 7y 000 o s | | | [e® BB, |00,
E } o2 ! i 02 |
: 0.001 b oo | | o b 0.001
i — fo.002! 10.002} _—
: <2.00003 DNt 0001 — — N v 0-001—— =g .oooog)
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Model Parameter Adjustment: Systemic

Default U systemic model mostly SNSeeesssescsssesassssessessesepee s e s sy

Intermediate Rapid Slow
based on data from males and turnover (STI) turnover (STO) turnover (ST2)
may not reflect female physiology

___,l _________ S VI RNV IOV | WEGEURY | SRy SRy 1

_______________________________________________

| Skeleton
* Predicted post-mortem activity | i
. E Non‘exchangeable Excl:langeable L~ Cortical Plasma Liver 2 :
In skeleton | cortica Ry e < surtace —
i Liver1 :
- Overestimated activity in liverby ——— ———— ——X— B A
| o ] SR o] e |
faCtor Of 7 i VOI:meI 7] \.!oIEmeI iy surface \V |
: RC content |
- Underestimated activity in T VA—
. : Red blood LC content |
kidneys by factor of 6 ! [ otherkidney cells —
1| tissue RS content |
Transfer rates adjusted to fit data vray | T v

Urine (< blac:gﬁ; <—— Urinary path Foces
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‘Best fit' Long-term Retention in Tissues

Uranium activity (Bq)

1,000

100 |

10 |

0.1

0.01

Acute intake 1

Acute intake 2 Lungs

Kidneys

e > o

Liver

N

ﬂ
<7 Chronic intake>
h 1 L L 1 1 1 L 1 1 L 1 1 1 1

Skeleton :

O

5000 10000 15000
Time (d)
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Intake and Dose Estimates

Time (d)

m Ceer
Chronic 6,319 M 21.8
Acute 1 3,234 M 4.9
Acute 2(J) 6,238 M/S adjusted 15.0
Acute 2(/)) 6,238 S 2.5
Cumulative 0] 6,319 44

Inhalation

* IMBA estimate using ICRP60/68 dose coefficients

6t European IRPA Congress, 30 May - 3 June 2022, Budapest, Hungary
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Conclusions

* First time, distribution of highly-enriched uranium was studied in whole
body of female worker

« Long-term retention of inhaled uranium:
respiratory tract (59.2%) > skeleton (36.8%) > all other tissues (4.0%)

* ICRP models adequately describe uranium biokinetics except retention in
liver and kidneys

« Manuscripts in preparation

Tolmachev SY, Avtandilashvili M. Long-term retention and distribution of highly
enriched uranium in occupationally exposed female. Radiation and Environmental
Biophysics; 2022

Avtandilashvili M, Tolmachev SY. Forty-eight-year follow-up of a female worker
exposed to highly enriched uranium via chronic and acute inhalation. Radiation and
Environmental Biophysics; 2022
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