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USTUR Case 1028: Summary

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

* Involved in enriched uranium processing
operations for 17 years

 Handled large quantities of uranium material
« High potential of chronic inhalation
« No acute inhalation incidents documented

- 25-year monitoring: urine, feces, chest counts

 Heavy smoker for 38 years: 2+ packs per day

- Died at age 86 from acute myocardial infarction
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Worksite Evaluation

Inhalation of HEU: 93% 23°U assumed

Five employees with unusually long retention o 5
in lungs: Biological half-lives of 550 - 1,510 d

Possible exposure materials characterized
Steckel and West 1966. AEC Report Y-1544-A

Most likely material: Process combustion

1.

oxides containing U;Og4

Average particle size: 0.7 - 1.6 um

USTUR SAC Meeting 2022: Enriched Uranium Study

Health Physics Pergamon Press 1966. Vol 12, pp. 1545-1555. Printed in Northern Ireland

A COMPARISON OF URANIUM CASES SHOWING
LONG CHEST BURDEN RETENTIONS

Health Physics Pergamon Press 1969. Vol. 17, pp. 781-791. Printed in Northern Ireland
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Certain of the process materials checked were too soluble and/or dilute to be
considered as likely exposure materials.

In almost all likely exposure materials, uranium octoxide was present. The large
variation in the observed solubility for this group may have been influenced by
the presence of small amounts of the trioxide or other factors associated with for-
mation temperature, as well as particle size.

. The solubility studies of laboratory oxides indicated that only two variables

could be related to relative solubility: chemical composition and particle size.
Both of these parameters were related to the thermal history of the oxide.

The selection of uraniumoctoxide as themost likely exposure material for persons
showing a 380 - 1470-day biological half life is not supported by animal ex-
perimental data with insoluble oxides. Such data suggest a lung or chest half.
life of about 120 days. SR Y
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Tissue Radiochemical Analysis

« 129 samples from right side of body: 45 soft tissue and 84 bone samples
« 234U, 235U, and 238U measured using alpha spectrometry

- 20 tissue samples analyzed by mass spectrometry for 236U and 234U/238U and
235 /238 atom ratios

]AAS Dynarmic Article Links @)

Proc. Radiochim. Acta 1, 173-181 (2011 / DOI 10.1524/repr2011.0032 TECHNICAL NOTE

© by Oldenbourg Wisserischafisrlag, Miinchen wwwrsc.org/jaas | Journal of Analytical Atomic Spectrometry

Measurement of 2*°U in human tissue samples using solid phase extrac
Cite this: J. Anal. At. Spectrom., 2011, 26, 2524 coupled to ICP-MS

wwwssCorg/jaas TECHNICAL NOTE

The US Transuranium and Uranium Registries: Chunsheng Li,** Karima Benkhedda,” Sergei Tolmachev,” Lisa Carty. Raymond Ko, Deborah Moir,*
. Lo . . < s . e o . Jack Conett” and Gary Kramer”
Measurement of uranium isotopes in human tissue samples by TIMS forty years’ experience and new directions in the analysis
HVS . Received 13 November 2009, Accepted 26th January 2010
Chunsheng Li,* Nancy Elliot,” Sergei Tolmachev. Stacey McCord, Tom Shultz.” Youging Shi® of actinides in human tissues First published as an Advance Article on the web Sth February 2010
and Gary H. Kramer" DO 10.1039/092390%
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DOL: 10.1039/ctja10231a been meascred by highly sensitive techniques, such as accelerator mass specirometry. This pay

» Wishingon Sse Universiy. US Transurnium and Urnim Regsis, 1845 Temia D

€201, Rictlnd, WA 99354, USA

Norhern Arizona Universts. Deparment of Cheisiry and Biochenisir. B AZ o011 U reports the measurement of U in 20 human tisue samples using a sector field [CP-MS following
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(Received December 23, 2009: accepted in revised form November 11,2010)
that the

spectrometry. For most cases, results [rom the two methods were comparable, indicati
U in the sampls is reliable.

U and U 07U, U, U and U by
s spectrometry in 20 human tissue samples from the United States ‘measurement of
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absorption [rom a wound." Once the isotopes enter the human mples from b ICP-MS is & major .ldmusr over AS and KPA in enabling  body donation led to a comprehensive dissection protocol in typical environmental or biological samples is he]m\ m< detec- The 20 tissue samples, all from one case (Case 1028), were.
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Uranium Distribution in the Body

- Estimated total 234235238 activity in whole body: 46.6 + 0.6 Bq

Respiratory tract
27.1 % 0.6 Bq (58.2%)

Other soft tissues
1.27 + 0.08 Bq (2.7%)

Skeleton
17.9 * 0.1 Bq (38.4%)

Kidneys
0.29 * 0.01 Bq (0.6%)

/
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Material Composition Retained in Tissues

U atom ratio

2 238
35U/3

100

10

0.1

0.01

0.001

HEU NU
#240:1.0606%  >*U: 0.0055%

#50:93.464%  2°U: 0.711%
Lungs 2. 0.2075%  >°U:99.284%

Skeleton 238U: 5.2683%

LNTH Muscle

Kidney
Spleen
Stomach
Pancreas Urinary bladder

Skin NU-

Small intestine . . -9

Large intestine

| I T B 1 | I I R 1 | I R 1 | I I I

0.1 0.01 0.001 0.0001 0.00001

Fraction of HEU,
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IMB A

Professional

Biokinetic Modeling

« IMBA Professional Plus: USTUR research version -
° ° ° e_ o ;\
- Bioassay used: urine, chest counts, post-mortem activities
in lungs, liver, kidneys, skeleton
ICRP 137 uranium systemic model ICRP 130 human respiratory tract model
: l::iror\r.']:f(ig% turns\afgric(’STO) turnc?\!':‘:v(STZ) : Esophagus
- e e et :
100 100
Vskeleton T TTTTTTTTTTTTTTTTTTTTTTT E-;?:J;J;c;dissolution state ET, i E ET, Slow dissolution state i
i Cliver 1 : 15 i |15 i
: Nonexchangeable Exchangeable || cortical i E | LNgr |<m| ETseq | | ET', i E ET', | | ET q 0.001 i
| v o Ferrer B = vt - AT :
| i | Ny |22 B8, [ | | ! [ B8 | [BBuq 220 tNn |
| i fo2 ; 1021 :
[ omenonar=e2e || paraatie o vabecuar I ] i
1| volume volume 1 1 ! 1
L_______________________________:::K:r'c_;r;_e:y_;::::::::
i (?therkidney S
Urine = glgr:iac‘irgr i Urinary path
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‘Best Fit' Intake Scenario

- Chronic inhalation, type M - T | | -
- Two acute inhalations: % [| | ] ”L% =
. Year9, type M 2 I ‘}n Hl - 1 il ] |
I. Year 17, mixture of materials E UL \\{ i HMLMML I H |
87%: Case-specific, ‘Adjusted M/S’ : i \&PML'
solubility between M and M/S Tmoo w00 ‘*°T°fn nf;’l"‘;mt ttfj)‘” 7o a0
13%: type S .
* Possible U compounds involved: % 1000 | —IildT’:dm
Type M - UF, !
Type M/S - U O, § ool
Type S - ‘high-fired’ UO, ?? E

USTUR SAC Meeting 2022: Enriched Uranium Study
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Model Parameter Adjustment: HRTM

. 0.6 Esophagus 0.6 :
Effect of SmOklng Environment | A A Environment
100 100

¢ DefaUIt ln t- LN TH tra nSfer rate ERapid dissolution state ET, i i ET, Slow dissolution state i
overestimated post-mortem | S0 RN IR oo :
o o b f f 32 | | LNgr [<— ETceq ET, [ 11 ET, ETeeq —>{ LNgr |
aCtIVIty Y actoro E s i i s i
* Rate adjusted to fit the || N[22 BB Be' | 1 | | B8 BB [ LN | |
E } o2 i 02 } !
measurement ! Q001 b’ |+ ' | bb bby., |22 :
i <g.00003 )‘ 719001 ATLt\)/.oozi EO OOiTLV 0.001—— T( .oooo§> i
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Model Parameter Adjustment: Systemic

Default U systemic model mostly
based on data from males and
may not reflect female physiology

* Predicted post-mortem activity
in skeleton

« Overestimated activity in liver by
factor of 9; and

« Underestimated activity in
kidneys by factor of 8

Transfer rates adjusted to fit data

———————————————————————————————————————————————————

1
: Intermediate Rapid Slow
b turnover (STI) turnover (STO) turnover (ST2)
1 1
Lommm o] e UREEEEEEES - H-—-f---- !
1 Skeleton
L. e
i ' Liver
- i
1
N h bl Exch bl . :
: c;’;;’;‘i angeable c::ﬂ:ar;gea € ~| Cortical Plasma | Liver 2
| << surface ! A
. | volume volume
: i Liver1
! :. _____________ 1
1
i Nonexchangeable Exchangeable Trabecular :_ _____ L by
1| trabecular trabecular Z Sl content
I << surface
1 [ volume volume \y
1
1
: RC content
N T e
N Kidmeve TTTTTT 1 \V
idne
o : Red blood LC content
i ! cells W
Otherkidney [<
tissue RS content
B e
) \
Urinary i
Urine bladder |« Urinarypath
content Feces
________________
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‘Best fit' Long-term Retention in Tissues

Acutﬂe intake 2 ¢ Lungs
1,000 A Skeleton
Acute intake 1 3
T ® Kidneys 1
@ 100 = Liver -
>‘ 3
.t .
2 2 ]
0 10 4
© ]
E ]
5 i
.E .I \ -
© 3
= ]
0.1 4
» ;
Chronic intake>
0.0'I | L 1 1 Ll 1 1 L 1 1 L L 1 L 1 1 1 L 1
0) 5000 10000 15000 20000

Time (d)
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Intake and Dose Estimates

Time (d)
Material
m

Inhalation

Chronic 6,319

Acute 1 3,234 M
Acute 2(/) 6,238 M/S adjusted
Acute 2(/)) 6,238 S
Cumulative o 6,319

* IMBA estimate using ICRP60/68 dose coefficients

USTUR SAC Meeting 2022: Enriched Uranium Study

Rate (Bq d') | Total (kBq)

22.7
5.5
15.4
2.4
46.0

CED (mSv)*

11
19
50

225
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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 (58.2%) > skeleton (38.4%) > all other tissues (3.4%)

* 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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