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This is to announce that the Division of Biology and Medicine has
authorized the establishment of a "Plutonium Registry" with the
Hanford Environmental Health Foundation of Richland, Washington.
This Registry is the outcome of discussions held over the past two
years between contractors handling plutonium, and representatives of
the Divisions of Biology and Medicine and Operational Safety. For
the present the Registry is national in scope, including both con-
tractors and licensees of the Commission. Hopefully, other nations
may in time care to pool their information.

This Registry, if it is to be the unique development in the field
of occupational medicine that it can be, must depend on the coopera-
tion of the management, and medical and health physics personnel of
the various installations in which plutonium contaminations occur.
Therefore, when W. D. Norwood, M.D., Principal Investigator of the
Plutonium Registry, contacts you or your group, you will understand
that he will really be acting as your agent and an extension of
your installation. The philosophy underlying the Registry was
presented at the Hanford Symposium in May 1967 and will soon appear
in a special volume of Excerpta Medica; a reprint will be sent you
as soon as possible.

In brief, the Registry will function as a cooperative information
pool with Dr. Norwood managing its operation. Dr. Norwood will
require your help in arriving at many policy determinations and
an even larger number of operational details. Since voluntary
cooperation will be the key element in the Registry, your collab-
oration now and for a long time into the future is solicited.

Dr. Norwood's address is P. 0. Box 100, Richland, Washington 99352;
telephone number 509-942-1111, extension 64010.

“We are proceeding deliberately with this project because it is one which should
not be abandoned once itis taken up.” (H.D. Bruner, A Plutonium Registry 1967)
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REGISTRIES MANAGEMENT ANALYTICAL SUPPORT

1968 Plutonium Registry 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

Sergey Y Tolmachev | stolmachev@wsu.edu | RRS 2025 Annual Meeting, September 21, 2025

Pacific Northwest
Laboratory

1971

1978

1989



mailto:stolmachev@wsu.edu

Mission: Then and now

* |nitial mission was “to protect the interests of workers, employees, and
the public by .... the acquisition and provision of the latest and most
precise information about the effects of the transuranic elements on
man”

By the end of 1970s, the mission of the Registries moved away from
epidemiology

* Today’s mission is to follow up occupationally exposed workers by
studying the biokinetics and tissue dosimetry of the actinides 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

Sergey Y Tolmachev | stolmachev@wsu.edu | RRS 2025 Annual Meeting, September 21, 2025



mailto:stolmachev@wsu.edu

WASHINGTON STATE UNIVERSITY

&

Number of cases: whole-body

Registrants

Individuals with documented history of exposure to the actinides
HEU, DU, %*4Cm, %3’Np
Criteria: 4 nCi (internal deposition) or 10 rem (external)

e Primary exposure: 23°Pu, 238Pu, %*'Am, U

nat?

Mainly former nuclear workers from DOE sites
* Voluntary tissue donors (posthumous)
e Statistics and trends:
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Unique data resource

USTUR data

1 - self-reported

National Human
Radiobiology Tissue USTUR research: frozen and acid-
Repository (NHRTR) digested tissues (acid solutions)

Radium Dial Workers study: frozen,

plastic-embedded, and dry tissues
NHRTR

materials . . .
Plutonium Injection study: plastic-

embedded bones

T - from Argonne National Laboratory
¥ - from Los Alamos National Laboratory
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This study: Case description

Individual with documented history of exposure to 23°Pu and %44Cm

Partial-body tissue donor worked with actinides for 33 years

44-year bioassay monitoring (Pu/Am/U): urine, feces, chest/wound counts
Major inhalation and wound intake of soluble 23°Pu (nitrite-chloride-acid mist)
Treated with 10 i.v. injections of 1.0-g Ca-DTPA

Acute inhalation of 244Cm (3 years after DTPA treatment)

A single urine measurement below detection limit for 244Cm

Worksite estimated deposition, nCi: 8 (*3°Pu), 4 (**'Am), no estimate (***Cm)
Died 52 years after 2**Cm intake from heart disease at age 86

Ten bones and 18 soft tissue organs were collected at autopsy
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* Synthesized in 1944 by Glean T. Seaborg, Ralph A. James, and Albert Ghiorso at
University of California, Berkeley via 2°°Pu (a;n) 242Cm reaction

* Has 19 known isotopes and 10 nuclear isomers; 244Cm (T,,, = 18.1y; E,=5.8 MeV)
is the most abundant isotope inirradiated nuclear fuel (~30 g per ton)

Application
e 244Cm for production of 2>2Cf high-intensity neutron sources (2.31x10'2 g1 s1)
« 24Cm for alpha proton X-ray spectrometer (Mars exploration rovers)

* 245Cm and 2%8Cm for synthesis of super-heavy elements (;46LV)
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e 50tissue sam

ples analyzed for Pu/Am/Cm

244Cm analysis in tissue samples

Drying and

ashing

Actinide a-source
separation preparation

Actinide

measurement

2) Add
3) Add

1) Samplein 40 mL 3M HNO; - 1M Al(NO;);

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

4) Sample loading (1 mL min)

5) Beaker rinse: 2 x 5 mL 3M HNO,
6) Separate cartridges
7) TEVArinse: 30 mL 3M HNO4

1 mL TEVA resin
(50-100 pm)

1 mL TRU resin
(50-100pm)

1 mL DGA resin
(50-100 pm)

WASHINGTON STATE UNIVERSITY

za
<

! T—|; 8) Rinse: 20 mL 9M HCL (Th)

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

'

----iB--- (6
it (6) Electrodeposition

. |

Alpha spectrometry

Discard (4-8)
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10) Am (Cm) to DGA: 15 mL 4M HCl
11) Separate cartridges

12) Rinse: 3 mL 1M HNO;
13) Rinse: 10 mL 0.1M HNO; (U)

1 mL TRU resin

l—i 14) Am (Cm) elution: 10 mL 0.25M HCL

1 mL DGA resin

50100 um _ 50-100 pm
( om0 ( um)
1 mL DGA resin
(50100 pm) -~
[ | [ ] (14)
d h ¥
Discard (10) Discard (12,13)  Flectrodeposition

* 244Cm measured by a-spectrometry for 600,000 sec (s, =6.8x10° Bq)

l

Alpha spectrometry
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244Cm concentrations in human tissues
* Total body concentration: 10.6 + 2.0 mBq kg

N
Respiratory
N
T~
182+84 LNTH
—
A N N N
23%4 22+4 203 101
— — — —
Trachea Larynx Bronchialtree  Lungs
155 4.5%1.1 2.1£1.1 1.2+0.9 0.24+0.12
| Liver Kidney Thyroid Spleen Brain

Sergey Y Tolmachev | stolmachev@wsu.edu | RRS 2025 Annual Meeting, September 21, 2025



mailto:stolmachev@wsu.edu

Y

Curium distribution in the human body

* Estimated %4*Cm total body activity: 837 + 160 mBq

Brain
0.3+ 0.1 mBqg (0.04%) .
Thyroid
Heart 0.05+0.03 mBq (0.007%)

0.21 +0.06 mBq (0.20%) Respiratory tract

17.7 £1.5mBq (2.1%)

Liver
18.4=6.4mBq (2.2%) N | & ¢ Spleen
iscle A "&)/ 0.18 = 0.13 mBq (0.02%)
28.3+9.9mBq (3.4%) | & & | Kidneys
4
Pancreas /e | 1.0£0.2mBq (0.12%)
0.13 = 0.08 mBq (0. 02%)51 \ Skeleton
| 756 £ 159 mBq (90.3%)

Other soft tissues | \. 7\ :
4.3+ 15 mBq (0.51%) ' Bl Adipose
! 0.5 + 2.6 mBq (0.06%)
Skin L
8.3 + 3.0 mBq (1.0%) \ | | /
:
AIRS
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Autopsy data: Estimation of #*4Cm intake and dose

Input

Systemic biokinetics

© ICRP OIR series defaults

Reference

Case_(641_Cm-244 R1

Deposition parameters

ICRP OIR Light work

series defaults

Nuclide 5.0 microns AMAD
Cm-244 1810y v|
~ User-defined

MNuclide mixture ~ deposition

Alimentary tract Respiratory tract

© ICRP OIR series defaults © ICRP OIR series defaults

O User-definedrates  Add

Intake regimes

Numb

er ofintake regimes

Absorption parameters

e

O ICRP OIR series defaults

e

O Userdefined forms  Adg

Add  [for aerosols only)

Wound model

O NCRP defaults

© Wound LN excl, from dosimetry
O Wound LN incl, in dosimetry

Retrieve forms Help: Forms Help
(max. 20) 1901 2022
LR LRfrac Dep Form Route Mode  Stat End Intake A fr sr ss fb
1 1.0000 (5.0 um AMALCMO2 INH | Acute ] 1.9223E+02 | 2.50E-04 0.50000 0.40000 |1.00000E-02|2.00000E-03
2 (B 10000 (5.0umAMALS INH | Acute 0 3.7625E+01 | 5.00E-06 (1.00000E-02( 040000 |1.00000E-04|2.00000E-03

Inhaled material: Curium oxide, nitrate, and chloride

(‘soluble’) + type S (insoluble)
Data: post-mortem organ acti

vities

Goodness-of-fit, ¥2=0.615 (NDF = 1)

Estimated intake: 266 + 39 Bq (84% soluble fraction)
Committed effective dose (mean): 1.62 = 0.24 mSv
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Probability density function

10,000

1,000 }

100 |

10

1.5

0.5

Respiratory tract

Skeleton

= B Skeleton

® |iver

A Respiratory tract

1l 1 i3 a3l 13l e | 1
10 100 1,000 10,000
Time after intake (d)
T T T T T T

0 0.5 1 1.5 2 2.5 3

Effective dose (mSv)
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#4Ccm actvity (mBq)

Model validation: Organ activity predictions

100 ¢

10

0.1

Kidneys

Brain
Heart

- >

B Kidneys
@ Brain
A Heart

10 100 1,000 10,000

Time after intake (d)
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#4Ccm actvity (mBq)

Model validation: Organ activity predictions

100 ¢

10

0.1

Heart

B Kid
@ Bra

A Hes

Kidneys
10
Spleen
g h
B Pancreas
=
2
o Thyroid
£
&)
3 0.1 |
B Spleen
® Pancreas
A Thyroid
001 1 L aaaal 1 L 3 a1l L1l 1 paaal 1
1 10 100 1,000 10,000

Time after intake (d)
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#4Ccm actvity (mBq)

Model validation: Organ activity predicti

ons

100 ¢
Kidneys
10 ¢
1,000 ¢
10 F - Muscle
C Heart — i
= 1 Lk
E 100 3 Adipose
2 =2 [
p= o |
1 F 5 E Skin
" Ko ¢ :
@ Bra go 01 F % 10 E_
N : © L
A Hes | E
O
I ‘§ B Muscle
0.1 s . 1 L o Adi
1 - : ipose
A Skin
001 L——
1
0.1 L 1 ] L L gl 1 a1l 1
1 10 100 1,000

Time after intake (d)
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Organ activity (mBq): model predicted

Oran activity: Model prediction vs measurement

100 ¢

Y
o

©
—

0.01

0.01

0.1 1 10 100

Organ activity (mBq): measured

Stomach
Testes

1 Urinary bladder

Adrenals
Prostate
Muscle
Skin
Spleen
Pancreas
Thyroid
Kidneys
Heart

Brain

0.1 0.3 1 3

Predicted-to-measured activity ratio

*using NCRP 31 ‘explicit brain’ model
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Cm and Am ‘systemic’ distribution: Comparison

244Cm: 0.037%

Brain
241Am: 0.066% , 244Cm: 0.022% Soleen
' 240 Am: 0.97% P
244 .
Liver 241Cm.2.22/o
Am: 9.8% 244Cm: 0.13% <id
2AM: 0.18% 0
244Cm: 3.5%
Muscle
241 Am: 3.4%
244Cm: 0.06%
Cm: 0.06% Adipose

244Cm: 0.53% 241 Am: 7.36%

Other soft tissues 241 Am: 2. 49%

244Cm: 1.01% /T\

241Am: 0.54% 2
&

“*Cm: 92.3% Skeleton
2Am: 73.7%

Skin

Skeleton-to-liver activity ratio (Bg/Bq)
e 244Cm: 41£17 (measured) - 30 (model predicted)

« 24TAm: 8+2 (measured) - 33 (model predicted)
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Summary

The most extensive case study on the biokinetics, tissue concentrations,
and organ distribution of curium (2#4Cm) in the human body

The total body concentration of 24*Cm was estimated at 10.6 £ 2.0 mBq kg™'.
Among systemic tissues, the highest concentration was in the skeleton
followed by the liver, kidney, spleen, and brain

92.3% of systemic ?**Cm is deposited in the skeleton, followed by 3.5% in
muscle and 2.2% in the liver; for 241Am, 73.7% is retained in the skeleton,
with 9.8% in the liver, and 7.4% in the adipose tissue

Estimated intake of 24*Cm was 268 = 39 Bq with corresponding committed
effective dose 0f 1.62 £ 0.24 mSv

Overall, current biokinetic model for actinides predicts the distribution of
244Cm in the human body reasonably well. The observed skeleton-to-liver
activity ratio is 41, compared to a predicted ratio of 30 from the model

4/”}4;, \\\‘/‘\'\
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Chihuly Garden and Glass Exhibit, Seattle, Washington, USA

Yttrium
88.905

39

Germanium
72.63

Erbium
167.26

Sulfur
32.07

'S | Er |Ge

Thank you for your attention!
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