
EURADOS/REMPAN Wound Contamination Project
Annex 1: Example of Plutonium Contaminated Wound

Maia Avtandilashvili
United States Transuranium and Uranium Registries
College of Pharmacy and Pharmaceutical Sciences
Washington State University, Richland, WA, USA

EURADOS Annual Meeting
Porto, Portugal
June 12-15, 2023

USTUR-0649-23P



W
A

S
H

I
N

G
T

O
N

 
S

T
A

T
E

 
U

N
I

V
E

R
S

I
T

Y USTUR Whole-body Case 0262

7/10/2023 2EURADOS Annual Meeting 2023



W
A

S
H

I
N

G
T

O
N

 
S

T
A

T
E

 
U

N
I

V
E

R
S

I
T

Y

EURADOS Annual Meeting 2023

Case Description

• Worked as an engineer at Nuclear Defense Facility for 31 years

• Routinely monitored for internal exposure to plutonium via bioassay 
measurement program: urinalyses, in vivo chest counts

• Several skin and workplace contamination incidents reported

• Two suspected plutonium inhalation intakes

• Major plutonium contaminated wound intake 1.5-y later

• Worksite estimate of 239Pu systemic deposition: 2.3 nCi (84 Bq)

• Died from hepatocellular carcinoma 33 y after wound intake

James AC, et al. (2007). Radiat. Prot. Dosim. 127(1-4): 114-119

Weber SN et al. (2012). Health Phys. 103(3): 286-300
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• Injured finger on a broken drill while working in a glovebox

• Hood glove was contaminated to >40000 dpm (667 Bq)

• Laceration on left thumb: 0.6-cm long and 0.13-cm deep

• No apparent bleeding noted

• External measurement of the wound site: 500 dpm (8.3 Bq)

✓ Decontaminated using pHisohex

• No chelation therapy and/or surgical excision              
attempted
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Available Bioassay Data

• Five in vivo chest counts during last three years of employment: all negative 

• Total of 86 Urine measurements over 30 years: mostly positive after wound
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Autopsy Tissue Analyses

• Two samples of skin and muscle from left thumb containing the wound 
analyzed separately by -spectrometry and ICP-MS

• 83 soft tissue samples and 145 bones analyzed using -spectrometry

• Analysis results published by James et al. (2007) and Weber et al. (2012)
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Whole-body activity: 
221.8 ± 7.2 Bq

Thoracic lymph nodes

2.59 ± 0.06 Bq (1.2%)

1.05± 0.04 Bq (0.5%)

Lungs+trachea+larynx

0.067 ± 0.003 Bq (0.03%)
Brain

Liver
20.7 ± 0.7 Bq (9.3%)

Kidneys

0.053 ± 0.003 Bq (0.02%)

Wound (left thumb)
102.9 ± 7.1 Bq (46.4%)

Left axillary lymph nodes
56.0 ± 1.2 Bq (25.2%)

Testes
0.018 ± 0.002 Bq (0.0001%)

Heart
0.053 ± 0.003 Bq (0.02%)

Alimentary tract
0.57 ± 0.01 Bq (0.003%)

Skeleton
29.6 ± 0.2 Bq (13.3%)

Unpublished data revised from James et al. (2007) 
and Weber et al. (2012)

Remaining: 8.3 ± 0.1 Bq
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• Multiple intake regimes: two inhalations and wound

• Ad hoc wound model, ICRP 66 HRTM & ICRP 67 Pu systemic model

• Birchall and James (1989) ‘rate matrix’ to solve compartmental models

✓ Selected model parameters optimized

• Simultaneous fit to all urine and tissue retention data

✓ Measured wound activity: 68 Bq – 51% lower than actual retention

• Estimated intakes:

✓ Inhalations – insoluble Pu: (1) 757 Bq and (2) 1504 Bq

✓ Wound – 86% insoluble & 14% soluble Pu: 204 Bq 

• Total committed effective dose: 35 mSv
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• Single wound intake assumed

• NCRP 156 wound model & ICRP 67 Pu systemic model

• IMBA Professional Plus®: Maximum likelihood fit to urinary excretion

✓ Deposition category ‘Fragment’ best described data

✓ Model underestimated long-term wound and whole-body retention

• IMBA Uncertainty Analyzer: Weighted Likelihood Monte Carlo Sampling

✓ Posterior mean wound retention function:

R(t) = 0.0342e-1.38t+0.117e-0.0112t+0.849e-0.00000269t

✓ Estimated posterior mean values (95% CI):

 Intake: 222 ± 6 Bq (210 Bq – 234 Bq)

 CED: 19.0 mSv (18.8 mSv – 52.3 mSv)
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Current Work (I)

TAURUS internal dosimetry software, Version A_0.1
• Strongly retained soluble Pu assumed
• Urine bioassay only
• Intake: 34.4 Bq
• CED: 8.45 mSv
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Current Work (II)

• Simultaneous fit to urine & post-mortem wound retention
• Mixture: 16.3% ‘Soluble Strong’ + 83.7% ‘Fragment’
• Intake: 196.1 Bq
• CED: 9.2 mSv
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Current Work (III)

• Simultaneous fit to urine & post-mortem wound, liver, skeleton 
• Mixture: 17.2% ‘Soluble Strong’ + 82.8% ‘Fragment’
• Intake: 199.2 Bq
• CED: 9.8 mSv
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Summary

EURADOS/REMPAN Wound Contamination Project, Annex 1

• USTUR whole body Case 0262

• Plutonium contaminated laceration

• No surgical excision or chelation

• 33 years of follow-up: urine bioassay, tissue retention data

• Two case evaluation studies published

• Final data analysis in progress
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QUESTIONS?

m.avtandilashvili@wsu.edu

https://brand.wsu.edu/imagery/
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