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A Plutonium-Contaminated Wound, 1985, USA

Introduction—A hand injury occurred at a U.S. facility in 1985 involving a pointed shaft (similar to a meat 
thermometer) that a worker was using to remove scrap solid plutonium from a plastic bottle. The worker punc-
tured his right index finger on the palm side at the metacarpal-phalangeal joint. The wound was not through-
and-through, although it was deep. The puncture wound resulted in deposition of ~48 kBq of alpha activity from 
the weapons-grade plutonium mixture with a nominal 12 to 1 Pu-alpha to 241Am-alpha ratio. 

Management of the Injury—Two surgeries were performed to remove the foreign material. The first was per-
formed within seven hours of the injury and resulted in removal of about 25 percent of the activity. The second 
was performed on Day 9 and resulted in removal of an additional 50 percent of the initial activity. Total long-
term wound burden was thus reduced to ~5.4 kBq.  
 During the surgeries, the wound track was explored. Sensitive structures—such as tendon sheath and the two 
neurovascular bundles at the palmar aspect of either side of the proximal phalanx—were exposed and found to 
be intact. The wound was irrigated with calcium diethylene-triamine-pentaacetic acid (Ca-DTPA) to chelate any 
possible transuranic material in the wound. Wound edges and subcutaneous tissue were excised; then the wound 
was sutured to close. Pain medication and an antibiotic were provided.  
 A small cadmium telluride detector was used to help determine the location of radioactive material in the 
wound. The greatest activity was found towards the dorsal aspect (top) of the finger at the point of deepest 
penetration. This information was used to guide further medical diagnostic procedures, specifically a diagnostic 
x ray using soft tissue technique on Day 5—which identified two very small radio-opaque flecks that could well 
have been radioactive material. They could not be located in the wound or the excised tissue after the second 
surgery. The wound healed well without complications and with preservation of structure and function. 

Chelation—DTPA chelation was performed over 17 months with a total of 164 1-gm intravenous doses. The 
calcium salt (Ca-DTPA) was used for the first dose within 90 minutes of the injury and the zinc salt (Zn-DTPA) 
was used for all remaining administrations. DTPA was given daily for 26 days. After that time, administrations 
were reduced to five days week-1 and at five months were reduced to three days week-1 for the next 12 months. 
No complications from DTPA were encountered.   

Urinary Excretion—About 7 kBq of the Pu-alpha activity was excreted in the urine over the 17 months of 
chelation with one-third of that amount excreted in the first 15 days. Frequencies of DTPA administration of five 
and three days week-1 were ~90 percent and ~80 percent effective relative to daily administration. 

Wound Counting—In vivo measurements of wound activity were made by counting 241Am 59.5 keV photons 
with a planar high-purity germanium detector. Activity ratios determined from laboratory analysis of material 
in excised tissue specimens were applied. Two methods of in vivo measurements were made. Direct measure-
ments of both dorsal and palmar sides of the finger were made at a distance of 10 cm. These results were aver-
aged to derive an activity. Secondly, a plaster mould was made of the worker’s hand, with the plaster removed 
directly under the wound. This mould served as a jig that provided a solid repeatable position for the detector. 
The wound was counted for 10 minutes. Net counts were then used for statistical trend analysis. Within three 
months of the injury, 241Am activity leveled at ~370 Bq and remained at that level for three years. The long-term 
residual wound activity was estimated to be ~400 Bq 241Am, ~5 kBq of plutonium alpha, and 10 kBq of  241Pu. 
Over the next 24 years, the 241Am content did not show a significant change, suggesting that clearance from the 
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wound site was quite slow and approximated the ingrowth of 241Am from the decay of residual 241Pu activity at 
the wound site.  

Body Counting—Monthly in vivo measurements of skeleton and liver activities began at Day 1. Chelation 
therapy reduced the initial liver count of ~8 Bq of 241Am to below a minimum detectable activity (MDA) of ~4 
Bq from the liver in three weeks. During the first three years of follow-up using skeleton measurements, only 
two measurements widely separated in time detected any 241Am above the MDA of ~9 Bq from the skeleton. 
The average liver content for years two and three was below the effective MDA of ~1 Bq. This effective MDA 
was determined by computer summation of individual counts yielding an MDA better than that achieved with 
single counts. 241Am skeleton counts averaged ~5 Bq for the first year and ~10 Bq for the second.
 Counts of axillary (armpit) lymph nodes measured 16 Bq of 241Am activity on Day 1, which decreased in 
several months to ~6 Bq. Then there was a gradual increase of the activity over time from Day 200 to Day 1,200, 
probably indicating transport of residual wound contamination to those regional lymph nodes. Lack of a good calibra-
tion for the lymph nodes rendered the quantification (but not the relative detection) somewhat uncertain. Accumulation 
of activity in the axillary lymph nodes was detected in chest counts as an apparent chest burden because of the photon 
shine from the lymph nodes. No detectable activity was found in the supratrochlear lymph nodes.  

Dosimetry—Early dose estimates made in the days following the incident indicated that the retained uptake, 
with consideration for the expected efficacy of DTPA chelation, would be ~6.1 kBq, giving a committed effec-
tive dose equivalent of 5.4 Sv and a bone-surface committed dose equivalent of 120 Sv. Final dose estimates 
were made in 1988 using the GENMOD computer code (Johnson JR and Carver MB. A general model for use 
in internal dosimetry. Health Physics 41[2]341-348) and based on the models of International Commission on 
Radiological Protection (ICRP) Publication 30 (1979) and ICRP Publication 48 (1986), adjusted for chelation 
therapy effectiveness. The committed effective dose equivalent was calculated to be 1.3 Sv, and committed 
organ dose equivalents were 25 Sv to the bone surface, 2.9 Sv to the liver, 2.0 Sv to the red marrow.

Follow-up—A team approach was taken for management of this case. The team included an occupational health 
physicist, an internal dosimetrist, and a physician who worked very closely with the ultimate decision maker, 
the patient himself. He was immediately placed on a radiation work restriction and was reassigned to nonradio-
logical tasks for the duration of his therapy. Gradually he developed signs of stress, including not talking with 
his family, anxiety over future employment, and concern about the significance of his internal contamination, 
which made for some difficulties in case management. His family also became concerned. Involvement of the 
case-management team helped resolve many of the patient’s issues. One difficulty was the patient’s unwilling-
ness to provide fecal samples for radioanalysis. Another was the patient’s unwillingness to accept decreased 
frequency of DTPA administration.  

Conclusion—This incident occurred less than 10 years after the glove-box explosion incident that ultimately 
resulted in over 400 administrations of DTPA for internal contamination with 241Am, so DTPA was known to 
be very effective. This case also clearly showed that DTPA was very effective for decorporation of plutonium 
and americium. The case is a model for management of wounds contaminated with transuranics: (1) a team ap-
proach for dealing with all of the issues surrounding the incident, including the psychological, (2) early surgical 
intervention for foreign-body removal, (3) wound irrigation with DTPA solution, and (4) early and prolonged 
DTPA administration based upon bioassay and in vivo dosimetry. Readers wishing more detail about this case 
are directed to Carbaugh EH, Decker WA, and Swint MJ. Medical and health physics management of a plutoni-
um wound. Radiation Protection Dosimetry 26(1/4):345-349; 1989, and Carbaugh EH, Lynch TP, Antonio CL, 
and Medina-Del Valle F. Twenty-four years of follow-up for a Hanford plutonium wound case. Health Physics 
99(4):483-494. 
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