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Dedication 

Since the inception of the Registries in 1968, more than 350 men and women 
have participated in this research through postmortem donation of tis- 
sues. The faculty and s m o f  the Registries recognize these generous and 
anonymous contributors to science and dedicate this I996 Annual Report 
to their memory. So too is this report dedicated to the memory of two of 
our scientific colleagues, DK Roy C. Thompson ( I  920- I995) and Profes- 
sor Robley D; Evans (1907-1995), who'during their many years of service 
as members of the USTUR Advisoyy Committee provided guidance and 
support, and who throughout the entire existence of the program, served 
as colleague, ,mento;l; and fiend tci tk entire faculty and stafs. These 
contributors to this research have earned the respect and admiration of 
all of us within the, Registries family. mroagh their contributions, our 
understanding of the biological and health physics aspects of the actinide 
elements has been greatly facilitated, and we moved closer to achieving a 
primary goal of the Registries - providing a sound scientific basis for ra- 
diation protection standards, thereby assuring their adequacy for the pro- 
tection of people and the environment. 



DISCLAIMER 

This report was .prepared as an account of work sponsored 
by an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor 
any of their employees, make any warranty, express or 
implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial 
product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute 
or imply its endorsement, recommendation, or favoring by 
the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not 
necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 
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Executive Summary 

This report documents the activities of the United States Transuranium and Uranium 
Registries for the year October 1, 1994 through September 30, 1995. Administrative ac- 
complishments during the year included the publication of a new brochure, the Annual 
Newsletter and renewal of all active Registrants. Records and files were microfilmed and 
the microfilmed duplicates were stored in a protected location in the campus library. In 
response to a request from the President's Advisory Committee on Human Radiation Ex- 
periments, the Registries provided information and specific documentation pertaining to 
human subjects considerations. The Registries program was found to be ethically sound 
and in full compliance with all applicable regulations. 

A Registries home page was created on the World Wide Web. In addition to general 
information about the Registries program, it includes summaries of the two most recent 
Annual Reports; a list of publications; and access to the Registries database. The Registries 
home page address is www.tricity.WSU.edu/htmis/ustur/pagel .html. Considerable progress 
was made with respect to computerization of the database; the data base now includes, in 
addition to the administrative information on all registrants, radiochemical results for all 
tissues collected at autopsy and health physics information including radiourinalysis results 
and other dosimetry data for all deceased registrants. In progress are a table of the health 
history for all registrants and a clinical history table. 

During the reporting period, Registries staff authored or coauthored more than 45 scien- 
tific papers or abstracts published or submitted for publication in the open peer reviewed 
scientific literature and presented more than two dozen scientific papers, seminars, and 
public presentations. The Director was named Hartman Medalist and Orator by the Radiol- 
ogy Centennial and was also the recipient of the Herbert M. Parker Award. 

The radiochemistry laboratory became fully operational with primary' effort devoted to 
reduction of the sample backlog received from Los Alamos National Laboratory and to 
quality assurance. Quality assurance intercomparisons with the University of Washington 
and Los Alamos National Laboratory were carried out and revealed no indications of ran- 
dom or systematic error. 

Evaluation of USTUR Case 0259, a whole body donor who had incurred an acute inha- 
lation intake of high fued u8Pu0, 18 years prior to death, revealed a systemic distribution 
pattern of the 238 isotope of plutonium not significantly different from that observed for 
239Pu. About half the total body burden of =*Pu was found in the liver, but only 37 per cent 
in the skeleton. There was, however, considerably less activity in the respiratory tract than 
would be expected on the basis of current models, and this observation, coupled with the 
urinary excretion pattern observed during life, are indicative of more rapid clearance of 

, 
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the 238 isotope from the respiratory tract as compared with likely attributable to 
particle breakup because of the higher specific activity and consistent in this regard with 
what has been observed in animal studies. 

Examination of tissue concentration ratios for both plutonium and americium in Regis- 
tries cases as a function of time after intake suggests that there are no significant differences 
in the retention half-time among the various soft tissues as compared with the liver. Teeth 
were evaluated as a means of estimating total skeletal content of plutonium or americium. 
No consistent relationship was found between plutonium and americium concentration or 
content in the teeth and in the skeleton as a whole. The activity concentration in certain 
bones, notably the ribs, was found to be a constant fraction of the average skeletal concen- 
tration, and these bones can thus be used to estimate total skeletal content of actinide mak- 
ing appropriate assumptions relative to the mass of the skeleton. 

, 
Cytogenetic studies were initiated utilizing glycophorin-A and fluorescence in situ hy- 

bridization techniques to examine circulating red blood cells in persons with a known his- 
tory of exposure to the actinide elements with the ultimate goal of utilizing stable chromo- 
some changes to quantify exposure to the actinide elements. 

The feasibility study was completed for joint USTUR-Russian research collaboration. 
This work documented the similarities and differences between the Registries of the two 
countries and a plan was developed for future effort. 
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ADMINISTRATIVE ACTIVITIES 

Lynn A. Hanvick and M. June Markel 

Microfilming 
This year the Registries secured the 

funding necessary to microfilm all Regis- 
trant and related records. Each individual 
record was microfiched and is kept with 
the physical files in a secured room in the 
USTUR building. Another microfilmed 
copy is stored in the Max E. Benitz library 
at WSU in Richland. Although the micro- 
film is stored in the library, it is unavail- 
able for public use since it contains per- 
sonal identifiers and other information that 
requires protection in accordance with 
state and federal law. The records will be 
microfilmed periodically to ensure they are 
kept current and accurate. 

Many benefits have been gained 
through the completion of the microfilm- 
ing. Registries faculty and staff now have 
an extra copy of Registrant data for scien- 
tific and administrative use. Previously, 
only one staff member could use a particu- 
lar file. It has also provided the security 
of having an additional copy in the event 
of a fire or natural disaster which may de- 
stroy documents significant to the Regis- 
tries research. Additionally, the microfilm- 
ing process actually added clarity to many 
of the older documents which were diffi- 
cult to read due to fading. 

Advisov Committee Meeting 
The annual USTUR Advisory Com- 

mittee Meeting was held October 17-18, 
1995 at the University Inn in Moscow, 
Idaho. The meeting was attended by the 
USTUR Advisory Committee, USTUR 
staff, and others associated with the pro- 

gram. All Advisory Committee members 
were in attendance: Keith Schiager, Ad- 
visory Committee Chairman; Borje K. 
Gustafsson, Kenneth G. W. Inn, George 
L. Voelz, Bruce Lawson, MaryBelle 
Thompson and the newly appointed 
Robert Thomas, recently retired from 
Argonne National Laboratory. The report 
of the Committee is included as an Ap- 
pendix D. 

The meeting was held in Moscow, 
Idaho which borders Pullman, Washing- 
ton to allow meeting attendees to tour the 
recently remodeled radiochemical labora- 
tory in the Nuclear Radiation Center on 
WSU's main campus where radiochemi- 
cal analyses in Registries research for- 
merly performed by the Los Alamos Na- 
tional Laboratory (LANL) are now carried 
out. 

Color Brochure 
A full-color information brochure on 

the Registries was printed and distributed. 
The brochure combined the information 
contained in the first USTUR brochure and 
that in the document formerly known as 
"Questions and Answers" about the 
USTUR. Charles Powell, Information 
Coordinator for the WSU College of Vet- 
erinary Medicine, and the USTUR Advi- 
sory Committee assisted with editing the 
material into an easily read and non-tech- 
nical format. 

The brochure provides an overview 
of the USTUR and the National Human 
Radiobiology Tissue Repository 
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(NHRTR). It also briefly discusses the re- 
search interests of the program and how 
post-mortem tissue donations are obtained. 
Inside the brochure is a postage paid busi- 
ness reply card which can be returned to 
the USTUR to request further information 
about the program. 

Human Subjects Review 
As noted in the 1994 Annual Report, 

all research programs at WSU which use 
human subjects must be granted approval 
by the WSU Institutional Review Board 
(IRB). The USTUR which was initially 
granted approval by the IRB in February, 
1992, and again this year received ap- 
proval for continued research involving 
human subjects in 1995. No changes were 
recommended by the IRB. 

Manuscript Tracking System 
Due to rapid programmatic growth 

and the addition of the radiochemistry op- 
erations last year, a si@icant increase in 
publications has arisen necessitating the 
establishment of a manuscript tracking 
system. Each manuscript receives a track- 
ing number in the following format: 
usTuR-####-YY. 

The five letters identify the program 
and are followed by a unique four-digit 
number, with the last two digits corre- 
sponding to the year of publication. Once 
a number is assigned, a file is established 
and the publication is either submitted to 
a peer-reviewed journal or to the Office of 
Scientific and Technical Information 
(OSTI). 

Persons interested in receiving a pub- 
lication registered with OSTI can request 
a copy from the Office of Scientific and 

Technical Information, P.O. Box 62, Oak 
Ridge, TN 3783 1 , as well as directly from 
the Registries, although supplies from the 
latter source are limited. 

Registrant Newsletter 
The second registrant newsletter was 

published and mailed in December to all 
currently active Registrants. Once again, 
the newsletter highlighted USTUR activi- 
ties for the past year and gave Registrants 
the opportunity to see how their partici- 
pation is essential to the continued re- 
search of the Registries. The newsletter 
also gives the Registries an opportunity 
to extend season’s greetings to several 
hundred program Registrants located in 
various parts of the country. 

New Phone System for the campus 
WSU installed a new phone system 

this past Fall. The system allows anyone 
on any WSU campus to reach any of the 
other WSU campus by dialing a five-digit 
number. This is not only more convenient, 
but toll-free as well. In the past, the phone 
number had to be dialed in its entirety and 
there was a long-distance charge for each 
call. The system has also brought voice 
mail to the campuses and several new fea- 
tures which bring WSU into the “commu- 
nications 90’s.” 

, 

Prior to the switch to the new phone 
system, the Richland campus received all 
new phone numbers. Previously the pre- 
fix was 375-9XXX, but was changed to 
372-7XXX in anticipation of the new sys- 
tem. 

376-6010 Disconnect 
As mentioned in the previous An- 

nual Report, the Registries now has an 800 
telephone number which is replacing the 

. . . . . __ 
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hotline which was formerly used to place 
collect calls to the USTUR. If you dial 
the hotline at (509)376-6010, you will hear 
a recorded message that refers you to the 
new 800 number, (800)375-9317. This 
number is toll-free and was established for 
the use of Registrants, their families, and 
caretakers as well as others who may have 
questions or need more infomation about 
the Registries. 

The recording will eventually be dis- 
connected, so please make note of the new 
800 number. 

Advisory Committee on Human Radiu- 
tion Experiments (ACHRE) 

ACHRE was created by President 
Clinton to evaluate the history and poli- 
cies of human radiation experiments car- 
ried out or sponsored by the U.S. Govern- 
ment. As part of their evaluation, ACHRE 
began a Research Proposal Review Project 
in which several programs funded by vari- 
ous federal agencies were selected and 
asked to provide specific documentation 
pertaining to their human subjects re- 
search approval. The USTUR provided 
this information as well as offered copies 
of the Registries' pertinent policies and 
procedures. The Registries program was 
found to be ethically sound and in com- 
plete compliance with all applicable regu- 
lations. 

Registrant Renewal 1994-95 
After the 1993 audit review of all 

Registrant files, it was concluded that a 
mass renewal of Registrant agreements 
was required. Historically and prior to the 
transfer of the Registries, the participants 
in the tissue donor program were renewed 
every five (5)  years with the date of deter- 

mination for renewal being the date the 
completed forms were signed by the Reg- 
istrant and accepted by the Registries. This 
method, while previously adequate, was 
inefficient and incompatible with the mod- 
ern automated system at Washington State 
University. The Registrant renewal began 
with a mass mailing to all active Regis- 
trants regardless of the donor expiration 
date. 

A comprehensive review of the Reg- 
istrant files indicated that a majority were 
not complete, lacking medical and health 
physics information on virtually every ac- 
tive case. Prior to the 1992 Registries 
transfer to WSU, standard practice was to 
request medical and dosimetry records af- 
ter death and at the time of tissue analysis. 
However, to gain information necessary to 
determine whether Registrants met the cri- 
teria for enrollment in the Registries, it was 
decided that information should and would 
be requested prior to acceptance of the en- 
rollment forms. This task compounded the 
.renewal by slowing down the process, add- 
ing a financial and time burden to former 
Registrant employers faced with a dwin- 
dling medical and dosimetry workforce 
and in some cases, outright refusal by the 
employer to release medical and dosim- 
etry records. 

As a result of the renewal, a number 
of improvements have been implemented 
including color coding of the file labels 
which gives instant recognition of Regis- 
trant status and minimizes the possibility 
of completing incorrect documentation at 
the time of a death. 

The Long Range Plan 
The future development, growth and 
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USTUR have been identified in the Long 
Range Plan 1996-2005. These include 
contributions of interests and vision by 
Registries staff members as well as sug- 
gestions put forth by the Advisory Com- 
mittee in previous years. A copy of this 
document is available and can be requested 
directly from the USTUR or by writing to 
OSTI, as instructed in the Manuscript 
Tracking System. The tracking number 
for the Long Range Plan is #USTUR- 
0040-95. 

Record Archives 
Review of the archival records and 

files transferred from HEW indicated a 
need to implement an alpha-numeric cod- 
ing system to access information, not re- 
quired in the every day functions of the 
office but valuable as historical informa- 
tion on the Registries and other entities 
involved with the inception and contin- 
ued effort. This task was tabled until the 
Renewal was completed and has now been 
reactivated. 

, 
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USTUR DATABASE 

Minh I? Pham 
Introduction 

During fiscal year 1995, notable 
progress was made with the USTUR da- 
tabase system, which has been modern- 
ized to eliminate software and format 
incompatabilities and now utilizes a uni- 
fied standard format. The improved high 
reliability and consistency of the data not 
only facilitates statistical analyses, but 
enables certain mathematical and other 
procedures to be carried out expeditiously 
and with a previously unattainable degree 
of accuracy. Several major database files 
have been completed, and at the same time 
supplementary database files continue to 
be developed to accommodate the grow- 
ing needs of the Registries. Much of the 
data has also been made readily accessible 
to the scientific community both nation- 
ally and internationally through the Reg- 
istries, homepage on the World Wide Web 
and the Comprehensive Epidemiologic 
Data Resource (CEDR). 

Database Files 
The three main files in the USTUR 

database are labeled Radiochemical, 
Health Physics, and Medical. The first two 
files are complete and contain large vol- 
umes of data which are regularly updated, 
while the Medical file is still under devel- 
opment. 

The Radiochemical file contains ba- 
sic file information about radiochemical 
analysis of tissue donations from USTUR 
registrants. These data were originally col- 
lected from a number of sources, prima- 
rily national laboratories. Because of dif- 

ferences in the data collection protocols 
for the various sites, it was necessary to 
convert the data into a consistent format 
which was accomplished using the com- 
mercially available PARADOX For Win- 
dows software. The data generated from 
the radiochemical laboratory in Pullman 
have also been incorporated into the 
USTUR database. Additional data are rou- 
tinely integrated into the system as it is 
received from the laboratory. 

The Health Physics file contains bio- 
assay and other health physics data and 
was the second major database file to be 
completed. This file contains about 14,000 
registrant records including external dose 
assessments and information, and results 
of excreta analysis and in vivo counting. 
Although there was a large volume of 
records, all those existing have been in- 
putted and will continually be updated. To 
ensure quality control, the data are also 
cross-checked for accuracy. 

The Medical file contains both per- 
sonal and clinical data and is currently be- 
ing developed. To remain consistent and 
be able to share data with other research 
institutes. the file has been created utiliz- 
ing ICD-9 CM Coding, a world recopized 
standard medical format which is com- 
monly used for medical data coding. The 
personal data have been entered and input 
of the analyzed data has continued through 
this reporting period. 

Figure 1 illustrates the workings and 
accountabilities of cognizant Registries' 

I 
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staff with regard to the USTUR database. 

World WZe Web 
The Registries now have a homepage 

on the World Wide Web. This new tech- 
nology has allowed the Registries to make 
the entire electronically formatted database 
available through CEDR. In addition to 
data, the homepage also allows users to ac- 
cess Registries’ information such as an- 
nual reports, publications, and the 
program’s history which all can be down- 
loaded. Comments and questions can be 
sent to the Registries through the 
homepage, and inquiries will be responded 
to via computer or mail. The Registries 
home page is linked to the Washington 
State University home hage, and the CEDR 
home page. 

, 

USTUR World Wide Web address is: 
http ://w w w. tricity. w su. edu/htrnls/ustur/p age 1. html 
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CYTOGENETIC STUDIES AND RADIATION CARCINOGENESIS 

Principal Faculty Investigator: John J. Russell !: I 

It has become increasingly apparent 
that the development of a tumor involves 
a number of specific mutations including 
deletions of partial or entire chromosomes. 
From studies using chemical carcinogens, 
certain oncogenes have been associated 
with phenotypic changes of transforma- 
tion. It is not known which oncogenes are 
responsible for radiation-induced transfor- 
mation, but numerous studies have dem- 
onstrated that agents other than ionizing 
radiation can cause neoplasia via a series 
of steps. These steps are identified as ini- 
tiation, promotion, and progression and 
suggest that similar steps may be involved 
in radiation tumorigenesis as well. Thus, 
in addition to identifying which and how 
many oncogenes may be involved and in 
what manner they become activated, it is 
also essential to know what role they play 
in the overall carcinogenic process. 

Whether in human or animal tissue, 
it is clearly impossible to distinguish a tu- 
mor or neoplasm induced by ionizing ra- 
diation from one that occurs spontane- 
ously. Radiation induced neoplasms are 
identified in a population study by calcu- 
lating the difference between the back- 
ground frequency of spontaneous tumors 
and the excess rate (BEIR IV). It is also 
equally true that neoplasms can be induced 
in virtually any tissue or organ of the body 
if the exposures are appropriate; however, 
there are significant differences in the 
oncogenic potential of irradiation in dif- 
ferent tissues. 

Radiation is generally accepted as a 
complete carcinogen in that a single ex- 
posure can induce neoplasia. Many com- 
binations of physical and chemical agents 
can have varying degrees of effects on 
carcinogenesis. Their interactions can be 
additive, synergistic, or multiplicative. 
Several studies have shown radiation serv- 
ing as the second event in the multi-step 
process of oncogenesis after initiation by 
other means. 

The value of tissue specimen bank- 
ing projects such as those at National In- 
stitute of Standards and Technology 
(NIST) and the Environmental Protection 
Agency @PA) have provided baseline en- 
vironmena data for monitoring chemical 
toxicant trends over time and among dif- 
ferent sites, and provided samples for re- 
analyses as well as samples for retrospec- 
tive analysis with new and or improved 
techniques. They have also helped to 
evaluate the stability of biological samples 
and environmental pollutants in archived 
or long-term storage. These advantages 
and numerous others can be obtained from 
the use of human tissue samples archived 
in the "RTR. 

In addition to the traditional studies 
of organ retention, dosimetry, 
microdosimetry, and biokinetic modeling, 
the Registries' research efforts have ex- 
panded into other areas, including studies 
of radiation carcinogenesis and exposures 
to mixed hazardous wastes. Thus, we be- 

I 
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lieve that additional analyses of these ar- 
chival samples for such things .as hazard- 
ous chemicals i.e. halogenated hydrocar- 
bons, heavy metals, asbestos, or other toxic 
compounds frequently encountered in the 
work place, will provide valuable infor- 
mation. This information regarding the 
level and type of interactions produced in 
combination with radiation, and whether 
or not the combination of exposures are 
more deleterious than either alone, could 
be very si,&icant. 

The importance of gross chromo- 
somal changes has been recognized and 
valued in the very recent past as a marker 
for cellular damage. New techniques for 
characterizing chromosomes have been 
developed that allow whole or pieces of 
chromosomes to be identified and the sub- 
sequent loss, partial deletion, or rearrange- 
ment of chromosomes in tumors to be ex- 
amined. The emergence of new and im- 
proved biodosimetric techniques have 
made it possible to evaluate a radiation 
worker in new ways never before possible. 
In addition, these biodosimeter techniques 
can be used to augment or challenge offi- 
cial dosimetry record information main- 
tained during employment. 

l b o  such biodosimeter techniques, 
glycophorin-A (GPA) and fluorescence in 
situ hybridization (FISH), detect somatic 
mutations and chromosome translocations 
that are stable with time post-exposure and 
integrate radiation damage from chronic 
radiation conditions. Two other tech- 
niques, micronuclei and dicentrics, are 
unstable and only detect relatively recent 
radiation exposures. 

The first one, GPA, detects mutations 

in the GPA gene of bone marrow euthy- 
roid precursor cells that produce variant 
peripheral blood erythrocytes that fail to 
express a normal form of GPA. The FISH 
assay was developed to detect chromo- 
some translocations in peripheral blood 
lymphocytes using in situ hybridization of 
chromosome-specific DNA probes. The 
in situ hybridization technique has become 
a very powerful and versatile tool for de- 
tecting and localizing nucleic acid (RNA 
or DNA) sequences within cell nuclei of 
tissue sections or cell preparations. The sub 
cellular target Le., chromosome transloca- 
tion, is detected by the hybridization of a 
complimentary probe that has been labeled 
with a fluorescent dye with the tissue sec- 
tion or cell preparation. For these stud- 
ies, a heparinized blood sample is cultured 
with phytohemagglutinin (PHA) to stimu- 
late the growth of T lymphocytes which 
are then arrested in metaphase by 
colcemide treatment. 

GPA is a cell surface sialoglycopro- 
tein of red blood cells (RBC). For the GPA 
assay, a heparinized blood sample is fixed 
and the RBC’s are labeled with mono- 
clonal antibodies and analyzed on a flow 
cytometer. The assay is used to determine 
the frequency of RBC’s lacking the expres- 
sion of one of the allelic forms of the cell 
surface protein GPA that may have re- 
sulted from a mutation induced in the GPA 
locus in bone marrow erythroid precursor 
cells. 

In an effort to expand understanding 
of the effects of radiation exposures in 
humans, the Registries are set to pursue, 
identify, and quanhfy the cytogenetic ab- 
errations, both induced and spontaneous, 
in existing living registrants who are cur- 

‘ I  
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rently identified as long range follow-up 
study participants. To perform the out- 
lined studies above, we will use a 10-15 
ml blood sample from each participant, 
collected twice a year to accommodate 
seasonal variations. The blood samples 
will be collected by independent qualified 
medical personnel using routine proce- 
dures and safety precautions. 

Selected Future Studies 
To understand radiation-induced 

carcinogenesis, it is necessary to identify 
the specific genes responsible for the ini- 
tiation, promotion, and progression events 
of the multi-step carcinogenic process. 
Currently, there are approximately 100 
oncogenes that can, if they malfunction, 
cause uncontrolled cell growth. Con- 
versely, there are at least six known genes 
that suppress the growth of potential can- 
cer cells. How ionizing radiation afTects 
genes and gene expression is a hotly de- 
bated issue and a highly promising area 
for Registries related research. Accord- 
ingly, the Registries, through the NHRTR, 
has initiated collaborations with other h- 
vestigators. Specific study areas include: 

1. 

2. 

3. 

Iteration or deletion of genes such as 
c - myc, that function in cell prolifera- 
tion, differentiation, and tumor promo- 
tion. 

The relationship of p53 and the 
retinoblastoma gene in the develop- 
ment of bone tumors. 

The development of biological dosim- 
eters or biomarkers for retrospective 
dosimetry such as electron spin reso- 
nance (ESR) of tooth enamel, HSH for 
the detection of gene translocations, 

4. 

5. 

6. 

and glycophorin-A analysis for so- 
matic mutation detection. 

Whether one or all of the above are 
dose and or dose-rate related. 

Mixed hazardous wastes exposure-in- 
duced health effects incurred from ac- 
cidental exposures received during site 
cleanup activities. 

The induction of micronuclei in deep 
lung epithelial cells as a model for ra- 
diation sensitivity of the respiratory 
tract. 

A number of the study areas listed 
above are currently under active investi- 
gation with collaborative institutions and 
will be reported in the near future. How- 
ever, the successful development of much 
needed in vitro cell culture methodology 
to grow and maintain deep lung and nasal 
epithelial cells has been accomplished in 
collaboration with scientists at Battelle 
Pacific Northwest National Laboratory 
(PNNL). These techniques are being used 
to investigate the relationship between 
cancer induction and cytogenetic instabil- 
ity induced by radiation exposure. Results 
from these initial studies were discussed 
in two papers presented at the 12th An- 
nual Meeting of the Pacific Northwest As- 
sociation of Toxicologists, September 15- 
16, 1995 in Moscow, Idaho. The presen- 
tations were made by Registries faculty 
member Shiping Bao and were entitled, 
Induction of Micronuclei In The Respira- 
tory Tract Following Exposure To 6oCo 
Gamma Rays and Use of Cellular Dam- 
age To Determine The Relationship Be- 
tween Exposure And Dose From Inhaled 
Radon. 

' I  
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Availability of NHRTR Tissue Samples 
The unique materials of the NHRTR 

are available to investigators for research 
purposes. Any scientific investigator may 
request " R T R  tissues or tissue samples 
by writing to the Registries. Investigators 
agree to maintain the privacy of the cases 
and follow all legal requirements as well 
as the published policies of the Registries. 
If available, the Registries will provide the 
most suitable tissue requested, e.g. frozen, 
formalin-fured, or dried. In addition, if the 
radiochemical data are known at the time 
of the request, it will be provided as well. 
The only stipulation is that the Registries 
be acknowledged as the source of the 
samples or radiochemical dataused in sci- 
entific proposals or manuscripts submit- 
ted for publication. Scientific collabora- 
tion with the Registries scientific staff is 
encouraged. 
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COMPARINGACTINIDE CONCENTRATIONS IN THE 
SKELETONS AND LIVER OF USTUR ROUTINE AUTOPSY CASES 

Principal Faculty Investigator: Ronald E. Filipy 

In the USTUR annual report for 1994, 
the report of progress in actinide biokinetic 
investigations was focused on several soft 
tissues of the body (Kathren and Harwick 
1995); the results of that investigation were 
recently published (Filipy and Kathren 
1996). The skeleton and the liver are the 
major deposition sites of actinide elements 
in the body and they are of primary con- 
cern for radiation protection purposes be- 
cause, next to the lungs, they are the or- 
gans of highest risk for radiation-induced 
biological changes including cancer. 
Therefore, deposition and retention of the 
actinides in those two organs are the fo- 
cus of this report. As indicated in another 
section of this report (Filipy 1996), the 
Dosimetry Registry of the Mayak Indus- 
trial Association (DRML4) has collected 
similar human tissue data from Russian 
plutonium workers and some of these data 
were included in the analysis. 

Initial systemic depositions of ac- 
tinides in most USTUR cases can only be 
roughly approximated from urinalyses, 
fecal analyses, and/or whole body count- 
ing; therefore, estimates of the contents of 
individual organs, initially or at any given 
time after exposure, are highly uncertain. 
Such information is necessary for charac- 
terization of clearance rates from indi- 
vidual organs, as well as for accurate dose 
estimation, which in turn is crucial to 
epideimiologic and risk and effects stud- 
ies. A useful means of circumventing that 
problem is to compare concentration ra- 

tios of the organs with residence times 
(times between exposure and death). 

Skeleton-to-liver u9+240pU and 241Am 
concentration ratios were calculated and 
plotted as a function of residence times in 
Fi,wes 2 and 3, respectively. Also shown 
in the figures are regression lines through 
the observed data and lines representing 
concentration ratios calculated by ICRP- 
67 methodology (ICRP 1994). There is a 
notable difference between the magnitude 
of the concentration ratios of plutonium 
and americium. Most ratios of plutonium 
are in the range between 0.05 and 1 .O while 
those of americium are generally between 
0.1 and 10.0. This indicates greater depo- 
sition and retention of americium than plu- 
tonium in the skeleton; or less americium 
than plutonium in the liver; or both, not 
surprising in light of previous reports that 
arrived at the same conclusions (ICRP 
1986; Kathren et al. 1988; McInroy et al. 
1989; Kathren 1994). 

For plutonium (Fig. 2), the regression 
line and the model-predicted lines are very 
nearly parallel for the entire range of resi- 
dence times. The slight positive slope of 
the lines suggests that the retention half- 
time of the liver is slightly shorter than that 
of the skeleton although the slope of the 
regression line was not significantly dif- 
ferent from zero which would indicate no 
difference in retention half-times in the two 
organs. 'The ratios calculated by the ICRP 
technique are about 1.5 times greater than 

-- .I 
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those of the regression line which suggests 
that the ICRP model predicts a slightly 
greater than observed skeletal concentra- 
tion or a slightly less than observed liver 
concentration, or both. Because of the 
variability in the observed data, there is 
not a statistically significant difference be- 
tween the ICRP model and the regression 
line through the observed data. It is noted, 
however, that approximately three-fourths 
of the observed ske1eton:liver concentra- 
tion ratios are smaller than the ratios cal- 
culated by the ICRP technique. 

For americium (Fig. 3), the model- 
predicted line is higher than the regression 
line through the observed data by approxi- 
mately a factor of two with residence times 
greater than 10 y. Again, the variation in 
data probably precludes any statistical dif- 
ference between the lines although it is 
apparent that the majority of observed data 
points are below the ICRP-predicted con- 
centration ratios. The slope of the regres- 
sion line through the observed 
ske1eton:liver americium concentration 
ratios was nearly the same as that for the 
plutonium ratios although, again, the slope 
was not significantly different from zero. 

One possible explanation for the dif- 
ferences between the model-predicted 
lines and the regression lines, if the differ- 
ences are in fact real, might be in the mode 
of exposure. Approximately one-third of 
the USTUR cases had no recorded expo- 
sure incidents or positive bioassays dur- 
ing the time they worked with actinides, 
yet they had actinide body burdens at death 
which indicates very low-level, chronic 
exposure and the ICRP models are based 
on acute exposures. Also, most USTUR 
and DRMIA exposures were by inhalation 

of relatively insoluble forms of plutonium 
so the systemic uptake from the lungs 
would be expected to occur over a long pe- 
riod of time. The effect of acute versus 
chronic intakes on actinide biokinetics is 
not known. 

The ICRP models are primarily based 
on animal experimental data with a very 
limited amount of human data, largely from 
short-term experiences. The data shown in 
Figs. 2 and 3 suggest that some adjustment 
to the models might be appropriate to more 
closely align with observed, 
long-term human data. 
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-., . .. T € E  RUSSIAN-US. REGISTRIES COLLABORATION 

Principal Faculty Investigator: Ronald E. Filipy 

Scientists of the First Branch of the 
Russian Institute of Biophysics have been 
collecting autopsy and human tissue ana- 
lytical data nearly as long as the USTUR 
has been operating. The Russians have 
concentrated mainly on occupationally- 
exposed plutonium workers from Mayak, 
the Russian plutonium production facility. 

In January, 1995, USTUR Professor 
Ronald E. Filipy attended a scientific sym- 
posium at Chelyabinsk, Russian Federa- 
tion (140 km from Mayak) and presented 
a paper entitled “Estimution ofActinide El- 
ement Biokinetics and Organ Doses in Hu- 
mans on the Basis of a Limited Number of 
Samples Collected at Autopsy.” At the 
symposium, meetings with Russian scien- 
tists involved with the DRMIA resulted 
in a collaborative research agreement, 
sanctioned by the U. S .  and Russian gov- 
ernments. The project, officially started 
in March, 1995 as a one-year feasibility 
study, is expected to greatly enhance un- 
derstanding of plutonium biokinetics and 
dosimetry in man. 

The primary focus of the fxst year of 
the joint Russian - U.S. collaboration fo- 
cussed on comparison of the methods used 
by the DRMIA and the USTUR for col- 
lection and limited comparison of data. 
Communication with DRMIA scientists 
has been accomplished primarily by elec- 
tronic mail and facsimile transmission. 
However, in August of 1995, three Rus- 
sian scientists visited the USTUR facili- 
ties. During that visit, a project progress 
report comparing the methods and data of 

the two Registries was drafted and sub- 
mitted to a peer-reviewed journal for pub- 
lication. A number of differences in the 
Registries methods of operation were 
noted. Among them were: 

1) The USTUR cases are derived from a 
number of work sites with differing op- 
erational, dosimetry, bioassay, and 
medical practices whereas, the 
DRMIA cases are from a single site 
and more likely homogeneous in terms 
of exposure histories and dosimetry; 

2) Autopsies on DRMIA cases have been 
performed by a single group of pa- 
thologists, as compared with the 
USTUR which relies on pathologists 
available at the location and time of 
registrant death; 

3) The USTUR has received and ana- 
lyzed several whole-body donations 
which have provided more complete 
data regarding distribution of the ac- 
tinide elements among body organs 
than that of the DRMIA; 

4) Actinide levels in tissue samples col- 
lected by the DRMIA were generally 
higher than those of the USTUR; 

5) Tissues collected by the DRMIA have 
all been analyzed on site by a single 
laboratory, while USTUR tissues have 
been analyzed by four separate labo- 
ratories, with intercomparisons avail- 
able; 

, .  
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6) Radiochemical analytical techniques 
differ between the two Registries; the 
DRMIA utilized co-precipitation tech- 
niques and direct scintillation count- 
ing while the USTUR routinely uses 
radiotracers with alpha-spectrometry 
using state-of-the-art counting equip- 
ment. 

Overall, there are more similarities 
than differences between the two Regis- 
tries providing a number of advantages to 
be gained from the joint use of data. Some 
advantages are: 

1) The USTUR and the DRMIA have 
post mortem data from more than 350 
and 750 deceased registrants, respec- 
tively. Collaboration would increase 
the number of cases available for 
analysis by a factor of four relative to 
the number of USTUR deceased reg- 
istrants thereby greatly enhancing the 
statistical power for variable data 
analysis. 

2) Combining data sets will result in 
greater heterogeneity of the population 
studied. For example, the USTUR has 
very few female registrants while there 
were a large number of females in the 
Russian plutonium production work 
force. 

3) A broader range of exposures and ex- 
posure situations will result from com- 
bination of data. The Russian work- 
ers had much higher occupational ex- 
posures to actinides as evidenced by a 
comparison of liver burdens in 
USTUR and DRMIA cases (Fig. 4). 
Median liver contents of plutonium in 

DRMIA cases were 240 times those 
in USTUR cases and over 90% of 
DRMLA cases had higher liver concen- 
trations than those of USTUR regis- 
trants. 

4) The differences in body burdens of the 
Registries cases will allow an investi- 
gation of the dose-dependence or in- 
dependence of biokinetic parameters. 
Body burdens in some of the Russian 
workers have been sufficiently such 
high such that some plutonium-related 
effects may be noted. In general, body 
burdens of U. S. workers were low 
enough that few effects could be con- 
clusively ascribed to actinide expo- 
sures. 

Frequency distributions of plutonium 
liver concentrations in USTUR and 
DRMIA cases are shown in Figure 4; both 
were log-normally distributed. The me- 
dian liver concentration in the DRMIA 
cases was more than 200 times that of the 
US"R cases. Since the liver is one of 
the major deposition sites of actinide ele- 
ments, liver concentrations relate differ- 
ences in the total body burdens or incor- 
poration of actinide. 

A proposal has been submitted to ex- 
tend the collaborative project beyond the 
first-year feasibility study. This proposal 
contains many long-term objectives in- 
cluding a full investigation of actinide 
biokinetics in the human body as well as 
the relationship of body burdens at death 
to results of bioassays (urinalyses, fecal 
analyses, and in-vivo counts) made dur- 
ing life. 

I 
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Figure 4. Frequency distribution of plutonium liver concentrations in USTUR and DRMIA 
cases. 
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ESTIMATION OF TOTAL ACTINIDE SKELETAL CONTENT 
FROM CONCENTRATIONS IN INDIVIDUAL 
BONE SAMPLES COLLECTED AT AUTOPSY 

Principal Faculty Investigator: Ronald E. Filipy 

During routine autopsies (non whole- 
body donations), the USTUR collects bone 
samples which may include the sternum, 
one or more ribs, one or both clavicles, 
one or both patellae, and a vertebral wedge 
cut from within the abdominal cavity 
(Kathren 1989; 1995). These limited bone 
samples are the basis for estimation of the 
total skeletal content of plutonium and/or 
americium in these cases. 

The USTUR has had a number of 
whole-body donations and, typically, one- 
half the bones of each skeleton is radio- 
chemically analyzed (McInroy et al. 1985). 
The remainder is used for other studies and 
for M e r  radiochemical analysis if more 
data are required. Actinide activities of 
the analyzed portions of six of the whole- 
body skeletons (Kathren et al. 1994) were 
used to derive total skeletal activities for 
each case and are shown in Table 1. Re- 
lationships of the measured actinide con- 
centration in individual bones or bone 
groups to the average concentration in the 
entire skeletons of whole-body donors is 
a basis for estimation of skeletal content 
of routine autopsy cases if these ratios or 
relationships are found to be more or less 
constant from individual to individual. 

The mean skeletal actinide concentra- 
tion was calculated for each of the whole- 
body skeletons by dividing the sum of 
measured actinide contents in all the indi- 
vidual bone samples by the total weight 
of the samples. To determine the concen- 

tration ratios, actinide concentrations in 
individual bones or groups of bones of the 
same skeleton were divided by skeletal 
concentrations. 

Both wet and ashed concentration ra- 
tios were calculated from each skeleton 
and the means of the six concentration ra- 
tios for each bone or bone group are shown 
in Table 2. The concentration ratios for 
ribs were based on average concentrations 
in ribs 5-10 of the whole-body skeletons; 
these ribs had similar concentrations of the 
actinide elements. Concentration ratios for 
the vertebral wedges were based on aver- 
age concentrations in vertebral bodies 
from the fifth thoracic vertebra through the 
third lumbar vertebra. Again, concentra- 
tions in these bones were similar. These 
groups of bones were used rather than in- 
dividual ribs or vertebral bodies because 
of the potential nonuniformity in sampling 
methods by pathologists performing rou- 
tine autopsies. They were considered the 
most likely to be included in the samples 
collected. 

For wet weight concentrations of 
Am, the patellar, clavicular, and rib con- 

centration ratios provide the most precise 
estimate of skeletal concentration as indi- 
cated by the relatively small coefficients 
of variation (CV) for those ratios among 
the six whole body skeletons. The ster- 
num and the vertebral wedge ratios have 
the greatest variation. For ashed weight 
concentrations of 2 4 ' A ~ ,  the clavicle has 

241 
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the smallest CV with the sternum, again, 
the largest. The bone-to-skeleton concen- 
tration ratio for the ribs provided the most 
precise estimate of skeletal concentrations 

239+240 for both 2 3 8 ~  and Pu whether based 
on wet weight or on ashed weight. The 
sternal and vertebral wedge plutonium con- 
centration ratios were generally the most 
variable of the five bones evaluated. There 
are, however, no statistically significant 
(< 0.05) differences among the concentra- 
tion ratios listed in Table 2 indicating that 
any of them would be equally useful for 
estimation of skeletal concentrations. The 
skeletal content can be estimated on the 
basis of each sample collected at an indi- 
vidual autopsy and the mean of those esti- 
mates reflects the total skeletal content. 

There are advantages and some prob- 
lems associated with the use of the con- 

* centration ratios for estimating total skel- 
etal content of actinides from bone samples 
collected during routine autopsies. One 
primary advantage is that concentration ra- 

, tios are independent of sample mass and 
thus essentially any sample size can be 
used, assuming the entire bone is sampled 
and analyzed to eliminate nonuniformity 
within an individual bone. Some of the 
problems include: 

1. 

2. 

in a number of the early US"R cases, 
it is not known whether the entire bone 
was sampled and analyzed; 

there was occasional wide variation in 
analytical results for individual bone 
samples collected in the early years of 
the USTUR which can cause the skel- 
etal estimates for those cases to have a 
high degree of uncertainty; 

3. ashed bone weights were not measured 
for many of the early USTUR cases so 
wet concentration ratios rather than 

. ashed ratios must be used for those 
cases and; 

4. ashed fractions of bone samples 
(ashed weight divided by wet 
weights) were not consistent among 
the four laboratories that have ana- 
lyzed USTUR samples in the past; 
therefore, the ashed concentration 
ratios are most useful if the autopsy 
samples were analyzed by the same 
laboratory that analyzed the whole- 
body skeletons. 

The problems mentioned above not- 
withstanding, either the wet or ashed con- 
centration ratios can be used to provide a 
reasonable estimate of the total skeletal ac- 
tivity in the majority of cases analyzed by 
the USTUR. These estimates can be used 
in conjunction with analytical data from 
other tissues and organs to provide a more 
reliable approximation of the total body 
burdens of actinides at death. 

Acknowledgement: Data tables were com- 
piled by USTUR graduate research assis- 
tant Charlene Hall. 
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Table 1. Summary of whole body skeletal actinide content. Unanalyzed portions of the skel- 
eton were estimated based on ratios to the analyzed portion. Teeth, cartilage, and finger and 
toenails were not included in the skeleton. 

Case 0102" 0193 0208 0212 0213 0242 
~~ 

Wet Weight (grams) 8990.0 8450.0 8000.0 10400.0 8740.0 9670.0 
Ash Weight (grams) 2540.0 2720.0 . 2630.0 3230.0 2880.0 3090.0 
Skeletal 
Ash Fraction 0.28 0.32 0.33 0.3 1 0.33 0.32 

Am-241 
Total Skeletal 
Activity Bq (SD) 4440.0 5.38 3.37 39.0 12.4 31.8 
Mean Skeletal Conc. 
Bqkg Wet Wt. (SD) 494.0 0.64 0.42 3.76 1.42 3.29 
Bqkg Ash Wt. (SD) 1750.0 1.98 1.28 12.1 4.30 10.3 

Pu-238 NA 
Total Skeletal 

Mean Skeletal Conc. 
Bqkg Wet Wt. (SD) 0.10 0.07 0.20 1.88 0.35 
Bq/kg Ash Wt. (SD) 0.3 1 0.2 1 0.65 5.69 1.08 

Activity Bq (SD) 0.85 0.55 2.10 16.40 3.34 

Pu-239.t.240 NA 
Total Skeletal 
Activity Bq (SD) 49.2 87.2 113.0 177.0 408.0 
Mean Skeletal Conc. 
Bqkg Wet Wt. (SD) 5.83 10.9 10.9 20.2 42.2 
Bqkg Ash Wt. (SD) 18.1 33.2 35.0 61.4 132.0 

Mean Skeletal Ash Fraction for all six cases 0.32 

Per Lynch, et al. (1988) 
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TEETH AS AN INDICATOR OF TOTAL SKELETAL ACTINIDE 
.. ' ,' 
: ;~ 

Principal Faculty Investigator: Ronald L. Kathren , , I  
Accurate estimation of the total skel- 

etal content of actinide from one or a lim- 
ited number of samples has long been a 
goal of the Registries. If an appropriate 
technique could be developed to provide 
such estimates with a reasonable degree 
of reliability, the program of the Registries 
would be greatly facilitated both from the 
standpoint of time required to obtain a mea- 
surement of skeletal activity and cost. 

A number of years ago, Lovaas and 
Hursh (1968) suggested that the content 
of 226Ra and 210Pb in teeth could be used to 
estimate the total quantity of these ele- 
ments in the skeleton as a whole. For mRa 
they found that the mean concentration in 
teeth, when compared with that in various 
bones (mandible, calvarium, tibia shaft, fe- 
mur head, and rib) would lie within 50% 
of the average bone concentration at the 
95% confidence level. For 210Pb, variabil- 
ity was greater and dependent upon the 
level in the specific bone to which the tooth 
concentration was compared. If this same 
relationship held true for the actinides, 
teeth could be used as a surrogate for the 
total skeletal deposition of actinides. This 
brief study was carried out to determine if 
either the concentration or total quantity 
of an actinide element in the teeth could 
be correlated with the total skeletal con- 
tent of that same actinide. 

Postmortem measurements of the ac- 
tinide content in teeth and bones from 
whole body donors to the Registries were 
used for this assessment. For whole body 
donors, the general practice is to radio- 
chemically determine the actinide activity 

in the bones from the right half of the skel- 
eton, and to extrapolate this measurement 
of a half skeleton to the full skeletal con- 
tent as has been previously described by 
McInroy and his coworkers in 1985. The 
basic multistep radiochemical procedure 
calls for dry and wet ashing, followed by 
dissolution in acid and ion exchange sepa- 
ration, electrodeposition onto a suitable 
planchet, and final assay by quantitative 
alpha spectrometry (McInroy et al. 1985; - 
McInroy, Gonzales, and Miglio 1992). 

Results of the radiochemical analy- 
ses of the various bones or bone pieces and 
teeth are given in Table 3 along with a cal- 
culated Activity Fraction (AF) for each 
tooth. The AF is defined as the activity in 
a tooth relative to that in the total skeleton, 
or, in other words, the fraction of the ac- 
tivity in skeleton as a whole that is found 
in the tooth. Concentration Ratios (CR) 
were established by comparing the con- 
centration of the nuclide in each tooth with 
the mean skeletal concentration. The vari- 
ance of the measured CR values was de- 
termined using simplified rules for com- 
pounding errors as reported by Brodsky 
in 1982. In general, the CR was reason- 
ably consistent among the several teeth 
obtained for any individual case, although 
the variation from case to case was 
marked. 

No correlation was found between to- 
tal actinide in the skeleton and the activ- 
ity in the teeth, or between the average 
skeletal concentration and the concentra- 
tion in the teeth. This finding indicates 
that teeth do not provide a reliable means 

.1. 
' .  I 

: I  
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of determining the total skeletal content 
or average concentration of plutonium or 
americium and thus cannot be used as a 
surrogate for the skeletal burden of ac- 
tinide. 

The above finding is not surprising 
in view of the physiology of the teeth and 
bone. Unlike radium and lead, which as 
calcium analogues deposit throughout the 
bone matrix (i.e. are volume seekers), the 
actinide elements, specifically plutonium 
and americium, are bone surface seekers 
and are deposited onto both the periosteal 
and the endosteal surfaces of the bone. 
Bone resorption or turnover occurs con- 
tinuously, and at a rate that is determined 
by a number of factors including age, hor- 
monal balance, diet and exercise, so that 
in time, some of the actinide deposition is 
covered by a layer of new bone with some 
actinide released and later redeposited on 
the new bone surface (Toohey, 1994). 
However, teeth do not remodel as bone 
does, and although attrition occurs with 
aging of the tooth, the enamel is not re- 
placed. The enamel, covering the top of 
the tooth, is completely established by 
eight years of age in all teeth except the 
third molar, in which the enamel is com- 
pleted by age sixteen. 

Cementum is similar to bone, chemi- 
cally and physiologically. The blood sup- 
ply to the tooth is only within the pulp and 
the periodontium, which includes the 
cementum. With age, the cementum is 
covered over with new cementum, com- 
parable to the activity of resorption and 
recycling of bone, but the old cementum 
is only covered over and is not reabsorbed, 
a mechanism similar to, yet merent fiom 
the surface deposition of actinides which 

are apparently recycled or released to the 
transfer compartment (blood) at least in 
part, albeit with a long residence half-time. 
There are blood vessels within regions be- 
tween the roots of those teeth with multi- 
roots, the molars and premolars. 

There is no blood supply to the 
enamel in any teeth and thus only the in- 
ner surface of the tooth and the outer por- 
tion of the root come into contact with 
blood that would be carrying actinides fol- 
lowing an intake (Oser 1965; Sicher and 
DuBrull975). Hence, actinide deposition 
could only occur through the root canal 
and the pulp to the cementum and dentin 
layers of the tooth. 

Acknowledgement: Data tables were com- 
piled by USTUR graduate research assis- 
tant Mickey M. Hunacek. 
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Table 3. Fraction of Skeletal Activity in Teeth 
USTUR Wet wt Activity' Activity' Conc Wet' SD Wel' Conc SD Comb Comb 
case # Tooth' (mBq) Fraction Bq kg-1 

(SI (x1000) 
Ash' Ash' Ratio Ratio 

Bq kg-1 We1 Ash 
Nuclide 

0102 Am Total Skeleton 4.440,OOO 1,000 

Mean Skeleton 494 4 1749 13 

Canine L 1.5 760 .17 505 27 702 1.02 0.40 

Canine U 

Incisor L1 

Incisor L2 

Incisor U1 

Incisor U2 

Molar L7 

Molar L8 

Molar U7 

Molar U8 

Premolar Id 

Premolar L5 

Premolar U4 

Premolar U5 

1.8 

0.5 

0.1 

1.2 

0.8 

2.3 

1.9 

2.4 

1.9 

1.1 

1.1 

1.1 

1.1 

900 

330 

450 

620 

430 

1020 

1010 

1410 

1290 

690 

740 

650 

610 

.20 

.074 

.lo 

.14 

.IO 

.23 

.23 

-32 

.21 

.I6 

.I7 

.I5 

.I4 

491 

662 

641 

513 

542 

442 

533 

588 

642 

626 

704 

595 

554 

21 

52 

40 

24 

25 

24 

33 

30 

37 

45 

46 

28 

25 

673 

788 

916 

699 

134 

620 

751 

810 

880 

861 

968 

838 

743 

38 

29 

62 

51 

32 

34 

34 

41 

41 

51 

62 

63 

40 

33 

1.01 

1.34 

1.30 

1.04 

1.10 

0.89 

1.08 

1.19 

1.30 

1.27 

1.43 

1.20 

1.12 

0.38 

0.45 

0.52 

0.40 

0.42 

0.35 

0.43 

0.46 

0.50 

0.49 

0.55 

0.48 

0.42 

Total 19.4 10,910 

Means 1.4 .18 575 785 1.16 0.45 

SD 0.6 .066 74 99 0.15 0.06 

, 



Table 3. Fraction of Skeletal Activity in Teeth (continued) 
USTUR Wet wt Activity' Activity' Conc SD Wet' Conc SD Conch Conch 

~~ 

Case# - Tooth' omj Fraction Wet' 
(SI (XlOOO) Bq kg-1 

Ash' Ash' Ratio Ratio 
Bq k g l  \vct Ash 

Nuclide 
0193 Pu Total Skeleton 49,200 1000 

Mean Skeleton 5.83 0.05 18.10 0.15 

Canine LL 1.30 7.9 .16 6.05 0.77 9.59 1.22 1.04 9.59 

Canine RL 1.17 7.5 .15 6.41 0.91 8.52 1.21 1.10 8.52 

Incisor LLl 0.62 4.5 .092 7.26 1.24 9.38 1.60 1.25 9.38 

Incisor LL 2 0.77 5.4 .ll 6.97 1.04 14.12 2.11 1.20 14.12 

Incisor LR1 0.64 5.2 .11 8.18 1.41 10.68 ' 1.84 1.40 10.68 

Incisor LR2 0.79 4.9 .01 6.16 1.01 15.21 2.50 1.06 15.21 

Total 5.29 35.3 

Means 0.88 5.9 .12 6.84 1425 1.17 0.62 

SD . 0.28 1.4 .029 0.81 2.76 0.14 0.15 

.. , 



Y 

. 
, Table 3. Fraction of Skeletal Activity in Teeth (continued) 

USTUR Wet wt Acllvlty' Activity Conc SD Conc Sd Conch Conch 
Case # Tooth' (mBq) Fraction' WET' Wet' ASH' Ash' Ratio Ratio 

ts) (x1000) Bq kg-1 Bq kg-1 wet Ash 
Nuclide 

0208 Total Skeletonb 87,200 1000 
Pu 

Mean Skeletonb 10.9 0.05 33.16 0.16 

Canine RL 1.28 11.6 .13 9.05 0.67 9.00 0.68 0.83 0.27 

Canine RU 

Incisor LR2 

Incisor UR1 

Incisor UR2 

Molar RL 6 

Molar RL7 

Molar RU6 

Molar RU7 

Premolar L4 

Premolar L5 

Premolar U4 

Premolar U5 

1.26 

0.63 

2.41 

0.78 

2.83 

1.54 

2.45 

5.07 

0.93 

0.65 

1.28 

0.89 

8.5 

5.4 

3.7 

4.6 

13.1 

14.4 

16.3 

17.4 

9.0 

7.3 

7.1 

7.7 

.097 

.062 

.042 

.OS3 

.15 

.17 

.19 

2 0  

.10 

.OS4 

.os1 

.088 

6.78 

8.6 

1.54 

5.85 

4.61 

9.35 

6.67 

3.42 

9.69 

11.27 

5.51 

8.62 

0.59 

0.87 

1.58 

0.68 

0.42 

0.61 

0.42 

0.20 

0.81 

1.12 

0.49 

0.75 

8.21 

10.83 

7.43 

8.30 

14.50 

14.54 

11.75 

9.49 

11.55 

15.26 

8.02 

11.62 

0.71 

1.10 

7.63 

0.96 

1.31 

0.95 

0.74 

0.55 

0.96 

1.52 

0.72 

1.02 

0.62 

0.79 

0.14 

0.54 

0.42 

0.86 

0.61 

0.31 

0.89 

1.03 

0.51 

0.79 

0.25 

0.33 

0.22 

0.25 

0.44 

0.44 

0.35 

0.29 

0.35 

0.46 

0.24 

0.35 

Total 22.00 12.6 

Means 1.69 9.7 .ll 7.00 10.82 0.64 0.33 

SD 1.25 4.5 .052 2.78 2.68 0.25 0.08 



Table 3. Fraction of Skeletal Activity in Teeth (continued) 
USTUR Wet \VI8 Activity' Activity Conc SD\Ve18 Conc SD Conch Conch 

Fraction' WET' ASH' Ash' Ratio Ratio 
(x1000) B q kg-l Bq kg-1 Wct Ash 

Case# - Tooth 

Nuclide 
(SI 

0213 Total Skeleton 177,000 1,000 
Pu-239 

Mean Skeleton 20.21 0.1 61.35 0.30 

Canine RL 1.15 6.6 .037 5.7 1 0.55 8.00 0.77 0.28 0.13 

Incisor LR1 0.62 8.6 .048 13.83 1.08 19.94 1.55 0.68 0.33 

Incisor LR2 0.72 11.9 .067 16.49 1.16 22.84 1.60 0.82 0.37 

Incisor RU2 0.75 14.1 .080 18.87 1.24 28.30 1.87 . 0.93 0.46 

Premolar L 0.92 21.6 .12 23.46 1.30 86.32 4.80 1.16 1.41 

Total 4.16 62.8 

Mean 0.83 12.6 ,071 15.67 33.08 0.78 0.54 

SD 0.21 5.8 .033 6.60 30.67 0.33 0.50 

0212 Total skeleton' 113,100 1,000 
Pu-239 Mean Skeleton 10.92 0.06 35.04 0.18 
Overall Pu 3.12 0.94 0.45 
& Am Mean 
SD 5.10 0.27 0.21 



Table 3. Fraction of Skeletal Activity in Teeth (continued) 
USTUR Wet \Vi'  Aclivilv' Activity Conc SDWel' Conc SD Comb Comb 
Case # Tooth 

(SI 
Frnclio? WET' 

(x1000) Bq kg-1 

~~ . ~~ 

AS11' Ash' Rntio Rntio 
Bq kg-1 Wet Ash 

Nuclide 
Canine RL 0.82 10.0 0.88 7.84 0.78 10.36 1.03 0.72 0.30 

1001 Total Skeleton' 0.67 1000 
Th-232 Mean Skeleton 1595 584 4353c 1579 

Canine RL 0.61 8.1 0.012 13.21 1.88 26.86 3.82 .0083 .0062 

Canine RU 1.54 21.7 0.19 14.09 1.32 21.70 2.03 .0088 ,0050 

Incisor LR 1 0.81 13.2 0.12 16.35 2.98 22.07 4.02 .0101 .0051 

Incisor LR 2 1.21 23.6 0.2 1 19.50 2.91 29.49 4.40 .0122 .0068 

Molar L6 R 1.04 14.3 0.13 13.77 2.77 20.46 4.11 .0086 .0047 

Molar L7 R 1.55 36.2 0.32 23.37 1.88 32.93 2.65 .0147 .0076 

Molnr U6 R 4.48 52.5 0.46 11.71 0.85 17.49 1.27 .0073 .0040 

Molnr U7 R 2.14 43.2 0.38 20.19 1.93 30.86 2.95 ,0127 .0071 

Premolar L5 1.71 38.4 0.34 22.43 2.24 34.87 3.48 .0141 ,0080 

Premolar US 2.67 19.2 0.17 7.20 1.23 8.36 1.43 .0045 .OD19 

Mean 1.78 ,0101 .0056 

SD 1.13 ,0032 .0019 

' Kathren et ai. 1993 

'Fraction of total skeletal activity in tooth 
Ratio of concentration in tooth to mean skeletal concentration 

Table 4. Ash Concentration Ratio for specific tooth types 
Tooth Number Mean Ash SD 

Canine 7 0.35 0.14 
Concentration Ratio 

Incisor 14 0.46 0.18 

Molar 8 0.41 0.07 

Premolar 9 0.53 0.34 
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POSTMORTEM DISTRIBUTION OF 238pu IN A WHOLE BODY 
DONOR 18 YEARS AFTER ACUTE INHALATION EXPOSURE 

Principal Faculty Investigator: Ronald L. Kathren 

USTUR Case 0259 was a Caucasian 
male whole body donor who died at age 
54 from arteriosclerotic heart disease. 
Other findings at autopsy included gall 
stones and simple cyst of the liver and kid- 
ney. There was no evidence of malig- 
nancy, and his medical history during life 
had been unremarkable. From June 1957 
until his death in June 1989, USTUR 0259 
was employed as a metallurgist with po- 
tential for chronic low level exposure to 
238Pu. There was no indication of measur- 
able intake of this nuclideuntil July 1971, 
some eighteen years prior to his death, 
when suffered an acute inhalation expo- 
sure to high fired 238Pu0, in a ceramic 
matrix. Subsequent to the accident, par- 
ticle size AMAD was estimated as 4.4 Fm 
(Guilmette, et al. 1994). 

Nasal wipes taken immediately after 
the accident were positive for u8Pu veri- 
fying the acute inhalation exposure. A 
single fecal sample was collected two days 
postexposure and found to contain no de- 
tectable 238Pu activity (Lc=20 Bq). In vivo 
chest counts taken 12 days postexposure 
likewise failed to detect 238Pu (Lc stated as 
110 Bq). Initially, u8Pu was not detect- 
able in urine (Lc=l mBq), but within days, 
activity was observed in the urine and 
found to steadily increase with a doubling 
time of approximately 250 days (Figure 
5)- 

u8Pu excretion in the urine peaked at 
about 15 mBq about 5 years postexposure, 
then dropped slightly to what appeared to 

be a more or less constant daily output of 
about 10 mBq until the time of his death 
18 years postexposure. As shown in Fig- 
ure 5, the urinary excretion of uspU could 
be fit to a curve consistent with the mod- 
els put forth in ICRP Publications 66 and 
67. (ICRP 24, 1994, and ICRP 20(2), 
1989). 

After death, this whole body dona- 
tion to the Registries was handled in ac- 
cordance with the standard protocols in 
effect at the time (Breitenstein 1981; 
Kathren 1989). An autopsy was performed 
by an independent pathologist and the 
body sent for radiochemical analysis to 
LANL. The basic radioanalytical proce- 
dures used have been described in detail 
(Boyd, et al. 1981; McInroy, et al. 1985). 

Results of radiochemical analysis of 
tissues of the whole body are summarized 
in Table 5. About half of the 238Pu in the 
body was found in liver, with 37 per cent 
in the skeleton. Only 10 per cent of total 
body burden of 238Pu was found in the res- 
piratory tract. Assuming the route of en- 
try to be inhalation, the systemic distribu- 
tion indicated 53 per cent in the liver, 41 
per cent in the skeleton, and about 3 per 
cent in the muscle, as compared with av- 
erage values of 35, 54, and 6.5 per cent 
respectively in these tissues for ug+240Pu 
in five previous whole body donors to the 
Registries (McInroy, Kathren, and Swint 
1989; Kathren, et al. 1994) 

Considering individual variability 
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and the differences in exposure and time 
after exposure among the five 239+240Pu 
cases and USTUR 0259, it is impossible 
to state with any degree of confidence that 
the differences in the relative distribution 
between skeleton and liver of the Pu iso- 
topes are significant, although they might 
be interpreted as suggestive of this possi- 
bility. 

However, the USTLTR 0259 results 
may also be compared to a previous study 
of the relative activity of Pu in skeleton 
and liver of persons with largely chronic 
low level exposure to PU at several years 
to decades postexposure. In this study, 
Kathren and his coworkers (1987) found 
that in 36 cases for which data were avail- 
able, 63.4 per cent of the total 238pU resi- 
dent in both the skeleton and liver at the 
time of death was in the skeleton, as com- 
pared with 53.2 per cent 239+240Pu (43 
cases). This difference was significant at 
the 95 per cent confidence level. How- 
ever, in 11 of the 36 cases examined for 
238Pu, less than half of the total of this iso- 
tope in the skeleton and liver was in the 
skeleton, and in one case the fraction in 
the skeleton was as low as 20 per cent. For 
USTUR 0259, the comparable percentage 
is 43, well within the range and not quite 
one standard deviation below the mean 
percentage of the 36 observed in Case 
0259. This not appreciably different from, 
and indeed was entirely consistent with the 
models put forth by ICRP (1979; 1986) 
and those developed by the USTUR 
(Kathren 1989, 1994) for plutonium. 

A more detailed distribution of the ac- 
tivity in the various components of the res- 
piratory tract is shown in Table 6. The dis- 
tribution between lung and lymph nodes 

compares favorably with what has been 
previously observed in USTUR cases 
(Kathren, et al. 1993). In USTUR 0259, 
approximately 70 per cent of the total 238Pu 
in the respiratory tract was found in the 
lungs. The concentration of v8h in the 
lung tissue was 16 mBq/g as compared 
with a weighted mean concentration of 1.3 
Bq/g for the associated lymph nodes, giv- 
ing a ratio of concentration in the lymph 
nodes to that in the lungs of 8 1 , somewhat 
greater than the geometric mean value of 
value 13k5.8 reported for 29 cases, but 
well within the range of values (0.046- 
261) reported for all cases. 

The urinary excretion data shown in 
Figure 5 provides striking evidence of a 
biokinetic difference between inhaled par- 
ticulates of 238Pu and 239+240Pu. As has been 
shown recently by Guilmette, et al. (1994) 
on the basis of in vivo measurements, uri- 
nary excretion of 2381?u in humans acutely 
exposed to ceramic u8Pu0, particles is 
consistent with studies with experimental 
animals which show a progressive in- 
crease in the urinary excretion rate over 
the first few years post exposure. This has 
been explained as a result of the continu- 
ous fragmentation of the initially insoluble 
238Pu0,particles after deposition in the 
lung caused by their high specific activity 
relative to that of 239+240Pu. This process 
does not occur with insoluble particulates 
the lower specific activity 239+24%, and 
likely does not occur in most cases of oc- 
cupational inhalation exposure to 239+240PU 
even though some 238PU is present in the 
isotopic mix. 

Discussion , 
It is well known that plutonium is 

rapidly bound to plasma proteins which 
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help inhibit the formation of large and rap- 
idly phagocytized plutonium aggregates 
and is most likely responsible for the slow 
initial appearance of Pu in the urine. Plu- 
tonium has also been shown to complex 
with the iron-transport protein transferrin 
which is subsequently converted to ferritin 
and stored in such RES tissues as: liver, 
spleen, lymph nodes, and bone marrow. 

The failure to detect 238Pu activity in 
the fecal sample taken'only 2 days 
postexposure is a reflection of the high in- 
solubility of the high fred 238pu0, particles 
which were retained initially in the respi- 
ratory tract. As the particles began to dis- 
integrate due to particle recoil and possi- 
bly enzyme action, the smaller plutonium- 
protein complexes formed are translocated 
via the blood to other tissues i.e., lung 
lymph nodes, liver, spleen, an skeleton. 
The small quantity of 238Pu detected in the 
fecal sample of one of the other individu- 
als involved in the same accident was most 
likely from particles passing from the 
mouth or nose down to the stomach via 
ciliary action. 
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Figure 5. u8Pu urinary excretion for USTUR case 0259. 
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Table 5. Postmortem 238Pu content of whole bodv. 

Respiratory Tract 
Liver 
Kidneys 
Spleen 
Smooth Muscle Organs 
Striated Muscle 
Other Muscle 
Skin 
Other Soft Tissue 
Testes 
Skeleton and Teeth 

1,455 
1,483 
303 
213 

2,079 
28,054 
711 

15,994 
2,2 19 

23 
9,806 

30 
137 
0.3 1 
1.1 
0.85 
6.1 
1.2 
2.4 
1.8 
0.04 

3,270 106 

10 
48 
0.11 
0.37 
0.30 
2.1 
0.42 
0.83 
0.63 
0.0 1 
37 

(%I 
53 
0.12 I 

0.41 - 
0.33 
2.4 b- 

0.47 
0.92 
0.71 
0.0 1 
41 

Total Whole Body 62,340 3,270 287 100 100 

a Route of entry taken as respiratory tract 

.L 

Table 6. PostmorternusPu content of whole body. 

Wet Weight Activity 
Tissue/Organ (g) (B9) 

Lung (left) 599 8.5 

Trachea 15.2 0.04 
Tracheal scraps 27.3 0.19 
Larynx 105.7 0.3 1 
Lymph nodes (TBLN - 1) 0.6 0.20 

(TBLN - 2) 0.6 1.9 

(TBLN - 4) 1.3 0.12 
(hilar - 1) 3.5 2.0 
(hilar - r) 3.6 3.7 

(right) 696 12.4 

I <  (TBLN - 3) 1.3 0.48 

Total 1,454 29.9 
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A STUDY OF ACTINIDE MICRODOSE DISTRIBUTION IN 
SELECTED BONES USING ELECTRON PARAMAGNETIC 

RESONANCE (EPR) 

Principal Faculty Investigator : John J. Russell 

In conjunction with Marc Desrosiers 
at the National Institute of Standards and 
Technology (NIST), the Registries have 
been studying electron paramagnetic reso- 
nance (EPR) in bone from USTUR do- 
nors. Previous studies have demonstrated 
the production of radiation-induced para- 
magnetic centers in the hydroxyapatite 
crystal matrix of bone tissue. In addition, 
these paramagnetic centers have been 
shown to be long-lived (from months to 
years) and their induced numbers, radia- 
tion dose dependent. These induced para- 
magnetic centers have been used as mark- 
ers of radiation exposure in radiation ac- 
cidents (Desrosiers 1991) and to measure 
absorbed dose from administered 
radiopharmaceuticals (Desrosiers et a1 
1991). 

Using EPR, the ability to detect doses 
as low as 1 Gray in bone samples as small 
as 100 mg has been demonstrated. Com- 
pared to conventional autoradiography, the 
EPR method is the first direct technique 
for measuring and mapping the absorbed 
radiation dose in bone mineral matrix. To 
determine if EPR can provide a more ex- 
acting skeletal dose mapping technique 
than autoradiography, selected cortical and 
trabecular bone samples have been ana- 
lyzed from two radium dial painter cases, 
each with a radiochemically determined 
total skeletal dose of >50 Gy from the 
many tissue samples maintained and avail- 
able for further study at the "RTR. De- 

pending on the success of the initial in- 
vestigations, additional samples from the 
" R T R  collection will be examined. 

Accordingly, four different bone 
samples, one trabecular and one cortical 
from the humerus of radium dial painter 
case # 03-55 1 and samples of cortical bone 
from the fibula and ilium of radium dial 
painter case # 05-958 were prepared for 
measurement by first cutting into approxi- 
mately 4x10 mm cylindrical pieces. The 
bone samples were rinsed in distilled wa- 
ter twice, air-dried, and then measured in 
a sensitive EPR spectrometer equipped 
with a sensitive microwave resonator. Pre- 
liminary examination of the spectra pro- 
duced in all four samples indicated the 
presence of a signal from the organic com- 
ponent. However, in the ilium sample 
there was also an indication of a signal 
from a hydroxyapatite center (Fig. 6). Cur- 
rent work is underway to attempt to en- 
hance this weak apatite center signal by 
removal of the larger organic component 
signal by Soxhlet extraction treatment with 
dieth y lenetriamine. 

Acknowledgement: EPR measure- 
ments have been performed at NIST un- 
der the direction of Dr. Marc Desrosiers. 
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Figure 6. EPR spectrum of ilium bone (USTUR #03-551). 
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RADIOCHEMISTRY PROJECT 

Principal Faculty Investigator: Roy H. Filby 
~ 

Radiochemistry Laboratory Facilities 
The start-up phase of the radiochem- 

istry laboratories began during the last re- 
porting period. The laboratory designed 
for handling, drying and ashing of human 
tissues (room 215) required remodelling 
before use. It was necessary to install ap- 
proximately 30 kW of 208 volt new power 
for the large drying oven and the high-tem- 
perature, high-capacity, muffle furnace 
which operates up to 1100°C. Also for both 
biohazard and radiological protection rea- 
sons, the gases and fumes from the oven 
and muffle furnace during drying at 120°C 
and ashing at 450°C, respectively, needed 
to be vented directly to the atmosphere 
through the roof of the building. This re- 
quired significant remodelling in room 215 
and the mounting of fans on the roof of 
the building. The remodelling was com- 
pleted in March 1995 although the exhaust 
system had to be modified several times 
to prevent large temperature variations in 
the muffle furnace which were the result 
of too much air being pulled through the 
furnace. 

The laboratory was set up as a posted 
biohazard area and an exposure control 
plan for bloodborne pathogens was writ- 
ten in July 1995. This plan was approved 
by the WSU Department of Environmen- 
tal Health and Safety in August 1995 fol- 
lowing certification of the biosafety cabi- 
net for handling of human tissues. 

LANL Sample Inventory 
Considerable effort was expended in 

the reporting period in determining which 
samples from LANL required analysis or 
required re-analysis (Le. previously ana- 
lyzed at LANL but with unacceptable re- 
sults). A total of 2004 solutions of tissues 
from USTUR cases was received from 
LANL in June 1994. A manifest from 
LANL was not received until October 
1994 at which point samples were un- 
packed from crates and segregated into 
USTUR cases (samples had been packed 
indiscriminately). In December 1994, 
many discrepancies between the sample 
inventory and LANL manifest were iden- 
tified and 75 samples were identified as 
either not received or received but not the 
LANL inventory listing. All samples were 
entered into a USTUR sample database 
which was completed in June 1995. 

Laboratory notebooks which were es- 
sential for performing re-runs, or analy- 
ses of solutions which had not been ana- 
lyzed by LANL, were received in part in 
April 1995 and complete set of notebooks 
was received in July 1995. Even at the 
time of writing this report (January 1996), 
problems still remain with some cases for 
which re-runs have been requested but for 
which we do not have samples (e.g. 67 so- 
lutions from case 0262). Whether these 
samples were inadvertently shipped to the 
" R T R  or were not shipped from LANL 
remains undetermined. Samples may not 
have been taken for analysis or may not 
have been dissolved In August 1995,400 
additional solutions from cases 0769 and 
1002 were received from LANL, complet- 

-. . I 
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ing the sample transfer from LANL to 
wsu. 

To improve tracking of samples in the 
USTUR program and to avoid the multiple 
identification numbers used in the LANL 
system, a unique seven-digit identification 
numbering system for each sample such 
that all containers, solutions, analysis data, 
and computer files contain certain specific 
information about the sample. This num- 
ber has the form: 

aaaabbb 

Where 
aaaa = four digit case number bbb 
= three digit serial number assigned 
at sample preparation (NHRTR). 

Additional identifiers beyond the 
seven-digit sample number are used to in- 
dicate analyte (i.e. Pu, Am, U, or Th), re- 
analysis, re-count etc. The laboratory 
analysis number is directly tied to the case 
number, minimizing misidentification. 

Validation of radiochemical procedures 
To validate the transfer of the radio- 

chemical analysis program of the US?TIR 
from LANL to WSU, four intercomparison 
programs were set up. The overall 
intercomparison program was set up to use 
LANL data on previously analyzed 
samples,thus eliminating the need for 
costly additional analyses by LANL and 
expediting the validation process. Profes- 
sor Ahmed Nevissi at the University of 
Washington 0 was selected to partici- 
pate in the intercomparisons as an inde- 
pendent third laboratory. The 
intercomparisons were: 

Alpha Spectroscouy Intercomparison: 
Both WSU and the UW analyzed elec- 
trodeposited disks containing 241Am and 
u8'ugPu previously analyzed by LANL. 
This was completed during the previous 
reporting period (Kathren et al1994). 

Spiked Solution Intercomparison: Solu- 
tions spiked with known activities of con- 
tarnination-free NIST-traceable B9Pu and 
241Am were prepared at both the UW and 
at WSU. These solutions were coded, ex- 
changed between the two laboratories, and 
analyzed using the USTUR Radiochem- 
istry Project procedures at WSU and us- 
ing UW procedures at the UW. This 
intercomparison was completed in July 
1995. In general the results show very 
good agreement between the U W  and 
WSU over a wide range of activities. De- 
tailed results from this intercomparison are 
discussed in Appendix G. 

Analysis of LANL Solutions: Both 
the U W  and WSU analyzed 8M HCl solu- 
tions from cases 0246 (241Am case) and 
0637 (u8/ugPu case) which had been pre- 
viously analyzed and reported by LANL. 
Soft tissues and bone samples were in- 
cluded in this intercomparison. This 
intercomparison was designed to validate 
the radiochemical separation procedures 
in both laboratories. Results from the 
study were completed in September and, 
in general, show excellent agreement 
among the three laboratories. Details of 
the statistical procedures used and the re- 
sults from the three laboratories are in- 
cluded in Appendix G. 

NIST Standard Reference Materials 
NISTSRM4351,HumanLung,andSRM 
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4352, Human Liver, were analyzed for 

USTUR Radiochemistry Project proce- 
dures developed for the routine analysis 
of USTUR tissue samples. No significant 
differences were found between the WSU 
values and the NIST values at the 95% 
confidence interval. Detailed results are 
given in Appendix G. 

2 4 1 b  238i239pU 235i238U and 232m using the 
9 9 

Analysis of samplesfrorn cases 0469 
and 0637 

The first analyses of LANL solutions 
using USTUR procedures were performed 
as part of the method validation project. 
Some of the samples used in the LANL/ 
WSU/UW intercomparison study were 
taken from cases 0469 and 0637 since 
these cases had been partially analyzed at 
LANL prior tottransfer of the program to 
WSU. Routine analyses of samples from 
cases 0469 and 0637 which had not been 
analyzed or required re-Tuns were com- 
pleted in September 1995. 

Analysis of other LANL solutions 
The first priority of the USTUR Ra- 

diochemistry Project after validation of the 
radiochemical methods used at WSU was 
to begin analyzing the backlog of solutions 
which had not been analyzed by LANL. 
Solutions from several other cases which 
had not been analyzed by LANL were be- 
gun in June. As of September 30 the sta- 
tus of cases for which analyses were re- 
quested was as follows: 

Case 0210: No samples received from 
LANL. 

Case 0221: No samples received from 
LANL. 

Case 0231: Samples to be analyzed. 

Case 0260: Analyses completed and 
reported. 
Case 0262: 198 samples require re- 
analysis. A total of 131 samples are in 
the Nuclear Radiation Center inven- 
tory; 67 samples have not been located 
and may not have been shipped by 
LANL. 

Case 0469: Analyses completed and 
reported. 

Case 0579: Chemistry in progress. 

Case 0637: Analyses completed. 

Case 0644: Analyses to begin in Oc- 
tober. 

Case 0648: Separations on 10 samples 
completed. 

Case 0677: To be analyzed. 

Case 0775: To be analyzed. 
Case 0778: To be analyzed. 

Case 0779: To be analyzed. 

Analysis of Case 0841 
Eleven tissue samples from case 0841 

were received in August and this case was 
used to test out the tissue preparation, 
ashing and decomposition procedure. No 
major problems were experienced in the 
decomposition of these tissues and 
m235+238U data were reported in August 
and September and entered into the 
USTUR database. 

, 
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USTUR Radiochemistry Project Poli- 
ties and Procedures Manual 

The radiochemical procedures 
adopted by the USTUR Radiochemistry 
Project were based on the procedures de- 
veloped at LANL and described in LA- 
10300-M (Gautier, M.A. 1995). However, 
a number of changes were made in the ra- 
diochemical separation methods and ma- 
jor changes were made in the alpha spec- 
troscopy methods. These procedures were 
incorporated into a raiochemistry Policies 
and Procedures manual that was completed 
in September. The procedures cover all 
aspects of the analytical program from re- 
ceipt of the sample at WSU to reporting 
of data, including Quality Assurance/Qual- 
ity Control procedures. This manual will 
be reviewed and revised at appropriate in- 
tervals. 

lkaining 
All member of the staff either re- 

ceived radiation safety training during the 
previous reporting period or during the 
current period. All staffwere also provided 
with a training program on the safe han- 
dling of human tissues containing 
bloodborne pathogens. This training was 
provided by the WSU Office of Environ- 
mental Health and Safety and is an inte- 
gral part of the Biohazard Plan for the 
USTUR Radiochemistry Project which 
was approved by Environmental Health 
and Safety. All staff members have also 
received Hepatitis B vaccinations. Infor- 
mal training was also provided for staff 
on the use of the alpha spectrometry sys- 
tem. 

Research and development programs 
Several research and development 

projects were started during the reporting 
period. The objective of these projects is 
twofold: a) to improve existing USTUR 

procedures for the determination of ac- 
tinide elements in human tissues by replac- 
ing ion-exchange separation methods with 
faster and less waste-producing extraction 
chromatography methods; and b) to de- 
velop new analytical capabilities for the 
USTUR program. These research and de- 
velopment projects are summarized in 
Appendix F. 
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Gustafsson, Kenneth G. W. Inn, Bruce D. 
Lawson, Keith J. Schiager, Robert G. Tho- 
mas, MaryBelle Thompson and George L. 
Voelz. 

Registries staff members present for 
part of all of the meeting included Ronald 
L. Kathren, Director and Professor of 

1995 
REPORT OF THE ADVISORY COMMMITTEE 

TO THE 
UNITED STATES TRANSURANIUM AND URANIUM REGISTRIES 

In Memoriam of Roy Thompson 

The Committee recognized the contribu- 
tions of Roy Thompson to the field of ra- 
diobiology, and to the work of the Advi- 
sory Committee, by brief commentaries 
and a moment of silence. 

Keith Schiage7; Chairman 

I 
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National Radiobiology Archives (NRA) 
Chuck Watson, NRA Director, gave a 

short presentation on the purpose and sta- 
tus of the NRA. The NRA collects and 
stores data on tens of thousands of animals 
used in radiobiology studies, and makes 
these data available to researchers for re- 
analysis or new investigations. The col- 
lection includes "tons of documents," some 
slides, tissue blocks in The NRA collabo- 
rates with Dr. Gerber, who represents the 
Commission of the European Communi- 
ties, in compiling a similar database for ex- 
perimentation done in Europe over the past 
several decades. 
DOE Perspective 

Barbara Brooks reviewed the current 
status and future projections of DOE fund- 
ing. She also commented on the results of 
the human experimentation review con- 
ducted by the DOE and the report recently 
released by the GAO. With respect to the 
Advisory Committee, she recommended 
that the Committee define its own role 
more clearly and that it encourage the Reg- 
istries to focus its research on current con- 
cerns with the health protection of work- 
ers. 

Staff Presentations 
Director Kathren reviewed the activi- 

ties and accomplishments of the Regis- 
tries during the preceding year. He noted 
that 93% of deceased registrants have no 
medical records and 37% have no dosim- 
etry records. He raised the question as to 
whether there should by a policy of recon- 
tacting selected inactive registrants to re- 
capture scientifically important cases. The 
Committee concurred with this concept 
and suggested that review of all registrants, 
active as well as inactive, to identify sci- 

entifically important cases would be 
worthwhile. 

Professor Filipy reviewed the status of 
cooperative studies with the Mayak Indus- 
trial Association, Russian Federation. The 
study involves a large population with high 
internal and external doses from a large 
accidental release from a processing plant. 
The Committee expressed the opinion that 
the doses (up to two orders of magnitude 
larger than any of the USTUR registrants) 
would make the finding of significant bio- 
logical effects much more likely than in 
the USTUR population. It is not yet clear 
whether there will be a possibility to share 
tissue specimens or only some data. 

John Russell presented data on the sta- 
tus of whole body donors alive as of l O / l /  
95, and on the expected number of regis- 
trant deaths during the coming year. It 
seems clear that stringent prioritization 
will be necessary to ensure that the scien- 
tifically important cases are identified and 
accepted, and that they can be analyzed in 
a timely manner. 

John Russell also presented an over- 
view of collaborative studies that are cur- 
rently being performed, or are proposed 
for future funding, utilizing materials 
available from the USTUR registrants or 
from " R T R  tissues. 

Tour of Radiochemistry Laboratories 
The Committee was treated to a very 

informative tour of the Nuclear Science 
Center and the Radiochemistry Laborato- 
ries. Essentially all of the radiochemistry 
staff was present, with ample time allowed 
for the Committee members to raise ques- 
tions and become acquainted with the staff. 
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MAJOR TOPICS OF DISCUSSION 
AND 

COMMITTEE 
RECOMMENDATIONS 

Radio chemistry Lab oratories 
The Registries is to be congratulated 

for the progress made in reestablishing its 
radiochemistry capabilities: 1) new, dedi- 
cated laboratory space and equipment have 
been obtained, installed and made opera- 
tional; 2) qualified laboratory personnel 
were being trained; 3) a variety of analyti- 
cal procedures and radiochemical separa- 
tions methods have been documented; 4) 
research and developments of new analyti- 
cal techniques were being pursued; and 5) 
a quality assurance program, including 
second party cross-check with the Univer- 
sity of Washington has been initiated on 
sion requirements should be established 
for each project prior to initiation of work. 

The overall up-front planning of all 
projects should include input from all re- 
search participants on establishing the ob- 
jectives and the execution of subsequent 
steps - including sampling strategies, 
sample preservation, subsampling tech- 
niques, analytical accuracy and precision 
requirements, statistical analysis, and in- 
terpretation. Financial resources are too 
scarce to simply employ the undefined 
“best effort.” The ANSI N13.30 draft 
standard offers a minimum set of accuracy 
and precision criteria for radiobioassay 
laboratories. Certain registries projects, 
however, will require higher levels of ac- 
curacy and precision than those specified 
in ANSI N13.30 to meet the interpretive 
needs of the work, and these requirements 
should be defined to avoid generation of 
inadequate or erroneous data. It is also 

important to establish accuracy and preci- 
sion requirements with the exter- 
nal cross-check, reference and QA labo- 
ratories. This is necessary so that the labo- 
ratory can plan and price the degree of ef- 
fort required to meet the needs of the Reg- 
istries’ program. 

Advisory Committee Recommendation 

Documented Procedures 

Each procedure should be reviewed by 
experts to assure that a competent ana- 
lyst could execute the instructions and 
satisfactorily meet the stated objective 
of the process. 

As an example, Procedure USTUR 
070, Preparation of Tracers, should be re- 
written as a set of instructions to generate 
high quality tracers. The current proce- 
dure does very little in terms of detailed 
instructions to this end. Furthermore, there 
are several steps that could be easily taken 
to greatly improve the quality of tracers, 
e.g. 1) prepare dilutions gravimetrically, 
2) use flame-sealed glass vessels for long- 
term solution storage, and 3) verify dilu- 
tions with measurements of adequate pre- 
cision. 

Advisory Committee Recommendation 

Recommendation on 
Quality Assessment 

The Registries should establish a means 
of conducting measurement quality as- 
sessments. Assessment of process qual- 
ity should be serviced by internal or ex- 
ternal experts. In either case, quality 

i -;. 
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assessment personnel must be indepen- 
dent of routine measurement process to 
provide independent evaluations. 

Quality assessments are conducted 
through "blind" testing of the analytical 
process through "blank", replicate and 
well-prepared reference samples. lnterpre- 
tation of assessment results must be made 
against established accuracy and precision 
criteria that are periodically reexamined. 
Although quality assessment personnel 
can work closely with the process person- 
nel, they should ultimately report directly 
to the Director of the Registries. Quality 
assessment is an important component in 
the logic of quality assurance and neces- 
sarily requires strong commitment from 
upper management and adequate financial 
support. 

. A second benefit of using an experi- 
enced external laboratory for quality as- 
sessments is that they can also serve as a 
reference laboratory for special samples, 
or backup laboratory capacity under ex- 
traordinary circumstances. 

Advisory Committee 
Recommendation 

External Measurement Assurance 
Programs 

In addition to verifying analytical 
methods with reference materials, the 
Registries' radiochemistry group should 
participate in appropriate tracer stan- 
dards, alpha spectra evaluations and 
LANL solution analyses. These efforts 
must be continued to meet the Regis- 
tries' current and future technical 
needs. 

Advisory Committee 
Recommendation 

Analytical Requirements 

As a minimum, accuracy and 
preciexternal measurement assurance 
programs (MAPS). 

Unfortunately, not all of the existing 
MAPS fit the Registries' needs well: a) the 
EPA Cross-check Program is primarily de- 
signed to support water analyses; b) the 
USEML QAP is designed for soils, sedi- 
ments, vegetation and perhaps air filters; 
c) the NIST-NE1 Traceability Program is 
designed for nuclear power plant radio- 
chemistry; d) the IAEA Intercomparisions 
(Seibersdorfklonaco) materials include 
soils, sediments, vegetation, water and 
animal tissue; e) the DOELAP is a pilot 
test phase and will have both in-vivo and 
in-vitro (urine and feces) test samples; and 
f) the NIST natural-matrix radionuclide 
SRM intercomparisons are limited to lung, 
liver and bone matrices. The Registries' 
radiochemistry program would derive ben- 
efits through judicious selection of matrix 
intercomparison for participation. 

Recommendation on Reference Mate- 
rials: Five or more replicate analyses 
should be used to adequately evaluate the 
accuracy and precision of a method. 

While the results of measurements on 
NIST SRMs are encouraging, two analy- 
ses are statistically inadequate to draw the 
conclusion that the methods used have 
been validated. ANSI N13.30 suggest the 
use of five or more replicate analyses. A 
secondary benefit from these mea- 
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surements is an estimate of "best case" ac- 
curacy and precision. This information can 
be used to establish realistic accuracy and 
precision requirements for individual 
projects or redesign the measurement pro- 
tocols to meet the need of the Registries' 
projects. 

Advisory Committee 
Recommendation 

Reference Method 

A guaranteed reference sample dis- 
solution, radiochemical puril6ication and 
measurement method should be estab- 
lished to help validate new methods and 
to be used for special or high visibility 
samples. 

Although the LANL procedures were 
adopted and new radiochemical methods 
are being developed it is important to es- 
tablish a  bombp proof^ method for refer- 
ence. An "unquestioned" sample dissolu- 
tion is extremely important because the 
fundamental assumption that radiochem- 
ists rely on for quantitative analyses is that 
the tracer and analyte are completely ho- 
mogenized. If this condition is not met, 
the resulting data will not be valid. The 
method of choice is high temperature fu- 
sion. Although messy, difficult and labor 
intensive, this technique is highly regarded 
and should be added to the Registries' ra- 
diochemistry skills. 

EXPOSURE RECORDS, RECRUIC 
MENTAND REGISTRATION 

Advisory Committee Recommendation 

The Director and senior staf f  should 
place the highest priority on developing 

personal contacts and rapport with ap- 
propriate health physics personnel at 
registrants' employer sites to facilitate 
identification of prospective new regis- 
trants and recovery of appropriate ex- 
posure data on new and existing regis- 
trants. The Committee recommends so- 
liciting a liaison person at each partici- 
pating DOE site, preferably an indi- 
vidual designated as such by the man- 
ager of the Health and Safety Division, 
or equivalent. 

Both, the USTUR staff and the Advi- 
sory Committee recognize that adequate 
exposure records are essential to the sci- 
entific value of any specific registrant. 
Registrants are currently accepted on the 
basis of a "documented" actinide intake; 
however, according to the Director, there 
are no dosimetry records for 37% of de- 
ceased registrants, and exposure records 
are missing or incomplete for many active 
and inactive living registrants. This con- 
stitutes a serious deficiency in the scien- 
tific value of the current value of the cur- 
rent registrants. 

The Committee believes that the do- 
simetry status of all registqmts, active or 
inactive, should be reviewed to determine 
if the exposure information is sufficient to 
support scientific use of tissue analyses. 
Where data are lacking, greater effort 
should be devoted to obtaining the miss- 
ing information. In the case of inactive 
registrants with adequately documented 
scientifically interesting exposures, an ef- 
fort should be made to reenlist these indi- 
viduals. More intensive efforts should also 
be made to identify and recruit individu- 
als with well documented, interesting in- 
takes. The priorities for these efforts 
should be based on the potential scientific 
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value of the information to be ob- 
tained from the registrant’s donation. 
The primary sources of most exposure 
records are the health physics (including 
‘%ioassay” andor “dosimetry”), industrial 
hygiene and safety organizations of the 
registrant’s employer. In the case of acci- 
dents or injuries, however, valuable infor- 
mation may be contained in the registrant’s 
medical or personnel files, although most 
of the information in these files may be 
irrelevant to the registrant’s exposure. 
Because of the effort needed to retrieve 
the relevant data, some means must be 
found to obtain the assistance of the site 
personnel. If backing of the effort could 
be obtained from someone in DOE with 
s a c i e n t  authority, top-down directives to 
provide the assistance might be effective. 
Providing direct labor support, in the form 
of a temporary loan of a person, might be 
another possible approach to retrieving 
information. 

The Advisory Committee believes that 
the level of trust and confidence of em- 
ployees enjoyed by staff physicians at par- 
ticipating laboratories places them in a 
unique position to encourage potential reg- 
istrants. To take advantage of this situa- 
tion, however, the staff physicians must 
first be convinced of the value of the Reg- 
istries, and the specific nuclides, modes of 
exposure, and minimum levels of deposi- 
tion of interest to the Registries need to be 
clearly enunciated. The Advisory Com- 
mittee believes that personal contact be a 
peer physician may be the most effective 
way to gain the attention and cooperation 
of these staff physicians. Although a per- 
sonal services contract has been estab- 
lished with Dr. Michael Cummings, it is 
only for approximately one per month, 
which the Committee believes that partici- 

pation in the regular meetings of the medi- 
cal directors of DOE laboratories by a phy- 
sician on the Registries’ staff, and personal 
visits to medical departments of partici- 
pating laboratories, could sigmficantly im- 
prove recruitment and registration effec- 
tiveness. 

The Committee believes that developing 
personal rapport with one or more appro- 
priate individuals at each of the major DOE 
registrants’ employer sites should be con- 
sidered one of the highest priorities of the 
Director and senior staff of the Registries. 
Form letters and other official requests by 
correspondence have been shown to be 
ineffective. Without the personal contacts 
and sharing of the labor, suitable exposure 
records will continue to be elusive. 

Advisory Committee 
Recommendation 

RUSSIAN COLLABORATION 

Collaborative research with the Rus- 
sian Federation and the Joint Coordi- 
nating Committee for Radiation Effects 
Research (JCCRER) should be contin- 
ued, and at an increased pace is feasible. 
The Registries should seek to integrate 
the research efforts of Ronald Filipy and 
John Russell to work with the Dosim- 
etry Registry of the Mayak Industrial 
Association (DRMIA) to maximize our 
understanding of dose-effect relation- 
ships following radiation exposure of 
humans. 

There is an agreement between the 
United States and the Russian Federation 
governments that is under the surveillance 
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of a Joint Coordinating Committee for 
Radiation Effects Research (JCCRER) that 
is comprised of upper-level officials from 
each country. The US representation is 
from the Department of Energy (DOE), the 
Nuclear Regulatory Commission (NRC), 
Health and Human Services ("S), and 
the Department of Defense (DOD); there 
are four representatives from the Russian 
Federation. The US component is com- 
prised of political appointees and not front 
line scientists. In keeping with govern- 
mental organizations, there are several sub- 
committees: Executive CommifAee, Scien- 
tific Review Group, a group of Principal 
Investigators, and Project ResearchTeams. 
Dr. Ron Filipy has prime responsibility for 
the USTUR work that is associated with 
this program, with collaboration of Pro- 
fessor Kathren and his staff. The prime 
scientific involvement of the USTUR is 
under the topic of Occupational Dosim- 
etry, a fitting obligation for this team. 

In addition to the organizational com- 
plex described above, there is an organi- 
zation called the Dosimetry Registry of the 
Mayak Industrial Association (DRMIA), 
operated by the institute of Biophysics of 
the Russian Federation. In general terms, 
the objective from the USTUR viewpoint 
is to establish respectable and analytically 
sound methods for tissue sampling from 
exposed individuals, the radiochemical 
plutonium and americium), and to build a 
database which will include the results 
obtained from the exposed Russian work- 
ers and those exposed in the United States. 
The DRMIA currently has dosimetric data 
on 1500 workers, 1000 of which have es- 
timated body burdens of >1500 Bq 

(AOnCi) compared with about 350 de- 
ceased individuals in the USTUR, with 
body burdens of 4 0 0  Bq (12 nCi). Total 
tissue samples from the two institutions is 
approximately 40,000. The strength that 
the additional data from the DRMIA will 
add to those data from the USTUR is with- 
out question. 

Dr. Filipy presented data to the Com- 
mittee showing the results'of some pluto- 
nium tissue analyses from the USTUR and 
the DRMIA. It was clear from his presen- 
tation that the two sets of data are compli- 
mentary, as the tissue concentrations 
(shown for liver) are all essentially higher 
than those from the USTUR, in terms of 
Bq per weight of tissue. Most cases in the 
USTUR are in the range of 0.03-30 Bqkg 
while most of those in the DRh4IA fall 
between 100 and 10,000 Bqkg. There is 
some overlap of results be tween 30 and 
300 Bqkg. Although Filipy did not 
present skeletal data, his charts indicated 
a concentration ratio of plutonium in bone 
to that in liver to be about 0.25 for both 
USTUR and DRMIA data over estimated 
residence times to 40 years post-exposure. 

The greatest advantages for collabo- 
ration between the USTUR and the 
DRMIA are the increase in number of 
cases and the broader range of exposures 
it provides. The disadvantages are the 
ever-present problem of having direct ac- 
cess to the Russian data; this problem has 
shown little progress in this or other areas 
of inter-governmental collaboration. 
There is a generic mistrust involved and 
post-cold war movements have not been 
encouraging. This sharing of basic data 
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with the Russian scientists is one of the 
major problems the USTUR has and will 
continue to have with being able to merge 
all data on tissue analysis. For instance, 
even if data are presented on the tissue con- 
centrations of plutonium in liver and bone, 
information concerning the individual ex- 
posure conditions (how, where, why) may 
not be readily forthcoming. However, it 
appeared to the Committee that Dr. Filipy 
and the staff have done a highly comend- 
able job in getting the data they already 
have and it would appear with time that 
this cooperative venture will pay high divi- 
dends for both countries. 

EXPANDED RESEARCH EFFORTS 

One area of some concern to the Com- 
mittee was the significant expansion into 
sub-cellular research. The questions may 
be stated as follows: does this area of re- 
search fit into the program goals of the 
USTUR and where does it belong in the 
list of priorities that need emphasizing to 
reach those program goals? One direction 
the Committee thought might be appropri- 
ate to emphasize was an incorporation of 
John Russell's laboratory techniques into 
an analysis of tissue samples from the Rus- 
sian exposure cases. There must be a 
wealth of biological data buried in these 
tissues, which if liberated could be corre- 
lated with dosimetric findings for a given 
tissue. Major questions arise, however, as 
to whether such samples could be obtained 
from the Russian scientists and whether 
the tissues had been maintained at a suffi- 
ciently low temperature (say, -70" C) to 
enable meaningful molecular-biological 
analyses. If the samples could be avail- 
able and could be used for such analyses, 
then it seems to the Committee that a 

golden opportunity exists to obtain infor- 
mation that will never again be possible 
to retrieve and that this should be pursued 
with vigor. The best orientation of this 
vigor is not clear to the Committee and 
can only be decided by those more closely 
involved, both at the USTUR and the 
DRMIA, and probably more importantly, 
the JCCRER. One direction Russell em- 
phasized that could be extremely impor- 
tant to pursue is that of biodosimetry, per- 
haps using some of the available in situ 
hybridization techniques that could be 
pursued and/or developed which could be 
very useful in correlating latent damage 
to the causative radiation dose. In sum- 
mary on this aspect, the Committee agrees 
that John Russell's research is f i s t  class 
and at the forefront, but is concerned with 
the priorities and that it may be difficult to 
find funding in these times of tight bud- 
gets. 

Advisory Committee 
Recommendation 

USTUR Policies and Procedures Manual 

USTUR Policy 104, USTUR Advisory 
Committee, should state in section 5 that 
the agenda for the annual meeting of the 
Committee shall be developed jointly by 
the Director and the Chair of the Com- 
mittee. 

A draft. revision of USTUR Policy 104 
was distributed to the Committee at the 
meeting. The changes from the previous 
version were minimal. The Committee be- 
lieves that the policy should state that the 
Chair will work jointly with the Director 
to develop the agenda, as is currently be- 

, 
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ing done. 

Advisory Committee 
Recommendation 

Terms of Appointment 

The Registries should clarify the terms 
to which current members have been 
appointed. 

Several members have not been con- 
tacted during the third year of their term 
regarding reappointment, and received no 
letter of reappointment. Some correspon- 
dence and documents from the Registries 
have contained conflicting idormation re- 
garding terms of appointments. The Com- 
mittee believes that the terms of the ap- 
pointment should be treated some what 
more formally by the Registries' staff. 

Advisory Committee 
Recommendation 

LONG-RANGE PLAN 

The Long-Range Plan should clearly 
identify the essential purpose of the Reg- 
istries and the specific goals that must 
be accomplished to achieve that pur- 
pose. It should then address in detail 
the processes for reaching those goals, 
i.e. the specific tasks that must be per- 
formed and the priorities and costs as- 
sociated with those tasks. 

The current Long-Range Plan is im- 
proved substantially over previous ver- 
sions. The Plan is intended to be a living 
document and should be reviewed and 
modified as needed to meet the needs of 

the Registries. The descriptive sections on 
"Backgro~nd'~ and "Goals and Objectives" 
are well done. The several planning sec- 
tions (Near Term, Intermediate and Longer 
Term) could be read more easily if func- 
tional heading were used within these sec- 
tions 

The Planshould represent the staff's 
thinking about future work loads, espe- 
cially on the basic research goals. The 
number and types of volunteers needed, 
and the projected death rates by year bases 
on ages of current volunteers, should be 
included. Such numbers would help in 
estimating the future work load of the ra- 
diochemistry lab oratory. 

Recruitment of cases with specific ra- 
dionuclide depositions, like Pu-238, Cf- 
252 or Cm-244, may be possible with spe- 
cial efforts similar to the Thorotrast cases. 

Interest in special cases should be iden- 
tified for special recruitment efforts. Plac- 
ing priorities on the existing cases will also 
assist in directing the order of the work 
load. The Plan should try to focus efforts 
along these directions. 

The problems of obtaining occupa- 
tional histories and exposure records of 
registrants, which were detailed in the 
meeting, should be discussed in the Plan. 
Whatever work is being planned or done 
in this area should be included. Provision 
for future dosimetry updates, including at 
the time of death, should also be presented. 

T!he Plan does no make a distinction 
between the basic core work (essential) 
which is funded and future work (desired) 
which could be considered unfunded 

' I  

. _  

. - .  , '  ~ 

' I  

' -  I 

.', I 



USTTJR Annual Report for October 1,1994 through September 30,1995 60 

under current objectives. The Commit- 
tee is perturbed when it sees more work in 
the latter category than in the former. One 
heading in each section of the Plan (as sug- 
gested above) might identlfy those activi- 
ties for which the Registries plan to seek 
future h d i n g ,  and their various priorities. 
In these days of limited research funding, 
efforts to diversify support could pay big 
dividends and should be part of the Plan. 

representatives are invited, we should have 
some time to receive feedback as well as 
to inform them of the benefits of the 
Registries’ programs. 

Adjournment : 
The meeting was adjourned at 

12:15 PM on 18 October 1995. Dates for 
the next meeting were not set, although 
sometime in October 1996 is probable. 

EXECUTIVE SESSION 

Keith Schiager was re-elected to con- 
tinue as chair, with Kenneth Inn elected 
as vice-chair. The executive session was 
primarily devoted to discussion of the top- 
ics to be addressed as Committee recom- 
mendations. The Committee also returned 
to the subject of representation by the par- 
ticipating DOE laboratories which had 
been discussed earlier in the open meet- 
ing. We concluded that the invitations 
should come from the Committee, and that 
we should obtain from the Director a list 
of the Registries’ site contacts or repre- 
sentatives well in advance of the meeting 
to facilitate planning and providing invi- 
tations. 

Advisory Committee 
Recommendation 

Laboratories Representatives 

The Committee recommends that the 
meeting should be two full days in or- 
der to cover all relevant business. , 

A slightly longer meeting is needed to 
cover thoroughly the items of concern to 
the Committee. Further, if DOE site 
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Kathren, R.L., L.A. Harwick, R.E. Toohey, J.J. Russell, R.E. Filipy, S.E. Dietert, M.M. Hunacek, 
and C.H. Hall. The United States Transuranium and Uranium Registries. Report of the 
period October 1,1992 - September 30,1993. USTUR-0015-95. College of Phapacy, 
Washington State University, Richland, WA (September 1994). 

Kathren, R.L., J.J. Russell, and A.C. James. Preliminary evaluation of the distribution and 
biokinetics of 238PuOz in a whole body donor to the USTUR. Health Phys. 68576; 1995. 

McInroy, J.F., R.L. Kathren, R.E. Toohey, M.J. Swint, andB.D. Breitenstein, Jr. Postmortem 
tissue contents of = I A m  in USTUR case 246. Health Phys. 69:318-323; 1995. 

I 

' -  

Medley, D.W., R.L. Kathren, R.E. Filipy, and A.G. Miller. Diurnal variation in urinary uranium 
levels. Health Phys. 67: 122-130; 1994. 

Park, J.F., R.L. Buschbom, G.E. Dagle,A.C. James, C.R. Watson, andR.E. Weller. Biological 
-I 

effects of inhaled 238puOz in beagles. Radiat. Res. (submitted). 

Priest, N.D., A. Freemont, J.A.M. Humphreys, and R.L. Kathren. Histopathology and 2 4 1 ~  

microdistribution in the skeleton of USTUR case 246. Health Phys. 69:330-337; 1995. 

Rudolf, G., R. Kobrich, W. Stahlhofen, and A.C. James. Regional deposition in man -A  statisti- 
cal and algebraic model. In: Inhaled particles W. Eds. J. Dodgson and R.I. McCallum, 
Oxford: Pergamon Press: 1-14; 1994. 
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Russell, J.J., R.A. Guilmette, and R.L. Kathren. Autoradiographic localization of 241h in 
selected soft tissue samples from USTUR Case 246. Health Phys. 69:316-317; 1995. 

Russell, J.J., R.L. Kathren, and S.E. Dietert. A histological kidney study of uranium and non- 
uranium workers. Health Phys. 70(4):466-472; 1996. 

Russell, J.J., R.L. Kathren, R.A. Short, and J.F. McInroy. Long-term organ retention and pathol- 
ogy in a Thorotrast patient: A preliminary report. In: Health effects of internally depos- 
ited Radionuclides: Emphasis on radium and thorium. Eds. G. VanKaick, A. Karaoglou, 
and A.M. Kellerer. World Scientific; 1995. 

Schlenker, R.A., R.E. Toohey, E.G. Thompson, and B.G. Oltman. Bone surface concentrations 
and dose rates 11 years after massive accidental exposure to 241Am. Health Phys. 69:324- 
329; 1995. 

Stannard, J.N. and R.L. Kathren. Radiation protection and medical practice with special refer- 
ence to health physicists and the health physics society. Health Phys. 69(5):837:844; 
1995. 

Stark, A.A., J.J. Russell, R. Langenbach, D.A. Pagano, E. Zeiger, and E. Huberman. Localiza- 
tion of oxidative damage by glutathione-g-glutamyl transpeptidase system in 
preneoplastic lesions in sections of livers from carcinogen-Treated Rats. Carcinogenesis 
Vol. 15, No. 2:343; 1994. 

Suslova, K.G., R.E. Filipy, V.F. Khokhryakov, S.A. Romanov, and R.L. Kathren. Comparison of 
the dosimetry registry of the mayak industrial association and the United States Transura- 
nium and Uranium Registries: A preliminary report. Radiat. Prot. Dosim. (submitted) 

Toohey, R.E. Biokinetics of Bone-seeking Radionuclides. In: Internal Radiation Dosimetry. Ed. 
O.G. Raabe. Madison, WI: Medical Physics Publishing; 1994, pp. 197-216. 

Toohey, R.E. Measurement and analyses techniques for direct assessment of body radioactivity. 
invited paper for special issue on environment and waste management technology. 
Nuclear Technology (in press). 

Toohey, R.E. and R.L. Kathren. Overview and dosimetry of USTUR Case 246. Health Phys. 
691310-316; 1995. 

Wasiolek, P.T., S.D. Schery, J.E. Broestl, and A.C. James. Experimental and modeling studies of 
thoron decay products in outdoor air near the ground surface. Presented at the national 
radiation environment VI, Montreal, Canada, June 5-9,1995. Science ofthe Total 
Environment. (in press). 
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Wasiolek, P.T. and A.C. James. Outdoor Radon Dose Conversion Coefficient in South-Western 
and South-Eastem United States. Radiat. Prot. Dosim. 59,269-278; 1995. 

Wasiolek, P.T. and A.C. James. Suitability of Radon Gas Concentration for Lung Dose Estima- 
tion Outdoors. Radiat. Prot. Dosim. (in press). 

Presentations .-., 

October I 

R.L. Kathren visited the Rocky Flats site and also moderated a Socratic discussion of radia- 
tion and chemical risks at a joint meeting of the local Denver chapters of the American 
Society of Safety Engineers, American Industrial Hygiene Association, Health Physics 
Society, Society for Risk Analysis, American Association of Occupational Physicians, and 
American Association of Occupational Nurses. 

November 
R.L. Kathren presented "Ethical Considerations of Human Radiation Experimentation: A 
Health Physics Perspective" at the joint meeting of the Hoosier and Bluegrass Chapters of 
the Health Physics Society in Lexington, KY 

December 
R.L. Kathren presented "The United States Transuranium and Uranium Registries" to the 
President's Committee on Human Radiation Experiments. 
R.L. Kathren presented "The United States Transuranium and Uranium Registries" to the 
Agency for Toxic Substances and Disease Registry in Atlanta, GA. 
R.L. Kathren presented "The United States Transuranium and Uranium Registries" to the 
Advisory Board of the Agency for Toxic Substance and Disease Registry. 

Febmry 
R.L. Kathren presented "Radioactivity in Everyday Life" to Mathematics, Engineering and 
Science Achievement (MESA) students. 

March 
R.E. Filipy participated in "The United States-Russian Federation Experience in Health 
Effects of Occupational Radiation Exposure" workshop in St. Petersburg, Florida. 

April 
R.L. Kathren presented "Ethical Considerations of Human Radiation Experimentation: A 
Health Physics Perspective" as the Third Annual Newell Stannard LectUi.er at the Annual 
Meeting of the Sierra Nevada Chapter of the Health Physics Society. 
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R.L. Kathren presented "Environmental Radioactivity" to the California State Department of 
Health. 
R.L. Kathren presented "Radioactivity LabeledAntibodies" to the Nuclear Medicine Re- 
search Working Group in Richland, WA. 

R.E. Filipy presented "The Collaboration Between the Russian and American Transuranium 
Registries" at the Interagency Nuclear Safety Review Panel Technical Interchange Meeting in 
Richland, WA, May 2-3, 1995. 
A.C. James presented "New ICRP Respiratory Tract Dosimetry" at the Interagency Nuclear 
Safety Review Panel Technical Interchange Meeting in Richland, WA, May 2-3,1995. 
A.C. James presented "Dosimetry Modeling of a USTUR Whole Body Donor Exposed to 
"*PuO, Microspheres" at the Interagency Nuclear Safety Review Panel Technical Inter- 
change Meeting in Richland, WA, May 2-3,1995. 
R.L. Kathren presented "Changes in Radiation Protection Issues at Hanford and Beyond 
Since 1960" to the Columbia Chapter of the Health Physics Society in Richland, WA, May 2, 
1995. 
R.L. Kathren presented "The U. S .  Transuranium and Uranium Registries and the Applicabil- 
ity of Human Tissue Studies to In-Vivo Counting and Calibration" to the DOE Lung 
Intercalibration Committee in Richland, WA, May 4,1995. 
R.L. Kathren presented "Primeval X-ray Protection" to the Conference of Radiation Control 
Program Directors in San Antonio, Texas, May 8,1995. 

June 
A.C. James presented "An Update of the NRC's (199 1) Dosimetry Study Based on ICRP 
Publication 66 Recommendations" to the BEIR VI Committee of the National Research 
Council's Mini-Workshop on Radon and Thoron in the Lung: Comparative" in Montreal, 
Canada, June 4,1995. 

July 
R.L. Kathren, J.J. Russell, and A.C. James presented "Preliminary Evaluation of the Distribu- 
tion and Biokinetics of 238Pu in a Whole Body Donor to the USTUR" at the 40th Annual 
Health Physics Society Meeting in Boston, MA, July 23-27, 1995. 
R.L. Kathren presented "Pathway to a Paradigm: The Linear Nonthreshold Dose Response 
Model in Historical Context" at the 40th Annual Health Physics Society Meeting in Boston, 
MA, July 23-27, 1995. 

E.T. Marshall, R.E. Toohey, J.D. Coissart, and R.L. Kathren presented "Distribution of 
Uranium in Two Whole Body Donors" at the 40th Annual Health Physics Society Meeting in 
Boston, MA, July 23-27,1995. 
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August 
R.L. Kathren presented "X-rays and X-ray Protection: Looking Backward Over a Century of 
Progress for the Benefit of Mankind" at the Hong Kong Radiological Technologists' Associa- 
tion in Hong Kong, August 13,1995. 
R.L. Kathren presented T h e  United States Transuranium and Uranium Registries" to the 
Laboratory of Industrial Hygiene, Ministry of Health, in Beijing, People's Republic of China, 
August 15,1995. 
R.L. Kathren presented "X-rays and X-ray Protection: Looking Backward Over a Century of 
Progress for the Benefit of Mankind" at the Hong Kong University of Science and Technol- 
ogy in Hong Kong, August 18,1995. 

September 
S. Bao presented "Induction of Micronuclei Following Exposure to %o Gamma Rays in the 
Respiratory Tract" at the 12th Annual Pacific Northwest Association of Toxicologists Meet- 
ing in Moscow, ID. 
S. Bao presented "Use of Cellular Damage to Determine the Relationship between Exposure 
and Dose from Inhaled Radon" at the 12th Annual Pacific Northwest Association of Toxi- 
cologists Meeting in Moscow, ID. 

Awards 

1. R.L. Kathren was the recipient of the 1994 Herbert M. Parker Award of the Columbia Chap- 
ter of the Health Physics Society. 

2. R.L. Kathren was the recipient of the Hartman Medal of the Radiology Centennial. 
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WSTUR "USTUR Other Projected 
Lead Other Collaborator(s) Completion TitleDescription 

Biodosimetry Study: SPB RLK A. Brooks, PNNL ongoing 
Chromosome aberrations and micronucleus assays are used to detect radiation dam- 
age in living registrants and these techniques are being developed. The blood lympho- 
cytes from registrants will be used to produce cultures, and the cytogenetic damage 
will be linked to biological effective doses from past radiation exposures. 

~ 

Cytogenetic Instability: SPB 
Epithelial cells from the rat respiratory tract were cultured after low-LET and high- 
LET radiation. Micronucleus assays were used to study cytogenetic instability. The 
experiment is partially completed and the papers are being prepared. 

A. Brooks, PNNL ongoing 

SPB Radon Study: 
The radon exposure and biological effective dose to respiratory tract epithelial cells 
from nose, trachea, and deep lung were investigated. The epithelial cell culture tech- 
niques were developed. 

A. Brooks, PNNL ongoing 

RHF JEN 1 21 1 195 Development of extraction chromatography method for actinides in bone: 
Current ion-exchange methods for actinides generate some organic mixed waste and 
also generate large amounts of chemical waste. Extraction chromatography methods 
are being developed for the actinides using combinations of EICHROM TRU, TEVA 
and U-TEWA resins. 

Development of extraction chromatography method for actinides in soft RHF C. Moody, WSU 6/1/96 
tissues: 
Current ion-exchange methods for actinides generate some organic mixed waste and 
also generate large amounts of chemical waste. Extraction chromatography methods 
are being developed for the actinides using combinations of EICHROM TRU, TEVA 
and U-TEVA resins. 

~~ 

RHF HQ Characterization of EICHROM actinide resin for pre-concentration of actinides 
in tissues: 
The advantages and disadvantages of using the new ACTINIDE resin for 
preconcentration of actinides from solution is being investigated. 

6/1/96 
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3/1/96 ICP Method for Ca and P in bone for normalization of actinide concentration data: 
An ICP method for actinides in soft tissues: Current ion-exchange methods for actinides 
generate some organic mixed waste and also generate large amounts of chemical waste. 
Extraction chromatography methods arebeing developed for the actinides using combina- 
tions of EICHROM TRU, TEVA and U-TFNA resins. 

RHF M. Billings, WSU 

RHF CLL Determination of u9Pu in very low level samples by fission-track analysis (FTA): 
An FTA method has been developed for measurement of levels of 239Pu below those cur- 
rently achieved by alpha spectrometry (0.02 pCi). 

6/1/96 

Measurement of u9+M0Pu ratios in tissues by combined spectroscopy and FTA: RHF CLL 
A method is being developed to determine total 239t240Pu by alpha spectrometry on vana- 
dium disks followed by FTA determination of 239Pu on the disk - thus giving 239t240Pu ratio. 

6/1/96 

Determination of actinides in NIST bone SRM: 
Methods are being developed for analysis of the new NIST bone SRM. 

RHF SEG, 
DBS 

6/1196 

~~~ 

Trace metal distribution in human tissues: 
Development of methods for determination of Thorium and other trace elements in 
whole body tissue. 

SEG RHF, 
RLK 

1998 

Thorium electrodeposition development: SEG VTN completed 
Difficulties completed were experienced with the electrodeposition method used for Pu 
and Am. Modifications were made to improve efficiency and spectral resolution. 

Trace element determination in human tissues: SEG RHF, 6/1/96 
The USTUR whole-body cases represent aunique opportunity to determine toxic metals in 
addition to radionuclides. An analytical method involving a combination of neutron acti- 
vation analysis and ICP-AES is being developed for the determination of trace metals in 
solutions of tissues from whole body cases already analyzed for actinides. 

RLK 

Development of improved electrodeposition methods for Pu, Am, U: SEG VTN 6/1/96 
A program was begun to improve the current electrodeposition methods for Pu, Am, U, 
and Th, primarily to improve the efficiency, resolution and speed of analysis. 
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lnlcrnational Atomic Energy Agency 
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Deconvolution of overlapped alpha spectral peaks 
Current alpha detectors cannot separate the peaks of 239Pu and 240Pu. A software pro- 
gram is being developed to deconvolute the combined peak using a high resolution 
alpha detector. 

SEG S. Lamont, WSU 6/1/96 

Integration of radiochemical database: SEG MVP completed 
The radiochemical database is written in EXCEL and a program was written to input 
the analytical data into the USTUR PARADOX database. 

Tooth:skeletal actinide content: RLK 1213 1/95 

RLK JJR,MMH E. Kaplan, BNL 5/1/96 Diurnal urinary excretion of Pu: 

Pu in placenta and products of conception: RLK JJR C. Sun,BNL 6/30/96 
E. Wrenn, U of U 
N. Priest, AEAHanvell 

Evaluation of USTUR 0259: RLK JJR 3/1/96 ' 

Biokinetics of enriched uranium: RLK GRD M. Hedaya, COP 4/1/96 

Pu inhalation case (USTUR 0869): RLK C. Wernli, ongoing 

B. Birkenfeld, COP 

- 

International Registries: RLK IAEA ongoing 
RLK SPB W. Kedao, PRC ongoing Chinese collaborations development: 

Clinical database: MVP CLL 8/95 
WWW-CEDR. MVP ongoing 

S. Chen,PRC 
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Lead Other Collaborator(s) Completion Tit 1eDescrip tion 

Development of a Method for the Determination completed of Th isotopes: DBS HQ completed 
An ion exchange method was developed for 228+232Th determination in tissues. Procedures 
integrated with the existing U isotopes method andwas applied to the analysis of tissues 
from case 0841. 

Finalization of USTUR radiochemistry procedures: DBS SEG completed 
Procedures for Pu, Am, U, and Th werefinalized and the procedures written up in the 
Procedures Manual. 

RHF 

1213 1/96 

Routine Autopsy Skeleton Actinide Content: REF RLK C. Hall, WSU 1213 1/95 

Actinide Concentration Ratios in TissuedOrgans REF RLK 

Actinides in Lung: REF RHF 
GED 
RLK 

Ongoing 

Comparison of human and animal actinide biokinetics REF GED 1213 1/97 

12/28/99 JCCRER US-Russian Collaboration REF RLK V. Khokhryakov 
RHF A. Suslova 
DBS DRMIA 

JJR M. Desrosiers Ongoing Actinide microdose distribution in bone 
via Electron Paramagnetic Resonance (EPR) 

Gene translocations and somatic mutations JJR T. Straume Ongoing 
~~ 

Suppressor gene studies JJR J. Hardwick Ongoing 
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This report desmies a series of three radiochemistry intercomparisons which were conducted during 
1995. These were preceded by the first intercomparison which was conducted in the Fall of 1994 for the 
evaluation of alpha spectrometric methods and the results were reported in the 1994 USTUR Annual 
Report These intercomparisons are necessary to insure and validate the transition of radiochemical 
measurements from Los Alamos National Laboratory &ANL) to the United States Transuranium and 
Uranium Registries located at Washington State University in Pullman (WSU) as well as to evaluate the 
capabilities of the University of Washington 0 laboratory which will serve the USTUR radiochemistry 
program in a QNQC capacity. 

WSU and TJW participated in Intercomparison 2 which involved the analysis of 5 blind Samples prepared 
by the other laboratory with contaminant k e  241Am and =%x traceable to NIST in 8M HCl. The activity 
range for these samples was requested to be within 0 to 10 dpm. 

Intercomparison 3 was conducted using measurements of 8 M HC1 sample solutions prepared by LAM, 
from two USTUR cases, 0637 and 0246. The original values from LANL. were used as the 'known' value 
for the radiochemical sample activity for comparison of the results for WSU and U W .  This 
intercomparison was designed to evaluate the radiochemical separation methods of the various 
laboratories with real samples. 

Intercomparison 4 presents the results from the analysis of NIST lung (SRM 4351) and liver (SRM 4352) 
standard reference materials (SRM's) for various actinide elements by WSU. This study was chosen in 
order to evaluate the entire sample analysis program at WSU for selected actinide elements. 

WSU adopted procedures very similar to those reported by LANL for the radiochemical analysis of tissues 
as descriied in the United States Transuranium and Uranium Registries Radiochemical Analysis 
Procedures Manual, ikst edition. This was done in order to expedite the transition of radiochemical 
analysis form LANL. to WSU and in keeping with the recommendations of the 1994 USTUR Advisory 
Committee. Details of the procedures, calculation of activity, uncertainty, and detection limits are given 
in the USTLTR Radiochemical Analysis Procedures Manual. 

The procedures used by LANL for the determination of Pu and Am in Intercomparison 3 are those 
reported in the Radiotissue Chemistry Section of their procedures manual, Health and Environmental 
Chemistry: Analytical Techniques, Data Management, and Quality Assurance &A-10300-M). The 
methods were modified for case 0246 because of the very high 241Am content in the registrants' tissues. 
These methods were discussed in a recent edition of Health Physics (September 1995) and were based on 
liquid scintillation counting. 

The procedures used by UW for the radiochemical analysis and error propagation are attached in 
Appendix A. Detection limits provided by UW were calculated based on two times the value of the blank. 
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WSU and UW participated in Intercomparison 2. This intercomparison involved the exchange and 
analysis of. 5 samples spiked with tracer free "'Am and =%,I traceable to NIST in 8M HCI. Each 
laboratory prepared the samples with their own isotopic spikes and provided the solutions to the other . 
laboratory with the content unknown. The activity range for these samples was requested to be within 0 to 
10 dpm. Each laboratory then analyzed the samples according to their procedures and reported the 
sample activity and its associated uncertainty. The results for this intercomparison are presented on the 
following two pages. 

' 
The intercomparison data were analyzed in a fashion similar to that described by ANSI N13.30. The 
relative percent bias from the 'known' activity for each sample is defined for a given laboratory as: 

%Bias for a given isotope for each sample = B,. ("/.) = ( A a i i 4 )  XI00 

&=The measurement for a given isotope a for sample number i for a given laboratory. 
, 4 ~  The 'known' isotopic value for sample number i. 

The relative bias for each isotope is then defined for a given laboratory for each isotope as: 

N c Bn 
Relative laboratory bias (%)= B, ('A) = = - 

N 
Where N is the number of samples values reported for a particular isotope for a given laboratory. The 
relative laboratory bias (%)was calculated using all reported values for each isotope, excluding those 
below the Minimum Testing Level (MTL). For the purposes of this intercomparison, only samples to 
which no activity was added were below the MTL. AU other samples were well above the detection limits 
for that laboratory. 

The relative bias precision for each isotope for a given laboratory (e.g. the WSU bias in box in the 
following table) is defined as: 

The results of WSU for the spiked solutions prepared by UW for both %I and 241Am are in good 
agreement with the spiked values reported by UW. Sample X04 leaked slightly during transportation to 
WSU but was not excluded from this data set for the purposes of calculating bias or precision. WSU 
correctly identified samples which had no activity added as below the detection limit- 

. 

The results for UW for the spiked solutions prepared by WSU are also generally in agreement with the 
spiked values reported by WSU. Sample QA2 did show high bias for both =%.I and 241Am. UW correctly 
identified that there was no activity exceeding the limit of detection in sample QAl, however mis- 
reported the presence of "'Am in that same sample. UW defined the detection limit as : 

LD for 239.2% = 2 x blank value = 2 x.0.011 dpm = 0.022 dpm (3.7 x 10-4 Bq) 
LD for 241Am = 2 x blank value = 2 x 0.009 dpm = 0.018 dpm (3.0 x 10-4 Bq). 



Intercomparison 2: 
Results for WSU 

xo1 QA/W SAMPLE # I  O.OOOE+OO 2.97E-04 4.063-04 1.58OE-01 1.663-01 5.093-03 5.06 <Ld 
x02 QNQC SAMPLE#2 4.81OE-02 4.15E-02 2.53E-03 1.380E-01 1.46E-01 4.87E-03 -13.72 5.80 

- X03 QNQC SAMPLE #3 7.210E-02 6.78E-02 3.3133-03 7.910E-02 8.13342 3.86B-03 -5.96 2.78 
X04 QNQC SAMPLE #4 1.200E-01 1.27E-01 4.703-03 3.95OE-02 4.07E-02 2.58E-03 5.83 3.04 



. . .  
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Intercomparison 2: 
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Intercomparison 3 was conducted among WSU, LANL, and UW. This intercomparison was conducted 
using samgles from two USTUR cases which had been previously analyzed by LANL., 0637 and 0246. 
Case 0637 was analyzed by the USTUR and UW for 238Pu and 239n% content, while case 0246 was , 

analyzed for "'Am. USTUR Case Number 0637 corresponds to LANL Number 56-068 while USTUR 
Case Number 0246 is 47-058. 

The samples for both of these cases had been prepared by LANL several years previously and were 
recently transferred from LANL to WSU at pullmaa These samples were assigned a USTUR sample 
number Using current procedures. Samples were picked for the USTUR, LANL, and UW intercomparison 
to provide a range of activity values and sample compositions. A further sample selection criterion 
included how much sample remained for the intercomparison. LANL often used one-half of the sample 
for routine analysis and thus the intercomparison was sample limited which restricted many of the 
samples to a two-way intercomparison (LAM,-WSU). Seven samples from Case 0637 and five samples 
from Case 0246 were chosen for the three way intercomparison. All samples from case 0637 were 
processed by WSU (22 in total) including 0637016, thyroid, which had not been processed by LANL. 

The LANL Case 0637 data used for this intercomparison was provided by personal with Jim McInroy 
(Case 0637 was in final reporting status and thus the data was not available at the USTUR-TriCities). 
The data for Case 0246 were derived from the USTUR database and LANL laboratory notebooks. Many 
of these data appeared without uncertainty information and as such these uncertainty values could not be 
included for evaluation. Furthermore, the standard methods used by LANL had been modified for the 
analysis of Case 0246 to utilize liquid scintillation counting at LANL because of the very high tissue 
content of?*~m. 

' 

The WSU data represent the values obtained by a single alpha spectrometric radiochemical determination 
with its associated uncertainty. The UW repeated the analysis of the samples and reported the data as the 
average of the two determinations and used the average of the uncertain@ values. 

Samples for three way intercomparison are described in the following table. 



78 USTUR AnnuaI Report for October 1,1994 through September 30,1995 . I  

u s m  LANL, UW IntercomDarison 

Estimated aliquot activity range based on using one-half of the total solution provided to UW. The 
following definitions apply: 

Very Low E Aliquot Activity (dpm) <1 

Low = 1 < Aliquot Activity (dpm) <IO 

Medium = 10 <Aliquot Activity (dpm) <lo0 

High = 100 < Aliquot Activity (dpm) < 1000 

. .  

.- 

Very High = 1000 < Aliquot Activity (dprn) GOO0 
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The results from this intercompaxison were again analyzed in a fashion sirnilar to that described in ANSI 
N.13 30 using the following statistics: 

0 

0 

0 

Relative bias fiom the ‘known’ activily for each sample for a given laboratory 
Relative bias for the isotope for a given laboratory 
The relative precision of the relative bias for each isotope for a given laboratory 
t value for the difference between the laboratory’s value and LANL‘s value 

The relative percent bias from the mean activity for each sample is defined for a given laboratory as: 

A&lle measurement for a given isotope a for sample number i for a given laboratory. 
AF The average value for sample number i. 

The relative bias for each isotope is defined for a given laboratory as: 

Where N is the number of samples values reported for a particular isotope for a given laboratory. B, was 
calculated using all reported values for each isotope, including those below the Minimum Testing Level 
-1. 

The radiochemical sample activity as reported by LANL was used as the ‘known’ activity of the sample. 
Only the values for samples which had been run by all three labs and were above the MTL were included 
in the anaIysis estimation of bias and precision. The MTL for Intercomparison 3 was defined as 5 times 
the limit of detection as quoted by LANL procedures, 0.06 disintegrations per minute (dpm) for each of 
the isotopes, times 4 (only one-fourth or less of the sample was available for analysis), divided by 60 
Bqfdpm. This corresponds to a Ml?., of 0.02 Bq/sample. This value was used as a reference for aU 
laboratories. 

The relative precision for each isotope for a given laboratory is defined as: 

The t value for the diEference between the laboratory’s value and L A ” s  was calculated as follows: 

where n=2 for UW, and 1 for all others. 
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The acceptable ranges for relative bias and the relative precision are from -25% to +50% and 40, 
respectively, for those values which are above the laboratory's MIL (ANSI N13.30). The relative bias 
and the relative precision of the bias were recalculated where possible for each laboratory in each category 
using only those values for which the average value equaled or exceeded the MTL. 

The analysis for ='Pu was limited because many of the samples for case 0637 were below the MTL (0.02 . 
Bq/sample). Furthermore, TJW did not report the results for 4 of the 7 requested samples for ='Pu 
because of very high blank values. However, based on these limited results, WSU showed no signiscant 
difference from LANL in samples above the MTL. The results for UW for the samples which were 
reported for ='Pu and above the MTL showed negative bias. This result could be explained by the 
laboratory's high 238Pu blank values (potentiauy contamination of some interfering isotope). Due to the 
limited number of reported analysis not much can be gained Born these results. 

The analysis of =%I in the selected samples for Case 0637 were again limited by the low levels of activity 
present. UW reported all requested samples. Both laboratories showed excellent agreement for samples 
above the M."L and for which no problems were reported. Two of the samples chosen had leaked during 
storage or transportation and are included for review, but are not part of the statistical analysis of bias or 
precision. These samples also showed generally good agreement between the laboratories and LANL. 
except for 0637021, the right patella. Both laboratories found the activity of the sample to be -250% 
higher than reported by LANL It should be noted that the LANL value for this sample (right patella) 
may be in error since the LANL value for the left patella is 5.19E-02 Bq, consistent with the UW and 
WSU results for the right patella, 5.10E-02 and 5.35E-02 Bq respectively, and the WSU result for the left 
patella of 4.96 E-02 Bq. OnIy one other sample showed significant difference from the reported LANL 
value for WSU and that sample's results are suspect due to leakage of the bottle during storage and due to 
foreign material in the solution upon inspection prior to analysis. This foreign material was apparently 
caused by degradation of the lining in the bottle cap. 

The analysis of the 241Am data selected from case 0246 showed excellent agreement between the values 
reported by LANL and the results for WSU. All samples were above the h4TL. Only one sample from 
UW showed signifcant bias (liver #1) from the reported LANL value. The bias and precision for both 
laboratories is good. 

' 

There are some other general comments concerning these analysis which need to be stressed. There are 
some dEculties associated with the aualysis of samples which have been in storage for several years. The 
solution stability of the actinides, even in 8M HCI, is not proven. Some of the samples showed signs of 
leakage and in some cases foreign material was present. Given these circumstances, this intercomparison 
showed reasonable agreement for all laboratories. 



R e s i d  for Intercompadson 
Pu-238 # SD (t vaktc) Pu-238 %DaTcrencc 

(Based on JANL.) 
I I I 

WSU i UW I WSU UW I Notes I 
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Relative Bias from LANL 241Am Results (%) 
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. . . .  

Intercomparison 4 assesses the complete radiochemical analysis method of samples by WSU. Two bottles 
of NlST SRM 4352, human liver, and two bottles of NIST SRM 4351, human lung, were prepared for 
analysis using the complete dissolution methods and radiochemical separation techniques as descriied in . 
the USTUR Radiochemical Analysis Procedures Manual, (1" edition) for selected actinides. The entire 
content of each SRM bottle was used as a sample. Each SRM sample was then run in duplicate, using an 
aliquot of solution equal to one-half of the sample solution for each analysis. The average of the four 
values for each SRM were then compared against the NIST certified isotopic values based on the 95% 
confidence limits reported for the SRM and the 95% confidence limits of the WSU result. 

The results of these anaIyses indicated no significant difference between the NTST SRM reported activity 
concentration and the WSU results at the 95% confidence level. 



Pu-238 Sample i Description I 
.................. .j. .......................... j 

XW6 i NLST Liver : 4 530E-05 .................................................... i .... .- 
XW6 i NiST Liver : .... 6916E95 .................................................... i .- 
XDO7 i NlST Liver i 6.283E-05 
XI07 i NlST Liver : 3 106E-05 .................... $. ............................ j .... : ..................... 

I Awrage Liver : .... 5 209E-05 .................................................... i .- 
i NET Liver Cert i 5.5M)E.05 

i ('q'g) 

..................... > .............................. c 

.................... :". ......................................................................... 

............................................. - .  . ....................... : ....................... : 

....................... ....................... ..................... : ....................... : i 

........................ ...................... 6 ...................... : ...................... 

......................................... ..... < .............................................. 

: PU- pu- i 
Pu-238 SDI 2391240 2391240 sDI Am-241 i Am-241SD i U-234 U-234 SD 

: ............................................. j ...................... : ......................... j 
1.240E-05 2 136E-03 7 709E-05 3 2 272E-04. 2 908E-05 : ....................... ........................................ j .... : ..................... : ................. i .... .- ........................ .- ................... i 
2.016E-05 : 1 955E-03 1 121E.04 : 2 148E-04 3 ................... 543E-05 : .............................................. : ..................... : ................. i .... .- ........................ .- i ............................................ 
1.216E-05 : 1 997E-03 6435E-05 1 822E-04 3497E-05 i ............................................. i ............................ :....e............ j .... : ................. i ...... : .................. 4 ............................................ 
1 366E-05 : 2 207E-03 8 473E-05 : 2 488E-04 : 3 .................. 021E-05 : : ................. i .... .- ...................... : ................. j .... ! ........................ : j ............................................ 
1.727E-05 2 074E-03 1 180E.04 : 2 183E-04 ' 2 ................... 786E-05 : ........................................ 6 .... : ..................... :..,..............I .... .- s.................,..... .- i ............................................. 

5. ............................................. i : ............................................ i O.oOol* : 1500E-04 i 2.060E-03 

(Bqlg) (Bq/g) (Bqlg) i (Bq/g) : (Bqlg) @qlg) @q/g) ............................................. ............................................ 
...................... 

.... ............................................ 
....................... :............. .......... :............. .........; ..................... 
............................................... 0.000009. i i : ............................................. 0.000088' 
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Based on the outcome of these first four intercomparisons, the radiochemical analysis of USTUR tissue 
samples has been successfully transferred from LANL. to WSU-Pullman. WSU has successllly adopted 
L A ” s  radiochemical methods and put in place a radiochemistry analysis program to meet the analytical . 
needs oftheUSTUR program. 
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There are several additional studies which need to be performed over the next year. We are currently 
evaluating a. procedure for the analysis of Th in human tissues which will be intercompared against the 
results for Case 1001 and NIST SRM's. The analysis of the SRM's will be repeated for plutonium, . 
americium and uranium (where certified values exist) as part of the USTUR Radiochemistry Project 
routine QA program. The US"R will also participate in the NIST bone ash intercomparison. 

Additionally there will be continued evaluations of new procedures which are being developed for the 
, analysis of actinides in tissues. 
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Radiochemical Methods for the University of Washington 

1. Weigh the bottle + sample. Pipette 5 ml into a 200 ml beaker. Re-weigh the bottle to obtain the 
weight of the sample. 

2. Add to the beaker 10 31 Am-243 tracer, 10 h Pu-242 tracer, and 300 h = 6 mg Fe-canier, and 
evaporate to dryness. 

3. Add 15 ml8 M " 0 3  and few mg NaN02, boil the solution, cool, and pass through the h-column 
(AG 1-X8 100-200 mesh anion exchange resin prepared in 8 M "03). 

4. Wash the column with 8 M "03 until all the Fe is removed from the column. Evaporate the 
column ef€luents to dryness for Am measurements. 

5. Elute the Pu with 40 m10.4 M HCVO.01 MHF and evaporate the eluent to dryness. 

6. Add 2-3 ml of 2 M Nl&SCN/O. 1 M formic acid to the americium fraction and allow to stand 
overnight to assure dissolution of the sample. 

7. Prepare an EIChroM TEVA-Spec coIumn by washing with 3 ml water followed by 5 ml of 2 M 
NH4SCN/O.l M formic acid. 

8. Transfer the sample to the column and wash the beaker with four 0.5-1 ml of thiocynate solution and 
add them to the column. 

9. Wash the column with 1 M N&SCN/O.l M formic acid until all the iron is removed from the 
column. 

10. Elute the Am with 20 ml2  M HCI. Add 3 ml Conc. €€NOs to the solution and evaporate to dryness. 

ELECTRODEPOSITION 

1. To the dry beakers containing PU and Am fractions add 10 drops of Conc. H2S04, 2 ml H202 (30%) 
and 10 ml water. Cover with a watch glass and evaporate to fumes of sulfuric acid. 

2. Dilute with 10-15 ml water, boil for few minutes, cool, adjust the pH to 2.5-3.0 with Conc. W O H ,  
transfer to electroplating cells, and electroplate for 3 hours at 0.2 Amp. 

3. Take the stainless steel disks out, rinse, flame, and alpha comL Counting time 223 hours. 

EQUATIONS 

Equation for calculation of PU-239,240 activity and error: 

- Ch-239 * Ch-239 
c h - 2 4 2  ' CPu-242 

- (Blank 2 b) a,-,, - x. A - 2 4 2  ah-242 

. 
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Where: 

ApU.=9 f ah.239 = Activity of Pu-239 and theassociated error 

qu.239 f b 2 3 9  = rcg f Cg)'"] - rc, f (G)'"I 

cpu.U9 =Net counts under PU-239 peak 

cpu-239 = Error associated with Pu-239 net counts 

C, = Gross counts under Pu-239 peak 

(CJ'" = Error associated with gross counts under Pu4239 peak 

, 

= Background counts in Pu-239 channels (for the same counting time as sample) 

(Cb)In =Error associated with backpound counts in Pu-239 channels 

qu-242 f ch-242 = [cg f Cg)'"] - [ c b  f (cb)'"] 

qu-242 = Net counts under Pu-242 peak 

~ ~ - 2 4 2  = Error associated with PU-242 net counts 

C, = Gross counts under Pu-242 peak 

(Q'" = Error associated with gross counts under Pu-242 peak 

Cb = Background counts in Pu-242 channels (for the same counting time as sample) 

(Cb)'" = Error associated With background counts in Pu-242 channels 

b u - 2 4 2  f ah-242 = Activity of Pu-242 tracer and the corresponding uncertainty 

Blank f b = Average blank value and the corresponding uncertainty. A similar equation is used for Am- 
241 calculations. 

ERROR PROPAGATION 

Operation Answer Uncertainty 
(A f a) + (B f b) A + B  (a' + b2)ln 
(A f a) - (B f b) 
(A f a) x (B f b) 
(A f a) / (B f b) 

A-B  
A.B 
A/B 

(a2 +bZ)'" 
A.B[a/A)2+(b/13)2]'n 
AIB[a/A)2+(b/B)2]'n 
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