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U. S. TRANSURANIUM REGISTRY (USTR)

INTRODUCTION
This report covers activities of the USTR for the period July 1, 1974
to October 1, 1975.

PURPOSE AND SCOPE OF REGISTRY

As indicated in the original Schedule 189, Request for Operating Costs,
the primary purpose of the Registry is to protect the interests of workers,
employers and the public by serving as a national focal point for the acqui-
sition and provision of the latest and most precise information about the
effects of the transuranic elements on man. This is being done by (a) Estab-
lishing the population at risk. To date some 9063 transuranium workers have
been so identified. (b) Accumulation at the local projects, on a continuing
basis, of the best current estimates of the amount and location of any in-
ternal deposition of any .of the transuranium elements in employees and improv-
ing these determinations by reconciliation with actual burdens found in various
organs at autopsy or by alternate methods and (c) Following such employees
clinically and by epidemiological methods to determine whether there may be
any adverse effects of Such deposits on health or longevity.

REGISTRY MANAGEMENT

At the Registry Director's request, efforts have been made to secure a
younger physician to direct the Registry activities. Dr. B. D. Breitenstein,
Occupational Physician for the Hanford Environmental Health Foundation is
working part-time with the U. S. Transuranium Registry (USTR) and is expected
to take over the direction of the Registry during the first half of 1976.

The Los Alamos Scientific Laboratory was asked by the Division of Bio-
medical and Environmental Research (DBER) to submit a plan for the epidemio-
logical portion of the Registry program and to coordinate this study under
the aegis of the Registry. Battelle Northwest (BNW) was asked by the Registry
to work closely with the Registry, especially in the field of biology, so that
animal findings might be rapidly correlated with the human studies. Dr. Roy C.

Thompson agreed to direct this liaison.
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ADVISORY COMMITTEE MEETING
The Advisory Committee to the USTR met in Richland October 3 and 4, 1974,
and the minutes covering this meeting are attached as Appendix A.

EPIDEMIOLOGICAL STUDY DESIGN
A proposed design for an epidemiological study was made. This suggested
the method to identify transuranium workers at risk and to compare health,
longevity and cause of death of these with controls. The study design is
shown as Appendix B. Copies were sent to DBER, key Registry participants
and the Registry Advisory Committee for comments and discussion.

EDUCATIONAL ACTIVITIES

(1) Publications by members of the Registry staff. These data are
presented in Appendix C.

(2) Information supplied on request to Energy Research and Development
Administration or to news media, radio, television and service clubs. Requests
varied from simple informal telephone gueries about some of the Registry activ-
ities to more complex formal requests such as one from the Committee of the
Governor of Colorado, appointed to investigate the health and safety aspects
of the Rocky Flats Plant. Al1 were answered with care, often after receiving
appropriate assistance from ERDA. The nature of these inguiries and answers
is indicated below.

(a) Telephone queries and interview with newspaper reporter.
The Registry Director answered telephone queries from Robert E.

Gillette, who was preparing articles for Science magazine on the occu-

pational health and safety aspects of the atomic energy program. He

asked for detailed information about the USTR and for reprints describing

Registry operations. By request, he indicated he would read back to the

Director what he wrote before it was published so necessary changes

could be made, but this was not done. The articles appeared in Science

September 20 and 27, 1974.

USTR activities were discussed in response to a phone call from

D. Glickstein, Delaware newspaper writer, who was writing about the

du Pont occupational health program.

A telephone call was received from Ms. Barbara Newman of National
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Public Radio, Washington, D. C., January 24, 1975, asking for infor-
mation about the Registry. She was told about the Registry in general
nontechnical terms.

Telephone questions from Mr. Richard Langley, Canadian Broad-
casting Company, concerning the USTR Director's opinion of the adequacy
of methods to protect the public and plutonium workers from hazards of
Pu, were answered.

Telephone queries concerning the general purpose and operation of
the Registry by Don Wolf of Straight Creek Journal, Denver, were answered.

A talk was prepared and presented to Richland Rotary on Health
Protection of Radiation Workers and the Public.

An interview by a Tri-City Herald science writer with the Registry
Director resulted in articles in this local newspaper on April 5 and 6,
covering Registry activities.

(b} More formal requests for technical information re Registry
activities included:

A 200-word summary report to ERDA of the FY 1975 Registry activities.
(Appendix D).

A letter from the committee of the Governor of Colorado, appointed
to investigate the health and safety aspects of the Rocky Flats plant,
asked for specific data on Rocky Flats autopsy cases. The request cited
the new law covering “"freedom of information." Dr. Marks of DBER-ERDA
gave suggestions for answer which was sent indicating that the Registry
would send its Tast annual report (June 1974) and that Rocky Flats had
been requested to supply information in answer to specific detailed in-
formation requested and that Dr. Mancuso had been requested to send
copies of his more recent reports of the AEC Health and Mortality Study.

Mr. Fred Leitz, Westinghouse Hanford, who was preparing data for
discussion concerning proposed Washington State law requiring a mora-
torium on atomic power, was given information and was provided with
copies of the Hempelmann* study and Health Physics article (see

Appendix C} re Transuranium Registry.

*L. H. Hempelmann, W. H. Langham, C. R. Richmond and G. L. Voelz.
Manhattan Project Plutonium Workers: A Twenty-Seven Year Follow-up
Study of Selected Cases. Health Physics 25:461-479, 1973.
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A call from 8ruce Hutchins and Michael Kimball, Gereral Electric,
Sunnyvale, concerning their efforts to write an article on Pu toxicity
was received. The USTR 1974 Annual Report was sent and they were later
given a copy of the paper entitled "Health of Hanford Pu Workers"
(Appendix C).

A telephone call was received from Mr. W. D. Craig, General Electric
Company, Fast Breeder Reactor Department, Sunnyvale, California, request-
ing information on Pu toxicity. He was to testify in a Congressional
investigation (McCormack et al.). He was also supplied a copy of the
1974 Registry Annual Report.

Mr. Kenneth Baker, ERDA Operational Safety, called asking if the
Registry could supply information on how many people were at risk in Pu
work today among contractors and Ticensees. He was advised the Registry
has complete information only on number of contractor employees with
positive deposition. This has been supplied to ERDA (Dr. Marks). He
was further advised that there were ~ 4000 with evidence of some Pu deposi-
tion divided about equally among those currently employed and those
separated. Asked for an estimate as to number of licensee workers at
risk to Pu exposures, he was told a few hundred. The question was
asked at a Congressional investigation in progress at that time.

Seven Registry cases were discussed with Dr. Marks to assist him
in answering queries of the U. S. Environmental Protection Agency re
Pu effects.

A call from R. Alexander, ERDA Regulatory Division reguested
confirmation of the Registry findings that the calculated systemic
deposition was .8 to 7 times the autopsy findings in cases to date
with 5% or more of maximum permissible systemic burden. He heard
the Registry Director's paper at Houston and wished to reconfirm
the data before making recommendations regarding Pu standards for
ERDA programs.

At the request of Mr. A. G. Fremling, Manager, ERDA Richland
Operations Office, he and three of his staff were given a briefing
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on USTR activities by Dr. W. D. Norwood, Registry Director and Dr. P. A.
Fuqua, Medical Director of the Hanford Environmental Health Foundation.

EXCHANGE OF INFORMATION WITH BRITISH
RE THEIR AUTOPSIES AND OUR REGISTRY PROGRAM

Following a request for more data on 10 autopsies on Windscale Plant
plutonium deposition cases reported by Dr. G. B. Schofield,* there has been
considerable exchange of information. Dr. Schofield and Mr. Ward (also from

Windscale) visited to learn about the Registry program, the methods of record

keeping and the Hanford work on the Health and Mortality Study. Dr. G. W.
Dolphin and Dr. Stewart Rae of the Natjonal Radiation Protection Board,
England, have been given further information on Registry autopsy cases dis-
cussed in Health Physics (Appendix C). They have suppiied the Registry with
information on 14 autopsies on British plutonium deposition cases. They

plan to have a British registry of plutonium deposition cases. Mr. Peter
Smith, epidemiologist on Dr. Schofield's staff will visit the Registry in
November, 1975. The British trade unions are particularly concerned about
the possible relationship of Pu deposition with leukemia in Windscale Pu
workers since there was one case with leukemia and another with myelo-

proliferative disease.

U. S. TRANSURANIUM REGISTRY STATISTICS
From Table 1 it may be seen that a total of 53 autopsies have been
reported and 38 of these have had a complete workup as of this date.*x

LOS ALAMOS

The major change noted is in numbers of transuranium workers identi-
fied at Los Alamos where there was an increase from 259 to 3024. This was
due to clarification of the definition of a transuranium worker. The
number is expected to be considerably higher, when present studies to
carefully scrutinize questionable cases are completed.

Los Alamos reported on the present health status of some 25 employees
most heavily exposed to Pu during the early operating days. None have de-
veloped malignant disease. A further study of present health, mortality

*Schofield, G. B. and Dolphin, G. W.: U. K. Experience on the Medical
Aspects of Radiological Protection of Workers Handling Plutonium, Ann.
Occup. Hyg. Vol. 17, pp. 73 - 83, Pergamon Press, 1974.

**The number of completed autopsies is now 42.
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and cause of death of some 250 employees at Los Alamos with the largest

estimated depositions of plutonium is in progress.

HANFORD

A study of present health, mortality and cause of death of 452 plu-
tonium deposition cases was reported and this report is attached as Appen-
dix E. Identification of Pu workers hired before 1957 and not presently
employed is under way.

Arrangements were made with Battelle Northwest to use frozen autopsy
specimens instead of formalin treated ones for Hanford autopsy cases.

Arrangements were made with Battelle Northwest that on request uranium
analyses as well as Pu will be done on Hanford autopsy specimens when de-
ceased had exposure to both.

Blood and urine were assayed for Pu content on 24 of the Hanford em-
ployees who have highest depositions of Pu and efforts made to determine
trends. None were found due to difficulties in knowledge re time of depo-

sition, and particle size and chemical composition of the plutonium.

SAVANNAH RIVER

Messrs. B. Rusche, Manager of Environmental Controls and P. Walke,
health physicist visited the Registry as part of their program to reassess
their position relative to more complete participation in the Registry pro-
gram.

Dr. Poda has indicated on August 12, 1975 that this plant would com-
pletely participate in the Registry program. He indicated also that he and
Dr. Sidney Pell, biostatistician, will be available to assist on the epi-
demiological study.

0AK RIDGE
Dr. J. A. Auxier, Director of the health physics program at Oak Ridge
was a USTR visitor this year and indicated that he would see that presently
employed and terminated transuranium workers were identified so that infor-
"mation already given to the Health and Mortality Study may be utilized by
the Registry.

1009b22



-8 -

ROCKY FLATS

This plant was visited shortly before the change of contractors was
made and we received assurance from the Deputy Director of Rockwell Inter-
national, the new operators, that they will give whole-hearted support to
the Registry program. Before leaving employment at Rocky Flats Dr. Hylton
secured agreement for a willed body of an employee who has an estimated
systemic burden of about 26 nCi and about 10 nCi lung burden of plutonium.
This will allow bioassay of the total skeleton at time of autopsy.

MOUND LABORATORY
Mound remains the only major laboratory, with depositions of plutonium
comparable with those at Hanford, Rocky Flats and Los Alamos, that is not
completely participating in the Registry. They have indicated that they
will continue to assess the situation and it is hoped that they will join
the others in complete participation.

ARGONNE NATIONAL LABORATORY
Argonne is working to try to identify transuranium workers who have
worked at Argonne and also those who worked at the Metallurgical Laboratory
in the very early days.
Rowland and Durbin reported findings on survival, cause of death and
estimated tissue doses in a group of humans who were critically i1l and

238p in 1945, 1946 and 1947. Half of the bony skeleton
238

were injected with
of one case is being examined for Pu deposition. The Registry has ad-
vised Dr. Rowland of the bones which are of particular interest to the

Registry.

LICENSEE PARTICIPATION
Exxon
Exxon {Richland) signed a letter of agreement indicating complete par-
ticipation in the Registry program and supplied a 1ist of transuranium workers
whom they have identified.

Nuclear Fuel Services, Inc. (NFS)
NFS was visited and gave approval for participation of their New York
and Tennessee plants. However they wish Registry people to interview their
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workers at a time when they are not scheduled for work, which will be very
difficult to do.

Nuclear Materials and Equipment Corp. (NUMEC)
NUMEC was visited and will participate in the Registry program. They
also asked that workers be interviewed by Registry representatives.

Kerr-McGee
Telephone conversations requesting an interview have been held but they
requested further time to study the matter before granting a personal inter-

view.

REGULATORY STANDARDS ENDORSEMENT CF USTR

On a four-day trip to the East Coast, Dr. Norwood and Carlos Newton
visited Dr. S. Marks and Dr. Jerry Davis. Dr. Davis will endeavor to secure
approval for a letter from Regulatory Standards to licensees soliciting their
voluntary cooperation with the USTR.

USTR has solicited similar endorsement by Nuclear Energy Liability Prop-
erty Insurance Association of the Registry and encouragement of insured 1i-
censees to cooperate with the Registry as an aid in reducing 1iability costs
arising out of claims of adverse effects due to work exposures to transuranium

elements.

DATA COLLECTION AT Pu INHALATION INCIDENT
A meeting was held with members of BNW Departments of Occupational and
Environmental Safety and Biology to discuss optimum procedures to follow at
time of plutonijum inhalation accidents.

SEPARATION OF BONE MARROW FROM BONE
The possibility of leukemia or other blood dyscrasias must be considered
in Pu deposition cases. Information concerning methodology was secured from
Dr. A. H. Beddoe of England and discussed with Dr. J. F. Park of Battelle
Northwest Biglogy Department. Iral Nelson and Roy Thompson, also of BNW,
were sent copies of an article from Health Physics indicating a simple

method for separating bone marrow from bone. Appropriate bone will be col-
lected at Hanford autopsies. BNW is to try the proposed methods to separate
bone marrow from bone in pigs.

1009b2Y4
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REGISTRY INFORMATION COLLECTION AND TABULATION
An automated system of collection and tabulation is being developed
by Boeing, successors to Computer Sciences at Hanford, to assemble data
and print periodic reports as an aid in determining whether work with
transuranium elements is detrimental to the health of transuranium workers.

DENVER WORKSHOP

A workshop was held in Denver on February 27, 1975, mainly to discuss
importance and methodology to be used in executing an epidemiclogical study
of health, mortality and cause of death of transuranium workers. Los Alamos
Scientific Laboratory was asked to submit a proposal and to coordinate the
execution of such a study. After the detajls of the protocol are worked out,
Dr. George Hutchinson, epidemiologist at Harvard, will be asked for critical
comments. This study will operate under the aegis of the Registry.

The need for assessing, defining and where possible increasing the
degree of uniformity among major ERDA contractors in the collection, pro-
cessing and analyses of health physics data was acknowledged. Since sig-
nificant deviations or interpretations will have a serious adverse effect
on proposed or ongoing epidemiological studies, Associate Director C. E.
Newton was assigned the responsibility of selecting a panel of contractor
health physicists to give attention to this matter.

The minutes of this workshop are attached as Appendix F. They also -
indicate by Attachment I the estimate, as of February 1975, of the number
of current and separated employees, by installation, with positive deposi-
tion of transuranium elements.

SUN VALLEY WORKSHOP ON_THE BIOLOGICAL EFFECTS
AND TOXICITY DF 233py AND 226Ra
Numerous papers were presented and in-depth discussioné were held

239Pu and 226

concerning Ra biology and toxicity. The Registry Director
presented a paper entitled "Health of Hanford Plutonium Workers." An
abstract of this paper follows, while the complete paper is attached

as Appendix E.
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APPENDIX A

U. S. TRANSURANTUM REGISTRY
FOURTH ADVISORY COMMITTEE MEETING

The U. S. Transuranium Reqistry's Advisory Committee met on Thursday and Friday,
October 3 and 4, 1974, in the Hanford Environmental Health Foundation's
Conference Room at the Kadlec Medical-Dental Building, Pichland, Hashinaton.

MEMBERS PRESENT

]

Evans

Hempe Imann
Lushbauagh

Parker

Putzier

Sterner, Chairman

p—
=

MmO
=2 O

MEMBERS ABSENT

—
I

-. Mancuso
OTHER ATTENDEES P. F. Dunigan AEC-RL

P. A. Fuqgua HEHF

S. Marks AEC-HO (DEBR)

C. E. Newton BNW

Y. D. Norwood USTR Actina Director

MINUTES The minutes of the Third Advisory Committee Meeting were
not read.

PROCEEDINGS

POPULATION AT RISK  The revised definition of a TU (transuranium) worker was
reviewed. It was agreed (1) that a worker meeting only one
of criteria included in the definitions should be classified
as a TU worker:; (2) that a worker once classified a TU
worker should always be classified a TU worker.

The inclusion of nanocurie units rather than microcurie
units in the criteria for TU worker classification was
questioned since the exclusive use of microcurie units for
body depositions had been previously advised and accepted

by the committee as preferable to help insure avoidina
error. Althouah there was not unanimous agreement, the
consensus was that units used, should generally be such that
a huage number of zeroes nreceding the decimal are not needed
and that body burdens presently should preferably be stated
in terms of nanocuries.

The question was raised as to whether or not non-ALC contrac-
tor or licensee employees can be included in the USTR.
Examples of important cases that should be included such as

a narcel handler who spilled Pu from a carboy on his skin,
were cited. It was aareed that (1) the USTR should be free
to include justified cases (2) that the TU worker definition
should allow for inclusion of such cases in the USTR (3) that
the USTR should qo to the employer of TU workers to include
the worker as a reqistrant (4) that the USTR should accept

no self referrals without the consent of the employer if still

- continued -
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in business (5) that in the accident case when there is a
question about who the responsible contact is, it should be
resolved with whoever owned the plutonium (6) that the USTR
should handle licensee cases on an ad hoc basis and (7) that
the USTR Acting Director should develop words to cover the
medical legal aspects of cases that are not covered as
licensees or contractor.

AEC contractor participation in the USTR was reviewed by

the USTR Acting Director as stated in the USTR Summary Report
to June 30, 1974 to USAEC Division of Biomedical and Environ-
mental Research, The following was noted that three of the
four projects having the areatest potential exposure are
completely cooperating. Those are Hanford, Los Alamos, and
Rocky Flats. Monsanto-Mound Laboratory is cooperating in a
Timited manner.

HANFORD - A11 contractors are compietely cooperating. Be-
cause of the automated AEC Health and Mortality Study, much
data is available on the control popnulations (workers not
exposed to transuranium work) which has to be collected at
the other installations.

ROCKY FLATS - The aqreatest number of autopsies have been
secured. Permission for a willed whole body has also been
obtained.

LOS ALAMOS - Some confusion in the past, reqarding a basic
definition of a transuranium worker, has resulted in only
259 workers beina so identified. Jim Lawrence is presently
viorking to identify past and present transuranium workers.
Some estimates of systemic Pu deposition based on early

“urinalysis, are being revised downward as a result of recent

autopsy findings. Zia Corporation employees who are past
and present transuranium workers, are beina so classified
and efforts made to secure the participation of Zia in
Registry activities. Studies are under way to determine
qood control qroups to compare with the transuranium worker
aroup as to longevity and causes of death.

MONSANTO (MOUND) - No autopsies have been secured by Mound.
This seems to indicate that securing autopsies only after
death of employees is not very effective. About 25% of
the higher deposition cases are at Mound. Updated Tists
aiving names, social security numbers, lung burden and
systemic burden estimates have been recentlv supnlied.

SAVANNAH RIVER (duPont) - Savannah River will not permit re-
guest for autopsy of either active or separated employees,
during the lifetime of the employees and to date no autopsies
have been secured. The medical superintendent gets reports
of deaths of transuranium workers and may request autopsy.

He has sent us 272 summary medical histories and examination
findings and we have received social security numbers only on
1,559 workers identified by positive urine and potential
exposure history as transuranium workers.

DAK RIDGE - Only transuranium workers estimated to have
greater than 10 nCi of plutonium {or 25% of a permissible

- continued -
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1imit for the deposited transuranium isotone) will be identi-
fied for the Registry. Workers mav not be asked to narticinate
in the Reqistry activities, though the medical dirnctor may re-
auest an autopsy followina death. However, we may use anv of
the material collected by the AEC Health and Mortality Study.
Osk Ridgs National Laboratorv is presently identifving trans-
uranium workers for us.

1t was concluded that (1) minor inaccuracies in the USTR statis-
tics table should be corrected and (2) cases not now included in
the USTR case log should be included. These cases include 77
cases at Los Alamos and other autonsy cases at Hanford nerformed
nrior to the organization of the USTR.

The question of how to secure better cooveration of AEC con-
tyactors with the USTR was discussed. It was aareed that AEC
contractor medical directors and health nhysicists should bacome
more actively involved. Dr. Sterner suagested that a follow-un
meeting with medical and/or health nhysics renrasentatives is
needed and there was geneval committee aqreement. There was not
agreement as to the value of recent Science articles on "Plu-
tonium (I): Questions of Health in a tlew Industry" and Plu-
tonium {I1): Watching and Waitinu for Adverse Effacts.” Thepn
was nbot aareement on the desivabilitv for AEC-DERR and military ver-
sonnel actions to effect imnroved contractor-USTR cooneration.

How to contact licensees regardina !STR particination was dis-
russed. It was stated that insurance carriers have heen intarasted
in Ticensee-USTR varticination and that AEC should narticinate in
informing licensees about USTR onerations. Dr. Marks aareed that
he would determine the right person in AEC Reagulatorv for USTR
gontact. It was noted that Kerr-McGee may have several hundred
emplovees ., many of whom are at risk. Dr. Marks asked if the
nonulation at risk could be better estimated. It was stated

that the 17,000 estimate included future nrojection. Dr. Norwnnd
was asked by the Chairman, Dr. Sterner, to develon more accurate
nonulation at risk figures for both AEC contractor and licensee
employees.

Nr. Marks stated that the USTR should develon a hetter follow-un
nrogram of separated employees with denositinons. This would in-
tlude medical and health physics data. The need to indicate
USTR interest in the follow-up of the TU worker was emphasized
and stated to be an obliaation. Disaareement of this policy

was voiced on the basis that (1) this nolicy has not been carried
out by industry in the nast, (2) health phvsics urine assay
follow-up has not been found to be practical. (3) there is no
nyresent evidence of adverse health effects at nermissible levels
and {4) all types of cancer cases miaht he encouraaed to infer

a radiation cause effect without justifiable scientific support,
and initiate legal action.

Dr. Hempelmann was asked to discuss his follow-un on a aroup
of ahout 250 Los Alamos deposition cases. About 90 cases are
still in Los Alamos. He knew all of 26 earlv cases nersonally

- continued -
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and 22 out of 26 returned for follow up examination. Dr.
Marks stated there is a need to look at examination results
and that detajled follow up of some 26 significant deposition
cases has done the industry a great deal of good.

The practability of Timiting TU worker follow up to death
certificate data and/or diagnoses was described by Dr. Nor-
wood. C. W. Kirklin (HEHF) was called to come in and further
explain to the committee the procedure used by the AEC Health
and Mortality Study and the Registry in procuring death
certificate information. Dr. Hempelmann stated that death
certificate data is fine, if one is looking for leukemia or
other diseases with a relatively short life expectancy, but
they will not pick up, soon enough, thyroid cancer for
example where death may be long delayed.

The consensus was that follow up of separated employees
should have attention by USTR on all cases with depositions
above 10 nanocuries and, random selection follow up for those

below this level.

Present and anticiapted USTR relationships with the AEC Health
and Mortality Study and Battelle Northwest were discussed.
There was particular emphasis placed on the value of the
complementary nature of the AEC Health and Mortality Study

and the USTR and on the increasing broader scope of Battelle
scientific interest in USTR operation,

Comments were requested on this report. Dr. Marks stated
that the report was excellent but that subsequent reports
should include greater use of statistician. Tahles and

forms included in the report were discussed and modifications
were recommended for subsequent reports. Cancers found in
registrants were discussed., The importance of obtaining

more adequate full cross section bone samples was emphasized,
also the need for whole bodies for accurate determination of
skeletal distribution. It was suggested that more adequate
skin samples are best procured from the abdomen rather than
from the axilla. The family history should include ethnic
background, country of birth of father, mother and grand-
parents and race. Payments made for autopsies was discussed
and concern was expressed for no designation of escrow funds
for commitments already made, Copies of the contract forms
for autopsies and registrant wallet cards were shown to the
committee,

Anticipated bone marrow and autoradiographic studies were
described and technical difficulties discussed. The desir-
ability of concurrent USTR bioassay of other isotopes than
nlutonium to which TU workers are exposed such as uranium and
polonium was described. Dr. Marks indicated that he favors
this approach and that a proposal should be developed to add
other isotope assays to present USTR bioassay procedures.

The committee advised go ahead on uranium assay in conjunction
with plutonium assay for workers whn have heen at risk to both
dranium and transuranium elements.

- continued -
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The question was raised as to whether there is cross pla-
cental transfer of plutonium in humans. It was suggested
that USTR should get data if TU workers get pregnant and
have abortions, that products of abortions should be ob-
tained for measurements. A question was raised as to the
existence of federal legislation to prevent research on
the uterus and contents. It was concluded that AEC con-
tractor Medical Directors should discuss this suggestion.
Blood assay results were discussed and it was stated that
there should be controls made up of non-TU workers.

Battelle scientific interest in USTR operations was ex-
panded particularly relating to the Biology Operations
plutonium toxicity research.

Ray Buschbom, Battelle Northwest, was called in to discuss
USTR study design. He stated that health, mortality and
causes of death of the group at risk are to be compared
with non-occupationally expvosed groups to determine if
there are adverse effects due to occupational exposure to
the transuranium elements. TU workers will also be divided
into subgroups according to the estimated deposition if
autopsy is not obtained and according to autopsy determined
deposition if autopsy is obtained. The experience of

these subgroups with respect to health, mortality and

cause of death may be compared with each other. Also it
may be possible to relate the results quantitatively to

the degree of deposition. The "A" TU worker autopsy group,
the "B" identified TU worker (not autopsied) group and the
"C" control groups were described.

Questions were raised regarding (1) control group selection
and biases (2) why the 60 autopsies which Los Alamos has
from the general population might not be a good control
group (3) use of autopsy results (4) statistical treatment
of USTR data not epidemiclogy related and (5) Timitation

of autopsy sample assays to two or three laboratories.

It was stated that due to the present status of the art
which is improving, the present use of the number of lab~
oratories participating is a healthy condition.

The importance of following separated workers was further
discussed. It was suggested that USTR ook into the ex-
perience of steel worker follow-up which appears to have
been successful. Discussion continued on how body deposi-
tion varies over a period of time, the problem being to
evaluate what the body burden is or will be and where the
depositions are located in the body. Discontent was ex-
pressed with the whole problem of expressing body burdens
in percent of maximum permissible. The desirability to
report body burdens in nanocuries in place of percent of
body burden was repeated.

- ¢ontinued -
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DESIRABLE DATA T0 Ken Heid, BNW, was called in to discuss the desirahle de-

BE OBTAINED AT teyminations to be made at the time of accidental inhala-
PLUTONIUM INHALA- tion of plutonium or other transuranium elements. Im-
TION INCIDENTS provements in the accuracy of estimated cumulative ornan

dose, were related to particle collaction, narticle size,
chemical composition, physical corposition, particle solu-
bility, in particular, in additiocn to the more common urine
and fecal assays, lung counts, Am/Pu ratios, nasal and skin
smears and blood samples. Confidence levels of determinations
weve discussed. It was stated that nasal smears may be under-
rated by many people, that 60 case comparisons shnwed that the
nasal smears give initial lung burdens within a factor of

five. It was furthey stated that models are not much better
than nasal smears for estimating dennsitions but that they are
the best guess that knowledgeable neonle have been able to make.
Mr. Parker sugqested a present rough rule of thumb for pul-
monary lavage in Plutonium Industrial Mygiene. Health Physics
and Related Aspects, quoted exactlv as follows: 'Lung lavane
for a nerson over age 50 may well be a peor tradenff of comnet-
ing risks. For a person age 20 to 30 after one week for
thorough investigation of the denosit, luna lavaae for 50
times the MPLB would appear to be a gnod risk. Others might
make this determination at 10 x MPLB." The mortality rate

for this procedure is generally that for general anesthesia

The question was raised as to how to improve hetter handlina
of licensee accident cases. It was the consensus that

(1) not much could be done at this time with licensees

since most licensees are not cooverating with the UISTR and
(2) that it would be desirable to carry out the discussed
additional nrocedures as indicated in AEC contractor acci-
dent cases and that AEC Regulatory nersonnel shouid be
contacted at the highest Tevels in order to heln effect
carrying out these determinations.

USTR DATA PRO- C. W. Kirklin (HEHF) was called in to discuss planning for

CESSING PROGRAM USTR data collection for automatic data processing svstems
design. An exhibit was nresented to those present illus-
trating the discussion which included the following:
(1) master file (2) death data (3) TU worker work history
form (4) TU worker medical history form (includes occcuna-
tional historv) (5) TU worker medical summary forms (6) deno-
sition data (7) internal exposure data (8) external exnosure
data and (9) autopsy data. Numerous gquestions from the
committee concerning the collection and recording of USTR
data were answered. (Copies of this exhibit are to be sent
to L. H. Hempelmann and E. A. Putzier.)

- continued -
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The need for planning for the expanded use of statistical
personnel was emphasized by Dr. Marks. Procurement of a
replacement USTR Director is in process.

It was the consensus that USTR programs and budaet should
be equated and projected with planned advance reactor
programs as they relate to plutonium containing fuels or
othar transuranium elements.

Prior to adjournment at 12 Noon, October 4th, appreciations
were expressed to Advisory Committee Members for their time,
diligent help, support and most vajuable advice related to
USTR Operations. No definite time was set for the next USTR
Advisory Committee meeting.



APPENDIX B

DRAFT
8-20-74 U. S. TRANSHURARIUM REGISTRY
WDN : d0 STUDY DESIGN

The aroup to be studied are transuranium workers in AEC contractor and
Ticensee plants. The transuranium worker is defined in Appendix A. Health,
mortality and causes of death of the group at risk are compared with non-
occupationally exposed groups to determine whether or not there are adverse
effects due to occupational exposure to the transuranium elements. Transuranium
workers will also be subdivided into subgroups, according to the estimated depo-
sition if autopsy is not obtained and according to autopsy determined deposition,
if autopsy is obtained. The experience of these subgroups with respect to health,
mortality and causes of death may be compared with each other. Also it may be
nossible to relate the results quantitatively to the degree of deposition.

"A" TRANSURANIUM WORKER AUTOPSY GROUP

The trensuranium (TU) worker group, present and future, who are autopsied
are categorized as follows:

(1) Registry number

(2) Social security number

(3) Sex

(4) Race

(5) Date of birth

(6) Date of death

(7) Cause of death

(8) Serious medical conditions during 1ife

(9) Environmental exposures other than radiation

(19) Accumulated external radiation dose at work

(11) Years of potential exnosure to TU elements at work (elapsed years
between employment on TU element work and leaving TU element work)

(12)  Years of actual deposition of TU elements (elapsed years between

| 010 q b 3 5 deposition and death). Dates and estimated depositions at times
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of known accidental deposition tc be recorded.
(13) TU radiocisotopes exposed to at work
(14) Non-TU radioisotopes exposed to at work
(15) Type of TU exposure
(a) Acute or chronic
(b) Via inhalation or wound
(16) Nature of inhaled or injected TU particles - size, shape, chemical
composition, solubility
(17) Estimated denosition TU elements during life
(a) Systemic
(b) Lung
(¢} Wound
(d) Tracheobronchial lymph nodes
(e) Other organs
(18) Concentration of TU elements in each organ sampled (nCi per gram)
(19) Deposition from autopsy by organs sampled and by systemic and total
body. Systemic burden found at autopsy is compared with systemic
burden estimated before death. The employee name is helpful
to confirm questionable identification by social security number.
[t is not used in the data processing procedures.
"B" IDENTIFIED TRANSURANIUM WORKERS (NOT AUTOPSIED)
The same information is collected except for data peffaining to

autopsy -- items (18) and (19). Non-autopsied TU worker causes of death

1009630
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should not be compared with autopsied groups as to cause of death since

malignant disease is often found at autopsy which was not diagnosed as

present before death.

(M

1009631

“C" CONTROL GROUPS

Hanford Operations

(a)

(b)

ATl Hanford non-transuranium workers past, present and
future. This would be the primary control group. Data is on
tapes prepared by the AEC Health and Mortality Study, and is
available to the Registry. Items (13), (15), (16), (17), (18)
and (19) would be omitted as not applicable. (11) would be
years of employment. Cohorts by year of employment (five-year
age interval group vs. year of start on TU work), sex, color.
Siblings - Data from AEC Health and Mortality Study is as follows:
(i) Name and social security number of emp]oyees'
(i1) Name of sibling (last, first and second name)
(ii1) Relationship of sibling {(brother, sister, half brother
or half sister)
(iv) Age of sibling
(v) Whether deceased
(vi) Address of sibling (City, State or Country)
(vii) Parents (father's last and first name, age and address;
mother's maiden name, given name, age and address),
(viii) Year of source record
Subgroups based on amount of deposition of transuranium elements
in transuranium workers.
A sample from U. S. mortality statistics broken down by cohorts

as to age (five-year group), color, sex.



(f)

S
Possibly use a random sample or whole group of Vashinaton State
employed people.
Autopsy studies at Hanford, Los Alamos, etc. to determine organ

content of radionuclides including the transuranium elements.

(2)  Other Plants

(a)

1009638

Same items as for C{1)(a) except these would have to be
collected for each plant. We would settle for a randomly
selected number of non-TU workers from the plant of same
age at hire as the TU Registry starter age, same sex, color.
Siblings not available without excessive costs

Same as for Hanford

Same as for Hanford

Omit or substitute whatever local garoups mav suqgest

Same as for Hanford



APPENDIX A

A Transuranic Worker is defined as one:

1) who has a deposition of a transuranic element as a result
of occupational exposure as evidenced by:

a) confirmed positive results in urine, feces, or blood.
b) confirmed positive results based on in vivo examination.
2) or whose occupalional activities present a reasonable opportunity
to acquire internal deposition of any of the transuranium elements
in quantities greater than might be expected to be found in
persons who are not occupationally exposed to transuranic elements.
(For plutonium these are total actual depositions greater than 0.4 nCi.)

These persons can normally be identified by subjective review of
the work assignment for the individual. Typical criteria include:

a) annual or more frequent routine bioassay examinations.
b) annual or more frequent routine in vivo examinations.

c) exposed to airborne concentrations in excess of 10 MPC-hours
in any one week.

d) frequently required to wear respiratory protection.

e) frequently required to wear lapel air sampler.

f) confirmed positive nasal smears or nose blows.

Any one of the above positive or inforential criteria is suf-
ficient to identify a worker as a transuranium worker and once

a worker 1is so identified he is always considered a transuranium

worker. The Registry should be advised which of the above items
ware used to classify as TU worker.

10/14/74
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For cause of deatn, autopsiec individuals 1irn exposed groups would be com-

parcd with autonsied incividuals in mnexposed groups and non-autopsied with

non-autopsicd groups.

Comparisons as to Cause of Deatin

For compariscn of health end ]ongeyjty,autop:iec and non-autopsicd Grouns
may be comoined.
Corntrois
Td Movrkers Not TU Werkers
sutonsied - > autopsied ) other plant
1 , ) . -1 n.\;. prane
(1) not autonsied & —> not eutopsicd) (1) WOTKErs
gutonsicd & —> autopsied )
iy N -{2) siblings
‘24 not autopsied € — not autopsied) (2} siblings
autonsicd autopsied ) .
(3) R oY — HeEE Y ’_(?) sainsle of U.S.
not autopsied & — rot autoosiec; ‘77 morta.ity

<
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o
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APPENDIX C

Papers and Publications by Members of the Registry Staff

1.

Norwood, W.D. and Newton, C.E., Jr.: U. S. Transuranium Registry
Study of Thirty Atuopsies presented at the Annual Meeting of the
Health Physics Society July, 1974 and published in Health Physics

Vol. 28, 669-675, June, 1975.

Norwood,W.D., Newton, C.E., Kirklin, C.W., Heid, K.R. and
Breitenstein, B.D.: Health of Hanford Plutonium (Pu) Workers,
presented at University of Utah's workshop on The Biological

239Pu and 226Ra, Sun Valley, Idaho,

Effects and Toxicity of
October 6 - 9, 1975. This paper is included in this report
and is to be published 1in the Proceedings of this meeting early

in 1976.

Norwood, W.D.: Health Protection of Radiation Workers, published
by Charles C. Thomas, Springfield, I11inois, 1975.
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supplied to the USTR for analysis and data processing. Fifty autopsies have been
performed and in general show a smaller systemic and a larger lung deposition of
plutonium than predicted. A report of present health status, mortality and cause
of death of 425 Hanford workers with internal depositions of plutonium subdivided
according to the amount of the degosition is expected to be comglete and released
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HEALTH OF HANFORD PLUTONIUM (Pu) WORKERS*
PART I OF STUDY

W. D. Norwood,® C. E. Newton,’ C. W. Kirklin,?
K. R. Heid? and B. D. Breitenstein?

ABSTRACT -- Health, mortality and cause of death in 452 Hanford
known Pu deposition cases was analyzed for the period 1944 to
1975. Malignant disease as a cause of morbidity and mortality
was carefully examined because of its occurrence in laboratory
animals subjected to very large doses of plutonium. Other
serious diseases were also considered. The average years at

risk in these individuals with depositions was 23 (range 2 - 371)
years. The average years following deposition in those estimated
to have more than 4 nCi was 16.7 (range 6 - 30) years. Using
clinical judgment in evaluating severity of malignancy, and other
disease, there does not appear to be any meaningful difference
between the health and mortality of the employees with Tow dep-
osition of Pu (<2 nCi) and that of employees with higher sys-
tematic depositions (2 nCi to 400 nCi).

INTRODUCTION

This paper presents one facet of a continuing effort to evaluate
the health of employees who handle open sources of transuranium elements
under conditions found in Energy Research and Development Administration
(ERDA) facilities operated by their major contractors and in facilities
operated by licensees under the Nuclear Regulatory Commission (NRC).
The urgent need for a study of the health of plutonium workers by means
of the follow-up of well defined populations has been emphasized by the
Advisory Committee of the U. S. Transuranium Registry (USTR) (U. S.
Transuranium Registry (USTR) Advisory Committee Meeting, Richland,
Washington, October 3-4, 1974) and endorsed at a workshop for medical
directors, health physicists of the major ERDA installations handling
transuranium elements, and consultants (Workshop convened by USTR,
Denver, Colorado, February 27, 1975). Such knowledge is vital to

*This paper is based on work performed under Contract E(45-1)-1837
with the Energy Research and Development Administration.

a. Hanford Environmemtal Health Foundation

b. Battelle Pacific Northwest Laboratories
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continually assess the extent of possible adverse effects, if any,
that personnel may enounter in participating in the continued develop-
ment of nuclear energy and in particular the breeder reactor program.

ERDA EPIDEMIOLOGICAL STUDY

The portion of the U. S. Transuranium Registry study at Hanford
presented in this paper, is an early evaluation of readily available
data and will become part of the over-all epidemiological study which
will define a study population consisting of all identified Pu workers
with either detectable burdens or burdens above a stated value at the
major facilities handling open sources of plutonium. Controls will
be employee populations of (1) exposed Pu workers with no detectable
burden and (2) employees having no exposure to plutonium. The final
decision on the criterion to be used in defining the study population
has not been made.

EARLY STUDIES
A study of health of twenty-five (25) heavily exposed plutonium
workers at the Los Alamos Scientific Laboratory was published in 1973
(Hempelmann et al. 1973). The conclusion was that "to date, none of
the medical findings in the group can be attributed definitely to
internally deposited plutonium." A study of health of some 250 Pu
workers who have depositions is now in progress at Los Alamos.

PART I HANFORD STUDY
As depicted in Figure 1, this was a study of health, longevity
and causes of death, covering a period of about thirty-one years
(1944 - 1975), of all Hanford Pu workers (452) identified as having
depositions of Pu. As of September 1, 1975, 239 of these were still
working at Hanford and 213 had separated by retirement, death or for
other reasons. Eighty-six (86) percent or 389 of the 452* workers

*The 63 who could not be contacted are considered to be alive as of
1973 since the Social Security Administration has no evidence of
their death.

1009bU5
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were located and health status or cause of death determined. The

389 were divided into those 1iving (355) and those deceased (34).
Causes of death were determined on 32 of the deceased and will be
determined on the other two.* Health status of 110 1iving workers
with estimated deposition of Pu greater than 2 nanocuries was com-
pared with that of 245 Pu workers with estimated depositions of 2 or
less nCi. In Tike manner the 34 deceased workers were separated into
two groups: 9 with depositions greater than 2 nCi; and 25 with depo-
sitions of 2 nCi or less. Employees having depositions of 2 or less
nCi of Pu represent persons who have incurred some slight plutonium
intake confirmed by positive bioassay samples. However, at this low
level of activity many uncertainties exist in the data and it is diffi-
cult or even impossible to quantify the deposition. Time constraints
in preparing this report prevented the identification of a suitable
comparison group outside the Hanford plutonium worker group; therefore
the Pu workers with less than 2 nCi were used for an internal com-
parison. Excluded from the study were all Hanford plutonium workers
who had no indication of plutonium deposition by urinalysis.

The present health status of those currently employed at Hanford
was determined by a careful review of the Hanford Environmental Health
Foundation medical records. Health status of the separated employees
was determined by a questicnnaire or interview. Death certificates
were obtained for those who had died.

HEALTH OF PRESENTLY EMPLOYED HANFORD WORKERS
WHO HAVE Pu DEPOSITIONS

At Hanford, carefully executed medical examinations were made at
the time of employment and at intervals of twelve (12) to fifteen (15)
months on all employees since operations began in 1944 and these records
are available for study as are carefully kept health physics records.
A wealth of information has been data processed and is available on

*Social Security check of deaths is to 1973. Some deaths may have
occurred since then in the 63 separated Pu workers not located.
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tapes (Mancuso and Sanders 1975). However, to determine present health
status of Pu workers, it was necessary to review and summarize individual
health records. Health records covering a period of the last six to
ten years were examined and a work sheet was prepared for each employee
under study.* Such a sheet is shown in Table I. Microfilms were
available for previous years and were utilized as needed. Each em-
ployee under study was then characterized by name, social security
number, sex, race, birth date, service date, years at risk in Pu work,
type of work, work locations, cigarette smoking habits, major work
exposures other than radiation, cumulative exposures to external radi-
ation at work, estimated internal deposition of Pu, cumulative dose to
organs and incidence and severity of disease.

Medical examinations included pre-employment and follow-up
periodic medical histories, physical examination and laboratory and
x-ray studies. Chest x-rays were taken at each examination. Urinal-
yses and complete blood counts were alternated with SMA 12-60 blood
chemistry profiles. These included calcium (Ca++), inorganic phos-
phorus (Inor. Phos.), glucose (Glu), blood urea nitrogen (BUN), uric
acid, cholesterol (Chol.), total protein (TP), albumin (Alb.), total
bilirubin (T. Bili.), alkaline phosphatase (Alk. Phos.), lactic de-
hydrogenase (LDH) and serum glutamic oxaloacetic transaminase (SGOT).
Single abnormal Alk. Phos., LDH and SGOT abnormalities were recorded
in the summaries since Alk. Phos. and LDH were studied to determine
if they were possibly affected by Pu depositions.** Single SGOT

abnormalities were noted because they may have significance. Blood

*In long-term employees, the original pre-employment and some periodic
examinations would not be reviewed. However, occupational physicians
repeat the pertinent medical findings on the later medical records.

**Unpublished Studies at Rockwell International Rocky Flats Plant.
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TABLE I

rd 4
TYPICAL WORK SHEET SHOWING HEALTH RESUME OF EACH EMPLOYEE
PRESENTLY EMPLOYED IN PLUTONIUM (Pu) WORK AT THIS PROJECT
Fach Has an Estimated Systemic Deposition of Plutonium

(Abbreviation -code shown at bottom of table)

Occupational
© Medical
Examination
477775 (name) , SS# , BD 1-25-16, SD 6-3-47
Interim Lead Nuclear Chem. Oper. 200-W, 234-5 Bldg; 5'2" ~ 141#, (CBC, UA,
Ch x-ray) - WNL, IMH - Smoked 1 pkg cgts/day 15 years to 1945
1/24/74 Blood sugar 180 mg.% - high, Px - 140/80 BP, IMH - Hypertension
Periodic (under treatment), prostatic infection. Ca screening question-
naire - mother had Ca of breast. SMA -12-60 -yric Acid 10.5
(2.5 - 8), Inorg. Phos. 2 (2.5 - 4.5), Ch x-ray - WNL.
10/17/73 IMH - prostatitis and testiculitis.
return to
work
9/14/72 IMH - no change, (CBC, U.A. x-ray - chest) WNL.
Interim
5/17/71 IMH - joint pains. Px BP - 142/100. SMA - Inor. Phos. 2 (2.5 - 8),
Periodic Glu. ~ 140 (65-110).
2/9/70 (CBC, U.A., chest x-ray) WNL. IMH - post operative urethral
Interim stricture.
11/4/68 IMH - no change. Px - BP 170/100. SMA - Elev. of glu.,
Periodic Uric A., depression of Inorg. Phos., chest x-ray - WNL.
8/4/67 IMH - no change. (CBC, UA, chest x-ray) WNL.
Interim
5/17/66 Pulmonary function test - normal. IMH - no change. Prostate
Periodic surgery - Nov. 19, 1964 (benign hypertrophy) not malignant.
Px - BP 180/90.
Summary Smoked 1 pkg cgts/d 15 years to 1945 - med. smoker, hypertension,

Uric Acid + Inorg. Phos. -, prostate surgery - not malignant.

WNL - within normal limits . . .
IMH - 1nterim medical history, Px - physical examination,

BP - blood pressure, Ca - carcinoma, SMA - blood chemistry
survey - 12 determinations, BD -~ birth date, SD - service
date for Pu work, CBC - complete blood count, UA - urinalysis,

Ch - chest, Cgts - cigarettes, Pkg - package, + = above normal
- = below normal
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sugar changes were not noted unless a diagnosis of diabetes mellitis
or other abnormal diagnosis was made. Other SMA values were noted
only if found on repeated examinations. Abnormalities in blood
chemistry were reported only as high or low as compared with the
normal range in this report and will be considered in more detail

in a later study.

CHARACTERIZING HEALTH

Since in laboratory animals, malignant disease especially of
lungs, bone, liver, lymph nodes and at sites of local wounds has
occurred following large Pu depositions,* incidence of malignant dis-
ease and mortality due to malignancy was of major importance. Incidence
of other major diseases was also determined. The increased incidence
of atherosclerosis in cigarette smokers has been cited as possibly re-
lated to alpha emitting polonium associated with cigarette smoke
(Martell 1975). Therefore incidence of atherosclerosis was carefully
considered.

Diseases were characterized according to nomenclature of the
Eighth Revision International Classification of Diseases, Adapted
(ICDA). Malignancy was distinguished by the organ of origin, type
and maturity of cells noted by pathoicgist, presence or absence of
metastases, type of therapy, years without recurrence following therapy
and other factors available. Hypertension was considered to be present
if there was a repeated systolic pressure of 175 mm of Hg or greater
or a repeated diastolic pressure of 90 or greater or if the employee
was receiving therapy for elevated blood pressure from his personal
physician. Obesity was noted if the occupational physician had ad-
vised the employee to try to reduce. Coronary artery disease was
subdivided into (1) that with infarction or severe enough for surgical
bypass or (2) that without infarction or requiring surgical corrective

action. When such organs as breasts, uteri, prostates, etc. were

*Hundreds of times the equivalent maximum permissible deposition
for humans.
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noted as having been removed or operated on, the hospital or physician
was asked for a clinical and pathological diagnosis. Similar infor-
mation was secured in situations of known malignancy to learn the type
of cell and estimated severity of the condition. Severity of other
diseases was estimated, using c¢linical judgment. For example, peptic
ulcer was characterized as requiring medical therapy only or both
medical and surgical treatment.
FINDING AND CHARACTERIZING HEALTH
AND CAUSE OF DEATH OF SEPARATED EMPLOYEES

Separated employees were often difficult to locate and several
methods were used. In recent years, the address of the Pu worker at
the time of termination has been recorded and he has been asked to
complete a new address form if he moved and to return it to the U. S.
Transuranium Registry in a self-addressed envelope. Those who have
authorized autopsy are sent a new card annually and a letter to them
periodically brings them up-to-date on Registry activities. Their
contract with the Registry is renewed at five-year intervals and
serves as a further opportunity for contact and exchange of informa-
tion. If letters to last addresses are returned by the Post Office
it has been possible to get a Timited number processed annually by the
Social Security Administration, who sent a letter to the last known
address to indicate that the Registry would like to communicate with
the individual. The separated employee may or may not then exercise
his option to communicate with the Registry. Social Security also
has searched through a limited 1ist of names periodically for the
Registry to determine those who have died and where the employee
died. By contacting the proper State government department keeping
vital statistic records the cause of death was determined.

A current health status questionnaire was sent to former plu-
tonium workers asking for name of spouse and names of two friends or
relatives who are most likely to always know his address. Additionally

1009b5 1
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he was asked to answer the following questions: (1) Are you in good
health? (2) Have you had any serious illness or operations requiring
hospitalization? (3) If yes, what illness? (4) If yes, name of hos-
pital and approximate dates, and (5) Comments. Such a simple question-
naire had proven successful in the Los Alamos study referred to pre-
viously. Receipt of Tetters was verified by certified mail. Occasion-
ally an employee refused to accept the letter but courteously answered
the questions when the physician called by phone. When letters were
not answered and phone contact could not be made, house calls were
made by the physician if the employee lived in the local area. In all
such cases satisfactory answers to the same questions were obtained
and follow-up information secured from hospitals and physicians, who
graciously cooperated in this effort. Even so, location of people

who have left the area twenty or thirty years ago has not been easy.
Following the relatively few construction workers was more difficult.
Continued efforts are being made to locate more separated employees.
For uniformity, one physician (WON) made all contacts with separated
employees and all evaluations of health of this group and of the group
presently employed at this project. At the time of making such eval-
uations he was not aware of the estimated deposition of Pu for these
employees.

ESTIMATED CUMULATIVE DOSE DUE TO DEPOSITED PLUTONIUM

More important than cumulative years at risk is the estimated
cumulated dose to organs based on estimated initial inputs and dates
of such inputs by wound or inhalation and subsequent internal transfer
and elimination. Bioassay and in vivo data were collected to estimate
the resulting deposition for each case involving the accidental intake
of plutonium. Bioassay results were fitted to either the Langham
model (American Industrial Hygiene Association 1956) for transportable
forms of plutonium or to the Healy model {American Industrial Hygiene
Association 1957) for non-transportable forms of plutonium to determine

1009b52
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the systemic burden commitment. This estimate of the total systemic
burden was then used to calculate the dose (in rads) to the bone and
liver. When sufficient in vivo measurements were available these lung
count data were used to calculate dose to lung. If insufficient Tung
count data were available, the Task Group Lung Model (Task Group on
Lung Dynamics 1966) concepts were applied for use with bioassay results.
Organ dose calculations were based on the recommendations of the Ad-
visory Committee to ERDA on Dose from Plutonium (Mancuso and Sanders
1974). Pertinent assumptions recommended by this committee include

a 45%-45% partitioning of the activity reaching blood to bone and
liver; 100-year half-time clearance from the bone and 40-year half-
time clearance from the liver. Since no gquality factor was used, the
dose was reported in rads. Rem doses can be calculated by multiply-
ing the bone dose in rads by 50 and the lung and liver doses in rads
by 10.

Table II lists those cases where the deposition for an individual
equals or exceeds 4 nCi plutonium. When the deposition results from
more than one intake, only the date for the major intake was identi-
fied; however, dose calculations reflect the combined dose from all
depositions. This will help to identify the total exposure duration,
but could in a few cases be somewhat misleading. The mode of intake
was listed for each person. Organ doses received through 1974 and
the 50-year dose commitment was 1isted for each case.

STUDY FINDINGS

Discussion of Comparability of
Low Deposition vs. Higher Deposition Cases

The study groups fall into four basic divisions which are charac-
terized in Table III. The internal comparability of the still em-
ployed Pu workers and the separated contacted Pu workers is very close.
There is some variance in average years at risk in the very low and

higher Pu deposition cases in the deceased group and in age in the
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TABLE T1

ALL HANFORD PLUTONIUM DEPOSITION CASES 24 nCi

Years
Since
e Dep Deposi-
. Year ~ tion
1945 30
1947 28
1947 28
1947 28
1948 27
1948 27
1950 25
(DJ1951 17
1951 24
1951 24
1952 23
1952 23
1952 23
1952 23
1952 23
1952 23
1953 22
(D)1953 17
(D)1953 9
1953 22
1953 22
1954 21
1954 21
1954 21
1954 21
1954 21

*

I = Inhalation, W =

**Or until death.

***Dose from 239Pu only to conform with practice at other ERDA projects.
the deposition estimate is from 239

other tables,

009654

CALCULATED RAD DOSES TO ORGANS

Pu +

241py,

Types Eg;;?g;?g Calculated Rad Dose*** to Organs
of Burden Through 1974**  50-yr Commitment
Intakes (nCi Pu) Lung Bone Liver Lung Bone Liver
I* 25 25 6 15 25 12 25
I 25 15 6 15 15 11 25
I 20 15 5 12 15 8 20
I 7 2 2 5 2 3 8
I 75 50 18 45 50 32 75
I 5 3 1 3 3 2 5
I 5 4 1 3 4 2 5
I 5 <1 ) 2 1 2 5
I 8 5 2 4 5 3 8
I 5 1 ] 3 1 2 5
W* 45 -- 10 25 -- 20 50
I 25 15 4 10 15 10 25
I 8 4 2 4 4 3 8
I 9 4 2 5 4 4 9
I 7 2 2 4 2 3 8
I 4 <1 1 2 q 2 3
I,W 7 2 1 3 2 3 7
I 7 3 4 2 3 2 4
I 25 15 1 4 15 10 25
ILW 6 3 ! 3 3 3 6
I 4 2 1 2 2 2 4
I 4 9 ] 2 4 2 4
1 b 3 1 3 3 3 6
I 4 2 1 2 2 2 5
[,W 7 2 1 3 2 3 7
IW 7 2 1 3 2 3 6

Wound, (D) = Deceased
In all

the practice here.
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g?gzz E§§;$:;?S Calculated Rad Dose to Organs

Case Dep. Deposi- Burden Through 1974 50-yr Commitment
No. Year tion Intakes (nCi Pu) Lung Bone Liver Lung Bone Liver
27 1954 21 I 8 2 2 4 2 4 9
28 1955 20 I 3 1 2 3 2 3
29 1955 20 ©  I,W 1 1 2 1 2 5
30 1955 20 I 10 5 2 4 5 4 10
31 1955 20 I 7 5 1 3 5 3 7
32 1955 20 I 85 15 16 40 15 40 100
33 1955 20 I 4 1 2 4 2 4
34 1955 20 I 2 2 4 2 4 9
35 (D) 1955 17 I 35 20 5 15 25 16 35
36 1956 19 I 5 5 1 2 5 2

37 1956 19 I 8 5 1 3 5 3 8
38 1956 19 I 35 20 5 10 20 15 35
39 1956 19 I,W 50 45 7 20 45 20 50
40 1956 19 I 400 40 80 200 40 200 400
41 1956 19 I,W 6 6 2 6 6 3 9
42 1957 18 I 4 ¢l 1 3 2 4
43 1957 18 I 5 3 ' 2 3 2 5
44 1958 17 W 9 -- 2 4 -- 4 10
45 1958 17 1 5 4 (] 1 il 2 5
46 1958 17 W 25 - 5 12 -- 12 30
47 1958 17 1 10 4 2 4 4 5 10
48 (D) 1959 14 I 10 7 1 3 7 4 10
49 1959 16 I 15 2 2 6 2 6 15
50 1960 15 [,W 7 3 1 2 3 3 8
51 1961 14 I 5 1 <1 1 1 2 5
52 (D) 1961 9 I 8 4 <1 2 q 4 9
53 1961 14 I 4 3 £ 1 3 2 4
54 1961 14 I 15 9 2 5 9 6 15
55 (D) 1962 12 I 4 3 1 1 3 2 4
56 (D) 1962 12 I,W 8 2 1 3 3 4 10
57 1962 13 I 4 <1 <1 1 1 2 4
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é?izz Eé;;?g;?g Calculated Rad Dose to Organs
Case Dep. Deposi- Burden Through 1974 50-yr Commitment
No. Year  tion Intakes (nCi Pu) Lung Bone Liver Lung Bone Liver
58 1962 13 I 4 3 <l <] 3 1 3
59 1962 13 W 10 -- 2 4 -= 5 10
60 (D) 1962 8 1 10 5 1 3 5 4 12
61 1962 13 I,W 4 3 <1 1 3 2 3
62 1962 13 I 15 15 1 3 15 6 15
63 1962 13 I 4 3 <] 2 3 1 4
64 1962 13 I,W 15 7 2 4 7 5 12
65 1963 12 I 4 3 <1 <1 3 1 3
66 1963 12 I,W 4 <1 <1 1 <1 2 3
67 1963 12 I,W 4 2 <1 1 2 1 4
68 1963 12 W 6 -- 1 2 -~ 3 6
69 1964 11 W 6 -- <1 2 -~ 3 6
70 1964 11 I 8 <1 1 5 3 7
71 1964 11 I,W 5 <1 1 3 2 5
72 1964 11 I,W 4 <] <1 2 1 3
73 1964 11 W 100 -- 11 30 -- 50 100
74 1964 11 IW 6 5 <] 1 5 3 6
75 1966 9 I,W 9 2 1 3 2 4 9
76 1966 9 I 5 4 <1 1 4 2
77 1966 9 I,W 20 <1 2 4 <1 8 20
78 1966 9 I,W 5 3 <1 1 3 2 5
79 1967 8 W 15 -- 1 4 -- 7 25
80 1967 8 I 7 2 ] 1 2 3 6
81 1967 8 I 8 10 1 2 8 5 10
82 1968 7 I 15 9 1 2 10 6 14
83 1969 6 I 20 7 1 3 7 7 15
84 1969 6 I 15 10 1 2 10 6 15
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TABLE 111

COMPARABILITY OF LOW vs. HIGH DEPOSITION CASES IN THE FOUR DIVISIONS

239 Hanford Pu Workers

Div. 1 Still Employed 167 with ¢ 5% mpbb* Pu 72 with »5% mpbb* Pu
Male - Number and (%) 160 (96.4%) 71 (98.6%)
Female - Number and (%) : 7 ( 3.6%) 1 (1.4%)
Ave. Age (and range) as of 9-1-75 52 (29-69) 53 (32-65)
Ave. Yrs. (and range) at Risk as
Pu Workers 23 ( 4-31) 25 ( 1-31)
Number of Nonwhite 0 0

116 Separated Pu Employees

Div. 2 Who were Contacted . 78 with < 5% mpbb 38 with »5% mpbb
Male - Number and (%) 67 (85.9%) 36 (94.7%)
Female - Number and (%) 11 (14.1%) : 2 ( 5.3%)
Ave. Age (and range) as of 9-1-75 57 (28-80) 59 (41-80)
Ave. Yrs. (and range) at Risk as

Pu Workers 23 ( 4-28) 25 ( 2-30)
Number of Nonwhite ' 1 None recorded

63 Separated Pu Employees Who

|

Div. 3 Could Not_be Contacted **% 49 with < 5% mpbb 14 with »5% mpbb
Male - Number and (%) ; 34 (69%) 12 (86%)
Female - Number and (%) % 15 (31%) 2 (149%)
Ave. Age (and range) as of 9-1-75 } 51 (25-83) 60 (50-75)
Ave. Yrs. (and range) at Risk as | ;

Pu Workers 9 ( 1-24) } 11 ( 2-22)
Number of Nonwhite 0 5 0
| 34 Hanford Pu Workers
Div. 4 Who are Dead 25 with < 5% mpbb 9 with »5% mpbb
Male - Number and (%) : 22 (88%) 9 (100%)
Female - Number and (%) | 3 (12%) 0(0%)
Ave. Age (and range) at Death 57 (31-81) 60 (43-67)
Ave. Yrs.(and range) at Risk as

Pu Workers : 15 ( 2-27) 21 { 4-28)
Number of Nonwhite i 0 0

* 5% mpbb = 2 nCi
**Probably 1iving

1009651



- 15 -

separated not contacted group. There is also a higher percentage of
women 1in the separated not contacted group. This was probably due to
name changes with marriage. The ratio of the total number with 5% mpbb
to those with >5% mpbb was approximately 2 to 1 in the two larger groups
and 3 to 1 in the two smaller groups. The socioeconomic status of all
these workers is similar since they were doing the same type of work,
receiving similar salaries and 1iving and working in the same location.
Discussion of Health Status
of 167 Hanford Employed Pu Workers with<2 nCi Pu

(Low Deposition Cases) Compared to that of 72 Workers
with 22 nCi Deposition of Pu (Higher Deposition Cases)

Comparison of the low deposition cases (<2 nCi Pu) with those with
a higher deposition (»2 nCi Pu) gave the following results:

As shown in Table IV, three (3) employees with low depositions and
two (2) with higher depositions had malignant disease. The two higher
deposition cases were both of low severity and did not involve poten-
tially critical organs. One of the malignancy cases with Tow deposi-
tion was of great, one of moderate and one of Tow seVerity. One of
great severity involved the colon and metastases had occurred while
one of moderate severity involved retroperitoneal abdominal 1ymph
nodes (lymphosarcoma from diaphragm to pelvis). The lymph gland is
considered a potential critical organ. Considering all factors, the
higher deposition cases fared better.

There was little difference in the total incidence of other dis-
ease in the two groups as shown in Section B of Table IV. One measure
of this was the number with no disease which was expressed in actual
numbers and shown in parentheses as percent of the subgroup having no
disease. Those with no disease comprised 57% of the cases with <2 nCi
and 47% of the cases having depositions »2 nCi Pu. Incidence of some
individual diseases was exceptional. For example, incidence of peptic
ulcer and arthritis was 4.7 and 3 times as high respectively in lower

depositions as compared with higher deposition cases. Incidence of

1009658
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coronary artery disease was twice as great in the higher deposition
cases. Numbers of individuals with each disease were small, however.

Discussion of Blood Chemistry Tests

Results of blood chemistry - SMA 12-60 tests are shown in Table V.
Considering the relatively small number of individuals with abnormal
findings and the variety of conditions which influence the parameters
of major interest Alk. Phos. and LDH, the values do not appear to be
unusual. In a separate study to be reported later total serum alkaline
phosphatase values are divided into those for bone, liver and intestine
while LDH is divided into 5 isoenzyme fractions.

TABLE V

RESULTS OF BLOOD CHEMISTRY TESTS
IN 239 CURRENTLY EMPLOYED HANFORD PLUTONIUM DEPOSITION CASES

Number and Percentage of  Number and Percentage of

SMA-12-60 167 with Depositions 72 with Depositions
Results T= Elevated 52 nCi'(£5% mpbb) 02 nCi (5% mpbb)

J- = Depressed with Given Finding : with Given Finding
ATk. Phos. T (6.6%) 41 (0.6%) a4 (5.6%) 10 (0%)
LDH T2 (1.2%) g2 (1.2%) N3 (4.2%) 40 (0%)
SGOT 19 (5.4%) 30 (0%) ™7 (9.8%) 0 (0%)
BUN 1 (0.6%) 1 (0.6%) 2 (7.8%) 40 (0%)
Uric Acid 0 4 (2.4%) 0 (0%) M(1.4%) <0 (0%)
T Bili T2 (1.2%) o (0%) ™ (1.4%) 40 (0%)
Inorg. Phos. 10 (0%) J1 (0.6%) 0 (0%) 10 (0%)
Cholesterol T1 (0.6%) V0 (0%) 20 (0%) 40 (0%)

Discussion of Health of
Terminated Living Deposition Cases

As indicated in Table VI, six (6) low deposition cases (<2 nCi)
Pu (7.7%) were suffering from malignant disease while none of the higher
deposition cases (2 nCi) had malignancy. There was little difference
in the number with no serious disease; 64% of the low deposition cases
and 70% of the higher deposition cases reported no serious disease.
Incidence of reported ischemic coronary disease was 5.1% in the low

1009bb2



40 S4R3A “sasejselsul

L3u Gy = 98dhxx

(9) 31E349 ‘(W) wntpay (1) MOT "SJ4030%®4 Jayzo pue Adesayl Butmol|04 3sSedde

’

‘uoijedo| ¢adA3} [ [0 U0 paIseq AoueubL|RW 3y} JO SSIUSNOLUDS BUYY 3O 97RWL3S3 UR SL A3LASA3Sk

0 4 0 €1 L 3seast( 14esH OLIrun3yy
M 0 0 £l L $1502AUOLP 12907
“ 0 0 £l L SLSOUNBN
Gl 9°¢ L 6°¢ L SL3LLL®W S933qeld
saseasiqg 43yl
ﬂ 0 C 1 S SIOSA FUBW UL 90UaJ4idd4 Ou - PaAouwdd - ULAS
M 0 0 Ll 9 {301
m W 2//61/L 31eq0d> pue |eAOWSI
-34 |eothung " (eWOUURMYDS) BWOAGLJOANBN
0 0 el L Y3eays SAUBN [BAUO43d
W G1/91/y pareasdo
"pPa}RLIUSBUDSSLP PON - BD OUSPY
0 0 el L 3703504
_ 1 uoLssLwad J4A-g - e) Ouspy
< 0 0 el L 37101504
_ 9 - a3yows AAeaH
"¢/6L Leaowsd buny [eitgded - pajedadp "®D
sLusboyouodq paL1dd 3bue| pa1eL3UBUdS S LPUN
M 0 w 0 €L L fun7
. 5 2.6l uL uotyedado
€4878J4N 348 pue 43334n pue Asuply 4O
i e) | [30 |euoijLsuedl Asaepitded (z) ‘uol o
, eq ouspe (L) “S4adued faeuitad 23ededas oMl
0 0 £l L 493940 pue Asuply pue uo|o0j
: 9 6//,2/1 uoiieaddg - 43ppelq O UOLSUDIXD U LM
‘@7 OUBPR PI| [ PUNOJ PIJeLIUBISLILP K14004
, 0 0 €1 L 9701504
qa9dW Sose) 10 3 | sase) ‘ON|{| S3se) 40 % sase)
" ON »A1LABARS pajewL)s3 pue uebuQ - 25eaSLg jueubL| el
nd 7, 88dW G - PoIBUL3S] sase) 8¢ Nd -yx84dW %S>
pajewt3}sy S9se) §L

S3SYD NOILISOd3a Nd 9NIAIT QILUNIWY3L Qy04NYH 9LL NI 3SvisId 40 JON3ICQIONI

IA 378yl

1009bb3



N

U

oy

l

(@2

-~

(S

[an TR o)
~ G

(]

0

0

¢ Le3oL
ol
t-g pue [

0
sase]) ON

!
i
i

-cg3704d 9SEaSLP AUO uUBYY 340U PERY aseasip yilm
Su0S 9SNPIAQ 9SLasLp PaLiLIudIPL YI LM ssoyy 4o abejuadaad ayy 01 popPE udyUM %001 O Ppe 30U S300x

vt Li # soewsd 33 LUM
98 99 m sajew 21LUM
*¥9 0§ W aseast(d ON
6°¢ £ SL3LAYRAY
¢l L Aydoaq4adAy 213035044
€1 L stptiedsy
€L L sL3ldajul
9°2 Z 4221 dt3dsd
£l L euyl sy
£ L (423240 34N7301415) s1soaydauouapAy
0 0 ewasAydw]
0 0 sneydad0apAH 94NSS34d MOT
&m.r 1 3N041S YILM SLSO04D[0S043YJy |8dda4a)
ﬁ.m-ﬁm.m U 7 sbay - | uawopqe - quawaoe {dad [et4dl
A -4e [eoLbJns Yiim S1S048]05043Y1yY SNOLUAIS
ey L aseast( 34EaH OLWAYIS]
L"5-, b,
l6°¢ L€ g ssedAq
. - | {eotbuans 40 I UOL3DURAUL YTLM (e)
_ aseaslq 14eaH A4RUOIOD 21WaYdS]
97 2 uoLsualaadAy
sase) 40 7 mmmmuw
ON saseasi( 43ulp

Dajewl}s] Sase) 8C

Nd - 84dW =5~
pajewi}sy S3SE) 9/ .

(P, 2u0d)

e

——e———

T
1

A 3749yl

1009bbt



- 22 -

deposition group. 5.1% of the low deposition cases had serious athero-
sclerosis of extremities or brain while none of the high deposition
cases had such troubles. For serious atherosclerosis for all organs
the incidence was 7.9% for high deposition cases and 10% for Tow
deposition cases.

Summarizing: There was little difference in health of the two
groups considering all diseases other than malignancy. However the
incidence of malignant disease was conspicucusly Jower in terminated
employees with the higher depositions.

Discussion of 34 Deaths in Employees
Who were Plutonium Workers

There are 34 known deaths among the 452 Hanford Pu workers with any
measurable plutonium deposition. A detailed breakdown is given in Table
VII. There were three deaths from malignant disease in the group, with
one malignant neoplasm of the brain in the 42 nCi Pu deposition group
and one malignant neoplasm of the tongue and one malignant neoplasm
of the bronchus and lung in the »2 nCi Pu deposition group. The esti-
mated dose from Pu to lung in the case of bronchogenic carcinoma was
one (1) rad. The smoking history is not known in this group.

Ischemic heart disease with or without infarction was the most sig-
nificant cause of death, accounting for 18 of the 32 deaths having known
causes (56%), with 67% in the high exposure group and 48% in the lower
exposure group. The higher exposure group was slightly older at death
(61 years versus 57 years) which would account for some of this difference.

The incidence of deaths due to malignancy in 32 deaths, in which
cause is known (9.4%), is lower than that expected based upon that in
a 10% sample of causes of all deaths in 1974 in the United States
(Monthly Vital Statistics Report, 1975). The incidence
of death due to malignancy was even lower in the Tower deposition cases
where the incidence was 4.3%. Using a different type of comparison,
the incidence of known deaths due to malignancy in all 26,946 male
Hanford employees other than those with Pu depositions, 1944 through
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1974, omitting employees with known Pu deposition was 2.43% (654 deaths
due to cancer). The incidence of malignancy in 409 male employees with
depositions for the same period was 3/409=.73%.

Among the 32 known causes of death in 452 deposition cases, 9 (28%)
occurred in cases with > 2 nCi deposition. The 133 deposition cases with
22 nCi represent %%§-= 29.4% of the total group. So the incidence of
death as compared with the group with €2 nCi is slightly less than
expected.

Except for one case of amyotrophic lateral sclerosis, no really
unusual causes of death were noted.

Discussion of Malignant Disease in Presently Employed,

Terminated and Deceased Pu Deposition Cases
See Table VIII

When the living Pu deposition cases are consolidated into one group
the incidence of malignant disease is found to be twice as high in the
low deposition group as it is in the higher deposition group. More
striking is the fact that the severity in 7 of the 9 low debosition cases
was great or medium, while that in the higher deposition cases was all low.

The number of deaths (34) is small so that the number of malig-
nancies as cause of death would have to be very high in one or both
of the comparison groups to be significant. This was not the case.

In fact the total, three deaths due to malignancy in 32 deaths in which
cause of death is known (9.4%) is lower than might be expected. Malig-
nancy as a cause of death in a 10% sample of causes of all deaths in

1974 in the United States was 18.5% - unadjusted for age and sex {Monthly
Vital Statistics Report 1975). There were only three deaths due to
malignancy which is too few to place much credibility on a comparison

of the low and higher deposition cases.

PART II OF STUDY - OTHER COMPARISON GROUPS
The present study has been limited to a comparison of present
health and mortality of 452 Hanford deposition cases. Those with
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TABLE VIII

INCIDENCE AND SEVERITY OF MALIGNANT DISEASE
(OTHER THAN SKIN CANCER) IN ALL CONTACTED (389)
HANFORD EMPLOYEES WHO HAVE A DEPOSITION OF PLUTONIUM

A. 239 Presently Employed at Hanford

Severity of Malignant Disease| 167 with 5% mpbb 72 with »>5% mpbb*
Little * 1 2
Medium 1
Great 1 o
| Subtotal 3 (1.8%) 2 (2.8%)

B. 116 Hanford Terminated Living Employees

Severity 78 with < 5% mpbb* | 38 with »5% mpbb*
Little 1 | 0
Medium | 2 0
Great 3 0
Subtotal 6 (7.7%) 0 (0%)
Total 9 (3.7%) 2 (1.8%)

C. Incidence of iialignancy as Cause of Death in 32 Deaths in Which
Cause of Death is Known Among 452 Deposition Cases

| 23 with < 5% mpbb* | 9 with »5% mpbb*

Number of Deaths 1 {4%) 1 2 (22%)

*59 mpbb = 2 nCi Pu
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depositions of Pu~2 nCi are compared to those with depositions »2 nCi.
There remain for study some 1900 Hanford Pu workers who have no positive
evidence of deposition. A continuing study will identify more of these.
Other comparison groups may be (1) Hanford workers never exposed to

Pu (2) brothers of male workers having Pu depositions or sisters of
female workers having Pu depositions. These have been identified in

the ERDA Health and Mortality Study (Mancuso T.F. and Sanders B.S.,
1975). Another comparison may be with 1% of the U. S. working popula-
tion taken from the social security list. These comparative studies
will depend upon findings and recommendations of epidemiological con-
sultants.

DISCUSSION

With the expected greater use of Pu as a fuel in the breeder reac-
tor, there is considerable interest in the hazard of plutonium to the
general public. The study group in the report comprises a specific
population class which should have the greatest opportunity to be
affected by plutonium. It is noteworthy that the highest deposition
case in this study (400 nCi) is 200 times the highest in the low depo-
sition cases (2 nCi) and 1000 times the highest observed in autopsy
studies of the general population (0.4 nCi)* to our knowledge. Assuming
Tinearity in the dose response curve, the results of this study should
be reassuring to the general public who have been told by a few sources
that a very substantial increase in cancer might be expected from Pu
in fallout from atomic bomb testing. Special emphasis has been placed
on the incidence and severity of malignant disease in deposition cases,
since this has been the major finding in laboratory animals. However,
all types of illness were considered.

This study will serve to emphasize the difficulty of evaluating
morbidity and in locating separated employees and the importance of
starting such studies early.

*Iral C. Nelson, Battelle Pacific Northwest Laborator1es,
personal communication.
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It was not specifically reported, but comparison of dose to organs
due to accumulated external radiation with that due to internal Pu
deposition shows that the former adds relatively little to the total
dose to relevant organs in most cases.

It is expected that following review by epidemiologists and sug-
gested improvement of this rapidly executed report, it may serve as a
pilot for the study covering all major ERDA projects where unencapsulated
Pu is handled.
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FOR PHYSICIANS Chairman ~ S. Marks (ERDA)

Fuqua, P. A., Hanford Environmental Health Foundation

Hempelmann, L. H., University of Rochester

Hutchison, G. B., Harvard

Lincoln, T. A., Oak Ridge National Laboratory

Lushbaugh, C. C., Oak Ridge National Laboratory

Miller, B. L., Jdr., Rocky Flats

Marks, S., Division of Biomedical & Environmental Research (ERDA)
Norwood, W. D., U. S. Transuranium Registry

Poda, G. A., Savannah River

Putzier, E. A., Rocky Flats

Reagan, E. J., Mound Laboratory

Sterner, J. H., USTR Advisory Committee

Thompson, R. C., Battelle Northwest

Voelz, G. L., Los Alamos Scientific Laboratory

Wachholz, B. L., Division of Biomedical & Environmental Research (ERDA)

The general purpose and operation of the USTR was stated by the
chairman, Dr. Marks, and discussed by others as follows. The

USTR is made up of transuranium workers, defined as workers who
have a body deposition as a result of occupational exposure or
whose occupational activities present a reasonable opportunity

to acquire internal deposition of any of the transuranium elements.
The USTR has effected (1) identification of these workers, (2) col-
Jection of health physics and medical information data and (3) se-
cured authority for autopsy and autopsies on deceased transuranium
workers. Effort has been made to enlist contractor cooperation.
Families have been alerted to the autopsy study and the procure-
ment of autopsy tissue samples. The families or estates of trans-
uranium workers have been compensated following actual autopsy and
procurement of autopsy tissue samples. The samples are assayed

at Battelle Northwest, Los Alamos or Rocky Flats Laboratories and
results are accunrulated by USTR.

It was emphasized that th: USTR is a combination of participating
groups, that each group makes its own study and publishes its own
results. The USTR responsibility is for the over-all collection

and evaluation of the data secured from all groups. This permits

the pooling of autopsy tissue samples for more definitive assay;

for example, a study of the location of pliutonium in bone. It also
effects some necessary uniformity in the procedures of the cooperating
laboratories. One Los Alamos case was cited to illustrate that final
assay results may be held up in order to make plutonium lung distri-
bution and lymph node studies. It was agreed that tissue banking
can be highly desirable.
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The chairman described the USTR discussions with the Battelle
Biology Laboratury for effecting special studies on USTR human
autopsy material and data. He then stated that the other di-
rection for broadening the USTR scope is epidemiology. The
usual cancer incidence expected in the population was discussed
and stated to be about one-third of all deaths. Dr. Lushbhaugh
emphasized that, when a person dies of cancer, families of the
deceased are more interested in having an autopsy performed
than if the person dies of a less interesting disease such as
cirrhosis of the liver. The occurrence of cancer in TU workers
and the relationship to plutonium deposition was discussed.

Autopsy studies do not answer questions about incidence. Inci-
dence of mortality in autopsied individuals should not be com-
pared with incidence in nonautopsied cases due to the bias
occasioned by selection of autopsy cases. A carefully conceived
epidemiology study with follow-up is now planned, and it is
believed that the climate is now strong enough for support at
all management Tevels. LASL is a likely candidate to serve
under the Registry semi-autuenomously as the coordinating center
of the epidemiology study. A aood epidemiology study requires
a well defined population. The contractors have good records
with health physics data.

Dr. Norwood stated that he believed that the best epidemiology
study is done with all the population at risk. Dr. Marks stated
that he did not agree in that smaller groups can be defined
which will be adequate for a good study. There must be controls
which can be a variety of well defined groups.

Questions were raised about other hazards involved such as
neutron radiation, solvents such as carbon tetrachloride, and
other chemicals and as to whether data will be good for human
chemical exposures. It was pointed out by Dr. Sterner that
generally there is little or no quantified data on these ex-
posures.

Dr. Marks stated that a few classes of workers can be well de-
fined. They are (1) active workers (easiest), (2) separated
workers (not retirees), {(3) retirees and (4) deceased workers.

A good epidemiology study establishes the incidence of disease
and length of Tife from morbidity and death data, and the study
population must be fully tracked down. A good study can be done
with a study population of a few thousand. One is better off
working with smaller well defined groups than large poorly
defined populations. (Attachments I and II)
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Dr. Hutchison emphasized the importance of high yield on follow-
up. One should go after 100%. If you can't get 60%, do not
bother with the population group. It appears that in this sit-
uation you will get 90% at least. Dr. Sterner asked whether one
would add significant deposition cases to the study groups. Dr.
Hutchison stated that he would not, that this addition weculd
result in bias. Original employment Tists should be obtained as
the base. The reliability of urine assay was questioned by Drs.
Voelz and Hempelmann. Dr. Lushbaugh asked how you predict in
advance that you can get more than 60%. Dr. Hutchison stated
that in the present proposed study we have good information.

Dr. Lushbaugh disagreed while Dr. Marks supported Dr. Hutchison's
contention.

The question of sufficient funding for the study was raised by
Dr. Norwood. He indicated that a prospective rather than a
retrospective study would be expected to cost Tess. Dr. Marks
stated that ERDA was expected to fund the study and that we can-
not wait for a prospective study. Questions about relative costs
were discussed, and Dr. Hempelmann stated that he located 76% of
cases without much effort at Los Alamos. Dr. Wachholz raised
the question of the availability of information on how body
burdens were received. He was assured that such information was
sometimes available, but it was agreed that in some cases this
information is not known and is not obtainable.

Desirable approaches for an epidemiology study were summarized
by Dr. Marks as.follows:

1. Mortality

(a) Cause of death obtained
(b) Social Security processing

2. Morbidity
(a) Data available from personnel files of active workers

(b) Have clinical and health physics examination (plu-
tonium body burden from urine analysis).

At this point, a general discussion of desirable control groups
began. The first group considered were siblings of the same sex.
Also, all employees other than TU workers, state populations,
applicants medically cleared for employment but who never started
to work and a fraction of the national population were mentioned.
In answer to Dr. Lushbaugh about persons who do not have brothers
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and sisters, Dr. Hutchison replied that this situation would cut
down the size of the group but that he would not worry about
internal bias since this would be a small group. He also said
that the Mancuso Study (ERDA Health Study) looked at this situ-
ation both ways, leaving this group in and out. Dr. Marks stated
that this planned epidemiology study will not use siblings for
controls but will probably use other plant employees. He also
stated that it is hoped to have Mancuso Health Study data even-
tually from all major plants prospectively. Discussion of
methods of clinical follow-up and the value of obtaining health
physics data continued.

Dr. Marks concluded that controls should be matched for mortality
analysis and raised the questions of what to do for clinical
follow-up and the feasibility of matching in view of potential
difficulties in obtaining clinical examinations of persons without
depositions. The use of vital statistics incidence information

was thought to be of Tittle or no value. The use of a questionnaire
for follow-up was discussed.

Dr. Marks concluded that an epidemiology study is necessary and
that it should include morbidity data.

Dr. Hutchison discussed the use of a questionnaire as the most
effective and best for use with separated personnel rathar than
clinical examination. Dr. Hempelmann described mail surveys as
inexpensive and said that he had obtained a good response in Los
Alamos case follow-up. If there is no response, he has found
great success with follow-up telephone calls carried out by
medical students. Dr. Lincoln rajsed the question of remunera-
tion for filling out questionnaires. The consensus appeared to
be that this was not necessary. Dr. Norwood cautioned that when
you concentrate on small numbers of workers with expanded clinical
examination you create unjustifiable liabilities and that expanded
uses of guestionnaires could significantly decrease this potential
and greatly reduce costs incurred.

Dr. Voelz concluded the morning session for physicians with a
current summary (Attachment III) of the clinical follow-up of

LASL separated employees who have transuranium element burdens.

He stated that, of 26 reported, there has been one additional

death recently. Attempts are being made to expand the study.

Nearly 200 of 260 persons have been located. They have 4 people
with tumors, two are terminal and are expected to die within a

year. In 11 cases who are deceased there have been no malignancies.
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Dr. Marks provided reprints to all attendees as follows:

(1) "Basic Considerations in the Assessment of the Cancer

Risks and Standards for Internal Alpha Emitters" by Edward A.
Martell (statement presented at the public hearings on plu-
tonium standards sponsored by EPA, Denver, Colorado, January 10,
1975 and (2) Plutonium (II) "Watching and Waiting for Adverse
Effects" by Robert Gillette, Science, Vol. 185, September 1974.
See Attachment V for (2). Dr. Martell's article is long and
will be sent on request.

This concluded the morning session for physicians.
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FOR HEALTH PHYSICISTS Chairman - C. E. Newton (USTR)

Auxier, J. A., Oak Ridge National Laboratory
Bisline, R., Rocky Flats

Campbell, Charles, ERDA

Crain, Sue, Mound Laboratory

Lagerquist, C. R., Rocky Flats

Lawrence, J. N. P., Los Alamos Scientific Laboratory
McInroy, J. F., Los Alamos Scientific Laboratory
Newton, C. E., Hanford

Walke, Pat, Savannah River Plant

Following a general introduction and review of the attached
agenda of the one-day USTR workshop, Mr. Lagerquist centered
attention on procurement of autopsy tissue samples. He pointed
out that they had moderately good success in obtaining pre-death

autopsy releases. Of about 1500 employees interviewed they had

obtained 156 signups, or about 10%. In spite of this success

. he noted that of their 30 recent autopsy cases only one resulted

from a pre-death release. He noted, however, that the degree
of success in obtaining the tissues at autopsy relied heavily
upon the interest shown by the plant personnel, particularly
the plant physician and health physicist. Additionally, the
money paid the next of kin ($350.00) appears to be of great
interest and plays a more important part than they initially
realized. There are two additional areas that help them in
securing the release and these are the interaction of the
employees with the plant personnel department which provides
timely notice of the employee's death. Generally this depart-
ment is notified almost immediately because of reimbursements
regarding insurance and past wages. The other point was that
the USTR, acting as a third party, helps in the interview with
the next of kin in obtaining the release as the USTR is repre-
sented as national in scope and the cooperation is not just for
the benefit of Rocky Flats or the immediate locale.

In addition to the forms used and predescribed by the Registry,
Rocky Flats has introduced a form submitted to the next of kin
for signature which not only describes the specific organs that
they are interested in but informs the next of kin that they
intend to take entire organs such as lung, jiver and heart.

They have also found that it is an advantage to have prepared a
briefcase containing all of the supplies necessary to label and
package the tissue samples and literature describing the size

and Tist of tissues desired for the use of the pathologist. If
the organ samples are not to be analyzed immediately, for example,
if obtained on Friday evening, the samples are then quick frozen,

1604611
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except for the lungs, until such time as personnel are ready to
begin the laboratory analyses. The Tlungs are not frozen but
perfused and stored in formaldehyde. When the Tung is processed
there is some gquestion in the minds of the personnel at Rocky
Flats that lymph node separation is sufficiently complete and they
are uncertain as to the reliability of data based on the separa-
tion. Mr. Lagerquist displayed a number of slides for the

purpose of showing the great variability in the distribution of
plutonium in the tissue samples that have been processed so far.
It was quite evident from the slides, that almost any major

organ can be the preferred site of deposition, depending upon

the vast number of variables associated with the deposition cases.

The subject of tissue analysis was discussed by Mr. McInroy of
Los Alamos and he indicated that they are placing more and more
emphasis on looking at Pu 238 as well as Pu 239 and suggested
that perhaps other contractors should also look at this isotope
more closely. In the laboratory he discussed the use of Pu 242
as an internal spike to determine the efficiency of Pu recovery
from autopsy specimens. Plutonium 242 was judged superior to
Pu 236 tracer, since the lower energy portion of the Pu 236
spectrum complicated evaluation of the lower energy isotopes

of plutonium. Plutonium 242 having an alpha energy lower than
either Pu 239 or Pu 238 did not interfere with the spectrometer
analysis of these isotopes.

The matter of establishing the weight of the organs sampled was
discussed and as is well known, the lung weight at death does

not normally reflect the normal weight of the lung and the possi-
bility of establishing a basis of using the dry weight was ex-
plored. It was noted, however, that th= various laboratories may
or may not ash the sample to complete dryness and thus difficulties
would be encountered in trying to use this approach. It was noted
that the various Taboratories have stored the tissues as formalin
fixed and frozen tissue specimens, although currently LASL prefers
the formalin fixed procedure as the anatomical relationships in
tha tissue are not destroyed. Additionally when samples of the
entire lung are obtained it is possible to inflate the lungs

and examine them in a lung counter for a determination of the Pu
content prior to Taboratory procedures. A subject of particular
interest to the USTR was possible procedures to separate bone
marrow from the bone and LASL indicated that they did not do this
and that if they were to attempt it they would probably need
larger bone specimens, probably from other anatomical Tocations
than the rib, vertebrae and sternum that they are now getting.
This brought up the discussion of the homogeneity of the Pu dis-
tribution in the various samples and bone and lung remain the
organs which are suspected to have the most heterogeneous distri-
bution. The distribution in human bone has not been pursued by
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LASL, although they have had some interaction with Dr. Jee, as

has Hanford. Dr. Auxier of Oak Ridge indicated that he would

be happy to accept the bone samples for the Registry and work with
Dr. Jee in obtaining spectrum and flux necessary to obtain the
fission tracks necessary for analyses.

In addition to the material that follows, which was presented by
Dr. Auxier, he presented to the group a draft of "Comments on
Dosimetry of Plutonium for the Transuranium Registry Workshop"
prepared by ORNL Health Physics Division. This draft document
rather than a summary has been attached for the convenience of
those interested in the details of this subject. (Attachment IV)

The preponderance of animal research and human experience has

been with plutonium. Therefore, use should be made of the results
from plutonium research to indicate the influence of the time fac-
tor on the distribution of transuranium elements in the body and
the relation between the body burden and transuranics in the
urine. Chronic, long-term intakes of these elements will be
through inhalation incidents. Single intakes lead to trans-
lTocation and excretion conforming to established models. (a) A
single inhalation gives clear rates described by the Task Group
Lung Model. (b) The rapid, early excretion of inhaled soluble
compounds has been calculated by Beach and Dolphin, and Healy

has modified Langham's equation to account for the slow clearance
of insoluble material from Jung to blood. Heid et al., have
reviewed the perturbation of chelating agents and conciude that
enhanced excretion persists for as long as 100 days after termina-
tion of treatment.

For highly soluble materials which clear rapidly from the lung,
major differences in distribution and effects would not be pre-
dicted for acute and long-term, chronic intakes. Some difference
in ratios of deposition in liver to bone might be ariicipated in
the two cases because of the slower clearance of transuranics
from bone.

For inhalation of insoluble material, the slow clearance from

the deep lung could lead to differences in retained material at
autopsy in the two cases of acute and chronic exposure. Clearance
half-times of 500 days or greater are suggested in the Task Group
Lung Model. Thus - (a) radiation to the Tung could be different
in the two modes of exposure and (b) the ratios of transuranic
concentrations in lung and Tiver to that in bone would be expected
to differ in chronic and acute exposures. :

The isotopic composition of the transuranic depends on the
materials, methods and conditions of preparation. The elements
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in greatest abundance will be those formed in nuclear reactors

by neutron reactions with uranium isotopes and with the products
of these reactions. For example, the plutonium formed ipn_a brief
reactor exposure of uranium reactor fuel is 99 weight % 39py; in
an exposure of 13,000 MD/T, is 79% 239pu, 15% 240Py and 1% 242pu.
In a heavy exposure (33,000 MWD/T) the 239u is down to 56% while
242Pu has increased to 5%

The modes of decay and half-lives of the various isotopes of the
transuranics differ and will determine biological hazard and methods
of analysis and measurement. Most, but not all, of the isotopes
decay by alpha emission. A notable exception is 241py, decaying

by 3 emission to make it considerably less hazardous than the other
isotopes of Pu. The relatively short half-life (13 yr.) of this
isotope means that any plutonium containing an appreciable fraction
of 245)Pu will undergo ingrowth of 241Am to permit convenient detec-
tion by means of the penetrating 60 keV gamma ray of this radio-
nuclide.

The great differences in specific activity (half-1ife) among the
various isotopes mean that there will be large mass and concen-
tration differences for a given activity administered or in an
organ. There are indications that the distribution and organ re-
tention differ for 23%9Pu and the isotopes 237py and ¢38py. 0Ob-
viously, dose and body burden as a function of time depend on half-
Tives. Apparently the dependence of organ distribution on specific
activity results from two.factors: high cell mortality and re-
distribution with isotopes of high specific activity, and concen-
tration effects on rates of polymerization of soluble compounds.

Regarding dependence of distribution on chemical solubility (it

is assumed “solubility” for the USTR means solubility of ingested
materials and not of autopsy samples) the latter can be handled

by appropriate dissolution procedures for the various tissues as
described in Taboratory manuals of standard analytical methods.
Soluble actinide compounds, especially plutonium, quickly hydro-
Tyze in the neutral (pH /) media of the body and unless Pu*%, the
common form, is found in a complex, the hydrolyzed ion polymerizes
to form suspended, colloidal particles. Polymeric actinides
deposit Targely in liver rath2r than bone; monomeric (or dissolved)
actinides deposit preferentially in bone. The excretion patterns
depend on this distribution between Tiver and bone. Elimination
from the liver is primarily through the bile and gastrointestinal
tract. Elimination from bone and most soft tissues other than
!1v¢r is via blood to urine. From the standpoint of the USTR, it
1s important to correlate organ distribution and excretion patterns
with chemical solubility of the ingested material.

The Task Group Lung Model has classified inhaled materials on the
basis of clearance times as determined by solubility. Only highly
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complexed actinide ions (e.g., citrate, DTPA complex) remain
soluble enough in neutral media to clear th: Tung within days
(Class D). Nitrates, chlorides and probably sulfates and car-
bonates of the actinide elements are sufficiently soluble to

clear within weeks (Class W). The insoluble compounds, notably
including the oxides (the most common material in exposure cases),
clear with half-times of the order of a year (Class Y).

As indicated, complexed actinides distribute in the pattern
characteristic of "monomeric" ions, i.e., 75 - 90% skeletal. The
soluble but hydrolyzable compounds (nitrates, chlorides, carbon-
ates, etc.) will either hydrolyze and polymerize or will complex
with the blocd protein transferrin if enough reserve acidity
accompanies the actinide. Then, as above, polymeric to liver,
complexed monomeric to bone. The insoluble compounds deposited

in the pulmonary region clear by cellular engulfment (phagocytosis)
part going to Tymph, part to blood and the balance up the tracheo-
bronchial tree to the GI tract. These processes are slow (years)
and the partition between process probably depends on particle
size and radioactivity. Here phagocyte mortality plays a part

and is influenced by specific activity (isotopic composition).
Obviously, for the common situation of long-term exposure to

oxide dusts, the lymph nodes will be a major repository and as
much as 70 - 30% of the body burden has been reported in the
pulmonary lymph nodes.

The complexed compounds mentioned above will penetrate the qut
wall readily and will be Targely deposited in the bone. The
soluble but hydrolyzable compounds will polymerize. There will
be very Tittle transport through the intestinal linina. The
small amount of polymeric actinide entering the blood stream
will deposit preferentially in the liver. Oxides and other in-
soluble compounds (hydroxides, carbides, etc.) will be excreted
with even less uptake than with the hydrolyzable compounds. How
the material penetrating the qut wall is distributed is "still
the subject of debate."

Behavior of the various actinide compounds will follow the scheme
1aid out above for wound injection: (a) complexed actinide ions

via blood to bone, (b) hydrolyzable compounds polymerize, are
transported to lymph nodes and to liver, the distribution and

rates depending probably on reserve acidity which retards hydrolysis.
In any case, movement by 1¥m?h is slow and limited to nearby nodes.
(c) Excretion patterns of 241Am in baboons have been found heavily
dependent on division between Tiver and skeleton. Fecal to urine
ratio was changed by a factor of two by decreasing the pore size
through which the injected citrate was filtered from 0.45 um to 0.22.
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Injected oxides, metals or other insolubles will be transported
to Tlymph nodes at slow rates depending on particle size. For
particles of appreciable size, there will be no movement and the
insoluble material will be enclosed in fibrous scar tissue which
may become cancerous.

Mr. K. R. Heid discussed the following data that would be useful
for early assessment of probable severity of an intake: (1) con-
centration of Pu aerosol, (2) duration of exposure, (3) nasal
smears, (4) contamination spread, and (5) type of accident. Data
that would be directly useful for evaluation of intake was dis-
cussed as: (1) bioassay data, (2) in vivo examination data,

(3) particle size, (4) isotopic composition, (5) chemical form

of aerosol and (6) solubility of aerosol.

It was pointed out that there was a lack of uniformity in prac-
tices to the extent that comparison of evaluation of intakes was
questionable. Standardization is definitely needed in the follow-
ing areas of health physics evaluations: (1) Particle Size:

both in the source of particles and in sizing techniques. (2) Sol-
ubility: 1In what material? Over what time reference, etc.

(3) Chemical Form: Oxides -- are they high fired? Air oxidized
or what? (4) Mathematical models to be used for evaluation.

(5) Dose calculations to organs, etc.

Input from Hanford to the ERDA Health and Mortality Study was
described including exposure to toxic environments, medical ex-
posure, occupational radiation exposure (external and internal,
including calculation of dose to lungs, liver, bone, and lymph
node). In all cases, raw data should be collected and retained
indefinitely.

The need as mentioned above for assessing, defining and where
possible increasing the degree of uniformity among major ERDA
contractors in the collection, processing and analyses of health
physics data was acknowledged by all present. Since siagnificant
deviations or interpretations will have a serious adverse effect

on proposed or ongoing epidemiological studies, Carlos Newton has
been assigned the responsibility of selecting a panel of contrac-
tor health physicists to meet soon to give attention to this matter.
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FOR ALL ATTENDEES Chairman - W. D. Norwood, M.D. (USTR)

PRESENT Attendees of both physicician and Health Physics sessions.
AUTOPSY AT The chairman for Health Physicists, C. E. Newton, Jr., USTR,
ROCKY FLATS summarized the Health Physics meeting. He stated that at Rocky

Flats the majority of releases for autopsy are obtained after
death. Success is dependent on interest of physician and his
contacts. Money to next of kin has been an important item. When

a TU worker dies the personnel department is generally notified
and is a good source of prompt information that death has occurred.
The medical department uses a separate release (other than pre-
scribed by USTR) to describe each sample and the sample size taken
for autapsy.

LABORATORY Autopsy tissue samples are assayed at three different laboratories -
ANALYSIS OF Battelle Northwest, Los Alamos and Rocky fFlats. Although all do
AUTOPSY not use the different techniques and tracer, a program is well
TISSUE underway to determine the degree and significance of any varia-
SAMPLES tions so that intercomparisons of lab results are meaningful.

The autoradiography of bone and other tissues is desirable in

high deposition cases. The problem is not a simple one. Dr.
Webster Jee used neutron activation on some bone. John Auxier

at Oak Ridge has volunteered to do this. Bone samples are to

be sent to him and he will cooperate with Webster Jee. Llong

bone is needed. Dr. Lushbaugh pointed out that when the need is
to get ‘the bone marrow, the head of the femur not the shaft,
should be used. The sternum, pelvis, and long wedges of vertebral
bodies are also good sources of red bone marrow. He further stated
that autopsy lung weights are not scientific, that with terminal
iTIness the lung is distorted by pneumonia or cancer or fluid

and that normal weights of lungs should be used to determine plu-
tonium per gram content.

HEALTH The chairman continued and reported that health physicists do
PHYSICS agree on not using rem units for autopsy samples. He stated

DATA that Ken Heid reported on data collection at Hanford to assist
COLLECTION in the evaluation of a plutonium intake via inhalation as follows:

A.  Data useful for early assessment of probable severity

concentration of plutonium aerosol
duration of exposure
" nasal smears
contamination spread
type of accident

Ol 0N -
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B. Data directly useful for evaluation of intake:

bioassay sampling

in vivo examination
particle size

isotopic composition
chemical form of aerosol
solubility

OOl w N~

This data should be obtained and maintained. The feeling of the
group was that USTR should approach all problems in a standard
manner. There were not major technical differences. There was
no agreement on solubility determinations or particle size de-
terminations. A way is needed to relate data to a model. The
consensus was to ask USTR (C. E. Newton) to form a small task
group of health physicists to work on this task soon. Uhy do
isotopes vary in body distribution? There may be more reasons
than effect of mass.

Slides were shown by Clayton Lagerquist to illustrate the variables
(% differences) that are occurring that affect health physics
determinations for bone, liver, lung and remaining depositions.

The emphasis was that every case is different in deposition
results.

When we base deposition determinations on urine assay, the esti-
mates of body burden may be on the high side by a factor of 2 or 3
when compared to tissue analysis. Plutonium 238 is an item of

interest. Studies are in progress for study of the half time of
transfer of plutonium from the lung. 15 days 500 days 1000 days
most sol. Tess sol. Teast sol.

Dr. Marks, Chairman for physicians, discussed the planned epi-
demiological study. He stated that there was not complete
agreement at the medical meeting. He stated that this study is

a component of the broadening of USTR scope and that the autopsy
study is also being broadened by bringing in Battelle Northwest,
with Roy Thompson, for more definitive study of human autopsy data.

Autopsies are not a good source of cases for an epidemiologic
study because they introduce biases. Management cooperation
will be needed for the study. The study will involve defining
a population for study, either the entire population at risk or
workers who have burdens at different levels. Categories of
workers may include those who are still employed, separated but
not retired workers, retirees and deceased workers.
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STUDY NEEDS

CONTROL
GROUPS

USTR
PURPOSE

REPORTS OF
MEDICAL
DIRECTORS

ON USTR DATA
COLLECTION

- 14 -

The study will obtain mortality and morbidity data. There is

need to get a high yield of follow-up. If only 60% follow-up

is obtained the study should not be carried out. Morbidity data
appears easy enough to get on current employees but when employees
have separated you run into a different problem. Bringing per-
sons back for clinical and health physics examination was dis-
cussed. The consensus was that this procedure would be expensive
and would not be sufficiently beneficial to justify the expense.
The best system is to use questionnaires.

Matching within plants seems to be best. Maximum effort is
needed by all groups to conform to some basic protocol. Staff
personnel from the coordinating center may need to go out to
collect or train people.

Dr. worwood stated that the purpose of the USTR is to try to
determine if TU work is detrimental to worker health. Is there

an increased incidence of disease during 1ife? Where are plu-
tonium body depositions? Where is plutonium deposited in bone?

109 curies of TU elements may be produced by the nuclear power
industry by the year 2000. Am-241 and Cm are expected to be
resulting from future nuclear power generation. wlound Laboratory
data_is important for plutonium 238 data and Savannah River data
for 241am and Cm. Is the linear threshold applicable to plutonium?
In the radium study the practical threshold appears to be 1000 rads.
We cannot extrapolate animal data to man but we must get all pos-
sible data. Little attention has been given to controls to date
by participating projects in human studies except for the Health
and Mortality Study, which makes such data availabie on Hanford
workers, Licensees expected to participate in the USTR include
Nuclear Fuel Services, Inc. (NFS), uwuclear Materials and Equip-
ment Corporation (NUMEC) and Kerr-McGee. Exxon is beginning to
handle Pu and we are beginning to get authorizations for autopsies.
Windscale will fill out USTR data sheets on their autopsy cases.
Windscale has requests to compensate for leukemia and for extra
hazard pay. or. Norwood concluded with slides illustrating methods
for USTR data collection.

Dr. Fuqua reported that starting USTR activity at Hanford may

have been easier since they had followed employee death rates

long before the Health Study was begun. To date Hanford has
identified 2330 transuranium workers of whom 92% have authorized
procurement of medical and health physics data. Ubtaining author-
izations for autopsy prior to death was new to them and some were
not optimistic about a high percent of acceptance. However, 22%
or 526 of those identified as TU workers have signed autopsy
releases on the basis of participation in a scientific study

1009b835
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and the expectation of a certain payment of $350 to their estates.
Pre-planning autopsy before death and authorizing USTR procure-
ment of tissue samples has eliminated untimely urgency at the
time of death and is believed to be the preferred practice for
higher autopsy authorization before death. They do have mor-
bidity data on accident and health insurance claims after seven
days. Dr. Voelz at Los Alamos has identified 250 TU workers and
has solicited USTR participation and autopsies at time of dis-
pensary visits. Dr. Lincoln at Oak Ridge stated that they be-
lieve plutonium there is a relatively small problem. They have
had one autopsy. They have a cancer registry and morbidity data
is available from examination results.

USTR Dr. Norwood handed out a table of USTR statistics and discussed
STATISTICS USTR study design. He then illustrated with slides some forms
AND DATA used for USTR data collection. These included forms used for
COLLECTION medical history, physical examination, x-ray and laboratory work
and health physics screening forms.
USTR Dr. Norwood asked Dr. Hutchison to comment on study of USTR
AUTOPSY data. Dr. Hutchison stated that USTR registration and analysis
STUDY activity should be distinguished from each other. One should

not use all registrants for study. The day-to-day and year-to-
year operation is a different activity from the analytical. The
most suitable groups to compare are burden groups vs. other
employed. There may be other interesting groups. Detailed
protocols should be prepared. Sibling controls have been used.
One should consider other industrial groups and general popula-
tion mortality data, morbidity, tumor registry, or other cancer
incidence data. There is no cancer data for the whole country.
Outside of cancer data, the situation is worse. There are no
general figures available for other diseases. Outcome measure-
ments may include total morbidity, cancer mortality, hemopoietic
findings, cancer suspects, bone tumors. We do not need to
include chronic leukemias.

Dr. Sterner stated that OSHA (and ERDA has OSHA responsibilities)
stipulates the kind of records required for arsenic workers be-
cause arsenic is now thought of as a carcinogen. The use of
forms for data collection might be the factor that would break

us all apart. We may drag our heels with forms now but we must
agree on what data to collect and then get what is collected 1in
usable form for study.

LICENSEE Dr. Wachholz raised the question of licensee participation.
PARTICIPATION  Dr. Norwood replied that none have said no but those with Pu
workers are only partially participating to date. They do not
like to ask employees to participate for fear of charge of coercion
and would prefer that USTR ask.
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Dr. Norwood continued with illustrations for USTR data collec-
tion. Dr. Marks said that this extensive data may not be needed
for the epidemiology study. There has to be a compromise as to
what we now need with what the need is for the future. Dr.
Lushbaugh commented that the data collected may determine the
epidemiology study and vice versa. Dr. Hutchison stated that
the analytical system will focus on a much smaller amount of
data. Dr. Norwood stated that the objective is to carry out
studies in industrial plants with USTR correlation of the

data. The USTR Advisory Committee has been most helpful in
developing guidelines for USTR operation. Dr. Hutchison

said that a protocol should state when results can be expected
and when they will be reported. If, for example, we have 400
people in a study and one-half are separated, then we already
have a large number of malignancy cases. We can tell if there
was a doubling of the incidence. One should be able to tell
that in a short time. This is something that one can report.

A discussion on answering questions about health effects and
providing information continued.

Or. Norwood asked Dr. Sterner, Chairman of the USTR Advisory
Committee, for concluding comments. Dr. Sterner stated that

the Advisory Committee had been concerned with USTR progress

but he now feels that important work will be accomplished with
ERDA support. He indicated that he particularly hoped that this
meeting had whetted the appetite of Dr. Hutchison and that we
can obtain his further assistance.

Dr. Norwood expressed his thanks to Mr. Ed Putzier for the
meeting arrangements and Mr. Putzier gave credit to his
secretary.

Dr. Marks concluded that he thought that this was a very
fruitful meeting, that he regretted that physicians could not
have been also present at the health physics session. He
thanked Dr. Norwood for getting the meeting together and for
his continued enthusiasm in the USTR.
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PRESENT ESTIMATE OF

ATTACHMENT I

NUMBERS OF CURRENT AND SEPARATED EMPLOYEES WITH
POSITIVE DEPOSITION OF TRANSURANIUM ELEMENTS

HANFORD PLUTONIUM DEPOSITION CASES - 1973 Summary

February 1975

—_— - ———

Percentb

v
1

Percent M.P. i _ ‘
Deposition  *Current _ **Separated , Total |, Deposition . *Current:**Separated, Totali
5 137 144 281 1 10 & greater  _ 36 __ 32 68_,
5-10 31 29 60 | 25 & greater! 10 15 23 i
10 - 25 26 19 45 f 50 & greater! 6 [ 7 13
25 - 50 4 6 10 | 100 & greater 5 | 1 6 |
50100 1 6 7
100 & over . 5 6
[otals 204 205 409

* Supnclied from Personnel Dosimetry Section BNW

** Terminated and Retired

SAVANNAH RIVER PLUTONIUM DEPOSITIONS

sercent M.P.

Percent

Deposition Current Separated Total Deposition " Current __ Separated -
<5 149 1 g6 235 10 & greater 4] 6
5-%0 41 21 68 20 & greater 18 T
10 - 20 23 5 28 50 & greater 3 0

20 - 50 15T 16 . 100 & greater 0 0
f0 - 100 3 0 3 | |
200 0 0 o | |
Totals 237 E 350 L | f
SAVANNAH RIVER Am Cm Cf-53

... __._Current (44) Separated (9)

MPBB Am - AmCm  Cm  CF  Total Cm  Total

< 54 ] ) 34 0 36 7 7

5 - 10 % 0 0 4 ] 5 0 0

10 - 20% 0 0 0 0 0 ] 1

20 - 50% 0 0 1 1 2 1 1

50~ 100% 0 1 0 0 1 0 0

7 100% 0 0 0 0 0 0 0
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ROCKY FLATS PLUTONIUM D

EPOSITIONS

Percent M.Pp. ; Percent
Deposition | Current | Separated Total |, Deposition , |Current |Separated | Total
10 -25 | 225 i 86 311 10 & greater | 285 108 393
25 - 50 43 ‘ 15 58 || 25 & greater 60 22 82
50 - 100 10 2 12|, 50 & greater | 17 24
100 7 5 12l 100 & greater| 7 12
Totals 285 108 393
LOS_ALAMOS PLUTONIUM DEPOSITIONS -
Percent M.P.: ‘ Percent :
Deposition  Current Separated ; Total Deposition Current %Separateg_ Total
< 5 [ 895 1025 1920 10 & greater | 273 | 394 i 667 |
5 - 10 L 210 2217 437 20 & greater | 154 188 342
10-20 119 206 325 50 & greater | 49 | 37 86
20 - 50 105 151 256 100 & greater] 24 | 7 31,
50 - 100, 25 30 55
»100 [ 24 7 31
Totals | 1378 1646 | 3024
MOUND LABORATORY PLUTONIUM 238py pDEPOSITIONS
Percent Syst.| i § ’ i
Bog§8gﬁrden % Current 5 Se ted SPeicegtB . L t ; S ted 2
) } ) parate YST. .D. i urren { ep_ara e ;
< g | 3e;:?g | i 2
10 - 20 26 28 10 & greater 7] 59
20 - 30 16 + 1 lung 11 20 & greater E 43 31
N dep. ; RO S
30 - 40 9 7 30 & greater 17 36 20 ,
40 - 50 5 3 40 & greater | 27 13 _ |
50 - 75 10 § 5 50 & greater | 22 10
75 - 100 3 {__ 0 __ | 758qreater | 12 5
> 100 9 ’ 5 | 100 & greater! 9 5
Total 68 + 3 Tung 59 |
l_ deps J S
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PRESENTLY EMPLOYED Pu WORKERS WITH DEPOSITIONS GREATER THAN
THE INDICATED % OF MAXIMUM PERMISSIBLE Pu DEPOSITION
APPROXIMATE TOTALS, HANFORD, S.R., R.F., L.A., MOUND

Currently Employed (Active)

Percent Savannah | Rocky Los
sencsition Hanford | River Flats ATamos Mound . Total
10 & greater 36 41 i 285 273 79 714 |
°5 4 areater 10 18 .60 154 53 295
S0 A areater 6 8 L 17 49 22 97
10C & creater 5 0 7 9 45
o Separated Employees (Inactive) _ __

Porcont Savannah Rocky Los ?
Uerosition Hanford River __Flats Alamos ' Mound Total
10 % qgreater 32 6 108 394 59 599
25 % nreater 13 i 22 188 31 255
50 % greater 7 0 7 37 10 61
100 & greater ] 0 5 7 5 18 _

NUMBERS OF EMPLOYEES WITH + DEPOSITIONS OF Pu

DIVIDED INTO GROUPS ACCORDING TO % M.P.B.B.
e | Currently Employed — ——

‘ '+ Savannah Rocky Los j
OHLPLB.G. Hanford ' River Flats Alamos Mound ! Total
L5 137 149 895 . one
5 -0 3N 4y B 210 2 290
15 - 25 26 23 225 192 319
25 - 50 i 15 43 105 31 198 |
50 - 100 1 3 10 25 13 52
> 00 5 0 7 24 9 45

Total : i
¢+ Burden 204 237 285 1378 81 2085 |
- Separated Employees
Savannah Rocky Los

¢ ¥M.P.B.B. Hanford River ~ Flats Alamos Mound . Total
£ 5 194 g6 o 1025 1255 .
5.-10 29 21 227 277 |
10 - 25 19 5 g6 206 28 344
25 - 50 6 1 15 15) 21 . 194
50 - 100 6 0 2 30 5 13
> 100 1 0 5 7 5 18 |
Total 205 113 . 108 1646 59 . 2131 .
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TOTAL NUMBER OF TPANSUR/ANIUM NORKERS WITH EVIDENCE
OF Pu DEPOSITION CATEGORIZED AS HAVING GREATER THAN
A CERTAIN PERCENT OF M.P.B.B.

Current Terminated

% M.P.B.B. Employees Employees _Total
10 & greater 716 599 _ 1. 1315
25 & greater 285 255 540
50 & greater | 97 61 158
100 & greater 45 18 63

"A"  Estimated number of current and separated employees with identifiable Pu deposition

equals 2085 (current) + 2131 (separated) = 4216 (total)
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ATTACHMENT 111

CURCUNT SUMMARY OF TASGL PLUTONIIM WORKER 3TUDY
L. HFMPELMARL, M.D. AGD G. L. VORLZ, M.D.
FEBRUARY 1975

LASL PLUTONTIUM WORKERS STUDY

Fraction of Original Expanded Currently

MPI3 Study . Study Located ()
5-10 3 3 3 (100)
3-5 5 6 b (100)
1-3 10 19 13 (95)
0.1-1 o 227 167 (%)
2k 255 19L (75)
Deceased 2 9
20 26N
Death, Causes of. {Not all verified yet)
Accidental Trauma
Alcoholism Fzlated

Coroniary L ™t Disease
Post-ona2vativae CV Jurgery
Radiation - Criticality
Cuicide

Epilepsy {3rand mal)
Unknown (Lo us)

o Dw

Malignancies Reported To Dnte
Carcinoma of Bledder

Lymphoma

Czrcinorma of Culon

Carcinoma ol Lip

Vadical 3tuiies on TAZL Plutonium Workers

Ty Blo»d Chemistry Profile
sination Alkaline Phosphatase
4 Count Cholesterol
Linieal) Totzl Bilirubin
Urinalysis Total Protein
.tirmate Albuaan, Globuliu and A/G Ratio
2) Potel Llplx
1T for Pu Transaminase (3G0T)
licnitoriny of Old wound Sites inectic dohydrozenase (LDH)
Lung Cytoioy Creatinine
Caromosomy Analysis Glucose
Urec Witrozou (BRI
Urea
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CURRENT MEALVI OTAT (UESTIONKAIRE
FORMER PLUTCNTIM WIORK 3

LOS ALAMOS SCIINTIFIC LTABROATONRY
LOS ALAKO.,, Ni» HEXICO

NAME: WIFE'3 NAME:

ADDK=5S:

BIRTUHIATE: SOC. SECUKITY NO:

CHILDREN'S NAMES AND ADDRESSES:

RAKZS AND ADDRESSES OF TWO FRIENDS OR RELATIVES WHO WILL AIWAYS KNOW WHERE YOU LIVZ:

Are you in good health?

e
5 —

Have you hud any sericurs Illness or operations requiring hospitalizetion?

—
(O
e s

IT yes, vhat £liness?

(#) 1r yes, oame Of hospltals and approximate Sates:

Date S{gnuture
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ATTACHMENT TV

~

«/.“ijh\-*/"
COMMENTS ON DOS MG CORLHTONTUM FOR )
THE CTRANSHEAN UM R G CRY WORKSHOP

JooA, Auxicer, W. W, farruinoon, W.o S50 Snyder**
Health Physics Division
Oak Ridge Natione! Laboratory
Oak Ridye, Tenne see 37830

The dosimetry of Pu-239 or Pu-23+ i relatively uncomplicated since
the average dose to body organs 1s duc olmost entirely to alpha radiation,
and these radionuclides decay to tsotojos of uranium of such long half-
life that they can be considered as stable in terms of a human life span.
However, there arc problems enough as ston as one begins to probe a bit

deeper.
. 5
The Lungs

Activity 1s deposited in various arcunts in repgions of the respiratory
tract according to the AMAD of the acre ol.  Ulearance from these regions
depends on manv factors -~ the chemics: form of the aerosol, 1ts physical
form, etc. -- but 1n the current buns codel 11 does not vary with particle
size., This i1s undoubredly an oversimpl fication as 1s belng validated by
Lovelace. In fact, the Lung Tack Srou;s tried 1o construct models which
would reasonably represent the rangen - values, and the long-term clearance
values chosen are cxpected topether to o ncorpass the range of values usually
encountered tor particulates within a ractor of three on either side. Thus,

the long-term clearance half-time value of 500 days should be considered

as representing the range of values tro. 170 duays to 1500 days. The
short-tern clearance value of 50 days :presents the range from 17 days to

150 days, etc.

*Research sponsored by the Energy Revearch anc Development Administration
under contract with Union Carbide Corpo-ation.

*“*Consultant.
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The distribution of this activity i1 the various compartmonts of
the lung is known not to be uniform, bt 10 one has, as yet, sugpested
a model for the distribution; in effect the crude dosimetry of the

present assumes unmitormity.

With such an assumption, the dosimetry of the lung proper would be
relatively straipht torward except for jovement of a portion of the
activity, eilther to thoracic lymph noder or to other sites within the
lung. 7The clearance to the lymph nodes is by the c¢learance half-
time which is lonpest; from the lymph nodes the c¢learance 1s even slower.
Thus, the lymph nodes build up a consicerable amonnt of activity which
rermains for long times in the casce of . insoluable aerosol of long
radioactive half-i1ife.  Something ot th.s xind really occurs in man as

many of the autopsy cases indicate.

The solution would seem to be simpl- -- namely, recommend an appropriate
MPD (Maximum Permissible Dose) value tor these lymph nodes. But these
lymph nodes appear to be rather resista:t to radiation so far as tumorogenesis
1s concerned, although many of the Iympa nodes from experimental animals
have shown fibrosis following inhalatio . of Pu-03%9, ete. The sparse
biclogical datu on involvement of the |.mph nodes nakes it difricult to
decide what MPD might be appropriate.  he hiolopical data do indicate that
exposure of the lyrph nodes hardly chares the production of twwss so far
as present data are concerned, and thues the TCRP has announced the intention
of not computing Joses to lymph nodes tor purposes of radiation protection -
that is, the numher of tumors produced n lunps far outwelghs those involving
Ivrph nodes 1n data now availlable. Dos, the Commission recommends that
dose 1n the respirutory svstem be limit-~d by +~he dose averaged throughout the
lungs. Meanwhile, the Commission will Hntinue 1o heep the entire question

under rTeview as rurther data are obtai- -,
.

Committee 2 has decided it will co;sider bheta and gamma activity emitted

in the lymph nodes since this would cortributa to the dose to the lunpgs in
mCst Cases.  fowever, 1t will not comnnTe a separate dose to the lymph nodes
and, in particalar, alpha radiation emitted in rthe lymph nodes will be assumed
to be absorbed there. The Committee 1+ currently trying to decide whether

it would be better to:

o
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1. Ash 1CRY *o select an MPER o many veople teel that the
Commisstor 1s remiss in 1gneoiny the question of the
stentficance of this dose.

I11. Contimue o at present, pavirs no dose to lymph nodes.

IIT. Include the pulmonary nodes oo o part ot the lungs so dose
1s averaged over lungs and pulmonary nodes,  An argument
for this i1s that those measuring so called ltung burdens
cannot di: tinguish activity in lungs and that in the
pulmonary lymph nodes. Of course, in other cases one
could by the same aryument :nolude a4 pamma emitter

deposited in the ribs!

This third alternative would somewhat affect the dose estimate
since the lymph nodes accunulate practically the same number of pCi-
days as does the rest of the lung fo- insoluble Pu-239 and the same is
true for Pu-238, However, the dose o lungs would only be increased
by a factor of ~ 2.

The doses to bone and lirver are ! ghly uncertain since the deposition
in these organs varies grearly accor..ny to the degree of polymerization
and complexing ot the Pu. Biologica: data can be ¢ited showing deposition
1n bone and liver nay be as nuch ws 80% and ~ . 0% of the activity entering
blood, respectively, and these percencages can be reversed for other
experinental data. Some autopsy vains show practically the same range.
The missing plece of the puzzle s thet often the health physiclst can
get only a meager indication of the «-ate ot the material when taxen into
the hody. [ICRP is currently asswiing 45% depo=<ition for both bone and liver,
but it 1s Tecognized that this might well be 11 error by 50% or so in
elther direction,

The TCRP has designated the ondoceul cells near bone surfaces as the

likely targets for dose to bone althoagh (a) thelr distribution ifi depth
from the surface 1+ not accurately #nowr, and by the thickness of the layer
1n which the Pu deposits and the 1:m scale for remodeling of the bone are
not well known cven for experimental animals.  Some recent work of Marshall
and his colleagues indicates that the laver may be very thin, approximately
I ym. Using this and allowiny for va-icus deprees ot overlay, he calculates
the dose received rrom a surface disr~ibution of Pu-239 in relation to the
average dose recelved by bone. He ohvains numbers in the range of 20 to 30.

Mays and Tueller have calculated a s:nilar result. In fact, they have



coaleulated these doses, or dose rations, tor a rumbher of radionuclades,
including Ra-224 and Ra-226, and the resuits do support the fact that,
oi. a4 per rad basis, Ra-224 is consitderabl. pore carcinogenic than 1s Ra-226.
This is undevstandable if the endosteal volla are truly the cells at
Tisk, since Ra-224 will largely decay whi.e on the bone surface, while
much of the energy of the Ra-226 and daup.ter particles 1s wasted.

For the present, Committee 2 of ICRY 1ntends to continue the use of the
tormer methods; that 1u, average bone dost calculated assuming complete
absorption of alpha enerpy, weighting thi. with a quality factor of

Q = 10 and, for Pu and for Ra—224: including an additional factor of
five where this last, the n-factor, applies only for bone. For dose

to liver, only the factor Q = 10 would be used.

Finally, for dose to gonads, May and kichmond have suggested that uptake
by ovaries be taken as ahout a factor of '0 lower than the uptake by testes.
The best values are probably those of the autopsy cases of Pu workers who
have accwnulated a significant body burder and may be summarized as 10-5
Tor males and 107% for females as the fraotion of activity reaching blood

thut deposits 1n the gonads.

It 1s apparent that the Pu and Actinide Registry can do much to help
clurify this puzzle. The data accumulated by the Kegistry on the concentrations --—
not the amounts unless accompanled by cstinates of the mass -- in the pulmonary
1yrph nodes and in the lungs should;analy.cd by exposure history, that is,
chenmical and physical data on the aerosol, by the time of the exposure and
time of death. Of course, any pathologivul findings would be noted also,

I an sure.

The same type of analysis needs to be apnlied to the data on bone and
liver estimates and 1 think 1t would be desirable to collect a few samples
of gonads even if it is difficult to measure the activity in them. Whether

p
the Registry can go further -- say in documenting the degree to which Pu in
bone has been overlayed by new bone or nut -- 1s questionable. lHowever,
I believe if it can be done at all, it should be tried 1n some cases since

an enormous amount of animal data will hardly pive us the equivalent data

On man.
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Two companices that intend to make
plutonium fuel on a large scale—West-
Fxxon Nuclear—have
agreed to vooperate fully with the reg-
iry, once production begins in about

ghouse  and

3 years.

dut two other companies in the plu-
tnium fuel business huve balked. These
are Nuclear Fuel Services, Inc, (NES),
whose spent Tuel reprocessing plant near
fiutiulo, New York, is closed pending
ALC approval of a major enlargement;
and the Nuclear Materials and Equip-
ment Corporation (NUMIEC), whose
plutonium plant at Leechburg, Pennsyl-
vinia, near Pittsburzh, is producing fuel
for the AL C's breeder reactor program.
Fogether, and when fully operating,
the two companies employ only about
20 “at tisk” of eaposure. But
bath plants have suffered a number of
leaks and spills of plutonium that have
led to contamination of workers, scem-
ingly in disproporuonately high num-
bers.

Norwood said that NUMEC “hasn't
said yes and they huven't said no,™ but
thut NES seemed to have stopped an-

P
i

icliers.

0O persans

sworing b hey haven't re-

sponded to my ast two or three.

A spaokesman for NFS told Seience
that he wasn't tumibiar with the letters,
but thut the company’s manazement at

the
as Tiappropri-

present resards

Transuramium

paricipation  1a
Reastry
e although no final decision hus been
made. The spokesmun, vice president
Cloude L. Fountam, swid that the com-
pany’s postion was that even mviting

employees To participate i the registry

voluntarly aeht be coastrued as eo-
croson

Diud the comyany invite employees to
contribute to Umited Fund and local

said Foun-
L, CBut we view that ditferently.”

third private
near Cimar-

Blood bhanks? 08 coarse,”

A spokosman for u
piutoniun plant, Jocated
ton. Okldchoma, and owned by Kerr-
MoGree, saud the company does not yet
hnow enovch about the registry to give it
A Ublanker endorsemient” buat that Kerr-
McGuee mwelcomes added imnfarmation.”

In Norwood's view, the noncooperat-
g companies are more hikely to hurt
the
vothelr

themselves than recistry  and its
witho does

denv the ropistry access 10 a number

couals, resistance

of persons exposed to plutonium oxide,

4 form ol the clement considered by
some authorities to be purticularly haz-
He notes that, I some former
these

companics Tor compenmnsation, at nught

ardous

cmployee comes alang and sues

fook to the people trying the case that

1141



the comipany  Jdid ot do o everyth ne

i possibly cound to protedt vniple e
healin 7

sard that boo g neen
formed that the Nacvas acr o T
[HIESSTIRT CNR Y
thar us

bad

urged the noncoepei oy comrane o

Norwood

S S

28} f’!\';‘('l [

TUTWT T

nat.o

il ‘L‘w‘

PN Ale Ducicar Tadities, strogiely

chupe thoa posiion

i

hos the 1

How suceessiul DN FANNA

Crustnient boen” No oo cutate tures s

avaidabile) bat npawar.

PRSETRE PR PRI TSR

o upeialee s
cd o w

it woimie ol

O

Acoodine o

v

plhicd o Soaciace

hoat 7o

ave warked o

frony (Lo beea

oroject tathe oo

! ] ‘ RTINS |
Lot ,
ot RN
y [
{ AR
. Triaiy .

N O W

the revistry iy monuoring only the maost
receit ope third of the population con-
Save  been occupationaltly

[
B0 Lading wnd enlisting the coopera-
has so far

cyposure 1o plutonun

the hirst two-thirds
net been sractical, Norwood sad, ex-
tor one thing, early cm-

far from com-

e of

oloyment records are
Fvea sa, the apparent loss of the first

L1000 phatonium workers would seem

Briefing

NAS Okays Auto

Emission Standards

The emission
siandards emboc.ed in the 1970 Clean
An
there is “no substantal basis for chung
ing the
recenty completed reporr by the Mo

health-related  auto

Act are basically on target and

standards,” according b a

tional Academy of Scirrces INational

Acadrmy of bagineering  Presumably

the report wiil help buttress the act

against weokening amendments when

it comes up for review and overial

next year. The act was supposed 1o be

up for renewal this year, Lot oot has
been corru-d over with an intenm ap

praathon

half-mabion  dellar

ordered by tne Senate Puolo Woike

Committee lost year follow.ng exier

hearings at whieh Makere ooy

auto

ssue with the standaras sayv.g ¢ ey

were too deict and the required vmn oo
ot cost ctter ve

control deviees were

The coodemy committee oo roe

with bBoth contentions, Whale oo e
stil! Er:cduq.ﬂ;!w, it the ooConge

thot

says,
hay cocumolated sioce ¢ tae
dards were promdgared teeas 1y con

ﬂrm

margins are indeed Vralatively coaet

their descabidiey, and o sabery

Whaot's more, tro TepSIt sy U tan
dards are jqustihable  n conr e
terins, I estimates thos Grivii, tot

reaching sintotiny  emisnn

ot $5 o b

beaet,

and
T

parts to onalyze the effecty or o anan

oG,

Fhoaon o year

~,tudy strudture

PYESEN

health of specaned polictant oo oo
! Ly tL ambaert e

tion of au

costs and bee s ans

quaht,, and 1

Coted  willh Guly CHssian (or t e
L B T T 3

The report estimar

tion con be sand 1
cbout 1 percent of ¢!

(J:Vd

up to one-four of

yeor that! utes

acvtomobile « xhaust

4000
C ot

ﬂ)()ﬂ)’ as

cacn year

partOpe

s thar ar o polo

se amplicated

J<

fICTRYERS

dear s rocn
Contrityte
nis polluton So

Aaes may send as

ceer the edge

Weauther Mod K-

Under a Cloud

The US

1G To mount soces

GOveri'r «

cahon reserarch e
1940

ther modiican. e

buot it
Aot beea estab e
rece ) fL"')U': [ASE A
ing Ot (GAD

i LUCLesstud

Neop Caddevicte G
Strutive torces b
g EN R
says Lot

s
COpan

Ay to o che
aily roport L

been Conducied n

b\,’ seven federal o e
ments T rener
In facal 1974+

SI7.4 00, hion o0 n

concluctes that e

hecenr Drictter e o
CUtIOn e arcl g ,
doted 1m0 aow e o

The GAG e
language to dee .
Iaterdepartme g

}

wpieer

b DI e Y s

thise fAr i §
»EO)

1959 ay o

"ru:avnwv!:x‘uu; i

WU Sopaarent

?S('(}YC}\

oras beer try
w atner o mo i
}{]’»

I
Y Gl al wer

Gl nrd oty g
soeooral o acasune
D et VIVERE

b oeduce the i

PO IS unre s

snipate b G e
:

Guntry Cocks e

i

e resenrc [IERA

s O vt
o e vedon
N, e c SO
G ,

the fanl tothe
o Nte oy Y
e Jican o
PRI ’ ST
b 1S n B
S W
trrn it e

"ICAS apparently has had little or no
impact on increasing coordination and
accelerating progress in weather modi-
fication research.’”

As an example of the inability of
agencies to sacrifice their priorities to
jomt endeavors, GAO looked ot the 5-
year National Heil Research Experi-
ment, begun in 1972, for which the Na-
Science  Foundation is  chiefly
After

agreed on o plan, the following

tionol
agencies
de-
De-

responsible, several

fections occurred: the Agriculture

partment decided not 1o study the
ecconomic benefits of hail suppression
(s NSF did) and did not make a
study  of ightning  which  wes  con-
sdered  Timperative” to the  project.

Tre National Oceanic and Almospheric
Admiristratino - supplied one airplane
for 1
pledged for ites Bife of the project. The
Atomic did

measure hailstones and maxe placacd

year oniy, instecd of the three

tnergy  Commission not

rracer studies. And the Department of

Dretense, intead of supplyving two heli-

told

X

copters, it could have one,

provided that INSF pard the bl ~which
NSF couldnt. GAO did not say whether

the truncared project has been o scien-
tific  success vwe found, com-
pucng the planned efforts with the

actue: efferts that, for the most part,
agencies could not and did not meet
ol ter oblgations.”

Most of the federal ogencies asked
to comment an the study criticized il
the Agricuiture Department’s comment
GAd had

tnal

saig not substantiated s

Dremise existing  research  pro-
grams weere defective. Like most of the

comments it fought the proposed uni-
fred

detend o sudger request on the basis

progiam 1 would not wish to

that 1 enabled s 1o participate in a

natona! weather  modification

:;(U'H,’ e nuthor said.— DS,

pro-




y represeat o consideradle hundicap. In

dditon, semie ety who are evpe-
tealth clean
the

aally worned about e

Uopintennm

Glicatian ey N
orin epndenue
Croes,
Uhiversiny ot
dinnesoia’s School of Pubhic adtans
1l

andens and the cause of death ths

SAVY e ey O iy

ave Amaey theor s Dooad P

Mvsicist atl e

Tait, w4 Dio;

they're Took.ne at v hody

say be et o useless,” Geesaman say .
God only huows what else plutonium
sorkers are enposed to--tnnum, other

sdtonachides, hivdrocardony voa neser

reaed of L Tor mcaningful resuits you
ave W look onoa tine scale tor pathes

ey near local depositons o tissues
Norwoed

replics that ew Jloee

annnations of  autopcicd bone have

cen Jone, bt that wedhiigoes need re-
acment and uncommaonly Laope depos -
Loty ATe NCCesSary now.

In large measure the Transaranmun

LCINIOYTS SCNSIUN Y s an cadly W

posvstem depends upen the

he etfects, f

natuie of

wiy, o be discoveren

‘he appedarance o a rare muahiznanc, -

bone sarcoma, tor crample- anmong

I be

he first few dosen aul paes woul
clear sipnal that somerhima was iy
tut hundreds of deaths amoaz the res
J(ry’s enrollees

moght be egquared 1

clect o statstical increase o parden

aricty lung caneer

In the meantime, there v oa

nrgency oo the centia
current occuapatior gty
]U*;‘ﬁ

tonram, sel o

the aation move, ©ow
Clabsabon Qb platens

have Decome an ..

mchialists onoone

LAl oW

noily ot i

Hon standards coi

i

Pathier this vear 1o o

ural Roscurces Doter
spected environme o

feneed o g dengthy e

Curientevpesaie |

tovey b
Otheis

AN CHhenl e

oim wwerne
100000,
NMorean
the

et

,
Georgra Inste
holiove that w sond Tl
tor sedacmyg the oo

missible body b

@ Tactor of 40 o S
woroat 4 nanocur
mualerial about g

dot ona piece of pape
Manyv  health

believe that no Cha

or only a osivall one

guen iy cited as e

s othe tack of apparen
Gl 25 Gy who weie
aated by ploatonea o
Hatian Pf\‘}L\[ st ow
sored carctudly evel s

JU Loy Alamos O3 eves

}‘I]\ o

atanted

J voler g
Cagt [EFERAER NN
("‘ [N e r
HEEIANEN Y Y RS AN
TMUI i
wWdothe [ ropo-
e the radias
oo the other,
v the Nt
W LI
a con

Ca paper thiat

aoiherne ph

Pk Ao/
Cheophosioest at

roiedhine oy,

ST LR WENAN
Tha vilo vifs PL‘T
4

;‘.‘L[t)yl.‘h'!‘\ [
oy

s ol

Bowever,

thic stancard,

i

W abl ¢
ol LT )

UN Conferences: Topping Any Acenda

I's the Question of Development

The World

nded on 30 Augast s Bucharest »wath

Popuiation Coaterence

wut producimye explicd

dorecinent ihat
here was o world oopulation procler
ad the United Nutons |

onference m Curecas woumd Gy s .

aweab the Son

arber without doeane

Vit both the TN sponsorod nicern
hd contribate wan

I8

e detinen

e division totween the deveioge

indasteos sod

rted Stoe

AL
My UNEUT T

ountries and the

ountries, particslay e L

Joes this mican Gt the conierencds

vere faduress puriags thin the we

onference v Lhcier (o producs oo

rontation than covneration” Or does o

unply

fressed at Bucharest aod Cuaracas ane o

Alean hat e prabivins o

7 SEPTEMBIR

HNEY

B e

st omagoitede e
v IO CNPOC T s
quosten s e i

St

word contcience 1o

Ut A v o Tl b
Honan

Y

an the

orencee

miceiag
witio o Worad
\:AY\V”]\“K.:

Wonmer Y.

this soanimnor oy
ISR EEVEN
rome 5 0t

rernationad

o Boroth nexs oo
Conteicnce on Moo
Vancotiver o Y70

Flhe Ui

Scal e o s the

Conteronee
the

wears, o clfted

to rosaie qn G

oM

[ RS Y
ol oo Lo
v G hoan
. fe o

SRR I TS TV
d Pocnod
I3 Mooy

many

ars a leader i plutonium efiects
[.os Alainos, notes that the only
ratholory i these mien so far

WOrk o
NE RN
found in the

men. Such
« possible precursor of

nlanie oh

are o anges

spultiin T ol somve of the
chunyes, thoush
wmalinnendy, are ned ancommon an nud-
dic-eged men who smoke.

Aeir number s small.
feel very re-

avsured that onr standards are not way

Pyen thougn
Rachmond  contnnes, 1
et of line s somie have suggested. If
they were by orders of magnitude-—
you would have seen something an this
proup, perhaps o bone sarcoma. They
would have rused a red flag™

Walier S \H}JL‘I, a4

Al exposure committee ot the

nmember of the

inter

International Commission on Radiolo -

cal Protection, the lesding standards

veanzation, oo osiavtlarly sanguine but

caulious. No oadverse cfiects have been

4 f

thus far. he notes, but af there was

the

U
icoined from radium
hatt that

sadiation-caused maliznancios may take

ane Jesson

WOTRCIN @ century aga iy
decades to manifest themselves.

“We il on ed about
Snvder suys of platamum. “We're play -

are ths,”

e 4 game with very fittle human data.”
— RO RT G LLTTE

freganor in the st o this two-pat senies 0o
Mo Septeminer the Nudlear Matenals and auap-
et Corporastnion was ncarredtly  adennte s as
the MNodlear Matenals and brginecenng Corp

'

w3 Apnl acvt year ands wath good
luck, to conclude with o treaty-signing
N
Al worid conferences are the same.

1w of the Sea Confers

session back SZ0CT NN SHMmCT.

Nt
of course The
enze differs sezoaticanty o and an
dynamics tron: the popalation and tood
RS OhJCL( N

conterences. tor oxample

aomajor revisien of maritime faw, wath
the stormaest assues invobans territorial
fishinr s

beneatn

IR TN At and the explontution

of mimerals the seas The con-

fercades onoocavironment, }‘A‘plllul"ﬂﬁ.

and tood denar focas on spediie G-

tons of nteraasanal Taw but, oo make

the accommodation ot

Provress, regnaic

cocial aod cudtaral ditferences s owell

s the oot anation of conthiching ceo-

nonve and poateal interests The isues

vnder discussion can o ail be o viewed as

ditferent aspocts of the problems of un-
derdevclopment

A fanubiar ph
ferences has been the bitter often ritual-

nomenon at the

con-

b caticeo of the United States by

the desclopann coantries and sociadist

1143



APPENDIX G

e S e

UoLzeanQ 40/pue junowy pai
a4nsodx3 ZucaEcE;c

yeILase;

2

]

o
o)

, ; i S EXTEE S
i . rl\(.o‘ 1y
; ! {eatdsou .
! , [P AoWay, . o<
, * | aopincs 4 o
5340 izisy 1 g e V fierauoy SRS PP
: {239 Tdge o St L, ELud. ERSeR u b lZI
i
! .W :
i | '
i
.
, o ”
! PULB ” L ,
: i “
TeLunen -
r uul Y
RIS T
i Soaiieva SDUD G ' .
N - 4 ~ | : - ‘w.
o e S -~ e
L R o o o - N
i ” ) )
‘ ,“ ' il - “ N
spixgtieiaw nd , a8 ceu! UGLSUR1aRaAL  -Caduty o
607 | 2 ' C.duty - ool T
i i i ‘6 - E L sans
R i - | . & AN
m : SR I e
! X W -
' 2-128 i . 7.
! SUA 2102 Loz G2 :
i cH ! : R a'qLuze —c
PR 4% i a50as L RIS . R ~
Qd¥H 18 8DLXO SEIN GTINNTOADIRITT - T . P,
t33RJ3 LU “{elauw 3ammm i nSh SALSUDIA Jm = 1.
TUsLaes.4 ) ATL1.an05] Was U 5o paAIDDY L
$360yS* Az UOLILSOCUOD| PB4NSEIY &2 ReTeR RN s RSN
3.ns04X3 UOLIR{RYUI|] "PRY IX3 © A5037 N .
vt olin = a o )
P 2 o



[
159y " . : “ emar
up “dap Ly mno—xwm 0 ‘pau mn "B3u --- ; ~abyg | 0 . -~ mmmm
o . . m
. o2 ; ; : ;
! sapon " 1Nhd ! m .
LlewS AdBA ;  CO3N 0 _olxp L Aaupui - 0 v 0 0o ¢ 0
sajuwes auwos : 1093%3 "D3N g-uLxy! : : 6720
“ 20
i H vnopxm.m ‘yoedy -
: [ g-0LXL"y d4eH, "
I o nmuc_.xv 1 Asupiy t 0 ¢ o  C 090
) P 0IXLL 0 pu0uxetl cmm_nm. - X } 0020
v T T R
-m.m“ _ _ ) _
‘f paojueH; %570 g OLXy°Z UpLY
e paYJoK: 19U £2°0 e ©,-0LXs udads ¢ 0 . 0 0 2
. _ m
el T ||~on w5 . 23 AR
. : ' Qe 2o ot
i o (2161550 M aignLes 300 41 L BLALO 23 SouDS et
. 1ou - udlpsodig §Upaudpen) €y vt u_. - 13N AL OG0 ) NG mqw
]

Apog (e30] '
i

UOLIT oMY 3
v -

100970b



~Hou
159yd 3080x3 .
sajawes ([ SapoN 6l *Bbau pLosAyl
. EWEET olxeL DY s
antjebau ‘uaa|ds 4 -fau uteag !
Ap(e11usss3 | sapol, "(ng [1aAS ‘bun m-o_xm.m eayYdeL]
TEETLIS bun m-o—é.m eayoedy
voL6 vC0"0 )
43817 aucyg *
..S_.E..cmz 1saybLH 3159M07 (A3102dS) 433
wb /udp

+au0) uebig

LE# 133HS viva

P

e e—

we4b 49d wdp - suebup uj ng 10 u0130J43UIIU0)

- SYINYOM WNINVYNSNVEL 03Sv3D30



2L/82/6 uoll

eL/Llv

-o4ejul AURUOAOD FETYIEY) w3
pajdew - eja0E *49AL| - u0L352bBUOd [3SaULE JBLPURD I [ PILASOH AN
A tag "way) 0 S15049(3§ aatssed 2Lu04y) 3jnoe - uotl} Auoyl LR M= At
czmomw *GQ $S32044 LU {ewo}A20u0aYd02ld -pwdpa A4euow|nd|-ddejur ALRUOLOD -uy 1§ it L Y- wW 0a26
*dawanu ‘g W IUNH ]
J11035AS Y uyop =4
*AYJ0M UOLD uo1323fa ybnod 1440 RN
) -euLwe3uod3( ¢ 9peay °asesd S ,43U040) NS
Z ; " ‘A@puey 31SEM -slp 348y |ejl aunsodxa Apuno) M o 1290
Gng padts UDIH paj L LysLwas ‘LU | -udbuod 3|qLssod uoLSJauw] pue 320yS | UOSJI3FS3N 0 0 -1 Wi 0020
JuswleedlcA3L1gnios 17939 1eoLsAyg | S@33ade 3417 bul yjea Jo sasned yieag 40 asne)f paatdddr g RF goalEdl wizes TON
£ 30eyS IZLS UOLILSOaWO) S| BOLWaYY -B13 | -4nQ SUOLILPUO) | BULINGLIIUO] {GRQDAd Adeullad 21Geqodgd| 10903044} o8 Jlos | » o & m,m,xbﬂ
JUNSOAXF UOLIR{BYU] 11e4) {EoLpay SNOL4ds Asdotny [ S22 |8 =S| 2| & Moo -6ay
UOL3PUNg 40/pue Junouy pojewtlsy ajeg pue | S35 35 ~{ 32 G}l_
34nsodx3 {eJUBWUOALAUT Le31dsoH v 2' o |2 %
s10 3 3 Sad

1# L[33HS v1vO - SYINJ0OM WNINVENSNYEL 03S¥303Q

10091708



i i i | | , . .
_w. ! | Cob
| M | L
M “_ | | | Lo
goxee " I
Jayza L1y | _ m I S
¢-0LXOLL BLISHS | ; . o
0LX9L R4 A
4- {Xg9 43ppelg: # : .
g-01X2°8 2340y, _ : :
¢-01x66 ®AUELL] M J
¢-0lXg9 "3s3L _ M “
m-o:m;w“mﬂm | M _,
wy 01x0°2 LY ) : .
bl L2 £ olxg y vaalds 80°0| £1°0] 2°L|BE"0 91 _ :
- g-OUXLE ” w \
43430 L1y , _
m-oﬁxmmm 3losn |
‘ -0ixe2 3e3 :
m-o_.xm.o 43ppe g, _ﬂ ,
o s | m w
..m_.xq paydRU ”. | _, i '
M-o_.xm.o 358y uMouRuUD _~ ~ .
mﬂmwmmﬁmw“wwu 8yl | qunowe : | €££6] 620 -7 LLED
- b i . - T u ‘4 .
it . L6 €p1x0-g usaidg §2'0] 20'% "0j0S’E 9°z 0 L anased 276 MY L9l TS , a0
Sy} S€T9 g 01X0"9 U3 S _ j : _
|
_
|
sapou i
“ind
_0LX2 L 14edH TLoug
p-GLX0"2 A3upLy -0l 0L | ¢-01) z-01 ) - £290
. 0 PTolxioy usslds| - 1T X9TU PXLG XLLIxg | p-01XC 2 0 6 0 | MYy | 0020
C 2 . N ETTTACTGEIETERE Uno 91:3. STWa} SAS _‘..uﬂu..«uJ..Vﬂ.m%A 4R "4 LU | “on
Syacway | Asdo3ny | 3jewilsi 43430 L1y punop .Lngu 43A1]}2uogibunil O1wa} SAS punop 1 m =3 m. S 2 WQOUOme xgwww
wot4 | Yyeaq-94d - Awﬂmﬂmwmm;u!c@muaswqmimﬂaamwxwo-wemgw.:ﬂ;wms BGN(0S JOU JT =1 "31gnLos 31 °5 w.w\m.m. ol n-llxl:_cowum*nmm”
1gu - uo131s0dsg 31 paybiom) swg uL "IN 3(dwes 20 130 | *13°4°al JouaQiuntwyng 31 AON | o ¥ TS | wad w up |
fpog e30l ’ . 6 tou ~ ureag , S| | ewy o3 _
uorje(odea3x3 £0 uebig 3LOYN 240339 uoly1sodag parewLLS3 dap-niL. |- wny Leuotd i
. tJu - Asdojny wody uotytsodsg Sk Y oa:uwa M ]

ZF LIRS TIVa = SYDNUON HAINYUNSKYEL O3

SERE

uQ1jRipRY - Sadnsodx3 |BIUS

a

1009109



w__
|
|
|
|
_
_
|

— e

4, | |
| __ _. , | |
i M _ ’ ! . 1
| ," , ,_ |
1 { # ” | ! .
| | , ” _.
_ # _ # i .
6910°0 304 ! , _ ;
8L10°0 Lmuumﬁmw ‘ | ;
1810°0 ©3.10Y m ' :
uy ‘ p9lQ 0 eRUIRLL , | | __ :
nmmx S3pON uaaldg 62£0°0 3101353L ﬂ $SLLTO mmﬂo.o’ G000°0 pp10°0 | o0LL2°0% E¥6L'C 6L°01L
6050070 384 l
0150070 42ppeid . |
glel 0 20y | | !
nd 02.90°0 eauydedl _ i
LIy S3pON ied L¥600°0 mﬁuvawwl.xynl.l. 1€60°0 | 0620°0 $890°0 ¥220°0 82£0°0 680°¢E . L671E
] ; S bbb R R / i
1
. i
} | . !
. _ !
S9pPON " LNd
. . SapON " LNd
pue NI8L AQup iy bau - plodAul - -- m-o::g“ £ O1X8"L __m-o_xm.r m-o_é&’_ S ol €170 |
SHJRIWTY- . uwm.Fl_m‘_.:l . ..u,mw,zn.u“_ T ﬁwmpumamv kw;po. ) punopy J4edH 91osni usaids _u Aaup i _,_—co“m—uxm 22A17 ‘Nl
wb Jud
.ucou\:mmLo weabh sad wdp - suebuQ Ut Rd 40 uoL3es3uadud)

£# 133HS viva - SYIAYOW W TNYENSHVYL -03SY3030 -

1009710



!
|
|
- W
uoL7e31ISNS3L ) cLiv/0L 23
03 anp Sqid 49Auag L
_ 40 sauniodedy re1td S8
| i *A3ALL ¢ sbuny *PaLBA0I3L JBABU |-50H Auoy)
uol3sabuod sal pue opnf bui -uy "3
"yooL aALssed JLU0AYQ| -49%4e Aaeuow|nd pue ~WJa0jded BfLym S3St
JLuou32333 ‘pazi|eaauabd ©140y 40 SiSO43{2s | @sde{[0d usppng) -0{O0UlIEd
z . PR - SLS048[2S| -0tuajdy "3dedy jo +3SRISLE Y uey M| oee61] S6€L
o:ammm ol69 uo(3dadsu] ‘LU | -odayze 343A3SFLSOAB{IS0L3UTR BABASS £Jeu040) 349A3S [-Liodosianl 6 0 -lW cesl| 0020
A
—_
g
~ N
sasaulqetp ; NO
410304240 3 pajiodl ewapa |RvAGIAI)
Le103 $S32040 -uod - sn3L JuapLade M S¥£0
Nc:amnu o4 W £5€8 paLliystwag | "Ltu -{ew s313qetq 8| tqowolny suoN | 0 - W 0azo
UMOPYE3AG SLSOW S
- ~Y MO
-Qgjseue |euaponp aLieel/e S8
. stytbeydosa | pue sspou ydwd}| opeso|od ~N
‘g - 3430 AaupLy 40 ©) 9A1S04] "UO13D3SIU “sbun| “{eua4pe “abpty
{2307 | 33038 S TCIEN 48AL| uo1}sab |Aaupiy pamoi(os eluod 01 S9SB}Se)Ial FLETT
wad w - j{edsudy ‘3u2i2 -uQd BALSSEd -naud pue pajldasad (1) Aauptix ~dsoy N 0690
Nc:mmmm 162°S suot3esadQ ‘LU |- Aiebawousids Loirjosegul [3MOG [ [BUS PWIOULDARIOUIPY| ue43Y3NT ] BUON 0 -1W 0020
J49juadae)
MBS .
3afo|d
| -wa mog © 20N .
1 +MoQ 404 4OM uoL3oaegu] 2L61f 6290
Nosammm 0 uo13oNA3SUOY - Ly umounun umouun £J4PU040) SUON 0 - Wl 2iet] 0020
Toureadl ‘AILLignios ©adeys Wad w| *213°eotsAyd | se13ad 9417 but yieag jo sasne) yieaq 40 asney| paAaldN T LF IS & = es *aN
*3z15' uotyLsodwo) | paansesy s{eslway) { -ebi)l-4ng suoLlpuod 6u1INqLa3uo) 3 qeqodd | Adewldd 3{qRqoUd 1090304d [ o8 P los Yl = 2| 8 Ka3st
aunsodx3 uoLje|RYU] | “pey -3X3 13e4) {ROLPp3W snoLsas Asdoany S 2318 & 0l !l o0 -bay
Uoi3e4ng AC/pUe junouly pajewlisi ajeq pueig gl ol ™21
aansodxy [ejuawuod LAu3 Le3rdsoy| © 3! =| BZ
£ o
sieadk B 5%

1# 133HS VIVQ - SYINUOM WNINVYASNYHL G3Sv323d

1009111



2-01X95°€

2L 0>

GlX|'§ 3ns
vy 2s50dLpy
m-c_xm.m
saqny
OLxL°2
uteag
m-opxm v
usaug
G-01%XG 'y PLO4
“AyL ¥ xukaeq
G- OLxe'9

Aaup Ly

g1
-

£- ot
Xy p!

.
v
.
t
1

KT
¢ ol

m £ @N 4 Xy9°

6

28°0”

0>

_G1%g°§

m-oﬁxNN.F
pLodyy
“Bau - Asup iy
‘beu - j4pay
m'ohxmm~m
usalayg

-0 Lx
vl'g X961

-0t

|-OLXEG"E

§-0L%2’6
=17} Y}
p-01%6°9
pWL-ET
g-01%8" |
Aaup1y
y-0L _
X/'Y U314

10_.x
cw 8 xqm 8]

(-0l

069C
Ae

2
0520

yjeap 3e
3eyl="3M Apoy
q8dw

40 L1'0=8"8

S BLIDY

_GLxgy

Asaoyny

wou 4

9

ajewLlsy
yiesQ-34g

LU - uot3Lsodag
Apog te30]

m-o_xm.m

PON “(Nnd
‘Bau jueay

¢-0L

%y Aaupix

Tasyi0 Ly

.mmcm
,

_

2-0L
X2'g

mcom_mc:J 2 1waYSASY

S 0ix0" L 0

e

¢

“ pundH

pun

J1Wa3sAS

(a{qtssoa
41 payblam) sug ut

“IM

URO4() O _IIOWBS JO SWeJg Ul

a(dues «ad tju

uoL3e|0aRAIXT 10 urbug 3| 0YM
Lyu - Asdoiny wouy uot3tsodag

tu

y3eag

"IN 81gn{0s 30U I -1 ‘8[GN{05 3i -5
137N TAL 4BYI0‘WIWYng $1 930}

W 94043¢g uoijtsodag pajewtlsy

Z# 133HS VivQ

SY3NBOM WNINVYNSNYYL 03SV303Q

r
|

CD e

3 lued

6¢9C
0gza

s34nsodxy punop

40 uotjejeyu

9-1U04YY
40 \f-33n2y

SNOaUe| [995 LW
34nsodx3

T A AL UCH
adojos]
uotjeipey

P
Ka1st
-Hay

1009112



i
i
|
N|o—xmw.— anssiy asodipy
p-01xg8°'8 59qn3 4l
Sepou " {nd . p-01x|"y uieag oL -
. pue g1 Aoup L q-opxo.m piodAyl g xuddeq -- == w-o_xm.q v-oﬁxﬁ.m q.oﬁxmﬂ.m m-o_xm.m _-oFme.m %65y | 0020
3 Sty §9L0
i} bunn)  feupty bSL°0 ProdAul “Bau £0°0 ‘bau | 890" 510 L0 | ocoL | 0020
3samo| "uudis|
1X3U "FABA .
yupd 3saydbLy qLy 0t ot ol -
; C . : . - - -0t ] 0690
ayy auoq aul 40 S3poN Aaup Ly N-o_ X G6'L BAYdRd] -- XL - m-oﬁxﬂo.v m-o_xmmu._ X606" L %86°€ GL9°¢ XgL'p§ 000
N9t .

34034 Nbﬁxm 6
"NTT| u03aLas DXy L] 6290
faeuosing| - uIRLEs |0lx97g sepou “Lnd| = “6au -- bou | owxziy  tBeu |, DIXL'L sau [y | 0020
o :|ngmemx||| 3s53ubiy 7 53M07 Axm_umamv 49410 punoM | 34e3H | 3LISNY ¢ usads Kauply [uo33LAS J3AL] N*1'8° L pun? . * 0}
4351
w6 /wdp _bBa;

+su09 uebag wedp 4ad wdp - suebup ul nd 40 uo 13BA3UBIU0)

€# 133HS Y1VQ - SUINUOM WNINVIOSKYYL @3sy333¢

10097113



: ' |
{ i
1 ! w
! ,
!
i
i
i
L)
| _
! i *SNOLJAS cL/ve/8 o =
H | j10u A{qeqoJd J43auag =L
i uaa|as A4055320Y yjeap j0 asned wnaqasa) | Le3Ldson wy
z ’ ‘aseastp 34eay Ol ajeipaul (anLsuaixa) 40 SWLO4LILNW Auoyl TR A1
WNdgeo ._ 1SLULYIEK SERLTI -1048125014934Y e Luownaudoyouo.g ewO1SELqoLLD] -uy "3S 0 0 - 1K N1 0a20
\ll\ll_||\|\||\|ll|\|\|\|\|\|\|\|\|\| .
‘pLou — =
-yoe.egns A4t a7
-n31d pue un||3q — )
-3432 ©|P4Ga4D 7o
«-p'1 abeysuo : m
-way -utedq 30 =
pazL{eaauab §15043{05 pI1LIUBA Ledatey| ©L/02/2 o
$150431 9504341y -04ydauo{ot4dle | Ut uoLjeuioy Leu FELVEN] =
0L/8\/8 “shauply ‘3uesy 4O A-Y uR O dund |e3tdson L
uot3oaey | sataaae 30 (paziie4a {-dnd 01 anp abeyu Auoys M 281 g260
15iuLydey LU —uj LeLpaedohy -uab) S15043(250L434Y -JOWIH (eu4qasd]| -uy "3 0 0 {-1]H¥ ™1 0420
*1e31d(230 3%
{eyataed (ejuoLd —on
¢aan3oea} 21dLl R
-|nw pue Suctl =
—papoe| dasp 2| €£L/€/2L 3%
‘UOL3BILPAW Uy peay ‘ewnedy ssel{ 43pinog «
-uoLSUdILadAY 3ALSUdIXT  TIUSP Aaeny M 26L0
apixp 1233W Ndooo 1SLULYDRK LU LeL3uassy - -100y @|Lqowolny| -4OW 3MOH 9 ol | W 0020
u:wEumw#.aE.:EEom 3797 EoLsAUd | S31134P 3} L7 pul yaeag 40 s9sne) yiesq 40 @ashed paAL303Y ERVESR = gagry @ of “ON
¢«aaeygtazLE UOLILSOAUOD s{eoLwayj =By -4ng sSuQt3Lpual BuiIngL43u0) 31Geqo4d Aaewidd 31qeqoid 109031044 o8 — o5 Mo > Al fagst
ainsodx3 uotjei{eyu] 314049 {eOLPSW SNOLUBS fsdoyny | B 2 2. R T I I ~-bay
UOTJeANg A0/pu junouy pojewl3sd ajeg pue| 3 & |53 al~ja ="
3unsodx3 |PIUBUOLLAUT © ,231dSO0H v 2! » %m
Tiesk | B wunW

14 L3FHS YLVa - SHINGOM WRINVENSNYIL Q3sv323d

1609114



(pazky Lv6°0 AT §

-pue 3Jpdwes 22070 QLy
4ad ulw/SLp 9,70 pooig
£0°0) Lan3y oW > Tl PLOAKY Y {aeagq
Buljaouaa { B/wdp GE 0Ll = 31dsnw ¥2G°0 wnux33s (¥) NWr{ -~a348a) - 120
U= NI8L | % PlodAul §20°0 peucy T > oLt ot (1) ol0°0 §80°0 8€G°0 26e°01 S/€°0 10nY0
mxwmsmm -:,MWMLWTL , .pwmymm<x‘:.: . .Axmwumamv 43430 punop t 3ueay | a1asny uda dg Aaupy _:owm_mxm A2A17 N8l bun’ ] 0}
A4351
wb fudp k . -Bay.
*2u0) uebup wedb azd wdp - sueba) ul ngd F0 UOLILAIUBIUOY <

€4 L3IHS VIV - SYBNGOF

INTRYANSNYYL Q35Y333Q

1009715



cE < E NN
S @ 3w D w A o =
x> o O m 3
Som-0 O T ~ o
Q -0 0O c < [ -
Fooc 3 - a =
S X ot~ =}
" B08avcs B < -
. : I - o ~N
. 32882 & HNEAHE
=N M SN o |
2atl o 25 @ &
dl.W«LMS w .l..‘A m..A ~ <
mm 2 g S » Bc o = —= =
4 £93 m 3 1o m % % % L 8
ag3dyg n RS 7yl o | <<
— N H >.m [a I 1 t —_
-3 N ot o =g L y S
®a- 39 3 ! doane o © © o, X
R . ! ~ pdojne e pajou S S 0= S
Y.g S ® ] -gppl IOULS SIUBA|O0S puei 3 sabueys snoj o« W fw w o
- - —d —
P u.e 3 2 SpLoe snotdeA fwni|{A49q; ° -pWO4aYLE 3838 juspiade 03ne = p 1020
S 35 by 03 34NsS0AX3 348 o -43pow 03 PiW - 153yD PaYsSNL) ) W e
S - . T A s B e e Il S et
o T T “juswiuad sjuspy [RILSAYG u ) aj17 bul yeag 40 Sasned ypvog 40 snedl paaladdy coRigs Bl vl oo ~0:
‘oyjey Wy/Ng *TOwo) 21ACI0S] s03saqsy © 030 ‘sasey’ g |-4ng suol]Lpuo) | bulangrauo]y a[qeqodd farptitdd 90qeqodd] 10203044 oS Mions ol € > & Anast
t-loy fuwo) CwAYJ g TSAUd}S STUSALOS ‘s|e3ap € SISNY o {2 1paly SnOLADS £sdoynyiB 2318 3| vl o i -bay
971§ ©lolideyd 5003081 "Aj "4l ‘sqed rEwr: SpuRZEH ‘a3ea) ! pue |t 3 o & 3 wl~ W. nlu: m..
[ teatdsopy © o o] @2
-}
uoL3eLpRy U0 3R LpRAUCH N g2
—_ sdieah o &ZF

U013edNg 40/pUe JunOuy pajeuLls3
24NS0GXY |eIUdULLLAUT

F L3915 VIVG - SYUTHY0i HOIRVANSLVAL EERE

100911b



|

mxxazmgﬂ

|
|
w

)

uoL3L5083g
Apog (®icL

pundn |

wWg UL

1 ; I
! L : ~
«,, ‘ ! i
| | |
' i m
i i ﬂ

” |

KNS
uend()

L
SL3P10GRATIXT A0 uedag 3.
1Ju - ASEoIny Wodd uot3Lsodsg

77 13IHS YLYO - SU3NEOM W

i
|

[}

=
[aRper
c
EREY
o=
e
X
- C

Aaepinen LD 2

PESPwil s >
, = e
=7
o
w»

2

~DLuoaY’)

40 y-un



!

SyLRUAY

3sayb iy 153407 "
wbh fusip
*oup)y uesdp _

[
PR
o

3

LD DD
o3 (D Cr

43910

M
!
|

€F L33HS VI

SYIAEOM

LT
PSR

1

'
)




