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HOR 6T

Mr. Theodore R, Mitchell

Attorncy at Law

Executive Director, Micronesian Legal
Services Corporation

Post Office Dox 225

Saipan, Mariana Islands 96950

-~

-

Dear Ted: . N

1 started to write a longer and more formal responsc to vour

letter forwarding the reply to the DEIS, I threw it away, and
decided to forward the attached copy of the memo I wrote to my

staff after reading ycur reply. This is rather informal, indeed,

but I wanted you to know how seriously I view the proclems we
face, and 1 didn't see any excuse in ”bea.fmn around the dusia. '

I do not fault you. I simply am frustrated and concerned.’
I'm still going to try my best, but we now are confronted with

new decisions and with a time schedule that may be impossible.

Sincerely,
1 Incl WARREN D, JCHNSON
as . ' Lieutenant General, USAF
T ' Director

BEST COPY AVAILABLE

12 February 1975

™ DEFENSE NUCLEAR AGENCYp,  Jo= cDE=RL.
WASTLINGTON, O.C 200 " —_————_‘/.--—
R
. 4093
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DIR - ' | ’ " 12 February 1972

MEMORANDUM FOR: DDOA

SUBJECT: Draft Environmental Impact Statement (DEIS)

s

1. We need to have AEC (ERDA) representatives and DO! representa-
tives read this. Then we need a conference at the ecarliest possible
date to discuss and determine steps to be taken. I don't want a big
meeting, but we can't wait for letters!

2. If it is decided that we should follow all or a substantial part of
Mitchell's recommendations, | believe the project faces a minimum
of a2 one year delay. . This needs to be assessed ASAPF,

2. 1 cannot go to Congress for the funds we have now requested
anticipating such a delay, unless 1 frankly tell them we face such a
delay and the almost certain cost escalation. (This applies even if we
reject the more extensive soil removal and the disposal of radioactive

debris away from the atoll. 1f we accept these more stringent measures,

“the 100 million dollars cited by Ted Mitchell is probably much lower
than the ultimate cost.) In today's fiscal environment, I do not believe
we would have a prayer of getting any such funds. Possibly-we could
still convince Congress with the uncertain cost figures, butl seriously
doubt we could obtain even the first increment (for the base camp)
until we can nail down the probable total. We need to assess this

- ASAP.

b. If we reject all or part of Ted Mitchell's recommendations,
~what would his reaction be? .

(1) Would we face likely litigation?
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would be somewhere around four million dollars.)

DIR . .. 12 February 1975
SUBJECT: Draft Envxronmental Impact Statement (DEIS)
L

(2} 1f so, again I need to tell Congress a.nd agam I do not
beheve we'd get any money this year|

* (3) Once we decide on a course of action, we need a meeting
with Ted Mitchell and this has to be laid out to him - honestly and.
frankly. If we accept his recommendations and face delays and
likely failure to obtain funds, then what? If we reject his recom-
mendations, then what? I want to ask him point blank so that I can
be accurate and complete in my statements to Congress. Because
he was so late with his reonly to the DEIS, there just may not be time-

to do all of this before we testifv._

3. There may bc an alternative course for dealing with Congress:
tell them of the problems and ask for a reduced amount sufficient only
to assure preseat facilities do not further decay. This should be the
bare minimum to assure a smooth transition to later preparation of
the base camp. (In addition to present O&M, I would ""guess' this

a., How can this be done since the President's budget has gone in?
"(What procedures?} (I realize this will anger OMB and Congress but
it may be the lesser of evils.) We have been honest with them believing
(as Mitchell said to me in his telephone call) that his response to the
DEIS wouldn't contain any surprises. It did! ' :

4, Having read the various replies to the DEIS, it seems to me we
have to either reject some outright, or the return of the people to
Enewetak can never take place. This just doesn't seem logical, since
there are places in the world where people have lived for centuries
with radiation levels equal to or in excess of those which would remain
at Enewetak. It seems to me the statistical risk should be considered.
If the Dri-Enewectak want to return to the atoll, are thcy unwilling to

-accept any risk? Don't they face a possibly greater statistical health

risk from other sources (like the suspected ruptured tubular pregnancy
-while we were there)? I belicve if that question were put to them in
language they could clearly understand, they would elect to accept the
'prudent risks' we (ERDA and DNA) have assessed.

\\¥



DIR g o . 12 February 1975
SUBJECT: Draft Environmental Impact Statement (DEIS) :

' a. Howcver, if Ted Mitchell is.corrcct in zi-ssuming;wc don't have
enough facts to assure "prudent risks" we should acknowledge that
lack, accept the delay, and attempt to find the facts.

b. 1f Ted Mitchell is'wrong, can we convince Him he is wrong? G
.-sure am not the expert. We must rely on ERDA for this. It is not

only their assigned role, - but they are the "experts. "

¢. All of us, including Ted Mitchell are playing ""God' and we are
damn poorly equipped to do sol | (Despite our best efforts.)

5. Please lay out a time table and keep me informed.

WARREN D, JCHNSON
~ Lieutenant General, USAF
Director .

Copy furnished:
Comp
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Corunents

of the

People of Enewetak

Concerning
The Draft Environmental Impact Statement

CLEAN UP, REHABILITATION, RESETTLEMENT
OF |
" ENEWETAK ATOLL-MARSHALL ISLANDS

-

(DATED September 1974,
issued by the Defense
Nuclear Agency, Washingtou,

D. C. 20305)

by -

-Prepared by

Theodore R. Mitchell,
Counsel for the People

of Enewetak

Micronesian Legal Services Corp.

P. O. Box 826
‘Saipan, Mariana Islands

February 1, 1975

96550
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1. Introduction

The impetus for development of this program comes from
the long-expressed desire of‘the People of Enewetak to return
to their homeland. Although resigned to their nearly thirty
vear exile at Ujelang Atoll, they have'never‘given up hope of
returning to Enewetak, if but only if,.it is radiologically
safe for them to do so. They are aware of the substantial
social ard economic problems which necéssérily attend the
felqcaéion and resettlement of their more than 400 persons,
but the difficulty of assessing the risk from the extensive
radioactivity present at the Atoll as a result of the nuclear
voapons testing program there is by far the most troublesome.
It is difficult enough for the laym;u iu comprehend what the

experts in the various radiological science fields are saying
-

about the effects of radiocactivity, but that difficulty is

compounded many times over the differences of opinion found

among the experts, by the realizatiqn that even the experts
agree that the long term effects of some of the more dangerous
radionuclides a;e;not known by anYone at this time and may not
become known fqr many years to come, and it is unsettling to
learn that the standards used for the kinds and amounts of
radionuclides to be tolerated in the environment and in man are
criticized by reputable experts as unreliable and inadequately
conservative. Y

Their individual and. collective desire to return to their
ancestral homeland is difficult for Americans to fully appre-

ciate. To them land is not a commodity, a thing apart, to be



brought or sold. 1In their culture the land and marine
environment of the atoll are fully integrated with the human
members of the society. It is an economic resource and more.
Ownership and use of the land reflects ahd is ingxtricably
linked to tﬁe social organization and Fo the culture as a whole.
10 be sure, their society has undergone and continuously is
undergoing change as a result of Zorces both within and without,
but the extraordiﬁary significance of their being abie to
resettle to the atoll discovered by their ancestors.remains
constant.

Thus, the People of Enewetak are both the prime beneficiaries
and the prime risk-takers in this resettlement program. And it
iz in the assessment and, if possible, elimination of thie radio-
biological heélth risk that they are the most dependent upon ﬁhe
~ United States government. The Defense Nuclear Agency and the

tonic Energy Commission have already devoted great amounts of
time and money to assessment and remedy of radiological problems
presented by this program,ibut more will have to be done and it
will have to be'done over a long period of time. And throughout,
the'People of Enedétak wiil rely upon the responsible agencies
©of the United States government to do everything possible to
assess and minimize the risk due to the residual radioactivity
in the Enewetak biosphere. Nothiné said in these commeﬁts, for
example, should ever be taken as an assumption of risknby the
peoéle of Enewetak. When they left the Atoll in 1947 at the
insistence of the United States government it was radiologically

safe. That is the state in which it should be for their return.



Of c&urse, it cannot ever be restored to that condition, but
that must be the assumed objective in or@er that remedial measures
can more likely fall within the safest possible limits, and so
that on-going efforts will be made to continually add to the
knowledge cf radiological conditions at Enewetak and refine and
improve both risk assessment and rewedial measures as the various
relevant sciences develop over the years.

Not only is the United States trustee for these people, but
it has 'an especial humanitarian obligation to them because of
the‘uniquely dangerous potential effects due to the use to which
the trustee put the Atoll. It is an absolute kind of respohsi—
bility to both return the people to their home and eliminate the
likelihood of so much as a single radiation induced illness or
anomaly. —

A full measure of gratitudé is due and hereby given, however,
to the considerable efforts which the United States has made thus
far. The planning for resettlement, the radiblogical survey, the
planning for the clean-up, all represent a very large contribution
to the ultimate#success of the program. And we do not Qish to
dampen the enthusfasm and interest of the many perSons4in and out
0of the government who have given devoted effort thus far. The |
comments made here are offered in the spirit of cooperation, with

the realization that they will be received in that same spirit.

2. Social and Economic Problems Associated with Resettlement

Further consideration of the social and economic problems

associated with the resettlement must be given. This is perhaps
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ore of the weakest aspects of the DEIS as it now stands.

Attention is given to both short and long range economic
=lanning (Vol. I, 8§ 7, Vol. II, Tab D), but in consultation with
the people themselves specific objectivés and specific econcmic
development possibilities must be found so that the shared aim of
economic seif-sufficiency can be achieved. We realize that with
all the other aspects of this complex project demanding attention
up to now, this was not intentionally unaeremphasized. But as
the program moves into its clean-up phase more attention must be
givén to meeting the future economic needs ot the people. This
is especially true because since the writing of the DEIS it has
become knowq_that adverse radiological conditions in the northern
part of the Atoil do not permit the‘rehabitation of EBagehi isclct
and severely if not completely restrict the use of the northern
islets for the foreseeable future. |

The Enewetzk Planning Council must continue to be relied upon
to mhke the final value judgments upon one proposal or another
and upon the development of the economy as a whole so that it will
be consonant with their own capabilities and values, but one or
‘more specialists.;hoﬁld be engaged by the government and made
available in an advisory capacity. They must be carefully selected
both in terms of expertise in the field and suitabiiity to this
kind of cross-cultural task and to the maximum feasible extent
the Planning Council should participate in the selection.

Resettlement to Enewetak Atoll from Ujelang will involve an

unusual amount of stress for individual members of the group and

for the group as a whole. Physical stress will, if all goes as
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planned, be at a minimum, but we have in mind here the emoticnal
stress upon the individual and the stress upon group processes.
This matter is not addressed at all by the DEIS.

UltimaFely, of course, it is for the people to manage the
transition well and to adapt with their society intact, but ]
experience with similar resettlement schemes is ayailable and
should be used to increase the likelihood of successful resettle-
ment. The people themselves can benefit‘from greater awareness
of the 'stresses they will experience and those outsiders involved
in élanning and.WOrking with them must have the same understanding.

Dr. Thayer Scudder of the California Institute of Technology,
a'recognized_authority on the subject and an experienced consultant,
should be considered for this assigrment. and if the Planning
Council agrees, he should be engaged in this capacity. Dr. Scudder
has taken a quick lcok at the DEIS at our request. His comments
attached hereto as Appendix I provide valuable insights and his
contribution to planning and execution of the program would appéar
to be necessary. (The article which he enclesed is also useful.
"It is "The Impact of'Humap Activities on the Physical and Social

Environments: New Directions in Anthropological Ecolcgy," by E.

Montgomery, J. W. Bennett and T. Scudder, 2 Annual Review of

Anthropology 1973.)

Participation of another anthropologist versed in Marshallese
culture is also in order, to assist both the Enewetak people and
the outsiders involved in the program. Working in conjunction with
someone like Dr. Scudder, the total contribution would be invalu-

able. Dr. Robert Kiste at the University of Minnesota has been
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consulted by the governmental planners and meets these require-
ients exceptionally well.

Short of involving so many advisors and planners that
decesions and action are unduly impeded, it is essential that
those representing all the relevant disciplines work together as
a group with the Enewetak FPlanning Council and the governmental
decision~-makers. To some extent this iz what has been done during
pianning to date, but for the remainder of the program, the
relevant disciplines should be identified as such, appropriate
representatives engaged and organized into a more or less formal

advisory council.

3. Radiological Ccnsiderations

3.1. The Radiological Survev

The survey of radiological conditions at Enewetak Atoll in
1972 under the auspicés of the Atomic Energy Commission is, we
believe exéeptionally good as far as it goes, but we have been
advised by capable experts in the field that more work remains to
be done and that the qualifications of the four-member Task Group
which superviséﬁ the conduct of the survey, the assessment of its
data and developed final recommendations are open to queétion. It
is also apparent that as detailed and elaborate as that survéy was,
follow-up gathering of data and careful assessment of that data is
absolutely essential, particularly with respect to the risk to
health from all low-level, long-life radionuclides and' especially
the danger posed by those alpha-emitting radionuclides known as
hot particles, such as Plutonium-239 and Americium-241.

We do not wish to detract from the qualifications of the
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nembers of the Task Group, but in a field involving so0 many
specialties and where equally expert opinions differ markedly,
i+ is imperative that the Task Group for follow-up studies be
enlarged to include scientists known to take the most conserxrva-
tive approach to radiation protection, such as Drs. E. A. Martéll
at the National Center for Atmospheric Reseavch, Archur R. Tamplin
at Lawrence Livermore Laboratory, and Donald P.vGeesaman zt the
University of Minnesota. Their presence in the Task Group, or
their participation in some other direct way in designing methods
to bé used for the gathering of information and its evaluation
is strongly re;ommended. -

The 197? radiological survey (NVO—14b) must'be regarded as
an impressive beginning of long-range radiological assessment and
| monitoring of-the Enewetak environment with appropriate emphasis
placed upon not only the marine and terrestrial environments but
upon the radionuclide pathways to man. As we shall discuss more
fully below, more information is needed about the presence of hot
particles. The long range effects of Strontium-90 and Cesium-;37-
and other nucliﬁes in the food web cannot be known without experi-
mental planting.':(DEIS Vol. II, Tab B, p. 29.) These are only
examples. And as time goes on, scientific knowledge of the nature
and .effect cf radioactivity is bbund to improve and new techniques
for remedial measures will be found. These scientific advancements
will be lost to the Enewetak people unless the United §ta£es
government assumes a long-range ccmmitment of the kind we suggest

here. And in so doing it is highly probable that important contri-

butions to the development of greater understanding of radioactivity
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and its effects will result, to the benefit of the United States
znl the world at large.

3.2. The Hot Particle Problen

It is w7ith the kind assistance of Drs. E. A. Martell, Donald
P. Geesaman, Arthur R. Tamplin and Thcmas B. Cochran that we derive
cur comments here éoﬁcerning this unique radiological hazard.

Drs. Tamplin and Cochran submitted formal comments upon this DEIS
to the Defense Nuclear Agency under date of September 24, 1974,
. and we.fully accept and endorse what they have said there. Their
cbscrvations and concerns are entirely consistent with those of
Martell and Geesaman, expressed to us in personal communications.

For a discussion of the seriousness the hoé particles problem
we attach as Appendix II, E. A. Martell, "Basic Considerations in
the Assessment of the Cancer Risks.and Standards for Internal
Alpha Emitters," (Statement presented at the public hearings on
plutonium standards sponsored by the United States Environmental
Protection Agency, Denver, Colorado, January 10, 1975.) To further
emphasize our grave concern. about this problem, we attach comments
a.d materials provided to us by Dr. Donald P. Geesaman as Appéndix
III. We subécribe‘fully to the views they expreés and we incsist
that they be dealt with fully in the final impact statement.

-It is beycnd question that the presence of Plutonium-239,
Ame?icium—241 and perhaps other alpha-emitting radionuclides at
Enewetak Atoll con#titutes one of the most serious health risks
for the returning population. It is highly likely thét inhalation
of very small amounts of plutonium gives rise to a high risk of

lung cancer. And the DEIS completely fails to address the recent

s



findings of Martell and others that hot particles may very well
Le a causative factor ir a nurber of cther diso:ders. See
Appendices II and III. The DEIS deals only with inhalation risk,
yet Americigm is known to present a risk for the liver, spleen
and bone of man through take-up from the gastrointestinal tract.
(Martell, Fersonal Communication.)

Concerning the adequacy of the radiological survey with

respect to internal alpha emitters, Dr. Martell had this to say:

It is noted that the survey results for the

Enewetak Lagoon sediments show an average of 463
2394240 241 90

mCi Pu/kmz, 172 mCi Am/km2 and 586 mCi Sr/km2
Table 3-11, p 2-75, DEIS Volume I). In addition,
241 '
the Am cuncentrations range up to 8.2 pCi/g averaged

| 241 239
over the top 15 cm depth of soils, with Am/ Pu

ratios varying widely and ranging up to 3.5 (NVO-140
Vol. 1, p 507). Due to further radiocactive decay of
241 ' 241 ; ‘

Pu, the Am activity concentrations can be expected
to double over the next 50 years. In addition, densely

¢ ’ :
vegetated soils on each island show the highest radio-
activity concentrations.
239+240
‘The DEIS limits consideration of Pu to

inhalation risks. However significant uptake of Pu
from the gastrointestinal tract has been observed in
young mammals and similar uptake may occur in young

children. 1In addition the uptake of americium in soils

by vegetation is substantially higher than plutonium



uptake. Similarly americium is readily taken up
from the gastrointestinal tract and accurulated
in the liver, spleen and bcne of mammals, and

thus undoubtedly in man.

Based on these considerations it is possible
that uptake of americium in the'food chain and its
accumulation in the liver and skeletal tissue of

. man may be the critical path for exposure to
.internal alpha emitters in the Enewetak Atoll area.
The radiological survey is seriously inaéequate
with respect to americium distribution in béth
vegetation and in edible marine life to assess the

consequent body burdens and heald consequences to

future atoll inhabitants. (Personal Communication.)

Dr. Geesaman independently identifies the same inadequacy
in the DEIS and also finds a need for further study of the mechanisms
by which plutonium contamination in the soil may find its way into

the body.

-3
The resuspension measurements and calculations
“which relate the air contamination to the soil
contamination are not immediately compelling, and
deserve a much more careful analysis than I have
given them. I would be surprised if the analysis\is
meaningful to factor of 100, when used to determine

public health guidelines. Resuspension is poorly

understood, it is sensitive to windspeed, soil
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'characteristics, vegetation, humidity, rainfall,
mechanical distrubance, physical and chemical history
of plutonium particles in soil. How then does one
consider the exposure of children throwing dry sand

on a w&ndy day at the beach? I vould anticipate

large fluctuations abcut the implicit exposure levels,
which, even for the limiting soil contamination
guidelines ;nd predicted air concentraticns associated
w{th these guidelines, will be approximately a

{ ]
+ maximum permissible lunyg burden. (Personal Communication.)

Each of the questions raised here and in the related appendices
must be addressed fully and carefully prior to resettlement of the
people of Enewetak Atoll.

3.3 Plutonium Soil Standards

Concerning the standard'employed by the DEIS for maximum .
permissible plutonium contamination of soils at Enewetak, Dr. Martell
points out that "There are no ICRP standards for soil levels of
Pu and the actinides or for lifetime exposures to internal alpha
emitters." (Pefﬁogal Communication.)  And he provides the follcwing
critique of the standards adopted by the AEC Task Group for Enewetak:
The recommendation that plutonium contaminated
, 239+240
soils, with levels not exceeding 40 pCi Pu/g of
soil averaged over 15 cm depth, is suitable for human

habitation, can be very seriously questioned.

The State of Colorado Board of Health has adopted

interim standards for Pu contamination limits in soils
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in land afeas for residential use, specifying that
238Pu levels shall not exceed 2 dpm (0.91 pCi) per
gram of surface soil (i.e., éveraged over the top

1 cm depth of soil). It is notewo?thy that the

AEC has not established that this standard is unduly
conservative and it is not apparent that the AEC

has requested the ICRP or NCPP to make specific
recommendations with respect to standards for Pu in

goils applicable to°chronic exposure to the general

public, inciuding children.

I note that the DEIS recommends no remedial
‘action for soils containing < 40 pCi or < 88 dpm
Pu/g; averaged over the top 15 cm depth. This is
much more than 44 times the Colorado interim standard
(2 dpm per g invthe top 1 cm) because for most
Enewétak soils the top cm contains substantially
higher levels of Pu per gram than the 15 cm depth
average. Thus, for example, at location 101 on
Pearl, tﬂé top 1 cm-depth shows 400 pCi 239Pu/g,
whereas the average over 15 cm depth is abouﬁ 60.

Thus the recommended standard for Enewetak.is about

100 to several hundred times that adopted in Colorado.

There are recent research developments which
are expected to lead to reductions in acceptable
organ burdens of Pu in man by a factor of 100 to

1000 or more. In my opinion it is likely that a 10

U
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pCi lung burden of insoluble alpha emitting particles
~will give rise to significant adverse healtn effccts
for lifetime exposures. The typical burden of
insoluble particles of respirable size (<« 5.0 Um
diameLer) is about one gram in human adults. For
this reason I would recommend that surface soi}s
should not exceed about 1 pCi of 239Pu02 and other
insoluble aipha emitting particles per gram of
insoluble particulates of respirable size in the
. airborne dust resulting from thie disturbance and
reéuspensicn of surface soils. On this basis even
the Colorado standard may give rise to excessive
organ burdens.
Drs. Cochran, Tamolin and Geesaman all raise the same or similar
objections to the DEIS plutonium standards. .
‘Further explanation of the plutohium cleanup criteria developed
by the AEC Task Group is necessary. (DEIS, Vol. II, Tab B, pp. III-8
to III-1l.) We have already mentioned the questionable wisdom of
the 40 pCi/g sf%n@ard. For any concentrations excezeding 400 pCi/g
the Task Group recommendations require removal -of the soil. But
in the range‘between 40 and 400 §Ci/g, fhe DEIS standards call for
®corrective action ..... on a case-by-case basis." (Vol. II, Tab B,
p. III-9.) Certain criteria are offered for guidance in the

exercise of this judgment, but they appear to be entirely too

unspecific and subjective. Once a decision is made to take correc-

tive acticn,
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the objective is to achieve a substantial
reductisn in plutoniuim soil concentrations,
and further, to reduce corncentrations to
the lowest practicable level, not to reduce
them to some prescribed numerical value.
(ibid. Emphasis added.)

Nor is it entirely clear who will be making these "case-by-
case" decisions. Presumably it is the "team of experts" referred
to in the recommendations of the Task Group (Vol. II, Tab B, p. 27),
but we are not told who they are or how they will be selected.

This whole approach must be explained and justified, espe-
cially at a time when the EPA is condﬁcting hearings around the
country on plutonium soil standarde for precisely the purpose of
developing "pumerical values" for the maximum concentrations
permissible. The range hetwecn 40 and 400 pCi/g is a wide one
indeed and if 40 is too high, then to make decisions on a "case-
by-case" basis within that range is to have no standard at all.

Before any final standards are set for the radiological
~cleanup of Enewetak, the International Commission on Radiological
Protection should be called upon for plutonium and actinide .
standards appl§cable to air, water, soils and food concentrations
for both soluble ;nd insoluble activities, applicable to long-range
-exposure to the general public. Apnlication should also be made
to the U.S. Envircnmental Protection Agency for special hearings
for the same purpose. Consideration should also be given to the
desirability of fequesting the United Nations Scientif%c Committee
on the Effects of Atomic Radiation to conduct hearings and set
these standards. (We are indebted to Dr. Martell for these

suggestions.)

-14-
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At any and all of these hearings, every effort should be made
to elicit the widest possible range of infcrmation znd opinion
bearing upon the question. Once such standards are set, they

should govern the planning and cleanup activities at Enewetak.

3.4 Removal and Disposal of Radiocontaminated Materials

These comments relate to the préposed removal and disposal of
contaminated scrap metal and soil treated in the DEIS at Vol. 1,
B85.3.3.3 and 5.5.

All radiocqntaminated scrap metal on the Atoll has been
ideétified and will be removed, as of course it must be, but the
precise method of disposal has not been determined. Four alterna-
tive methods are discussed:.ccean dumping of the loose scrap,
concreté encapsulation in the Cactus and Lacrosse craters at the
north end of Runit-islet, or removal to the United States mainland
for storage. We appreciateAthe practical and political difficul-
ties preseﬁted by the various disposal methods which would remove
the scrap from the Atoll entirely, but the People of Enewetak are
adamantly opposed to any disposal upor or within the environs _of
the Atoll. OCégn\dumping, according the DEIS (Vol. I, B 5.5.2.1),
was rejected "in view of the difficulty in obtaining a permit and
certainty of internationai complications." Disposal to the United
States mainland was disfavored for similar reasons. (Vol. I, B 5.5.
2.4.) Disposal on the Atoll must be rejected and the other methods
should be explored, the necessary permits and authority obtained
and disposal off the Atoll selected as the preferred method.

Removal and disposal of contaminated soil presents more serious

cost and practical difficulties, but here again the complete removal
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and off-Atoll di5posal of all contaminated soil must be the
stated objeccive of the program.

Even using the high plutonium contamination standard set by
tne Task Group (40 pCi/g, etc.), the total amount of Atoll soil
which would have to be removed and disposed is 779,000 cubic yards.
(vol. I § 5.5.2.) 1If the soil standards are lowered as they
should be, that yolume will increase.

It isAsuggested in the DEIS that cost, legal, political and
technical problems aside, the removal of contaminated soil and
its ‘replacement with clean soil may not "assure radiological
saféty“'and may present "serious ecological damage of unknown
proportionsz" (Vol. I, 8 5.3.3.3.) We fully favor this conserva-
tive approach to these prchlems -{just as we dc when the questicn
is one which may reduce the program cost, i.e., high soil contami-
nation standards), but a clear decision must be taken to study and
fully assess the relation of soil removal to dose reduction
(including the risk from airborne hot particles)‘and the likely
vecological effects of soil removal and replaccment. These studies
should.be commissioned immediately and prosecuted with ail deliberate
speed. 1In the mé;ntime, complete soil removal and ;eplacement
should be adopted as the prime}objective.

In,addition} maximum effort must be made to overcbme technical,

legal and political impediments to off-Atcll disposal of contami-

nated soil.

3.5 Radioloqicél Monitoring of Cleanup

The AEC Task Group has wisely recommended the establishment

of “team of experts" to monitor the execution of the radiological

-l6- . :



cleanup phase of the program. (DEIS, Vol. I, pp. 5-79, 6-5) CEven

if the Task Group is enlarged as we have suggested and specific
f0il standards are developed and implemented, this monitoring group
will perform a crucial function. Thus, it is important that its
membership be carefully selected. It is imperative that radio:
ecientists of the most conservative cast be included in the
monitoring group. Here again, we suggest that the names of Drs.
Martell, Geesaman, Tamplin and Cochran.

_And the on-site authority of the monitoring group should be
cle;rly defined, with all important or unexpected problems to be

referred to the enlarged Task Group.

3.6. Test Plantings, Groundwater and Air Sampling

We are in full agreement with the AEC Task Group recommenda-
tions for test pluntings, lens water and air sampling. (Vol. I,
ppr. 5-80 to 5-81.) But it is not clear whether these recommenda-
tions have-been implemented. They must be and the studies should
be commissioned to the best scientists and technicians availéble,
under the over-all guidance pf the enlarged Task Group. All of

]
these studies must deal explicitly with the hot particle problem.

3.7. Radicbhbiological Health Followup

AEC Task Group recommendatiocn 12 (Vol. 1, p. 5-81) calls fof
®"Baseline surveys of body burdens and urine content of Cs=-137 and
Sr-90... fbr the Enewetak people prior to return'to Enewetak Atoll,
and periodically thereafter." But here, too, it is not clear

whether a firm ccmmitment to long-range radiological health

monitoring of the Enewetak population has been made, and, if so,
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pracisely hew it will be implemented.

A fully adequate radiological health program must be
designed, funded and implemented. It can and should include the
people of Bikini, who will one day soon be resettled, the exposure
victims at Rongelap and Utirik Atolls and the Enewetak people.

The final impact statement shculd addrecss this question and
state clearly whether such a program is plannéd and what it will
include. It too must deal with the health effects of hot particles
and all forms of low level radiation, with emphasis on internal

emitters.

3.8. Unknown Concerns

We have tried to identify all the radiological needs of this
program which require further attention, all with the ultimaté
safety of the Pecple of Enewetak in mind, but we cannot be certain
tﬁat we have dcne a completevjob. Hence, we call upon the United
- States government to continue to assume the important responsibi-

lity of giving the best and most careful attention to these matters

for the long range future.

4. Considerations Related to Cost

Funding requests for the initial phase of this program have
been previously presented to the United States Congress. They did
not receive very favorable or sympathetic consideration, to put
it mildly, by the members of the House Armed Services and Appro-
priations Committees. 1In general, the objections related to the
great cost of the entire program and evidenced a reluctance to

commit the United States government to the first phase of a



program, the ultimate cost of which weculd be in the neighborhood
of £49,000,000. Hence, the reguest was disapproved. 1In the
Housé and Senate Interior committees to which the rehabilitagion
and resettlement phases were referred in a legislative package
separate from the cleanup, sympathetic and favcrable action was
-aken and $12,000,000 was authorized.

Notably absent from the presentations made to the Congress
and from the inquiries of the Congressmen themselves was realiza-
tion of the enormous benefit which (in the view of the United
States) has been derived from the use of Enewetak Atoll for
nuclear testing and related national security activities. 1In
the Armed Services hearings, the total pirojected cost of this
program was divided by the number of Enewetak people and the
suggestion made that perhaps the money should simply be given
to the people.

We do not have accurate figures for the total cost of the
atopic energy program, the nuclear weapons testing program, nor
for the amount of money actually spént for programs at Enewetak.

But judging by figures we have seen (for example, Congress And

The Wation, Vol. I, p. 262, Congressional Quarterly Service,

1965) indicate that the cost was on the order of several billions
of dollars in the AEC budget, and that says nothing about the
undoubtedly large sums contained in one or more places in the

Defense budget. We will suggest a figure 6f, say, $50 billion

for the sake of discussion. That represents the agreed minimum
value to the benefit to the United States of the same activities,

the cffects of which must now be remedied. Beyond the dollar

-]



value, the United States must assign a value toc the benefit tc
~ rnetional security of the testing program, hcowever Jebatable that
benefit may be in and of itself.

The cost of the direct benefits in this program for the
Enewetak people, such as housing, community development, etc.,
«.-e a very small fraction of the total, about $5,000,000. And
even that portion of the total funding is directly attributable
to their forced removal by the United States to make way for the
testing_program.r

+And as we have said before, the Unitéd States undertook
trusteeship of the Micronesian Islands of its own free will
(without consent of the Micronesians) and put Enewetak Atoll, the
property of the trust, to its own use for the very nuclear testing
which deposited the radiocactivity.

This is the only perspective by which to consider and decide
vron the outside cost limits of this program. The costs of the
radiological and engineering‘cleanup of the Atoll are properly to

be considered ordinary and necessary costs of the testing program.

Indeed, the cleanup should have been planned from the beginning
-and funded and done at the end of the testing program about 1958.
The Enewetak People do not want money in anylamount, they
want and are entitled to their land, in séfe and habitable condition.
In the presentation of future requests to the United States
Congress, this genzral approach should be taken and the leadership
of the people themselves should be czlled to testify. H
®"Case 3", outlined in Section 5.4.3, Vol. I of the DEIS, is

offered as the preferred plan for cleanup and resettlement of the

-20-
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Atoll. Essentially, it represents a compromise of cost, radic-
logical and other factors, which will be far short cf the
theoretically ideal "Case S". (Vol. I, § 5.4.5). Exclusive of
contaminated soil and scrap dismosal costs, the cleanup cost for

Case 3 is $35.5 million and for Case 5 it is'$81.6 million.

Comparative soil disposal cost estimates are $7 million for Case 3

and $92.2 for Case 5.
We appreciate the political and practical realities of seeking
sums ori the order of $100 million from the United States Congress

)

in these times of grave concern about the economy, but given the

"rationable stated above, it is Case 5 for which funding should be

sought and for which funding should be given.
Finally, quite apart from any cost-benefit analysis of the
nuclear testing program, as a result of a recent decision of the

United States Court of Appeals for the Ninth Circuit (People of

Saipan, etc. v. U.S. Dept. of the Interior, etc., 502 F.2d4 90
(1974)), the obligations.imposed by the Trusteeship Agreement under
which the United States administers the Microﬁesién Islands has
become legally binding and enforéeable. Under the terms of Article
6 of the Trusteeship Agreement, the United States is required to
*promote the economic advancement and self-sufficiency" of the
Enewetak People; to "protect [thém] against the loss of.their lands
and resources"; to "promote the social advancément“ of the Micro-
nesians; and to "protect [their] health.” These are the express
obligations. Beyond that, like any trustee, the United States
bears implied duties to protect and prcmote the best interests of

the beneficiary in every way.



Litigaticn by the beneficiary against the trustee to enforce
these obligations would unseemly and costly. Every United States
¢fficial involved, including members of the Ccngress, siiculd
freely and willingly undertake to fulfill them by planning,
funding and conducting a cleanup, rehabilitation and resettle-

ment program for the Enewetak People which approximates the ideal.

€. Conclusion

We have made a number of recommendations in the courﬁe of
these comments to which we hope the program sponsors will give
consideration in the preparation of the final impact statement.

The recommendations relating to assessment of the radiological
risk, if accepted, may or may not result in delay for the project
2s now planned. We hope not, but certainly the furtherrstudy
required and the development of soil, air and food contamination
standards for plutonium may have a direct affect upon the initial
cleanup phase. We urge the Defense Nuclear Agency to proceed with
funding requests and planning for fhe base camp and to seek commit-
ments from the United States Congress for the estimated cost of
the program as a whole based on the "Case 5" projections. But at
the same time all of the radiological investigations recommended ,
here should ke undertakén and high confidence results obtained as °-
soon as possible so that they can be used to revise and improve
the radiological cleanup phase before moving forward with it.

It bears repeating here that Qe are mindful of éhe immense
amount of time, effort and money which has been devoted to develop-

ment of this program to date by many officials in the Defense

Nazclear Agency, the Atomic Energy Commission, the Department of

R %



the Interior and its Trust Territory administration, to mention
~2nly the principal agencies. We are deeply grateful the pro-
fessional and humanitarian commitment of all of these people and
special appreciation is due Lt. Gen. Warren D. Johnson, Director,
Defense Nuclear Agency for all that he has done and will continue

to do.
Respectfully submitted by

) Theodore R. Mitchell, Counsel
for the People of Enewetak

Micronesian Legal Services Corp.
P. O. Box 826
Saipan, Mariana Islands 96950
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CALIFCRNIA INSTITUTE OF TECHNOLOGY

PASADENA, CALIFORNIA 911090

-
‘e
OIVISION OF THE HUMANITIES

ARND SOCIAL SCIENCES October 29, 19?4

Mr, Theodore R. Mitchell

Executive Director

Micronesian Legal Services Corporation

P.O. Box 826

Saipan, Mariana Islands 96950 .

. Dear Ted, ' . ‘

I have now read through the three volumes of the Draft Environmental
Impact Statement dealing with the Clean Up, Rehabilitation,
Resettlement of Enewetak Atoll-Marshall Islands., One thing that you
have going for ynu is that the peopleof Enewetak wish to return home,
and have been pressing for this -return for years, Many of the stresces
associated with the type of compulsory reiocation that I have studied
including the undermining of local leadership, are simply not present
although I would suspect a carry-over from the past.

Another favorable factor has been the willingness of everyone involved
to date (a) to listen to the local people (at least through their council
- of 12) and (b) to take into consideration their wishes in planning their
teturp'. On the other hand, any kind of settlement scheme involves
stress to the settlers and as you note in your letter of October 11,
little attenti'on has been paid to the potential impacts of this stress.

- »
Because my predictive theory deals primarily with compulsory
relocation at the time of forced removal, rather than 28 years later!,
I will have to cast the net wider (which of course is a much more risky
business) and deal with settlement schemes in general, compulsory
resettlement being an extreme example of this more general category.
As ]l am sure you are well aware, the history of settlement schemes
throughout the world is a grim one -- with probably over 90% being
unsuccessful from the point of view of both settlers and settlement
authorities, It is hard to imagine a more difficult task that creat:
from scratch new communities, which are both socially and
economically viable. Though the situation is more favorabl
people are willing participants, in the Enewetak case no se
selection is possible since everyone who wishes to return
and old, conservative and progressive, hard working and 1

Megnviyl T
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Mr. Theodore R. Mitchell 2 October 29, 1974

be accommodated. In commenting on the Impact Statement I wish to
discuss in sequence (1) Housing (2) Social Services (3) the Economic
System and (4) Social Factors associated with settlement. Let me
emphasize right now that (1) and (2) are by far the easiest to handle
- and (1) and (2) represent the greatest strengths of the Impact
Statement. But while it is relatively easy to provide improved housing
and social services, it is much harder to create viable land and water
use systems -- indeed it is here that most settlement schemes fail.
And it is much harder to handle the social factors associated with
settlement as well as the institutional factors dealing with the inter-
relationships between settler institutions and those of the agencies
involved in their future -- all of which must be viewed as part of a
linde (and very complex) social system.

(1) Housing. Though Holmes and Narver should be complimented on
the extent to which they have taken into consideration the stated desires
of the Enewetak people and their system of land teaure in proposing
house types, as I understand the situation, the people have yet to live
in houses of the type proposed. If so, we must distinguish between
what they think they want and what subsequently they decide they want
after living in the new houses for a complete year. [ strongly urge
that a small number of pilot houses be built for at least some of those
involved in the initial cleanup operation, so that the people will have

a chance to assess their strengths and weaknesses -- to work the bugs
-out of them, so to speak, before the main construction program tends
to rigidify their family structure and social organization in concrete
for years to come. One thing that planners and architects tend to
forget when providing housing in permanent materials, is that discrete
structures in non-permanent materials provide more flexibility.
Before pouring concrete one =hould try to anticipate some of the
im;:lica.tionsi which inevitably will arise (and which will have an impact
on the peoples' lives) and make corrections where desirable. Problems
of maintenance also need to be anticipated in advance and local people
trained to maintain their own structures.

A major problem associated with many settlement schemes relates to
provision and maintenance of adequate water supplies. Though the
plans incorporated in the reports look good to me, I just want to
mention this general difficulty for the record, and to emphasize the
need to provide the simpliest facilities possible in terms of (1) peoples
needs and (2) their hopes -- with the second factor being far less
important than the first. [ have seen too many projects where people,
after several years, must fall back on inadequate local water supplies
simply because government-provided facilities are inadequate to start
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with, or bacause costs for their maiatenance are not provided, or
because local people are not trained to properly use and maintain
them. While [ was very favorably impressed by the thinking on water
supplies within the reports, I wonder if enough thought has gone into
problems concerning their long term maintenance.

(2) Social Services. While impressed again by the thoroughness with
which the desires of the local people have been taken into consideration,
it is hard to comment on social services without knowing more about
the breakdown of the population itself. None of the reports tell us
much about the current educational and literacy status of the people,
and about their goals for self and children -- other than to return to
Epewetak. Though obviously their expectations for imported items

-has gone up during their 28 years of exile, what about their

occupational desires, and especially the cccupational desires of the
younger people? One thing that bothered me about the reports is that
while four room schools are proposed for both the driEnewetak and .
driEnjebi, nothing is written about the type of education system
proposed for these schools ard the type of teachers to be recruited.

since I was also concerned about the lack of attention paid, under
agriculture and {ishing, to extension personnel, let alone to the. .
relationship of the different types of service personnel to each other.
I am raising here the fundamental question as to what different '~ -
categories cof people will be willing to do, occupationally, once they
return and how best to facilitate their future economic and social

~ independence and development.

(3) Viable Land and Water Use Systems. The Master Plan was based
on the assumption that all the islands in the atoll could be used for
subsistence and cash crop agriculture -- with a total available acreage
of approximately 1600. As a resuit, however,of the AEC Task Force
recommendations,this total has been cut to 2 maximum cf 722 useable

acres for a current population of over 400 people. Bearing in mind

the poor quality of the soil and the rapid rate of population increase,
it seems to me absolutely essential that the people Tetain access to .2
Ujelang Atoll. Even then the available land area on a per capita basis
is considerably less than that utilized by the people prior to their
first relocation. The situation is worrisome and points up the need
(a) to obtain the best possible seed for coconuts for both subsistence
and cash crops purposes, with the search bearing in mind the major
advances in productivity that have occurred on research stations in
the Ivory Coast and in the Phillipines. (b) to push mariculture hard
while keeping the means of production strictly in local hands so as to
spread employment. Equipment (outboards for example) should be
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standarized and kept 25 simple as possible (seagull tyne engines vs-
Johnstones). A number of interesting case histories come to mind
here including the lobster cannery which'is the principle employer
among the several hundred islanders on Tristan da Cunha in mid-
Atlantic who were moved from their home after a volvanic eruption in

1961 an< returned there later in the 1960s. (c) provide a first rate

unified extension service (d) ensure a dependable and sufficient

water transport service and pier and port faciliv.es to connect Enewetak

to neighboring islands (including Ujeland and the relevant market
centers). (e) actively attempt to diversify the economy, always
bearing in mind local desires, interests, needs and expectations.
Especially attractive is the suggestion that the function of the Eniwetok
Marine Biological Laboratory (which apparently will continue under

- AEC sponsorship) be expanded to include technical assistance to the
- people. Couple this with the posesibility of a Community College for

the Marshalls which would use the facilities already present on Enewetak,
and one has one way of providing a unified extension service while '
possibly broadening the economic base of the people. Such possibilities
however need be carefully evaluated concerning the extent to which the
pecple will actually be invclved and the extent to which they will actually
profit. This caution applies even more to the development of a {wurist

industry which even at best is 2 mixed blessing on small islands.

It seems to me that the future of the people of Enewetak depends on the
extent to which the people regain their independence and the extent to
which their atoll can become economically self-sufficient., Itis my
impression that the authors of the Defense Nuclear ‘Agency report do not
understand how much recommended Case 3 alters the assumptions on

which the original Master Plan was based. This alteration also has

major implications for social factors as I hope to show below.

(4) Social.lmplications of Settlement. Depending on whether they are
driEnjebi or driEnewetak, the present move home will represent the
fifth or sixth time that the people of Enewetak have been moved since
1944, Since the original move was compulsory, and hence falls within
the scope of my own research, I suspect that it was accompanied by

a great deal of stress, which, for analytical purposes, can be divided
into psychological,physiological and socio-cultural stress. According
to my own model of how people respond to compu{Sory relocation,

this stress (or transition) period does not come to an end until (a) the
people once again get back on their feet economically or at least rean
the position that they held before relocation, and (b) feel at home in
their new habitat. Since neither of these factors applies to the people
of Enewetak after nearly 28 years, I would suspect that the older
people (that is, those who were old enough to remember the trauma

S
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associated with the original moves) are still under stress. “What this
means, however, is hard to access at a distance since my theory
applies primarily to the months and years immediately preceding and
following forced removal. Alll can say is that the mental and physical
health of the people should be carefully assessed before their shift
home and before they are involved in major new ventures -- ventures
which would require radical changes in their activities and life style.

I say this sirnce the theory predicts that populations undergoing forced
removal behave as if a social system was a closed system; that is
they change no more than they have to in order to continue doing what
they did in the past and the changes which occur are incremental rather
than . sudden. The insistence of the people through out all these years
that they be allowed to return "home'" is consistent with the theory
here. But once the people get home and the euphoria of having '"won'"
fades, what then? What can be expected when they begin to settle
down with three times the number of people on an idealized homeland
which can be only partially utilized. With these questxons in mird, I
would like now to consider three points.

(1) It is" very important to recall that approximately 80% of the popu-
lation is under 30 years of age according to the population figurces.,

In other words, the large majority of the people will either have no |
memory at all or only a vague memory of life on Enewetak., It is this
age bracket which strikes me as a major unknown. To what extent
do the Council of 12 really speak for them? To what extent do they
wish to return to the life style of their parents and grandparents? I
can not answer this question at a distance, in large part because the
Enewetak population within the three volume Impact Statement is
treated as if it was homogeneous. But I doubt very much that such .
is the case, a doubt that is reinforced by the odd statement in the i
reports -- for example, ""A number of people have been exposed to

‘education away from Enewetak and have developed strong tastes for

imported foods and other lux&ries' and the people have '"achieved a
good understanding of the behavior and values of Americans, and
severz]l have distinguished themselves in government and mission
schools.' In assessing the impacts of the return on the people I

b
X5

. suspect we need at least differentiate from the very beginning between

the older 20% and the remainder.

(2) Compulsory resettlement projects always run the risk of the
relocatees developing a dependency relationship with the relocating
authorities. I would suspect that a strong sense of dependency
characterizes the older people from Enewetak and that this will continue
during the next decade. Even if the dependency does not already

exist, most of the people are going to be dependent on outsiders for
years to come simply because it will take at least seven years to



traditionally held claims.
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prepare lands for planting, to plant them and then to harvest the
resulting tree crops. Should the cash cropping of coconuts proceed
according to schedule only then will the people begin receiving what
Holmes and Narver hope will be an annua} cash income of perhaps
$40, 000 or slightly iess than 3100 per capita in terms of present
population. In the meantime the people will have to use their trust

fund (which currently produces $60, 000 per annum in income or

somewhat less than $150 per capita) to provide for their external
needs and to depend on the U.S. goveranment and other donors.
Reliance on both the trust fund and on further external assistance
continues and increases the risk of a dependency relationship which
can be expected to make subsequent development more diificult.
Already the people have acquired a taste for outside staples which

‘apparently on occasion can make up as much as 80% of the diet.

These include rice, flour, sugar, tea, canned meat, and fish; in other
words the usual foods that low income people desire after they come
into closer contact with the outside world. So we have the combined
problems of rising expectations and dependency, both of which have to
be taken into consideration in planning subsequent development for the
atoll, Neither males the task easy. Once the euphoria of regairing
the homeland passes, disallusionment may well come, along with new
demands on the United States (which of course continues to bear the
responsibility for the original move) to provide for the people.
Looking to the future, very careful planning and plan execution will

be required if the people are not to continue as wards of the government.'

(3) Another potential problem cconcerns future relationships between
driEnjebi and driEnewetak simply because the former cannot occupy
their former island or indeed their traditional section of the atoll.
Rather they will find themselves relocated guite close to their neighbors.
Although I note that distinctions between the two populations have been
reduced to the extent that the 12 man council is now elected at large
from all the people, and that the large majority of the population have .
been brought up as members of a ''single community, '* nonetheless the
present plan to relocate the driEnjebi on Medren and Japtan puts them
in the relationships of 'relocatees' to the driEnewetak ''hosts" which
raises the possibility of the type of deteriorating relationships which

all too frequently characterizes hosts and relocatees in other settlement
schemes, especially where the two cornmunities find themselves in '
competition for scarce resources, resources to which the hosts

1)

At this point there is little more that I can say without further kncwledge.
In conclusion, however, let me say that there are sufficient social and
economic problems connected with the entire relocation effort to justify
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a well-thought out, longterm precgram for ''monitering’' events from
this day forward -- in hopes of anticipating problems before they
arise and easing those that inevitably do.-arise. If I can be of further

assistance alone such lines, please let me know.

With best wishes. .

Yours sincerely,

<. {

Thayer Scudder
Professor of Anthropology

gsh
enclosure

P.S. I enclose an article whick summarizes the impacts of compulsory
relocation of people moved in connection with big dam projects which
may be of some use to you. No, I have not seen Tobin's thesis nor do

I have easy access to it. If you can get me a copy I would much
appreciate it.



.

Basic Considerations in the Assesamenc;of the Cancer Risks
and Standards for Internmal Alpha Emitters

. Edward A. Martell
. National Center for Atmospheric Research
Box 3000
Boulder, Colorado 80303

Janvary 10, 1975 ;

(Statement presented at the public hearings on plutonium standards
sponsored by the United States Environmental Protection Agency, Denver,
Colorado, January 10, 1975.)
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1. Introduction: The adequacy of the biomedical basis of standards

for OCCupational'and public exposure to plutoqium and other internal
alpha emitters have been widely discussed (175) and seriously quéstioned(s—s),

The serious uncertainties in the cancer risks attributable to

internal aipha emitters must be resolved before we are irretrievably
committed co a nuclear energy program. ihis 1s a matter of immediate
concern in the western suburbs of Denver due to plutonium and americium
. contamination of surface soils in public areas around the Rocky Flats
Plutqnium'Plant(g). Many other localities are similari} affected by
ttanuraniﬁm element contamination énd 1t§ attendant cancer risks.

Recent controversy regarding the adequacy of plu;onium standards
has centeggd on several aspects of the problem of the cancer risks
attributable to inhaled plutonium oxide particles, including such questiens .

- as which organ and how small a tissue volume constitutes the “eritical"
organ (i.e., that experiencing ihe highest cancer risk), and whether the
average alpha radiation dose | to the critical organ or the tumor risk
attributed to a given number of individual hot plutonium oxide particles
provides the be§£ gﬁidance for the assessment of risks and standards

(6)

for plutonium. ., Geesaman has discussed possible mechanisms of cancer
induction by hot.;;rticles and concludes that the tumorigenic risk may

be as high as 1/2000 per particle for submicron particles of plutonium
.oxide. A recent examination of hot particle risks by Tamplin and Cochran(s),
based largely on the Geesaman study, led éhese zuthors to recommend that

the occupational MPLB (maximum ﬁermissible lung burden) be reduced by a
factor of 115,000, to a value of 0.14 pCi. A recent study(lo) was
carried out by Bair, Richmond and Wachholz at-the request of the U.S.
Atomic Energy Commission with the séecific objective of providing an

updated review of the evidence bearing on the problem of uniform vs



ponuniform alpha radiation dose distribution in the lung. The authors

of this study take exception to the conclusions and reccrmendations of

(6,8)

Ceepaman, Tamplin and Cochran and conclude that

"the nonuniform dose distribution of plutonium particles in

the lung is not more hazardous and may be less hazardous than

1f the plutonium were uniformly distributed and that the mean .
dose lung model is a radicbiologically sound basis for
establishment of plutonium standards."

Bair et al.(lo) fail to take into account the full implications of

some of the recent published results: in particular, the observed higher

tumor risks for 23°Pu02 than for 2”Puoz(n). the apparently limited
biolagical response of mammal lung cells from 23%Pu and 2%%Pu incorporated

(12,13)

into ceramic microspheres and the tobacco smoke radicactivity

re.ults(la). The latter results imply that as little as a few picocuries

‘of insoluble alpha emitting particles in the lung may give rise to a

significant risk of lung cancer and othes ac;ioué héalth effects in
the chronic exposure case. .

On the basis of a brief review of the known effects of alpha inter-
actions with ce}ls (below) it will become evident that alpha radiation
dnduced cancer in mammals and man must be brought about by subjecting
8 large number of living cells to a limited number of alpha interactioas.
Thus, in princf%lg, the highest risk would be associated with a uniform
distribution of the alpha dose, in accordance with the conclusion of
Bair et al. However, in fact, we are almost always éoncerned with a highly
‘4rregular tissue distribution of alpha emitting particles. For hot
particles, the tumor incidence must be due to the low dose irradiation
of a large number of cells by a very small fraction of the hot particle
burden. And for long term exposures, unacceptably high tumor risks
appear to be assoqiated with picocurie burdens of internal alpha emitters.

This serious pdssibility calls for a drastic downvard revigion of permissible

W
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exposure standards for inhaled plutonium. It also is possible that the
critical health effects for inhaled alpha emitting particles are the
{ncidence of atherosclerosis and other degenerative diseases of the
cardiovascular system. The published evide;ce supporting these conclusions

is briefly reviewed below.

2. Tumor Production: The interactions of various types of radiation

with living cells and their mutagenic effects have been widely investigated,

(A5)  my11er (1

with results which have been reviewed and summarized by Lea
;nd others.. Wh;n 2lphas interact with the chromosome or its genes in
the nucleus of a cell, the dense ionization in the traéﬁ of the alpha par-
;1c1es give rise to closely spaced breaks which bring about'a wide variety
of irreversible chromosome structural changes, or mutations., X-ray and Y-réy
interactions give rise to a diffuse distribution of ions, resulting in
widely speced individual breaks, most of which can undergo repair bé
recombining withoug structural change. Thus permanent structural changes
for X-rays and Y-rays are proportional to the square of the dose, with
greatly reduced incidence at low dose rates. By contrast, structural
changes resultiﬁg from alpha interactions are directly proportional to
the number of interactions and are independert of alpha interaction rates.
Thus, with regard‘to the production of irreversitble structural changes in
cells the relatiQ; biological effectiveness of alpha radiation, compared
to X-rays and Y-rays, increases markedly at lower dose rates and over
‘longer periods of exposure.

For alpha interactions with cell nuciei, most of the‘structural
changes are lethal and lead to the mitotic death of the cell at the next

(17,18) (15)

or subsequent cell division . However, as Lea and others have

pointed out, some cell nuclei experience only minor structural changes
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(chromosome inversions, duplications, translocations, deletioms, etc.)
and remain viable. However, although only a very small fraction of alpha
interactions give rise to viable mutated cells, these survive to
proliferatg, whereas cells which suffer lethal changes are eliminated
from the cell population; Thus in the case of long-term exposure of .
tiésue to internal alph; emitters at low d;se rates “here is a cumulative
- 4ncrease in the population of cells whicﬁ have survived one or more
-chromosome structural changes. However i:‘is equally obvious that a

cell vhose gucleus is subjected to repeated alpha interactions within
‘the fiean life of the cell has only a negligible chance of survival.

‘ ‘It 18 likeiy that the production of a radiation—inducéd tumor begins
with the formation of =z single malignant cell characterized by a combina-
tion of two or more chromosome changes and/or gene mutations. The alpha
radiation-induced bone tumor incidence in dogs 18 observed to be propor-

(19)

. tional to the square of the alpha dose implying that a sequence of

two or more low probability events must be involved. This is consistent

(20,21) based

with tke two-mutation and multiple-mutation theories of cancer

ﬁn the age distfibution of cancer in man. On the basis &f these consider-

ations the production of a malignant cell involves a sequence of events,

as follows: (fs production of a viable mutated cell; (2) clome growth

from the mutated cell; (3) production of a second viable mntatioh in

one or more of the clone;i-(é) growth of a clone of doubly-mutated cells;
.etc. Thus, for a twu-mutation sequence, the tumor risk would be proportional

to the R?tz(tlrc), where R 1s the alpha d;se rate, t is the time of |

exposure, and Te is the mean life of the normal cell and singly mutated

cell, The term (t/Tc) represents the influence of the growth of the clone

of the singly-mutated cell on the long-term risk.

This tumor risk relationship makes it asbundantly clear that a linear



e N @

extrapolation to low dosé rates is not only not ccnservative for algha
radiation induced tumors, but rather that there is a marked inverce dose-
Tate vs ;1sk relationship. There is an increasing body 6f puﬁlished
experimental evidence that reflects this trend.

(22)

SpeisS and Mays observed that for»zz“Ra alpha radiation induced bone

sarcoma in man, the tusor incidence per rad approximately doubled for a four-

fold increase in the spacing of 22*Ra injections and that the observed incidence

of bone tumors per rad in children was nearly twice that for adults. Upton

(23)

et a{. show a significantly higher iacidence of tumors in mice for a

given neutron dose at more protracted periods of exposure. Moskalev and
L )

7Buldakov(2a) showed that fractionation of the administered 233%Pu dose over

larger periods of time increased bone tumor induction. The nigher tumor

incidence per rad Zor the smaller.lung buvrdens of crushed 23"Puoz micro-

Q1)

~ spheres observed by Sanders seems best expléined by the limited alpha

-drradiation of large numbers of cells by numerous very small, mobile

particles of low éctivity per particle (see below). Hamsters subjected to
low alpha doses from 2!°Po distributed quite homogeneously in the bronchiolar-

alveolar region show a marked increase in the lung tumor incidence per rad

at very low doses and dose rates(zs)
4

in uranium miners reflects a higher tumor risk per rad at the lower doses

. And the incidence of broncihial czncer
' (26)

(14)

for this low dose rate exposure group. The tobacco radioactivity results
idndicate a significant tumor risk for the cumulative alpha radiation dose
from 21%Po 1in insoluble particles in the b;onchi of smokers, involving much
lower dose rates.

Based on the above consideratioms it is evident that théﬁtumor risx 1is

optimized when a very large number of cells and their descendants are

subjected to only a few widely spaced alpha interactions with the small

Uit
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target afforded by the cell chromosomes. This followé necessarily from
the fact that most alpha interactions with ceil chromosomes lead to the
subsequent mitotic death of the cell, as Barxendsen has shown(l7'18). The
production of a malignant cell calls for a sequence of two or more low
probabilit& events and t£us cannot be speeded up by the application of .
massive alpha doses, bu£ rather only by gdbjeéting a much larger number
of cells to a limited number of interactions. Additionally, assuming that
the tumor risk to the tissue subjected to alpha.irradiation is proportional
to R?tz(tléc), expiained above, it is apparent that the- alpha activity

concentration or the activity per particle which is egquated to a given

tumor risk decreases with increasing time of exposure and also that a given

.risk can be attributed to smaller cumulative doses when the time of exposure

t is appreélably longer than the mean life of the cell, Tc' Brues(27) and

o Burch(zs) both pointed out that the two-mutation theories of carcino-

(20,21) would imply an exceptionally high effectiveness of widely

ggesis

spaced radiation for tumor production. It is proposed that. just such a

‘dose rate relationship serves to reconcile the observed significant tunor

risk in cigarette smokers with the presence of a persistent lung burden of

insoluble smoke particles involving a total of only a few picocuries of

L ]
“'PO(IA). 4

3. “Hot" PuO2 Particle Risks: If the above tentative conclusions are

' correct, then the same considerations must apply in the assessment of

tumor risks for hot particles. In this connection a preliminary considera-

tion of the influence of specific alpha activity and particle size of the

¥

hot alpha emitting particles is in order.
. Raabe et al.(zg) report an apparent rate of dissolution of z”1?\102
in lung fluid which is two orders of magnitude higher than that observed

for ”’Puoz particles. Such a dramatic difference in the chemical behavior
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of iwo isctopes of plutonium is seriously inconsistent with the negligible
influence of isotdpe effects on the chemical kinetics of heavy elements.
fhus it seems necessary to explain this apparent solubility difference on
phyéical grounds. The specific activity of the 2"Puoz particles (~80%
z"Puoz an; ~20% 2’°Pu02) was about 220 times that of 23’1’».102, In addition
the 22%pyo particles exhibited a very significantly lower density than the
(30) '

2
z”Puoz particles » indicating a highly faulted structure and weakened

intermolecular bonding for the 23°Pu02 particles. Fleischer(al) proposes

that the apparently higher dissolution rate for 23"‘1’u€)2 may be explained

bi the alpha recoil nucleus ablation of the surface layers of the particles,
with a fragmentation rate proporticnal to the specific alpha disintegration
rate and with variable sizes of fragments ranging up to ~106 atoms., The

poorer structural integrity of the 2“Puoz particles may give rise to an-

. -idncrease in the size range of the ejected fragments. Such small fragments,

ranging pp to tens of angstroms in diameter or more, would pass readily
through the 0.1 ym diameter pores of the membrane filters used in the
dissolution experiments(zg). Also, such small ablation fragments may exhibit
a much higher mobility in tissue than that of 0.1 to 1.0 ym diameter, the
sizc range of pfrticles used in most Animal inhalation experiments. fhis
greater mobility f;r very small ablation fragments in tissue may explain
the observed more rapid rate of transl?cation for 2?‘Puo2 than for z"l’uoz
from the lung tc the liver and bone(32’33)'
Another explanation for the apparentiy higher solubility of 2”Pu62
than 2"I’uoz 1s the possibility that the intense alpha radiolysis of the
lung flﬁid at the surface of the particles leads to the production of
chemically active free radicals which in turn react with Pqu molecules

on the particle surface. This process also would proceed at a rate

proporticnal to specific activity and to particle surface area. Ia this



et al.

case the dissolved plutonium would diffuse away from the hot particles.
Eowever this dissolved plutonium undoubtgdly would be glowly redistributed
ir. the lung in the same fashion as that reported by Moskalev(3a) for

inhaled soluble compounds of plutonium, resulting in a highly non-uniform
distributi;n, with hot spots located péeiominantly in the sub-pléural region
of the lungs. This gradual conversion of,;hesoluble plutonium comporzds

to small colloidal size particles at focal points of activity may be the
result of the self—chelating properties of tetravalent plutonium in solution,

-In recent studies of rat irhalation of 2"’Puoz, Sanders(ll) has
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of aged, "crushed" 2"Puoz microspheres. In this case the inhaled particles

involve smaller particlés and a correspondingly larger surface area. The

Al cee capmmemm .
L4

observed more rapid rate of trausluvcailvii to other organs can
variously to the higher mobility of the smaller particles, or to the higher

rate of surface ablation (or dissolution) for the increased surfaée area,

or both. The higher tumor incidence can be attributed to the fact that:

 ‘the greater mobility and wider redistribution of the 23'Puoz'micrOSpheres

and their breakdown products subject a much larger number of cells to a

limited x;umber 'of alpha interactions.

'*

The correctnéss of the above interpretation is reinforced by the

results of the los Alamos ceramic sphere experiments reported by Richmond
(12,13)

and further discussed by Bair et al.(lo). In these expefi—
ments 2000 Zirconium o#ide microspheres of 16 im diameter, each aei con;
taining a speéifiea amount of plutonium, were injected into the lungs of
groupé’af experimegtal animals. The total plutcniuﬁ per microsphere
ranged from 0.07 to 1.6 pCi of 2*°Pu and from 4.3 to 59.4 pCi of ***Pu,
with identical activity for each of the 2000 microspheres in each of eight

animal exposure groups of 70 animals per group. The local dose rate,



averaged over the small tissue volume within 40 um from the/surface of
the ceranic micrﬁspheres is ~17,000 rads per year for the 0.07 pCi micro-
spheres, or ~200,000 alpha disintegraticns ;er year within each »icrecgran
of irradiated tissue. The dose rate is correspondingly higher around the
wdcrospheres of greater activity. Less than one milligram of tissue, oély
one millionth of the lung, is subjected to these masslve radiation doses.
The limited bioclogical response obtained in these experiﬁents is
consistent with expectations based on Barendsen's results(l7’18)
population of cells within the alpha range around the mlcrospheres exper-
iéﬁce so0 many alpha interactions that they all receive chromosome struc-

tural changes that result in their mitotic death. The 10 um diameter

microspheres are immobiie in tissue. Also their specific alpha activity

- 48 8o low compared to pure PuU, that thear surtace recoil ablatiocn and

2
dissolution rates are negligibly low., Thus in these experiments there

is no large population of cells which are subjected to a limited number
of alpha interactions, as is the case for Sanders crushed 2"Puoz micro-

(11). Richmond and Voelz(lz) observed only two lung

sphere experimegts
tumors (at 9.5 months and 12 montﬁs in animals exposed to 2000 ceramic
mdcrospheres of Oxﬁz pCi 23%py per»microsphere) for a total of ~106 hot
particles. It i;-proposed that these two tumors may be attributed to

secondary protons ejected by alphé interactions with hydrogen atoms. The

-expected yield is one proton per lO4 alpha interactions. Such protons

‘have energies of about 100 KeV and a range abour 4 times that of the alpha

particle. Thus these secondary ptotons irradiate 63 times as many lung
cells at correspondingly much lower doses. It is unlikely that the two
tumors observed in these experiments can be attributed to X-rays or

5 1
Y-rays from plutonium for reasons discussed by Warren and Gates(BJ'“s).

; the small
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&, QCritical Heal+*h "¢fects: Tt is widely recognized that inhaled insoluble

.. alpha emitting particles deposited in the lung are, in part, translocated
via the phagocytic action of macrophages tcuche lymph nodes and to other
sites in the reticuloendothelial system, and also via blocd leucocytes to
the liver, spleen and bone marrow. Recent experiments with inhaled .
plutonium make it evident that the pattern and rate of translocation of
plutonium from the lung to other sites i1s highly dependent on particle size
and specific activity, with more rapid transport of the smaller and more
sctive particles. Thus, it is far from obvious whethe£ the lung, lymph
.n;des, liver, bone or other organ, or fraction thereof, should be taken
as the critical organ or critical tissue site.

It has long been known that those tissues in which there is more
active cell division suffer the earliest and most severe radiation damage
effects, and that this includes the blood forming cells in lymphatic glénds

(16’3'f8ucheffects include the destruction of rapidly

and in bone marrow
multiplying cells that produce the blood platelets which assist in the
control of blood clotting. Similarly the population of leucocytes is
reduced with a corresponding reduction in resistance to disease. These
effects plus thé ?écompanying chromosome structural changes can give rise

to the ecrlier incidence not only of cancers, but the whole pattern of
diseases uvf the cardiovascular and renal systems(37'38)' |
Let us review the mounting evidence which suggests that inhaled
4nsoluble alpha emitting particles may be the agent of atherosclerosis
and thusigive rise to an increased risk of death by early coronaries and
strokes. Atherosclerosis is reported to be present in every instance of

partial or complete arterial occlusion and every case of coronary throhbosis(39).
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Recently Benditt has shown(ao) that the human atherosclerotic plaque is

a monoclonal proliferation cof a mutated cell of the artery wall, and thus

(41-43)

an arterial tumor. Elkeles hias observed anomalously high concen-

trations of alpha activity at the calcified plaque sites. In addition
_atheroscle}osis plaques ﬁormally occur in the main and abdominal aortas-
and the coronary 3rteriés, but rarely iﬂ'éﬁe pulmonary arteries(42-44).
This distribution suggests a respiratory origin for the mutagenic agent.
Attempts to reproduce arterial lesions in ﬁnimais by chemical, mechanical
and nutritional means have not produced plaques similar- to those of

i (40)

atherosclerosis in man . However atherosclerotic plagques have been

-directly induced in human arteries by intensive irradiation Qith X-rays
and tadium(as). Therza is a high incidence of early coronaries among
cigarette é&ckers, with a mortality rate for males who smoke two packs or
more daiiy that is 2 to 2.5 times that of non-smokers but at a mean age
of death some 10 to 16 years eai:lier.(“)For all these reasons it 1is proposed
that inhaled insoluble alpha emitting emoke particles are very likely to be
the mutagenic agent which gives rise to atherosclerosis in cigarette smokers.
If this is the éase, similar increased risk of early coronaries are tc be
expected for o:her groﬁps of ipdividuals who are occupationally or envlrpn—
-ﬁzntally exposed to the inhalation of insoluble alpha emitting particles
of respirable size. Attention should be addressed to industrial and combustion
Pproduct aerosols which contain uranium o;ide, thorium oxide and lead-210,
;a well as to plutonium oxide from nuclear industry, nuclear accidents -
and fallout from atmospheric nuclear tests.

The first snd most obvious place to look for such effects 1is among
past and present plutonium workers. Very significant increaaes in the
‘1ncidence of early corcnaries as well as lung cancers and cancers at other

(46)

sites is observed among cigaratte emokers with insoluble alpha emitting
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(14) and
(41-43)

particle burdens of only a few picocuries of 210p5 4 the lung
similzar total alphz activity per 100 grams of arterial wall tissue

By comparison, plutonium workers exhibit plutonium organ burdens ranging

from a few picocuries to a few manocurics or more(47’48). And although

‘there has been no epidemiological study of the age-incidence of heart

disease and cancer among plutonium workers, the limited pubiished infurmation
bearing on this question is more disturbing than reassuring. Most often
cited is the medical experience cf 26 plutonium workers at Los Alamos(ag’so),

usually accompanied by a statement to the effect that none of the medical

findings for this group can be attributed definitely to intermally deposited

plutonium. With equal justification one may state that most of the serious

medical findings in this group can he attributed to plutonium. One member of
the original group died in the early 1950's. Canse of death ie not reportad,
Another died of a coronary at age 38. A third suffered a coronary occlﬁsion
but recovered and was well compensated. A fourth developed a hamartoma of |
the lung and his right lower lobe was surgically removed in May 1971. A :
fifth had a melanoma of the chest wall. A sixth had a partial gastrectomy

for a bleeding ﬁlcer. One subject suffered loss of teeth, apparently due

to damage to the lamina dura of the jaws which show the earliest effects
v .

in beagles given toxic doses of plutonium. Another subject has gout. The

.full medical history of this group, now mostly in their fifties, has unot yet

completely unfolded. Only 12 of these 26 plutonium workers were exposed
to plutonium inhalation. Which of the observed effects were experienced.
by the inhalation exposure group? Regardless of the distribution, the
medical experience of this small group thus far provides no b;sis for
complacen=y about the health consequences of plutonium.exposure.

Hanford employees and others whose autopsy tissue samples exhibited
plutoniunm levels in excess of 5 fCi/g died mainly of coronary heart "

.
[



disease and other cardiovascular effects and to a lesser extent of cancer
and pulmonary emphysema(47). Based on evidence reviewed above it appears
that atherosclerosis is a cancer of the arféry wall and thus that coronary
heart disease and other diseases of the cardiovascular and renal system
are expected effects of inhaled plutonium and of other insoluble alpha )
emitting particles. An adequate assessment of the magnitude of these risks
can only be-obta;ned by a comprehensive medical follow-up of all past and

present plutonium workers. Until the age distribution of these effects

annﬂg plutonium workers is fully assessed, any claim by the proponents

- e

of nuclear energy that there is little risk associated with the MPLB

(maximum permissible lung burden), 16 nCi of plutonium, or fractieans
thereof,gs_totally unjustified., The growing evidence suggests that as
little as- -2 fﬂv =1icocuries of élpha activity in the lung, in arterial tissue,

and in other organs gives rise t6 a significant cancer risk.

5. Diécussiqg: The published evidence, reviewed above, clearly indicates
thaf a linear extrapolation to lower doses and dose rates is not conserva-
tive for internmal alpha emitters. The initial eifects of alpha inter-
actions with cell chromosomes are irreversible and thus will vary liﬁearly
with alpha ddge rate. However the cumulative effects of internal alpha
emitters gives rise to an increase in the populations of mutated cells"
(cells with viable structural changes in their chromosomes) and in the
health consequences of such changes. Therefore the tumor incidence per
alpha disintegration must increase with decreasing dose rate. For this
reason a given cancer risk is equated with smaller cumulati@e alpha

doses and with much smaller internal alpha emitter burdens as the period

of exposure increases.

J4



By contrast, the cellular effects of X-rays and y-rays are largely
repairable at low dose rates. This stems from the fact that the diffuse

d;stribution of ion paifs produced by such radiation results in widely-

~spaced single éhromosomé breaks which repair themselves readily. For

these reasons the relarive biological effectiveness of alpha particles,

compared to X-rays and y-rays increases continuously with decreasing dose
rate. Thus alpha radiation acquires a greatly increased bilological sig-
nificance relative to soft radiation in the production of tumors and other

health consequences of chromosomal structural changes.

) There are several .other lines of evidence which reinforce the

possibi}itf that aipha interactions with cells play a unique rele in human

cancer production, The distribution of cancer sites in the bronchi, in
the lymphatic system, in arterial tissue,-in the liver and bone, all

involve sites at which insoluble alpha emitters are known to accumulate.
Anomalausly high concentrations of alpha activity have been observed at

the bronchial cancer sites(SI)

(52,53)

» at cancer sites adjoining lymph glands

(41-43)

in other organs in atherosclerosis plaques , at liver cancer

¢
sites in thorotrast patients(sa)

(55)

, at bone tumor sites in the radium dial

, etc. The difficulties of producing lung cancer by external

radiation has been pointed out by Warren and Gates(as'as). The absence

workers

of cancers in muscular tissue, except at sites of thorotrast injection or

. plutonium injection, also is relevant to this issue. All of these obser-

vations reinforce the possibility that one or more of the chromosomal
structural changes which characterize a malignant cell must be brought
about by alpha interactions and rot by low intensity X-rays or Y-rays.

In this connectior, the determination of the nature of tlie structural

S‘b
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différences between the healthy and the malignant cells of each organ could
shed ecme lignt on this important questicn.

~ 1t glro 1s observed that the relative significance of chemical agenfs.
viruses and radiation in the incidence of buman cancer is not known.
Details of the mechanisms of cancer induction by chemical agents and viruses
also are poorly understood. And the proposed chemical carcinogens in
cigarette smoke and in polluted urban eﬁvironments have not been demonstrated
to be carcinogenic at the low concentrations involved. For all of these

reasons it is deemed likely that radiation, and alpha radiation in particular,

) mafibe the principal agent of human cancer. In view of such a possibility,

it 1s very disturbing to note that the U.S. National Cancer Institute, now
spending about one-half billion dollars per year on cancer research, has
completely-neglected the fleld of radiation induced cancer research.

(39-45)

Published evidence indicates that atherosclerosis is a ftumor

of the artery wall and that the alpha activity at the calcified plaque

-site is likely to be the mutagenic agent. If so the major causes of death

in the géneral population - coronary disease, other cancers, and strokes -
may in large part be attributable to'internal alpha emitters from natural
and pollutant sources. If so, fallout plutonium and alpha emitting .
contaminantsnﬁ%t,glready be cbntributing to increased health risks and life
shortening to the general public. Cigarette smoking causes increased risks
of early coronaries, lung cancer, cancers at other sites, and other heaith

(46)

effects y with about 15 years reduction in life expectancy for those who

regularly smoke 2 packs of cigarettes per day or more (attributable to

lung burdens of only about five picocuries of 2!°Po in excess of that of
nonsmokers). Fallout levels from past atmospheric nuclear tests have given
rise to plutonium organ burdens of ~0.5 pCi/kg of lung tissue and ~0.7 pCi/kg

of liver tissue in the general public(56). Although these levels are only

S t
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about 10 percent of the 21%p4 organ burdens of heavy smokers, the effects

may be correspondingly greater because the total population is exposed, and

the inhalation exposures begin at birth,

If the health risks attributable to fallout‘plutonium exceed 10 percent
of the risks of heavy smoking, then inhalation exposure at ~20 times )
fallout (the surface soil concentration of plutonium which corresponds
to the interim soil standard adopted by the'Colorado Board of Health in
1973) would give rise to organ burdens more than twice that of heavy smokers.
Exposing children to such levels would be tantamount to‘their smoking four
packs of cigarettes per day, beginning at birth. This estimate éssumes, as
1 beliéve to be the case, that the inhaled, insoluble radiocactive smoke

particles give rise to the serious health effects of smoking.

For the estimation of orgau burdens which may resuit from the inhalation

- of soil contaminants, it is common practice to attempt to determine the

average surface soil concentrations, the applicable resuspension factors,
inhalation exposure patterns, particle size distributions, lung retention,
clearance and translocation patterns and rates, etc. The large cumulacivé
errors and uncertainties in the prediction of the ultimate organ burdens
from long-term\exposure to contaminated surface soils and urban dusts by -
N
such a long seque&ce of complex processes serve to make this procedure an
almost useless exercice. There is a more direct approach which sould give

16D

more reliable estimates. Lewis et a show that the adult lung burden of

anitric acid-insoluble particles increases almost linearly with age, with

about 1.5 grams per kilogram of lung tissue at age 60. It seems reasonable
to assume that andividuals chronically exposed to soill dust and urban dusts
will acquire just such burdens of the insoluble consticuenés in the respirable
size fraction of dust particles (i.e., particles less than ~5 um diameter).

It should be noted that PuO, particles are highly insoluble and friable.

2
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Experiments in the Rocky Flats area also have shown that about.one-third

of the airborne plutcnium which has been resuspended from soil surfaces
by'wind action falls within the respirable-barticle size range. However
only a very smail fraction of the bulk surface soil is made up of insoluble
particles.of respirable size, For :hi; reacson, surface soils wiéh one
plcocurie of plutonium per gram (the Colporado interim coil standérd)

should contain an estimated 10 to 100 pCi of plgtonium per gram of insoluble
soil‘particles of respirable size. Such a soil level should lead to
plutonium lung burdens of 5 to 50 picocuries by age 20, or 15 to 150 pico-
curies by age 60, with correspondingly higher concentrations in the 1yﬁph

nodes, liver, and bone. Thus the Colorado interim soil standard is hardly

'a safe or acceptable standard unless it can be shown that such levels of

plutonium have no serious long term health effects.
There aée, of courée, a number of considerations which make it inap-
propriatetx:eQuate the effects of a given burden of low specific activity
alpha emitting cigarette smoke particles with the same amount of alpha
activity in hot particles. The Los Alamos experiments(12’13) make it
evident thai most of the alpha dose from "hot" particles of PuO2 is

wasted in the $xcessive irradiation of cells within the alpha range of

the hot particle surface. Thus the high tumor risk for the hot 23%Puo
(11)

2
can be variously attributed to (a) the mobility of the

smaller particles (b) the recoil ablation and/or dissolution rates which
increase with specific activity and with surface area of hot particles
and (c) the irradiation of larger numbers of cells with scattered protons

.
(an effect that may be significant fer very hot particles). b
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For these reasons, the insnluble alpha emitting smoke particle,
uvranium oxide, thorium oxide and other alpha emitting particles of
moderate to low svecific activity may be exbected to givé rise to a higher
tumor risk per alpha disintegration or for a given cumulative dose.
Similarly plutonium-239 in mixed fallout particles may be expected to
produce more tumors per disintegration ihan is the case for pure z"Puoz
and "’puoz. Hogever although larger burdens of hot particles will be
required for a given tumor risk, such risks can be expected to increase with
both _alpha specific activity and with particle surface'area, and the effects
should occur eariier for a given burden of smaller particles of higher
specific activity.

The aﬁove considerations make it obvious that th; present practice of
averaging the ainha dose over the whole lung or scme arbitrary fractiom

(10-13)

thereof is a highly questionable and grossly misleading procedure

.at best.

It also should be noted that americium-241 is present in association
with plutonium contamination in the Rocky Flats area and in nuclear test
areas. In addition, curium isotopes as well as americium-241 will be
present in high concentration in the nuclear fuel mixture from fission‘and
breeder reactors-éhich use plutonium fuel. The chemical behavior of
americiuu and curium in the environment will give rise to their substantial
pptake in the biosphefe and the food chain. Thus the ingestion of americium
and curium, their uptake from the gastrointestinal tract, and their
accumulation in the liver and skeletal tissue of mammals and man will give
rise to additionzl serious health risks. These contaminants“will be relatively
more serious than plutonium inhalation in some environments, particularly

in vegetated areas of moderate to high rainfall, where soil resuspension

processes are not effective,
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6. Recommendations: It is urged that the U.S. Environmental Prctection

Agency consider and act upon each cf the following recommendations which
ave called for (a) in order to provide an improved basis for the assessment
of health risks and standards for plutonium and other actinides and (b)

to providé a higher degree of protectior from the effects of internal alpha
emitters for occupational groups and the éeneral public by adopting more
conservative interim standards for plutonium exposure.

(1) Initiate a comprehensive interagency research progrzm to assess
the pealth risks of inhaled alpha emitting particles, with special attention
to both "hot" particles and insoluble particlesicf low activity per particle
(Some pertiﬁent studies have been proposed tc the EPA(Ss).)

(2) Conduct a comprehensive epidemiological healéh study of all past
and presen£ plutonium workers, and of all other groups which have been
exposed to the inhalation of plutonium at levels significantly above;fallout
plutonium.

(3) Call upon the National Cancer Institute and the National Heart
and Lung Institute to apply an appropriate fraction of their resources to
assess the role of inhaled alpha emitting particles on the incidence of
human cancer a?d heart disease. .

(4) Adopt more conservative occupational standards for plutonium,

A rveduction of present air concentration and lung turden standards by a
factor between 100 and 1000 appears to be in order. Better protection
should be provided for younger emplovees and grsups exposed to possible
inhalation of finely divided and higher specific activity plutonium.

(5) Maintain public exposure levels of plutonium and otﬁer alpha
emitters to the practical minimum. in my view this would limit public

exposure to airborne dusts not exceéding 0.5 picocuries of alpha activity

(about one alpha disintegration per rinute) per gram of nitric acid insoluble
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pa;ticulates of respirable size. This level would result in the accumula-
tion of adult organ burdens about equal to that from fallout plutonium(56).
On this basis the Colorado interim standardamay be at leiif 10 times too
high.
(6) Csll for a full disclosure of all past plutonium spills and accidental
telcases and conduct appropriate surveys and cleanup operations.

(7) Develop standards for americium and curium, with particular attention

to their distribution in the food chain and their uptake from the gastro-

intestinal tract.
) (8) Give immediate attention to current plans of the U.S. Départment
of Defense and the U.S. Atomic Energy Commission to resettle Enewetak
Atell, Thg high levels of plutonium and americium on these islands and

4

4 [y 1 I -
dn the lageon cediments are likely to give riscc oo oz

“on this small native population group.

sy
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PREFACE

Four comments are attached.
Comment £1, ACCIDENTS

PLUTONTUM AND OTHER ALPHA-EMITTIN

JL,f’Eomment 22, ESTIMATION OF THE HEALTH EFFECTS OF
_ - " TRANSURANICS

" Comment £3, DIVERSION AND SAFEGUARDS OF
- FISSIONABLE MATERIALS

Comment £4, GENERAL AHND IN SUMMARY

With the possible exception of #2, these comments are generic

in nature. For a draft statement of this physical extent,.detaiXed
'commént would be n=arly prohibited by pcrséna} Timitatione of tima.
.and resources. This dilemma is not encountered here §ince generic -
- comment seems indicated. Treatment of acne can be sensibly deferred

vhen the patient shows systemic failure.

¢



Comment £2, ESTIMATION OF THE HEALTH EFFECTS OF PLUTONIUM AND OTHER
ALPHA-EMITTING TRANSURANICS
The estimate of lung cancer incide?ce associatzd with the inhalation
of plutonium (or other transuranics) in particulate form is a critical
factor, along with source terms and resuspension, in defining the probable
impact of the LMFBR's b]utonium based fge]lcycle. T s subject is discussed
in Section 4.G.5 "Particle Lung Dose Effeﬁﬁs" of WASH-1535. 1 quote the
first sentence frem that section: ' |
.  ®The estimates of lung céncer incidence associated with
the inhalation of transuranics used in this report are
based upon a calculation of thz average radiation dose
delivered to the lung and application of tumor incidence
estimates for the uniformly irradiated lung as estimated
$n. the BEIR report."l

Tliis cited basis, and nence the defived estimates, are indefensible.

" Section 4.6.5 acknowledges “that 'insoluble' particles of
faqioisotopes, when deposited in tissue, provide'focal spots of high
radiation dose rates tlose the the particle," so there is no presumption
that the exposure by particulates of plutonium is uniform. The degp
respiratory tissue of the lung is made up of 108 alveoli. Each aveolus
is a complek]y organized unit of tissue. If an insoluble alpha-emittihg
particulate is deposited in this tissue some 10 to 100 alveoli will be
exposed. A crude measure of the nonunaiTornity of this exposure is that
at most about one-millionth of the lung's alveoli are.affected by a single
particulate. |

The significance of the preceding is that in the actual ]ﬁvg
exposure by an alpha-emitting particulate. the ensrgy of the ionizing
radiation is daposited in a very limited volume of tissue, and hance that

thz actual radiation dos2 to lung tissue scaled roughly a million times
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larger than the dose associated with an averaginé of the equivalent
radiation energy over the entire lung.

A multiplicative differerce of a m%]]ion in a significant
physicai quantity generally suggests a qualitative difference. Suppose,
for example, that the problem were to estimate tﬁe effects of small
projectiles on human crganisms. Suppose that the projectiles weigh 1/2
ounce and have a velocity of 1000 ft/sec. Note that the effect of the

projectile depends oa the energy, and note that a 6 ton vehicle moving at

1 mile'per hour has similar energy. There is experience with humans stopping

slow moving vehicles by exerting strénuous counterforces. Using this
experience the effect of the projectiles on humans is inferred to be
oxidation of -the biolcgical fuel necessary to do the work of stopping the

vehicle. But this reasoning is manifest nonsense. Even though the energies

involved are similar, a fast moving rifle bullet is quite different from

a‘truck weighing a miTlicn times more and moving at a one-thousandth tﬁe
velocity. The former dissipates its energy in the local disruption of
tissue, the latter leads to the ordered and non injurious oxidation of
biological fuel. The end results become very different as the physicaf
characteristics %f the sjtuatidn change, and a new biological phenomenon
intercedes. 0§viqus]y the way to estimate the effects of rifle bullets is

efther from past experience that is explicitly applicable, or alternatively,

- to calculate the effects considering the physical characteristics of the

rifle bullet and knowledge of the biolugical and physical characteristics

~of the human organism.

This nonsensa example has much the samz logical structure as the

wethod of estimating hot particles effects set forth in Section 4.G.5 of
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1ASH-1535. There, by introducing a fictitiously large mass of exposed
tissue, the calculated dose baccmes cormensurately small. In passing Trom
the fea] situation in which a hot particle irradiates 10 to 100 alveoli,
to the fictional situation in which the ionizing radiation from the hot
particle is averaged cver 108 alveoli, tha dose scale has decreased by
roughly a factor of a mi]]ioh. .
Livihg tissue shows extensive intra-ce]]ﬁ]gr and inter-cellular
organizatién. Sevefa] regimes of biological response would be expected
as physical characteristics of exposure are varied. Caréinogenic response
to whole organ cxposure by non acute doses of radiation will fall in one
of these.regimes, and this will be a regime in which ihere is human

experience. From the physical characteristics of plutonium aerosols, from

the lung deposition exparience with aerosols., and from the lung clearance

" experience with plutonium particulates, it can be inferred that at least

one class of particles exist which subject lung tissue to an exposur

associated with a different carcinogenic response regimz. This is bacause

other biological phanomenon has intervened.

For hot particle exposure that phenomznon is mitotic death of

‘cells, i.e., loss of thg cell's abi]ity to divide. There is an extensive

-

: literaiure on the subject. Radiologically induced mitotic death is, in

fact, the basis for treating ma]ignant.tissue with jonizing radiation, and
is the cause of most acute symptoms consequent to radiation exposure.
Even though the intercession of extensive mitotic death of cells must

inevitably place certain particulate exposures in a different response

- regime from whole lung, non acute exposures, a ccmpalling argumant might

be madz that the carcinogenic responsz in tha former case is necessarily
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less than the carcinogenic response in the latter. This argument would
appear to have merit since mitptic death of cells, of woll as reducing the
gereral viability of the tissue, would also reduce the number of irradiated
cells with carcinogenic potential. Usuclly implicit in this argument is a
conceptua]i;ation of a1l radiation carcinogenesis as a single-cell, direct-
injury process.

To confirm this argument, there is a respectable Tjterature in
. vwhich carcinogenesis is described as occurringafter.doses of radiation
that dre sufficiently local as to not be organism 1ethai, and that are
su;ficiently high for thé fraction of mitotically competent cells to be
greatly reduced, i.e., to 1% or less. Unfortunately, in at least some of
these experiments, carcinogenesis is inversely related to the fraction of
mitotically competent ce]ls; i.e.? cancer induction in the regimz wnere
mitotic competence is greater than 1% is small compared with the cancer
induction in the regime where mitotic competence is much less than 1%.

There are several points to be made here. Loss of mitotic
icompetence and carcinogenesis are two indices of radiatioa effect in tissue.
They cannot be independent, and their relaticnship can tell us so#ething
about some raQiGtign carcinogenesis:

Mitotié competence is not generally related in a linear way té
cafcinogenicvfespbnse. Voreover, it is a major anomaly that an increased
cércinogenic response is observed in dose regimes associated with greatly
reduced mitotic compeﬁence; It is difficult to reconcile this result with
any single-cell, dircct-effect origin for radiation induced ¢ancer.

Mitotic ccmpetence of a cell population decreases exponentially
with increasing alpha-radiation dose and is a fairly gehera] index of

radiation effect in tissue. If radiation carcinogenesis universally
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less than the carcinasenic response in the latter. This argument would
appear to have merit since mitotic death of cells, of well as reducing the
~aneral viability of the tissue, would also reduce the number of irradiated
cells with carcinogenic potential. Usually implicit in this argument is a
conceptuali;ation of all radiation carcinogenesis as a single-cell, direc.-
injury process.

To confirm this argument, there is a respectable literature in

which carcinogenasis is described as occurring after doses of radiation

that are sufficiently local as to not be organism 1ethai, and that are
suéficientiy high for the fraction of mitotically competent ce]]ﬁ to be
greatly reduced, i.e., to 1% or less. Unfortunately, in at least some of
these experiments, carcinogenasis is fnverse1y re]atedvto the fraction of

mitotically zomzctent cells, i.e., cancer induction in the regime where

. mitotic competence is greater than 1% is small compared with the cancer

~ induction in the regime where mitotic compatence is much less than 1%.

There are severa]vpoints to be made here. Loss of mitotic

competence and carcinsgenesis are two indices of radiation effect in tissue.

They cannot be indeperdent, and}their relationship can tell us soﬁething
about some radi&tign carcinogenesis:

Mitotic compatence is not generally related in a linear way t6
cafcinogenic fespbnse. Moreover, it is a major anomaly that an increased
cﬁrcinogenic response is observed in cose regimes associated with greatly
reduced mitotic ccmpefence; It is difficult to reconcile this result with
any singlc-cell, dircct-effect origin for radiation induced cancer.

Mitotic comnetence of a cell porulation decreases exponentially
vwith increasing alpha-radiation dose and is-a fairly goneral index of

radiation effect in Lissue. If radiation carcinogenasis universally
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dQEreased witﬂ mitotic coxpetence, then estimates of carcinogeoresis based
on a fictitious avefaging of a local inhomogeneous dosc over a much larger
voluine would be necessarily conservative. Since radiation carcincgensis
can, and in, fact, does increase to 2nomalously larga values while the mitotic
~ompatence becomes vanishlingly small, the.fictitioué averaging of dose
over larger volumes is not necessari1y‘conservétivc. Instead it would
appear that an intense local dose of ionizing radiation can be a more
efficient carcinogen than a diffuse tissue exposure with the same typz of
ioqizihg radiation and the same total energy. The above then implies that
averaging of dose over larger volumes may be far from conservative.

| ~ It is obvious that as a local exposure becomes more intense, a
stage nust fina]ly be reachad wher2 the carcinogenic efficiency of the
exposure {on a per unit energy basis) is reduced. This is not pertinent
to preQious arguments. It would, however, be important to’know the

characteristics of the most carcinogenicly efficient exposures.

The following excerpt taken from the BEIR report (p. 95) summarizes

the state of knowledge concerning the causation of cancer (emphasis added):
"Although ths mechanisns of carcinoger2sis, or cf :

radiction carcinogenasis in particuiar, are not fully
Eknown, available information implies tnat most, i1 not
&all1, types of cancer dovelop as a resuit of the combined
effects of multiple factors. These causative Tactors

may include: prezygotic (inherited) mutations of
chromosomal aberrations, which can spread during develop-
ment to many kinds of cells; somatic cell mutations or
chromosomal aberrations, which can be acquired at any

time after conception; changes resulting from the action

of viruses; and changes in systecmic grovth factors (e.g.,
depressed inmune competence, hormonal imbalance) and

in lccal tissue requlation {disorcanization, dumage),

such as rmay result Tron diseeses oiner than cancer or

from advancing age (1).

*Altncugh point mutations, chremosamal abborations,
and othor channes at the celluler and molecular level
may requirc only swall doses, tissue cicsoroanization and
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~are also species specific. Collective detuning of tissue, by tissue

@ -11- &4

gross disturbances in physiology are unlikely without
larqer cose, (2).

"0f the many types of changes which radiation can
cause in colls or tissucs, none is. considerad to b2
unique for rediation. Hany, if not all, such changes
can presumably resuit frem a variety of other agents.n

This summary view on carcinogenesis is compatible with the ideas leading
to the conclusion reached earlier, that fictitious dose averaging to

larger tissue masses nead not be conservative. The possibility of various

. modes of carcinogenesis is acknowledged, and in particular, mention is

made of a pathway mediated by tissue disruption.
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exception. Gross characteristics are obviously highly species speéific
also. A rat and a mouse are distinct and yet incredibly similar. The

gross tissue differences are articulated out through subtly different

“informational resonances amongst cell populations, - the collective behavior

béing phased ultimatgly, though perhaps remotely, by th2 genetic controls
of the cells. Not to belabor this point unnecessarily, - cancer profiles
are species specific; gross characteristics and, of course, genetic material
disruption seen as acceptable an or&gin for the tissue instabilities of
cancer as doas an isolated single cell event. ' .

Return now to the problem of risk estimates associated with
radioactive particulates in human lungs. Most of what has been said earlier
in this comnent has been general, and has been aimed at showing that fhere
was no inheront conservatism in the rizthod of estimating cancer risks set
forth in the first sentence of 4.6.5, and that moreover the nmethod cculd
b2 far {rom conservative. The conclusion could as well ha applied to

Iywphatic tissue or to bronchial tissue.
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Having this background notice that human lung tissue has a well
known carcinogenic pocential under a rumber of situaticns, including
exposure to jonizing radiations; and that in the Hantord dog study induction
of lung cancer was observed after exposure to plutonium aerosols. Taese
are a sufficient basis to establish plutonium induced lung cancer as a

legitimate concern for humans.
The following is a review of the official guidance for estimating

the carcinogenic effects from exposure to radioactive particulates.

1. "(210} The NCRP has arbitrarily used 10% of the

o volume of the organ as the significant volume for
jrradiation of the gonads. There are some cases in
which choice= of a significant volume or area is
virtually r=aningless. For example, if a single
particle of radiocactive material fixed in either lung

- or lymoh nole may he carcinocenic, in2 averaaing of
dese eoithar gver the luna, or op2 cublc centinater
may have little to do with thc zazz.. Use of significant
volumes or zreas must be looked on as ¢ne of the round
off devices which in special cases rmust give way to
detailed study."

NCRP Report #39 .
Basic Radiation Protection Criteria
January 15, 1971.

(emphasis addad)

by -
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e size and acilvizy of the particles, the cxtent

U
Sty by 1% .
b. \'.’hlc;x 1.1;.{ agg'.c‘gz‘.,:c, aud their mavement
within the ilssue, =g the movement of the cells
post them.

i
cozd By inlle
1

Sy %
rishs of pardentat
but vl some sofi

Cqvyer moae) e
lanz ned

on dose dotecmination encounters

. ] P BN .. -
PN INGCE, atl Glty

| B

Vit et Cososiderd ' T
- dilfioutiies. Consilaring only e lymphoid thue,

ata pflca % PRSI b :
fue Iate cficcts, the same radizion eacrey ab-

sorption ruzht weli be less efiective when distri-
bated 2s 2 serics of “hot spots’ than whea uai-
famly distributed. T hus, with particulate radio-
active sources withio 2 tissuz, 2 mean tissue dose

would _probably Intzoduce @ Sictor of saluty,

!
!

L .. e : i
livwever, & severs pracitcal problem hios now |

l::tcn secogoized in eoanection with the inhalas
tion of plutoniwun paciicutates, nnd is now being

comsicdered in deizif by a Task Group of Com-

mittee 1 ol ICRD.

. 42, ll'ro:'x: doz exzzmiments being carriad out
in the United Staies !
human subjects it hzs breome cleac that inhala-

S o ST,
and mom limited studizs in

tion of plutonium pxrticulzates can lead to hign
coacentrations of the particudate materinl in :?xc
pulmonary lymph rmdes, and thet the mean
radiation dose to thus pulmonary lymgh nodes
and indeed to lymploid tissuz 2s a whole is
likdy to be greatly iz excess of that to the lung,
which is at preseot rezacded 23 the critical or-*z::
for inhaled particulzzs matter. ?
43. The actual dos= ratios are not yet known

with any precision but the Task Group under-

stocd that the mean Cose to lymphoid tisue a3

. ‘. - s . .
& wholc might exceext that to the lung by a

f-'tctm" of 10 or more, and, il the respirntory
lymph nodes were alaac teken into considera-
tion, the facter could e 189 ov perbaps much

_greater. The prohlanu s whetizr lymplioiel tisue

#s 2 whiole or respirseosy lyraph rode tine in
patticulzr stoutd b= talen s
organ, end, if so, whother the dosg
(VUG for platenToon in pul
siiotd busubitaatia
reat vnlis

3 tiwe critien!
: Ve

iculre foom

. cely mrie -
o reducud Ladow the o

tacre is fiest the problua of Lok of Tmowded e o
tl'ze scn.\:it.ri‘."ity to raciziion-induce:d m:‘.{i;;\n:mt
change of the rciicelum culis presant, 2ud poss-
ibly also of lymapriocyics themch 3. Alo oy

coleulationn of deaer~ Tizcilation o the various

Yiepyepyta € gty , Y ol ey 3
ciztnens of the Iympuoid tissus would requiee
L e e s : . .
mformation, @t prossod unzizilably, on such |
Voinets asth [P <.
-‘:-')J\.c_m:\.,t..»‘:'1 : agmregetion of the pusti-
b fgem BUN O B fpe i
culate material wikin the lymoh aoidos, its ¢
cunge with tirme aad the movement of the |
[]

avticles within. the lymph nodes. In addition |

thare is very litile reported work on the distri-
bution of the material withia the nodes, which
could bz obiained by autoradiographic study,
or on the deqree of fibrosis and ether L:istological
changes produced. Detter data aue =130 reguired
on the residence tinwes of the particulaie material
in the lymph nodes and the solubitity of the
particulate matesial over Ry yeas. Another
foctor to be tohen into consideration, cominni to
2ll particelate deposition 2nd espaciully to thost
involvine e-ervitters, Is that the nurnber of cells
ircadiated is, for the same mean tisses dose, vary
depeadent on the pucticie size, Finally, lysmpho-
cyte migration s 2 faclor that should be takea
into comtdetaiion. ;

45. In so far 25 mean dose calcrlations can s
made the Task Group considered that thay
should, for consisteacy within the recommncnGR-
tioss, refer to the whele lymph tisses and not
only to the respivatory lymph ncdes. However,
uatil more uformation becomes available on
sorme of thz subjects mentioned above, little
weizht can be put on dose calculations. Data on
turmour production from animel Rperiments wie
of more significzuce, 2nd the results of present
work with dogs, particularly those with lower
amounts of plutonium, are awaised with interest.
In the icantime, the Task Group ave of the
opinion that any immediate hanze ia the dose
Jiznit for plutonium on the bass of visk to lym-
phoid tissue is not warranted.

ICRP Publicatior 14
.Radiation Sensitivity and
Spatial Discribution of Dose
(Publicetion 14 app22rs as a
report of tvio Task Groups,
and not as the official
recormenrdations of the ICIP.

)
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lrr?.m..tmn rosulis irom the ihatietton of thoron
or radoa aud danghter preducts, the relevant

Dose Fquivaicat is that in the bronchial:

mucosa which is the tissue conziderad to m.'

mos¢ heavily irradiated. Heee the wse
whole lung would be an Inadequate
for that of the irradiated tissue.

[ § -

by

(28) Within the raage of tihe Maximum
Permissihiz Doscs (sw- paragraph 57) specified
for occupational cxposure, when it is assumed

that tbm. is no LIUC\“O ’ i that effects are.
linzacly relzted to doss, it is _jusrilh‘ le to con-
sidec the avzrage dose to the whole organ or
tissue, ¢k uoatfh it is recoznized that whea more
inform=ation s avail ble, it will bz more
approprizte to wse the mean dose for cells of mny .
given typs, as is already donc when the broa-:
- chial smucosa s irradiated by daughter procucts ©
of radoa zud thoron. The use of the 1acan dose
has practical advantages in that the significaunt |
S volumne can be taken 23 that of the organ or
“tissue under consideration. In fact, this pr.n- :
cipie has nccc;u..nl) been wsed alrcady in'!
caleulating m't\"nu..l po rmissible burdeas of
x‘.dxo'lr::!:: €3 In tissues. EHloweves, vy ith ¢ xirems
inhiemorencity of dose (_10' cnnte,
yrriiculale va ;"n"' vo izl of ) .lp_{ NO0LIC

?.’(j:}l*.'it\"' suchimneocodurginly b IArIOTOpUie,
1his s @ matler upon which furiier WOk Is
needad. Alsa, for exteenal exposurs of the skin, '
especially when the dr"n\cc to the source is

very short or when the exposed arca is very

fthe | grall, i vould not be '1pmo,)u'.tc o average
"b"““‘“" ithe doss over the entive skin. Tustead, it is

recommended that the dose be averaged over
an arca of a square c*-\timetrc in the region
“-recciving the highest dose; however, with very
narrow beams of c\tlcrr-ch hizh m‘c_nsxt) ,such ~ -~
as those used for X-ray analysis, the value of |

such 2n average dose may be misleading, and -

proteciion measures have to be based on :
quahta’w- considerations. . ) .

ICRP Publication 9
Recommendations of the
International Committee

on Radiological Protection
(adopted September 17, 1965) .
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The reconmendations of the MHational Council on Radiation Protection
and Measuremant set forth in I, and the reccumendations of the Internatioral
Comnission on Radiological Protection set forth in III, are exp]icit'in
offering no guidance. .

I1 is a discussion of the hot partlc]e problem taken frem ihe
report cf an ICRP Task Group. It is npot intended to give d1sp051t1ve
officiai-guidance. The discussion is useful commentary, but inconclusive.
The very conditioha] statement made in the first and second sentence of Il
(1) is not generally convincing.

) With regard to the previously cited method of risk estimation
described in the first sentence of 4.G.5, that section continues with the
following supportive references:

*This approach has been used py the Environmental

Protection Agency in recent reports on the potential

health consequences of the nuclear fuel cysle.Z-

The approach leads to estimates comparable to those

of Gavankar® follecwing Thompson et al/ based on

linear non-threshoid nxtraooIat10ﬂ of observations

on beagle dogs administered 239u0, aerosols."
As to the fifst, consensus in error may provide amiable agreement amongst
federal agencies, but seems hardly a desirable basis for decisions involving
the public hea]th and safety. The observations on beagle dogs are discussed
furthﬂr on 4. G 117 and deserves separate consideration.

It requires pathological optimism to find reassurance in the

-results of the now completed Hanford beagle experlment. Dogs were g1ven

fnitial aerosol burdens of approximately 1-10 microcuries of Pu239

. B

02 Y

nine years post-exposure thz lung cancer response was virtually saturated

and multiceniric origins were noted in some dogs. Those receiving larger
‘ .

lung burdens greater than 10 microcuries died of pulmorary insufficiency

within £4-1/2 years. Tuenty-one dogs survived for more than 4-1/2 years,

4
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and on!j ore of these did not exhibit lung cancer at death. A relationship
observed betwren initial lung burcden end time to death with carcer has
been often used to infer a threshold burden below which no 1ife shortening
of dogs would be expected. This is shown in Figure 4.G.10 on 4-G 118.
Note that the fibrotic deaths there have no bearing on cancer incidence
..d inclusion ¢f thos2 points in the cons®ructing extranolated curves is a
sense1e§s exercise. Ilote also that th; fesu]ts are exhibited on a2 log-log
graph vhich virtually obscures all differential detail. Most important,
recognjzé the nature of the experiment, i.e., the lung burdens were large,
the results were saturated, and the number of animals was small. The

~ crude relationship observed between initial lung burden and time to death
with lung cancer does not necessarily imply that a thfeshold burden exists
for beagles: Quite to the contrary, thes range of exposures above the

“inferred threshold burden may be interpreted as a region of saturated

carcinogenic response, that is a burden regime in which lung cancer induction

in a beagle populaticn approaches 100% during a normal 1ife span. The point -

is that the observed &ime to death is more likely related to the burden,
through a population depletion effect, rather than through a burden
dependent 1aten} pericd. In the former interpretation appreciabie caécer |
would be antiéipaf%d 2t lower burdens. Tnis is again consistent with
extensive observations of radioisptope—induced bone tumors in mice, which
‘support the interpretation that "latent pefiod is constant and that the
apparent relationship Setween increasing dose and decreasing time to

death with tumor is due to the effects of dose-level on surqjval and on
tumor cxpecténcy.“ {Sze Toxicity of Ra-226 in lice," M. Finkel et al, in

Radiation-Induced Car-<er, IAEA, Vienna, 1959.)

The domain of this ccminent is broadened here in order o sunmarize

14
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a specific concern with plutonium, and, to a lesser extent, other transuranics.

Under a number of circumstances plutonium forms aerosols. The phyéica1
character of these aerosols is such that on inhalation by humans they are
cceferentially depesited in respiratory tiséhe. Because of slow clearance
and because.of their insoluble character, particles may experience long

residence times in tissué. An aporeciable mass fraction of the aerosol is
usually associated with particles suff;cient]y large that sha11 but
physio]ogica]]y significant volumes of tissue will be exposed to intense
(i.e., organism lethal or greater) radiation doses within a meaningful
phyiiolbgica] time. Studies of the effects of infenée Tocal radiation to
skin and kidney tissue indicate that despite the near mitotic sterilization
of the involved tissue, an enhanced carcinogenic ré;ponSe may occur, in the
c2nse that energy dissipzted in a limited volume may be far hore'carcinogenic
than if the samz type of radiation were to dissipate its energy over a
much larger tissue mass. The question is then: do particulates of plutonium
Tzad to exposures thét have enhanced cafcinogenic potential? If they do,
then preseht standards can be in error by orders of magnitude.

I Notice that the emphasis here is on the anomalous hazard
associated with a single particle; .and that if any threshold is re]evani,
it is not a ddsé thrésho]d since local exposures are large, but rather a
possible volumetric threshold that must be exceaded by the physical extent
of the exposure. Pfutonium,.as an insoluble aerosol-forming, long-lived

alpha-emitter, constitutes a very special case of the low exposure problen.

In conclusion, it is indefensible to base estimates of cancer

]

‘risk on the mathod of dose averaging over fictitiously large volumes.

Similarly, estimates based on non conservative interpretaticns of the

Hanford beagle rosults are highly suspect.
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PLUTONIU:I AXND PUBLIC HEALT!

Donald I’. Geesaman

Author's Note--Junes 1972

On May 11, 1969 a major fire occurrad ;1t' the lar.ge Rocky Filats
plut'ohi'um facilify lécéted northwest of Denver, Colorado, .and_ 0 e;ated for
the AEC by the Dow Chermical Company. ¥or description of this fire éee
AEé -press re,:l_eases 'M--1'21, May .26, 1969, and M-257, November 18, 1959.

. Consequent to'tt_ﬁ.s fire E.A. Martell and S.E. Poct cond.u.cted a
pilot Study on the plutboniurﬁ conltzimination of surface soils in th-e Bé)ckjr
Flats environs. Th'eir results sf.g-gested an off site contamination that was
orders of magnitude lafger thlzin that which would have been expected fro;;n‘
the racusured pluto.nium rcleases in the zir effluent of tha facility. |

In a letter of January 13, 1970 to Glenn Seaborg, then chairman

of the AEC, and in a préss relcase of February 24, 1970 by the Colo}ado

‘Committee on Environmental Information, .Martell et al. called attehtion

-
-

.o . v .
to this anomalous contamination and expressed concern over its uncertain

origin and over its significance to public healih. In response the AEC fixed .

the probable origin of the off site contamination as wind dispersal of pluto-

nium leaking from rusted barrels of contaminated cutlting oil, and denied

that cause existed for concera over hazards to public health (see ATC

preas relesse N=-22, Februaaryy 13, 1970).

It waz my conviction thal the AuT rosponse provided a distorted

e e teees eme AR
- r St w— et

vt e o e
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and inadequate representation of the possible hazards associated with the ,'
. : . . : ’ :-g
observed off site contaminution, and that the imminent large-scale commer- "4
’ Y

N

n

cial introduction of plutonium gave this situation a precedential significance zl
* ¢

-‘ . '
muci greater than the already considerable significance of the situation ' :

itself. . . . . - *

v

In April 1970 a represenitiive of the AEC's Division of Biology 2nd

. e e ea e
T Bt B Gk 1 S AT 5T Sk ’e kS ke

Medicine and myself were invited to present our views at the University of

Colcrado.. "Plutonium and Public Health" derives from the preceding his—

tory and sheuld be so interpreted. Thé presentation was to a lay audience

- and was made with that expactation. Adequate referencing was added to

the written text prior to its inclusion in Underground Uses of Nuclear Energy,

Par: 2, Hearincs before ih= Suocommiitec on Air and Water Polinticon of the

Committee on Public Works United States Senate, August 5, 1970.

| "As it stands._’the paper still represeats a legitimate critique, and
~ the reqeqt empha.sis on plutonium a:s_ a major energy source irlc-:reas es" thé
i'elevanc;a of t};e discussion.' Aﬁ updating would involve (;nly iﬁcremen_tal
~ changes, and ?vbhld generally suppl\gment‘rz;ther fhan' digtuzjb the substantive

B . ) . ) . . : .-
arguments of the original paper. Hence while such an updoting is desirable,

. . T - . .. t v
it is also of sufficicnt marginal value that it can be properly deferred at Bil

. o . R K

. . 48] 3

. my discretion. : S v . L

For those who are interested in reading the traditional AEC posi-

i 3
oy . N 1| T . o . A
tion on the subject I would suggest "Appendix 24 - Safety Conslderations in 3,‘7 i
0.' ol

Y. . . ’ Py
the Operations of the Rocky ¥luis Pluloaivm Processing Planl", from 10
i;' 3

— . ATC Antbovizing Ledislaiion Wisenl Yoor 1071 - Ilcarines hedova the Joint IH
TH

200

g1 ¥
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Committee on Atemice T‘ncr'ﬂv Part 4, March 19, 1970. : ” T;
--------- i
Times have changed since May 1969, Then plutonium was regarded 1
.l
as a military substance and was accordingly given-little public attention. 4
i
1.
Now it is much publicized as the encrgy source of thc not too distant fumn_. #
i
" * . : . ]
- N I
Apri’ 7770 was a time of irangition, and I felt the strong nresence of the i
carlier tradition, and the decision to speak was not an easy one for me. i
: - o
I have @ad no regrets. . . g
: - : D. P. G. it
» * i :
’ .. ’ . . {%' '
- s Fl4-
: Piutonium and Public Health G
i % ;
For the sake of completeness let me give . you some background on WHE
’ . 2 ' - 1
plutonium. 1t is an element that is v1r;uauy non- ex1=tem in the earth's 3‘ .
JENE
.4,’:
natural crust. In the early 1940'5 it was first produced and isolated by 1t
o - . 5 !f 1
. . AP
Dr. Seaborg and collecagues; --Dr. Seaborg is presently Chairman of the il
. - iy
Atomic Encrgy Commission. Plutonium has several isotopes, the most ';, 1
Wi o
. . . 3 . 3t 3 :
fmportant being plutomu*n—"S §, which, because of its fissionable properties RHaEE
. . ) BT
hand - TR
. "o
and its ease of production, is potentially the best of the three fission fuels. _ RIVEEE
: S , ~ : L - g
That is why it is of interest. Aside from its fissionable proqertxe.., plu-. i
tonium-239 is a radiocactive isntope of relatively long half-life (24, 000 N ;} ]
. ) - . . T {
years), hence its radioactivily is undiminished within human time scales. 3 j 'f
i g
. . . wii oo
. - . - - . ’ - RIY
When it decays, it emits a helium nucleus of sub:stantial energy. Because i
. IR
] .:1 i
of its physical characteristics, a helium nucleus interacts strongly with G

the material along its path; and as a consequence deposits its cnergy in

N relatively short distance, --ubout four-hundredths of o millimeter in

. .‘. tew N . . [ XY . o » 4 1 . o H i § 1 H
feldissee. Por comparizon, a typical cell dimenszion is aboui 1/4 to
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Al

' 1/10 of that. A cell whose nuclezus is intercepted Ly the patht of such a par-

ticle suffers sufficient injury that its cepacity for ccll division ig us ,ually

o —— .

-

;

[}

: |
Jost (B:n o hodeon, A.W., 1962 and Bloore, W., 1959). , ! ;
: : I

The cancer inducing potential of plutonium is well known. One !

!

)

1

nulhonth of a gram injected 1mrad\,rm ally in mice has caused cancer
. i

1
- * ot
(licco, Y., et 2., 1947); =z similar amount injected into th'* blood system !

C e ey seee

of dogs has induced a substantial incidence of Bene cancer {Mays, C.W.,

A wetss yiomg

ct al.; 1047), beckau.se of plutonium"s tendency to seek bone tissue. Fortu-

'
]
:
:
!
oo
o
s
'y
'
:
Lo
§
.,“!
1
i
!
i
4

nately the body_ maintains a relatively effective barrier aGainst the entry

AT L Py g - gy

‘of plutonu.rn mto the blood svstem Also becauqo of the shm-t range of

e
s ety e

the cmittcd helium nuclei, the radiation from plutomum deposited on the

e T ]

surface of human skin does n'ot usually reac.h any relevant tissue. Unfor-

PRSPPI

TP Wt o

tunately the lung is more vulnerable.

Before I describe why this is, I'd like to say something about the

b —. e
[ I I S,

characteristics of an aerosol. An aerosol is physically like cigarette

por o
Pl

) oo ;
smoke, or fog, or ccment dust. Because of their small size, the particles 3
. . R

f.—

»comprising an aerocsol remain suspanded in air for long periods of time.

Il an aerosol is inhaled,, th\.n dep nding on its p"l)’SlCd.l characterzsucs it :

¥

- may be deposxted at different sites in the recpir atory tree (ITeal h Physics,

i
.-
it
b
H
i
.
.
]
'
i
L
1
i

N '
i3 40
1966). Largcr aerosol sizes are usuallj removed by turbu‘ence in the nose, e e
particles dep051tcd in the bronrchial tree are cleared upward in hours by the 414 i.;
. g : .Y
. i
cliliated mucus blanket that covers the structure. This clearance system : [ '
S s 1
. . . 3
dudy not panctrate into the desp respiratory etructures, lhe alveoli, where HER S
old o
: ’ o 1
v Y . L
tiwe basie oxygen-carbon dioxzide exichange of the Jung lakes ploce. Srnaller I
~— by .
- . B
LI
i
§ w i,
e .
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- particles tend to be deposited here by gravitational gettling, and if they are

insowuble they may reside in the alveoli fer a considerable titne. The prob-

lern is that, under a number of conditions (Anderson, B,V., etal., 1967;

il
Fraser, D.C., 1967; Kirchner, R,A., 1866; Mann, J.R., et al., 1967; i
. k)

Stewart, K., 1963; ‘Wilson, R.H. et al., 1967) plutonium tends to form i‘

—
(S KRR S DECSTE I S NN U Sy S e

LN LR BNAL G TR R 3P T U ek Ml U kil n i Lok g e s et

aerosois of a gize that are prefercntially deposited in deep .ang iissue.
N N .

Plutonium dioxide, which is a principal offender, is insoluble and may be

e gy s e

immobilized in the lung for hundreds of days beforc being cleared to the

P P

throat or to the lyfnpll nodes é.round the lungs (Health Physics, 1966).‘

S S A TONETY Xt

:
Sl
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An aerosol is comprised of particles of many different sizes, and

cwpa gy

their _radioactivit-y may differ by factors of thousands of.cven.morc. I will

csimplify the argnment and say that there is a class of these particles. the

. . - & s oy et g e

largeSt ones deposited in the deep lung tissue, that can be expected to have

v T m e S tm i s e

w2 m e namay

- a different potential of cancer induction than the particles of the smaller 1 .-
, : | !
 class. This is because they are sufficiently radioactive to disrupt cell . := i
populations in the volume of cell tissue which they cxpose (Geesaman, i

D.P., 19682). An example mignt be a particle that emits 5000 helium
. -» ' ‘;A R . A. . . !
. nuclei per day. It would subjzct bétween 1 and 20 alveoli to intense radi- ‘

Y YT I AR T W R

ation, .sufficient to inflict substantial cell death and tissue disruption. ' .
For reference, the alveoli are the basic structural units of the deep lung. A E
o . : . 4 i
They arc shaped and bunchoed roughly like hollow grapes 0.3 millimeoter (LT
in diamweter. Theic walls are thin, o Tew thousand!hs of a millimelor, 18
3
o . . . 8
and they arve a highly structured tissue with many ccll types. Intenge ex- -
_ " \ 4
TTpazure of Jocal tissue by a rodionetive particls is referred to us the hot o
' | P
o
3
4
£x Loy
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p:t.)'ticic problem. The question is: docs such a particic have an enbanced
poteatizl fm: cancer ? No one knows. One can ax'gpc that cancer cénnot
evolve from dead cells, hence a depleied cell population must be less
cavcinozenic. This ig believeable, and must be tru.c; on occasion. The
faéts are, though, that intense , loc:‘al doses of radiation .are'extremcly .
eficcu. < carcinogens, much mchr: sc than if the _e}xergy wei e averaged
.over a larger tissue mass (Geesaman, D.P., 1968b). F}xritherrriore, this
caxi.take placé at high ac;ses of radiation 'whe.re only one cell in ten thousand
has retained its capacity to divide. The cancer susceptibilify ;Jf iung tis-
, 4 o . )

sue lo radiation has been demonstrated in many ‘species; one can say in
general that the lu.'p'g is more sus::.eptible'-fo inﬁomog-eneous exposures from
particles and impldx:uts than it isv to diffuse uniform radiation. Some very

carecful ;skiri experiments of Dr. Albert have indicated that tissue disrup-

tion is a very likely pathway.'of radiéactive induction of cancer after intense
. exposuie (Albert, R.‘E.‘; et al., 1967a, 1567b, 1657¢, 1969). The experi- 3
ments show tl'-xat.the most se§ere tigsueinjurs' is not necessary, nor..even
optimal, for the induction of cancer. When these nétioqs. arc applied to a
. hot parvt_icle in the lun-g,' the 1::0:;sibi.1it3,T of on.e cancer ‘from 10, 000 Jisrup-
tive particles: is realistic. This is disturbing hecause an éppreci:ible
portion of the total rad'ioa;cti\.'ity in a plutonium aerosol 1s usx.x'ally.in the
large particle compdnent. .
Let me dcmons:lrntv what 1 mean. Suppose i man received a

taenimum permissible itng burden for plutonimu, and sappose rovghly

pie " r . . - . .
e ol the miass of the hurdent was assocsiated with the most active class

%17

Wit i E o LB

—— e

i em lema w

il ET R i O D e il et e+ o wc b

- el O od st sV rn

3 Ui Sl AR sttt AN £



1-150 '

e
e

of particlcs deposited (that is.those emitting scveral throusand helivin nucled

por coy). This is rcascuable. Therce would be sornething like & thousand of

these particles and cach would chronically expose 1 to 20 alveoli to intensce

radiation. If the risk of cancer is like 1 in 10, 000 for one disruptive par- '

ticle, then the total risk in this situation is one 1u ten, i.e., one man in ten l'
| il ]

would develop lung cancer. . i
- i

Put another way, about 1 cubic centimeter of the lung is receiving i

’ : ' I

high doses of radiation. It would not be surprising if intense exposure of ;»'
. L

- ) : - it
K

such a localized volume led to a cancer one time in ten. The question is: 1

: . ’ . IR

. . . 4

if the individual volumes are separated from each other, is substantial .i
protection afforded? No one knows. It is rauch easier to find two cancers ' B

using 50 e#posures'of 1 cubic centimeter »each,. ‘.‘.! an it is to find a couple

of cancers in 50:006 single particle exposures. Certainly the length scales
of inju~:- are long enough that a disruptive carcinc;genic pa_thway cannot be
disregafded fq_J:; isélated ilO.t particles (Geesamén, :DfP. . 19681)).

. One can lock to the relevant experience for reassurance. In an

experiment done at Hanfgrd by Dr. Bair and his colléagues, beagle dogs

bl

.Wwere given 141123902 lung b:.zrdens of a i‘cw hundred thousandths of a éram
(Bair, W.J., et al., 1966; Ross, D.M., 1957). _At- 9 years post exposure,
or after roughly half of an adult beagle life span, 22 of 24‘ deaths ihvolve‘d
lung cancer, usu.ﬁily of multiple origin. Five dogs r.emain alive. I;‘__or .

compurison, these exposures arce about 100 times larger than the presen

maximum permissivle burdens in man. . . W

There are two unsatisloclory aspects of this experitnent. ¥irst, | N
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bocause nll of the dogs are developing cancer, it is impossible to infer what

. . H wy| Y -'," . or oy
would hinppen at lower exposuzes: simple proa.ortxo.n.u.tj aoes, however,

1Y

v o  ia aas g

(32 o 2 T - ZIRTRIREE S UV VIT Y EIWEVEL WY S TV APty TR

suraest that present human stnndards arc too lax by.at least a factor of

ten. Second, because the radiation dose is large, with tissue injury almost ;

killing the dogs; and because large numbers of particles are involved, often

h )

acting iu conjunction; it is improbable that the risk fron:i disruptive particies

can be inferred. And after al?, this is what we need to know, since almost

all human exposures will invelve hot.particles acling independently, and if

L F a2 T T

O e = ¢ PO § OGS * oA M (b £ W A Sk = e . 1 o~ s - .

there is a riisk from these particles, it will be additive throughout the pdpﬁ-

lation; ——there 'will be no question of a threshold burden; and 'there will be

a possibility that 2 man with 2n undetectable burden of a few particles will

B X 30 B

e g prpiug v B uasp sit Rem a eegrav.gey
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g 2th ¥

develop a cancer as a consequance. For the exposvres of concern, 1000

pzople with 100 disruptive pariicles each will suffer as many total cancers

-

prebphtny

as 10,009 people with 10 particles each, or as 100 people with 1000 parti-

cles each.

Human experience does not givé us the answer either. Plutonium

.haé been around for 25 rears, and peopic have been exposed. 1In 1964
. » = .

through 1956 contractors indicated an average total of 21 people per year

’

Holitimmnis 00 ag ey s enen . u ooy eogy fecemnpu pontayy @ oo et

eleted 1 BILANLARS WL L AVFLTL R WU T AR S L 2

with over 25% of a maximum parmissible burden of plutonium (Ro.%s, D.M.,

1968). Three out of four of those exposurces derived ffom_inhalation. To

e o3
L3

pos
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be reasonably useful, the documentation of exposure must go back more

]

than 15 yenrs, beenuse of the ladent pericd for radiation induced cancer.

B recent years documentation has improved greatly, but from cuarly days

e eu T e @ty o
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Uweee i pitifully little of re¥evance to the het particle problem in tho Yung.
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.Since I have mentioned maximuwin permissible lung burdens, you
» (<]

1
1
i

are cware ‘hat there is official guidance. Iwould like to comrmaent on il.

The maximum permissible Inng burden is established by cquilitrating the

exposure from the deposited radioaclive acroszol with that of an acceptable

uniform dose of x-rays. The International Commission on Raudiological
Protcction indicates ihi.s may be greatly in é\rfor, ‘and specifically states
- in its .pubiication 9, "In the meantime there is no cleér evidence (o show
whether, wit.h a _'gi.ven mean absorb'ed. dose, the biological ricsk associated

ss than the risk re-

sulting from a more diffuse distribution of that dose in the lung." (ICRP,

1966). They are effectively saying that there is no guidance as to the risk

lung burden is meaningless for plutonium particles, as are the maximum

permiosible air concentrations which derive from it.

the hot particle problem is not understdod, ard there is no guidance as to

‘the risk. I don't think there is any controversy about that. Let me quote

to you from Dr. K. Z Morgan's testimony in January of this year before

the Joint Committee on Atomic Engrgy, U.S. Congress (Morgan, K.Z.,

main Committee of the International Commission on Radiological PProtec-
tion: he has been a member of the commitlec longer than anyone: and hie
is dircctor of Healih Physics Division at Ouk Ridge National Laboratory.

L] PPy - . .
Uquote: Fhere are many things about radialion exposure we do not

So there is a hot particle problem with plutonium in the lung, and

1260). Dr. K.Z. Morgan is one of the United States'® two members to the

for non-homogenecus exposure in the lung, hence the maximum permissible

~
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‘understand, and there will continue to be uncertainties uuntil health physics

can provide a coherent theory of radiation damage. This is why some of

{he basic research studics of the USAEC are so important. D.P. Geezaman

and Tamplin have poihtcd out recently tie problems of plutonium-239 par-

ticles and the uncertainty of the risk to a man who carries such a particle -

of hi,.. _pacific activity in his lungs.” At the same hearing, :in response

!
-

to the c'ommittee's"inquiry about priorities in basic research <’.j,n the biolo-
gical eifects of radiation, Dr. M. Eisenbud, then Director of the New York

City Environmental Protection Administration, in part replied, "For some

reason or other the particle problem has not come upon us in quite a little

while, but it probably will ohe of these days. We are not much further

along on the basic question of whether a given amonnt’of energy delivered

to a ngogressively smaller and smaller volume of tissue is better or w'qr.se
for the -recipient. This is another way of asking the question of how you
calculate the d.ose..whe.;l.you inhale a single particle.” (E‘isenbud,. M., 1870).
He was .correct; the prol?iem has come_up again.

In the context of his comment it is interesting to refer to the
¢ ~ : ’

National Academy of Sciénces; National Research Council report of 1961

on the Effects of Inhaled Radioactive Particles (U.S. NAS.NRC.IQ(SD.

The first sentence rcads, '""The potential hazard due io airborne radioaéti\;e
particulates is probably the least understood of t';le !1azarcls associated -
with atomic weapons tests, production of ruciioe]cmcnts,‘ and the v;&’;a:zn:!ing
nse u'f nruclear encrgy for power production. ' A decade lalor that slale-

2]
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Bair from a paper given by them last October (3anders, C. L., 1970). Dr.
Rair and his colleagues have done the most relevent plutonium oxide inha-

Jation cupcriments. "Nonuuiform irrgdiation ci the lung [rom deposited

“radioaciive particulates is clearly more carcinogenic than uniform expo-

sure {on a total-lung dose basis), and alpha-irradiation is more carcino-
genic ' bela-irradiation. The dcses required for a subgiantial tumor
incidence, are very high, however, if measured in proximity to the par-

ticle; =z:.d, again, there are no data to establish the low-incidence cnd of

. N L]

a dose-effcet curve. And there is no gexieral theory, or data on which to

base a theory, which would permit extrapolation of the high incidence por-
tion of the curve into the low incidence region." I agrce and I suggest
that in v.ch a eircumstance it is appropriate to view the standardg with

extreme caution.

There is another hazardous aspect of the particulate problem in

“which substantial uncertainty exists. In case of an aerosol depositing on

a surface, the material may be resuspended in the air. This process is

crudely described by a quantity called a vz-'es-usvpens.ion factor which is re;
markable in that it se'ém's. 'g'enerally known c?nlsr to.within a factor oé bil-
lions (Kathren, R.L. .1968). Undoubtedly it can be pinpointed somnewhat
better than this for plutonﬁn‘n oxide, but the handiest way to dispat;‘h the
problem is to say there is some evidence that plutonium particles become
attachaed to .larger pérticlcs and are thercfor? no longer potentinl acrosols.

Untortunniely there is alzo evidence that large pacticles generuice acro-

Coanmne terbnlence, and ace heace blown abont nore readily, and an

.-
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; being redeposited tend to knock small particles fArec. In rclation to this,
I'Q like to f_"_'liVC’ yvou a little subjective feeling f{or the hazard.  There is no
official guidance on surface contamination by plutoniuma. Two ycars ago, in
an cffort to determine: gsome indication of the_opinio..x.ls of knowledgecuble
persons with respect to environmental coritaminatioﬁ by pluloniufn, a brief
questionaire was adminisicred (0 So selected LRL employ‘c..-s (Kathiren,
R.L., priﬁte communication). All were persons who were well acquainted
with the hazards of pluton.ium- The group consist'éd of 16 Hazards Control
personnel, pﬁmarily health physicists anci seniof raciation m;mitors. The
. .
remainder .Were professional personnel from Biomedical Division, _Chemis—
tl;)’, and Military Applications, who had extensive experience with plutonium.
i had nothing to do with the survey, nor was I one of the merabers who was
) gueried. The conjec{uréd situation was that their neighborhood had been
- contaminated b§; plutonium oxide to levels of 0.4 fnicroc‘iries per square
meter. For refex-*ence,' this value is roughly ten fimes the highest concen-
_ {ration Dr.. Martell found east of the Rocky Flast Dow Chemical facility
(Martell, E.A., 1970), --and bear in mind that a factor of ten. is a small
) L T . : )
diffcrence ;elative to thg large uncertainties associated with the hazards

from plutonium contamination. Scveral questions were asked. Cne was,

-
~

would you allow your children to play in it? 86% said No. -Shoulc.l these
levels be decontaminated? 89% said Yes. And to what level should the
aren be ;:h:mmd'.’ D05 said 1o hackpground, zero, minitmn, opF hy o
!‘(‘du(.‘.ti(m of at least a factor of 40, Thig has no profound scientilic sig-

T nificance, bul indicetes that muany people conversant of the hazard are not
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blise about the levels of contarnination encountered east of Rocky Flats.
Finally I would like to dcscribc the problcm- in a larger context.

By Athc year 2000, platonium-239 has bcenbconjcct'urg:d to bc a major encrgy

sourcc'. Commercial production is projucied at 30 tons per 3Irear by 1980,

.in excess of 100 tcmé per year by 2000. Plutonium contamination is not an °

academic question. Unless {usion reactor feas_i};;ilit_;' is dem_onstratcd in

the near futuré.;, .the commitmeﬁt will be made to liquid metal fast breeder

reactors fueled byplutoniu‘m. Since fusion reactors are presgnﬂyépecula-

tive, the ‘cl;ec'ision for liquid metal fas.t breeders should be anticipated and

piutonium should be coﬁ.sidered as a major pollutant of remaill-:ablc t;)xicii.y

and persistence. Considering the enormous economic inertia involved in

-

the commitment mperztive that public healilh: aspects be carefully aud

pose
buao
pase

t

honeslly defined prior to active promotion of the industry. To live sanely

with pluionium one must appreciate the potential magnitude of the risk, and

~

be able to monitor against all significant hazards.

An indeterminaie amount of plutonium has gone off site at a major

facility 10 miles upwind from a metropolitan area. The loss was unnscticed.
? - ’
- - - > P - - - -
The origin is somewhat speculative as is the ultimate deposition.

“The health and safety of public and workers are protected by a
sct of standzu'ds' for plutonium acknowledged to he mcan'mgléSs. ;

Such things make a travesty of public hcalth, and raise serious

- . l
questions about o hurried acceptance of nuclear energy.
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