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1. introduction

The impetus for development of this program comes from
t,.e 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
réturning to Enewetak, if but onl& if,.it is radiologically
s;fe for them to do so. They are aware of the substantial
social and ec;nomic problems‘which necessarily attend the
fpldcation and resetfiement 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
weapons testing program there is by far the most trouklesone. ’

It is difficult enough for the layman to comprehend what the

.perts in the various radiological science fields are saying

[t

at~ut the effects of radiocactivity, but that difficulty is

compounded many times over the differences of opinion fouad

‘among the experts, by the realization that even the experts

agree that the long term gffects-of some of the more dangerous
radionuclides a;e;noé known by anyone at this time and may not
become known for many years to come, and it is unsettling to
learn that the standards used for the kinds and émounts of
radionuclides to be tolerated in fhe environment and in man are
criticized by reputable experts as unreliable and inadequately
conservative.

"Their individual .and collective desire to return to their

ancestral homeland is difficul: for Americans to fully appre-

ciate. To them land is not a commodity, a thing apart, to be
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pbr ~ught or sold. 1In their culturz 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.

Qunership and use of the land rcflects and is inextricably

1:-1ad to the social organiza n erhm .
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‘cn and to the culture
To be sure, their qoc1etj has undergone and continuousliy is
under901ng c"xango as a result of forces both within and without,

but the extraqrdinary significance of their being able to

resettle to the atoll discovered by their ancestors remalns

~

constant.

Thus, the People of Enewetak are both the prime beneficiaries
and the prime risk-takers in this resettlement program. And it
is in the assessment and, if possible, elimination of the radio-
biological health risk that they are the most dependent upon the

United States government. The Defense Nuclear Agency and the

2tomic Energy Commission have already devoted great amounts of

"time and money to assessment and remedy of radiolecgical problems

.preéented by this program, but more will have to be done and it
will hzave to be done over a long period of time. And throughout,
the People of Enewetak w1i1 rely upon the respon31ble agencies |
of the United States government to do everything possible to
assess and minimi%e the risk due to the.residual radioactivity
in the Enewetak biosphere. Nothiné said in these comments} for
example, should ever be taken as an assumption of risk by the
people of Enewetak. When they left the Atoll in 1947 at the
insistence of the United States government it was radiologically
safe. That is the sLaté in which it should be for their return.
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."f course, 1t cannot ever pe restored to that” condition, but

.that must be the assumed objective in order that remedial measures

can more likely fall within tﬁé safest possible linits, and so
that on-going efforts will be made to continually add to the
khowiedge or rédiological conditions ét Enewetak and refine and
amprove both risk assessment and rewedial measures as the various
relevant sciences develop over the year:z. -~ |

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 responsi-
bility *o both return the people to their home and eliminate the
likelihocd of sc much as a single radiation induced illness or
anomaly. |

A full measure of gratitude is due and hereby given, however,

to the considerable efforts which the United States has made thus

far. The planning for resettlement, thé radiological survey, the

planning for the clean-up, all represent a very large contribution
to the ultimate{success of the program. And we do not wish to
dampen the enthusiasm and interest of thermany persons in and out
of the government who have given devoted effort thus far. The
comments made here are offered in the spirit of cooperation, with

Al

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

2. Social and Ecconomic 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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~ne 0f the weakest'aspects of the DEIS as it now stands.

Attention is given to both short andvlong range economic
planning (Vol. I, § 7, vol. 1I, Tab D), but in consultation with
tae people themselves specific objectivee and specific econcmic
R-vzlorment possibilities must be found so that the ehared aim of
economic seif-sufficiency can be.achieved. We realize that with'
all the ether aspects of this complex project demanding attention
up to now, this was not infentionally unéeremphasized. But as
the program moves lnto its clean—up phase .iwore attention must be
given to meeting the future economic needs ot the people. This
is especially true because since the writing of the DEIS it has
become known_that adverse radiological conditicns in ths northern
par£ of the Atoll do not permit the rehabitation of Engebi islet
and severely if not completely restrict the use of the northern
islets for the foreseeable future.

The Enewetak Planning Council must continue to be relied upon
to make the final value judgments upon one proposal or another
and upon the development of the econocmy as e whole so that it will
beAconsonant with thelir own capabilities and values, but one or
more specialists';hould be engaged 5y the government and made
available in an advisory capacity. They must he carefully selected
both in terms of‘experfise in the field and suitability 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 stréss for individual members of the group and

. for the group as a whole. Physical stress will, if all goes as

B R 5 0 A NG iAKW P N LS
. ' DTN &.

S
reoa ™ . } i Se g difias, SRR PSR
, FEPRY _ . Y 4
. v . 44 b4, ?\-.\4 1 : Iy 0y T,
ST UL ﬁ“ "' w l' -‘/ Y‘*"' RIS N B A 4
BERATRE: ¥ “."{.- By e ,,o; A N L LI g

"", o

>¢“ r
Lo .
Sl T




~

-
~

LA N .

_rlanned, be at a miﬁimum, but we have in mind;here the emotional
stress upon the individual and the stress upon group processes.
This matter is not addressed aﬁ'éll by the DEIS.
Ultimately, of course, it is for the people to manage the
transition well and to adapt with their society intact, but )
_éxperience with similar resettlement schemes is available and
should be used tqvincrease the likelihcod of successful resettle-
ment. The people themselves can benefit‘from greater awvareness
of the stresses they will experience and those outsiders invplved
in planning and working‘wiéh them must have the same understanding.
Dr. Thayer Scudder of the Califorﬁia Institute of Technology,
a recognized authority on the subject and an experienced consultant,
should be considered for this assignment 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 aﬁd his
contribution to planning and execution of the program would appear

to be necessary. (The article which he ennlosed is also useful.’

It is "The Impact of Human Activities on the Physical and Social

A
- .

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

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

Anthropology 1973.)

Participatién 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
scmeone like Dr. Scudder, the tota} contribution would be invalu-

able. Dr. Robert Kiste at the University of Minnesota has been
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. censultced dy the governmenizl planners and neets these require-

" ments exceptionally well.
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Short of involving so many advisors and planners that
Csccsions and action are unduly Imzeded, it Is essential that
+hose representing all the relevant discipl .25 work together as
a group with the Enewetak Flanning Council ana the governmental

decision;makers. To some extent tﬁis ic what has ‘been done during
3 - planning 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 Considerations

3.1. The Radiolocical Survey

The surveyr of radiclogical conditions at Enewetak Atecll in
1972 under the auspices of the Atomic Energy Commission is, we
T belleve exceptlonally good as far as it goes, but we have been

%ﬁ’i .advised by capable experts in the field that more work remains to

. » be done and that the gqualifications of the four-member Task Group
¥ which superv1sed the conduct of the survey, the assessment of its

Gita and developed final recommendations are open to guestion. It

is also apparent that as-detailed and elaborate as that survey was,
follow-up gathering of data and careful assessment of that data is
.—’_——A R
absolutely essential, particularly with respect to the risk to
health from all low-level, long-life radionuclides and especially
the dancer posed by those alpha-emitting radionuclides known as

hot particles, such as Plutonium~239 and Americium-241,

We do not wisn to detract from the qualifications of the




smbers of ths Tasx Group, but in a field involving so many

specialties and where equally expert opinions differ markedly,

it is imperative that the Task Group for follow-up studies be_

enlarged to_}nclude scientists known to take the most conserva-
tive approcach to radiation prO;eCthu, such as Drs. E. A. Martell
at the National Center for Atmospheric Recearch, Arthur R. Tamglin
;&i@[ ai_Lawrence Livermore Laboratory, and Donald P. Geesaman -at the
University of Minnesota. Their presence‘in the Task Group, or
their participation in some other direct way in designing methods
. ifﬁ to be used for the gathering of information and its evaluaticn
is strongly recommended.
The 1972 radiological survey (NVO-140) must be regarded as
an impressive beginning of.long—range radiclogical assessment and
monitoring c¢f the Enewetak environment with appropriate emghasis
placed upon not only the marine and terrestrial environments but
upon the rédionuclide pathways to man. . As we shall discuss more
" fully below, more information is needed about the presence of hot
| The long range effects of Strontium-90 and Cesium-137

particles..

and other nuclides in the food web cannct 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 of radioactivity is bound to improve and new techniques

for remedial measures will be found. These scientific advancements

will be lost to the Enewetak people unless the United States

government assumes a long-range commitment 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 wit result, to the benefit C?'the United States

and the world at large.

3.2. The Hot Particle Problem

It is with thé Kind assistance of Drs. E. A. Martell, Donald
P. Geesaman, Arthur R. Tamplin.agd Thomas B. Cochran that we derive
c.r commeénts here concerning this unique radiological hazard..
Drs. Tamplin ana Cochraﬁ submitted fermal 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

Martell and Geesaman, expressed to us in personal communications.
For a discussion of the seriousness the hot particles problem
we attach as Appendix II, E. A. Martell, "Basic Considerations in
the Assessment of the Cancer Risks and Standards for Internal
i_pha 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

emphésize our grave concern about this problem, we attach comen:s
and mate;ials provided to us by Dr. Donald P. Geesaman as Appendix
III. We subscribe fuily t; the views they expresé and we insist.
that they be dealt with fully in the final impact statement.

It is beycnd question that the pre;ence of Plutonium-239,
Americium-241 and\perhaps other alpha-emitting radionuclides at
Enewetak Atoll constitutes one of the mast serious health risks
for the returning population. It is highly likely that 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

4
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i r.ings of Martell and others that hot particles may very well

ke

‘be a causative factor in a number of other disorders. See

. Prrendices II and ITI. The DEIS deals cnly with inhalation risk,

yet Americium iz known to present a risk foxr the liver, spleen

¢ I bone of man through take-up from the gastreintestinal trace.

(Martell, Personal communication.)
Coﬁcerning 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 9 241 90 5
mCi Pu/km<, 172 mCi Am/km2 and 586 mCi  Sr/km

Table 3-11, p 3-75, DEIS Volume I). 1In addition,

241
the Am concentrations 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 radicactive decay of
241 241
Pu, the Am activity concentrations can be expected
to double over the next 50 years. In addition, denéely

¢ .
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 dthﬁQﬂt::

young mammals and similar uptake may occur in young

. children. In addition the uptake of americium in soils

by vegetaticn is substantially higher than plutonium
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: uptake. Similarly americium is recadily taken up
. from the gastrointestinal tract and accumulated
in the liver, spleen and bone 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 radiologiéal survey is seriously inadeguate
with respect to americium distribution in both
vegetation and in edible marine life to assess the
consequent body burdens and heald consequénces to
future aioll inhabltantes. (PersonalvCommunication.)'

Dr. Geesaman independently identifies the same inadequacy
oy 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.

The resuspension measurements and calculations
T 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
meaningrful to faqﬁor of 100, when used to Aetermine

public hcalth guidelines. Resuspension is poorly

understood, it is sensitive to windspced, soil
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characteristics, vegetation, humidi “;, rainfall,
mechanical distrubance,_physical and cpemical history
of plutonium particles in soil. How then does one
consider the exposure of chiléren throwing dry sand

pate

yoe

w2 4

on a windy day at the keach? I would antic

[N

large fluctuations about the implicit exposure levels,
which, even for the limiting soil ~ontamination h
‘guidelines and predicted air concentraticns associated

with these guidelines, will be approximately a

maximum permissible lunyg burden. (Personal Communicaticn.)

Each of the guestions raised here and in the related appehdices
must be addressed fully and carefully prior to resettlement of the

people of Enewetak Atoll.
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3.3 Plutonianm

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." (Pefsoéal Communication.) And he provides the follcwing

By
.

critique of the standards adopted by the AEC Task Group for Enewet

The recommendation that plutoaium contaminated
2394240
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 Colcrado Board of Health has adopted

interim standards for Pu contamination limits in soils

'-11_




in land areas for residential wee, svecifying that
238 : '
Pu levels shall not exceed 2 dpm (0.91 pCi) per

gram of surfac= soil (i.e., averaged over the top

1 cm depth of socil). It is noteworthy that the

AEC has not escablished that this standard is unduly .
conscrvative and it is not apparent that the AEC s

</ 7«-_;.’1)» <
has reguested the ICRP or NCPP to make specific Lot fawd

recommendations with respect to “standards for Pu in T

soils applicable to chronic exposure to the general i gt T
- /

. - - : : . o
publiic, inciuding childr . i T

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 fimes the Colcradod interim standard
/
(2 dpm per g in the top 1 cm) because for most

Enewetak 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

. - 239
Pearl, the top 1 cm depth shows 400 pCi Pu/qg,
whereas the average over 15 cm depth is about 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 R

1000 or more. In my opinion it is likély that a 190
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- pCi lung burden of insoluble alpha emitting particles

- will give rise to significant adverse health effects

. 15 .
..d;ﬁ*‘- R .

for lifetime exposures. The typical burden of

insoluble particles of respiruble size (< 5.0 Um

ametor) is about one gram in human adults. - For

e

a
this rcason I would reccmmend that surface soi%s
should not exceed about 1 pCi af.23gPu02 and other
insoluble aipha emitting particles per gram of

insoluble particulates of respirable size in the

airborne dust resulting from ihe disturbance and

i

resuspension of surface soils. On this basis even

——ts s

the Colorado standard may give rise to excessive

organ burdens.

r ~. fochran, Tarplin and ~“eeszman all raice the same Or similar

objections to the DEIS plutonium standards.

.

.. Further explanation of the plutonium cleanup criteria developed

by the AEC Task Group is necessary. (DEIS, Vel. II, Tab B, pp. III-8°

to III-11.) We have already mentioned the questionable wisdom of

. the 40 pCi/g sién@ard. For any concentrations exceeding 400 pCi/g”

£ 2> Task Group rcccmmendaticns reguire removal of the soil. But

-3

in the range between 40 and 400 pCi/g, the DEIS standards call for

“corrective action ..... on a case-by-case basis." (Vol. II, Tab B,

p. I1I-9.) Certain criteria are offered for guidance in the

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

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

U

- tive action,
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the obiective is tc achicve a csubstantlial . -
reduction in plutonjium soil concentraticas, | ran -
and further, to reduce concentrations to A C
the lowest practicable level, not to reduce -
them to com~ —mvececribed numerical value. Lgorr, " = gornn
110, Lipndsie auucd.)
( 2 2 el Sl J F/k .

. J A=

Nor is it entiroly clcar wiho 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 qg’ggg,nnt.toldWWho“ihcymaxa_pg_how_Egexﬂg;l; he selected.

This whole approach must be explained and justified, espe-

cially at a time when the EPA is conducting hearings around the
v -

country on plutohihm soil standards for precisely the purpose of

developring "numerical values" for the maximum concentrations

permissible. The range between 40 and 400 pCi/g is a wide cne

<

.- . s . . ; I -
ipned ané if 40 is teoo high, then to make decisions oOn & "case- + [ L

- _——, /V' ."LL
by-case" basis within that range is to have no standard at all. V}v’LL
N C _ — : e e ;"
Before any. final standards are set for the radiological ﬁéj;;—ﬁ/'

cleanup of Enewetak, the International Commission on-Radiological}c’l"

—

Protection should be called upon for plutonium and actinide

standards applicable to air, water, soils and food concentrations

»
for both soluble and insoluble activities, applicable to long-range

exposure to the general public. Application should also bhe made

to the U.S. Envircnmental Protection Agency for special hearings

for the came purpose. Consideration should also be given to the

desirability of reguesting the United Nations Scientific Committee

on the Effects of Atomic Radiation to conduct hearings and set

these standards. (We'are indebted to Dr. Martell for these
R :

~suggestions.) . . paa L
) e SN TR
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At any and ali of these hearings, every effort should be made

.. .to elicit the widest possible range of information and opinion

bearing upon the questioh. Once such standards are set, they

chould govern the planning and cleanup activities at Encwetak.

3.4 Removal and Disvosal of Radiocontaminated Materials

Thesekcohments relate to the préposed rémoval and disposél pf
coﬁtaminated scrap metal and soil treated in the DEIS at vol. 1,
£85.3.3.3 and 5.5.

All radiqcontaminated scrap meta; on the Atoll has been
identified and will be removed, as of course it must be, but éhe
precise method of disposal has not been de£erﬁined. Four alterna-
five methods afe discussed; ocean dumping of the loose scrap,
concrete énéapsulation in the Cactus and Lacrosse craters at the
.or+h end of Runit islc®, cor removal tc the United States mainland

for storage. We appreciate the practical and political difficul-

ties presented by the various disposal methods which would remove

“the scrap from the Atcll entirely, but the People of Enewetak are

adamantly opposed to any disposal upon or within the environs of

—————————"

r .
the Atoll. Ocean dumping? according the DEIS (Vol. I, 6 5.5.2.1),

T T

(=t fejected "in view of the difficulty in obtaining a permit and
certainty of international complications." Disposal to the Urited
States mainland was disfavored for similar reasons. (Vol. I, § s5.5.
2.4.) Disposal on the Atoll must Se 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 ;crious
cost and practical difficulties,‘but herc again the complete removal

~15-
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~ ... off-Atoll disposal of all contu~ianated soil must be the

[

« “stated objective of the program.

Even using the hich pi LtOﬂl“ﬁ cont “L:atﬂon s‘\ndard et by

the Task Group (40 pCi/g, etc. ), the total armount - oF Atoll soil

w..ich would have to be removed and disp;scd is 772,000 cukic yards.

. (voir. I 8 5.5.2.) If the soil standards are lowered as they , -
ha . : on u__ /_//‘.z‘ <4/’-un'~;‘
should be, that volume will increase. /F { 7“"/* f*“* -
WI —'/ 2//<l—"u ’,/ 1’

It is suggested in the DEIS that cost, legal, polltlcal and penig

as{ |

technical problems aside, the removal of contaminated soil and
its replacement with clean soil may not "assure radiological

safety"” and may present nserious ecological damage of unknown

D

- proportions." (Vol. I, § 5.3.3.3.) We fully favor this conserva-=
tive approach‘to these problems (just as we do when the qgquestion
$ - cne which mzv reduce the program cost, i.e., high soil contami-

nation standards), but a clear decision must be taken to study and

g M
,

fully assess the relation of soil removal to dose reduction

(including the risk from airborne;iot particles))and the likely

o ecological effects of soil removal and replacement. These studies

b gl e B

should be commissioned immediately and prosecuted with all deliberate

c-ecd. In the meantime, complete soil removal and_replacement

should be adopted as the prime objective.

LR

SR In addition, maximum effort must be made to overcome technical,

LB B

,
e

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

%
&
¥,

4

nated soil.

3.5 Radloloalcal Monitoring of Cleanup

The AEC Task Group has w1scly reccomaended the establishmant

of "team of experts" to monitor the exccution of the radiological
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ecanup phass of the program. (DEIS, Vol. I, pp. 5-79, 6-5) Even

if the Task Group is enlarged as we have suggested and specific

e- i c+arndaxrds arc deveolopzd and implement

2d, this monitoring group

will perform a crucial function. Thus, it is important that its

rmeroersnip be careiully selected. It is imperative that radio-

scientists of the most conservative cast be included’in the

ol

monitoring group. Here again, we suggest that the names of Drs.

/VJ M,L (‘M // _{,.,(L—V‘J‘ﬂ,

. And the on-site authority of the monitoring group should be

Martell, Geesaman, Tamplin and Cochran.

clearly defined, with all important or unexpected problems to be

referred to the enlarged Task Group. /

3.6. Test Plantincs, Groundwater and Air Samplinyg '74~ A1

Lo
We are in full agreement with the AEC Task Group recommenda- /L-.
tions for test plantings, lens water and air sampling. (Vol. I; /
Pp. 5-80 to 5-81.) But it is not clear whether theée recommenda- .

tions have been implemented. They must be and the studies should -

'be commissioned to the best scientists and technicians available,

under the over-all guidance of the enlarged Task Group. All of
" :
these studies must deal explicitly with the hot particle problem.

3.7. Radiobiological Health Followup

AEC Task Group recommendation 12 (vol. I, p. 5-81) calls for
"Baseline surveys of body buraens and urine content of Cs-137 and
Sr-90... for the Enewetak peoplé prior to return.to Enewetak Atbll,
and periodically thcrcaf£er." But here, too, it is nof clear

whether a firm commitment to long~range radiological health

monitoring of the Enewetak population has becn made, and, if so,
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» .precisely how it will be implemented.
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*- A fully adequate radiological health program must _be /Jéjzi7

designed, funded and implémeg;cd. It can and should include the

N

L

t

ikini, who will one day socn be res led, the exposure

Lyt

ot
0

1l¢ 2nd the Tnewetak recnle.

v
i

v-ictims at Rongelap and Utirik
The final impact statement should address this questibn and
state clearly whether such a program is planned and what it will
include. It too must deal with the health effects of hot particles
. and all forms of low leQel radiation, with emphasis on internal

. enitters.

3.8. Unknown Concerns

We have tried to identify all the radiological needs of this

. program which regquire further attention, all with the ultimate

-

the Peoplz of Znewctak in =iad, put we cannot by

R
cercain

bh
J

tn
{

ety o

that we have done a comgletz job. Hence, we call upon the United
‘. States government to continue to assume the important responsibi-
"1ity of giving the best and most careful attention to thesc matters

for the long range future.
-

4. Consideraticrns Related to Cost

0N

Funding requests for the initial phase of this program héve
been previously p;esented 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-
priatibns Committees. 1In general, the objections related to the
great cost of the cntirg program and evidenced@ a reluctance to

commit the United States government to the first phase of a
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scgram, the ultimate cost cf which would be in the neighborhcod

o]

of $49,0600,000. HKence, the reguest was_disapproved. In the

_Hanse and Serate Intoricr committees tn which the rerabilitaticn

"and resettlement phases were referred in a legislative package

b

scparate from the cieanup, syrcathetic and favoraple act.on was

“taken and ¢12,000,000 was authorized.

No£ably absent from the presentations made to the Cogéress
and from the ingquiries of the Congressmen themselves was realiza-
tion of the enormous benefit whichr(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 projected cost of this
prograa was diﬁided by the number of Enewetak people and the
srrgestion made that perhars the money should simply be given
to fhe people. | ' ‘ .

We do not have accurate figures for the total cost of the
atomic enerqgy program, the nuclear weapons testing program, nor
for the amount cf money actually spent for programs at Enewetak.

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

Th~ Nation, 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 of, 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 effects of which must now be remedied. Beyond the dollar
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- aiue, the United States must assign a valuek£o £he tenefit to
* ‘national security of the testing program, however dekbatable that
_rerefit may be in and of itself.

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

And as we have said before, the Uni;ed States undertook -

trusteeship of the Micronesian Islands of its own free will

. (without consent of the Micronesians) and put Enewetak Atoll, the
- p N

';m; property of the trust, to its own use for the very nuclear testing
vich derosited the radicactivity.
- This is the only perspective by which to consider and decide

upon 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 procgram.

Indeed, the cleanup should have been planned from the beginning

ard funded and done at the end of the testing program about 1858.

The Enewetak People do not want money in any amount,. they

want anq are entitled to their land, in safe and habitable condition.
Lfif _ In the presentation of future requests to the United States
Congress, this general approach should be taken and the leadership
of the people themselves should be called to testify.

' “"case 3", outlinéd in Section 5.4.32, Vol. I of the DEIS, is

-offered as the preferred plan fer cleanup @nd resettlement of the'




itoll. ELssentially, it represents a comé:omise of cost, racdio-
logical and other factors, which will be far shcrt of the

~oreticall s ifexl "Caée.S". (Vvol. I, 5 5.4.5). Exclusive of
bcontaminated soil and scrap dispesal coéts,‘éhe'cleanup cost for
Cuse 3 1s $35.5 11lllon and. for Case 5 it is $81.6 nxx;mon.
.Comparative soil dlSposal cost estimates are $7 million for Case 3
and $92.2 for Case 5. h

We appreciate the political and practical realities of seeking

" sums on the order of $100 milliop 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

o ————_———————

sought and for which funding should be given.

/ .
Finally, quite apart from any cost-benefit analysis of the

clear testing rreogram, as a result of a recert 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.2d 90
(1974)), the obligations imposed by the Trusteeship Agreement'under
which the United States administers tho Micronesian Islands has
become legally binding an@.enfofceable. Under the terms of Article
¢ of the Trustceship Agreement, the United States is reguired £
*promote th2 eccnomic advancement and self—sufficiency" of the
Enewetak People; to "protect [them] against the loss of.their lands
and resources"; to "promote the soCial'advaocement" of the Micro-
nesians; and to "protect [their] health." These are tﬁe express
obligations. Beyond that, like any trustee, the United States

beaxs implied duties to protect and promote the best interests of

the beneficiary in every way.
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Litigation by the beneficiary against the tILSth to enfcrce
these obligations would unseemly and costly. Every United States

o Ticisl 1“folvo inclnding m-wbers of the Congress, shculd

bfreely and w1lllngly undertake to fulfill them by plannlng,

{+..ding and conducting a cleanup, rehabilitacion and resettle-

ment program for the Enewetak People which approximates the ideal.

5. Conclusion

We have made a number cf recommandations in the course of
these comments to which.we‘hope the procram sponsors will giQe
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
as now planned. WVe hope not, but certainly the further study
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 the base camp and to seek commit-

ments from the United States Conaress for the estimated éost of
t}e program as a whole bas=d on the "Case 5" pfojectiohs. But at
the same time all of the radiological investigations recommended,
here should be undertaken and high confidence results obtained as
soon as possible\so that they can be used to revise and improve
the radiological cleanup phasé before moving forward with it.

It bears repeating here that Qe are mindful of the immence
amount of time, effort and mongey which‘has been devoted to develop-
ment of this prograﬁ to date by maﬁy officiales in the Defense
Nuclear Agchcy,_thc Atomic Enecrgy Commission, the Department of

PV *'3 v"rf;v*rw
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~ < > Interior.and its Trust Territory sdministration, to menticn

- .only the principal agencies. We are deeply grateful the pro-

fessional and humanitarian commitment of all of +hese people and
special appreciation is due Lt. Gen. Warren D. S.anzon, nRirector,

nas done and will continue

Respectfully submitted by

v Theodore R. Mitchell, Counsel.
: : . for the Peopie of Enewetak

= o Micronesian Legal Services Corp.

. . P, 0. Box 826
. Saipan, Mariana Islands 96950
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CALIFORNIA INSTITUTE OF TECHNOLOGY

PABADENA, CALIFORNIA 21109

i ™ THE WNULMANITIES : L d
. October 29, 1974

ARG SOCIAL SCIENCES

Mr. Theodore R. Mitchell

Executive Director

Micronesian Legzal Services Corporation

P.O. Box 826

Saipan, Mariana Islands 96950 .

Dear Ted,

1 have now read through the three volumes of the Draft Envircamental
Impact Statement dealing with the Clean Up, Rehabilitzation,
Resettlement of Enewetak Atoll-Marshall Islands. One thing that you
have going for you is that the peopleof Enewetak wish to return home,
and have been pressing for this return for years. Many of the stresses
associated with the type of compulsory relocation 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

return. 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 attent;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!,

1 will have to cast the net wider (which of cource is 2 much more risky
business) and deal with settlement schemes in general, compulsory
resettlement being an extreme example of this moere general category.

As I 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 cream\
{from scratch new communities, which are bcth socially and & .QZ ’

.

econornically viable, Though.the situation is more favorabl daien thew pe
people are willing participants, in'the Encwetak case no set‘usr O A AN :
selection is possible since everyone who wishes to return ou*vD N 'J\‘ )
and old, conservative and progressive, hard working and 10;3 v..»

; ,

\"




Fh

i - S

Mr. Theodore :.. Mitchell 2 October 29, 1974

be accommodated. In commenting on the Impact Statement I wish to
discuss in requence (1) Housing (2} Srcinl Services {?) the Economic
System and (4} S_cial Factors asscciated with settiement. Lect me
emphasize right now that (1) and (2) are by far the easiest to handle
-- and (1) and (2 represent the grecatest strengths of the Impact
Statement. Put while it is relatively eacy ‘o pravide improved housing
nd social services, it is much harder to create viable land and water
use systems -- indeed it is here that most settlement schemes iail.
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
single (and very complex) social system.

(1) Housing. Though Holmes and Narver ‘'should be complimented on
the oxtent to which they have taken into consideration the stated desires
of the Enewetak people and their system of land tenure in proposing
house types, as I understand the situation, the pecple 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 comvlete year. I sirongly urge
that a2 small number of pilot nhouses be buiit for at least some of tnose
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 diccrete
structures in non-permanent materials provide more flexibility.

Before pouring concrete one should try to anticipate some of the
implications which irevitably 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 1oca1 peopie
trained to maintain their own structures.

A major probfem 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. I have seen too many projects where people,
after scveral years, must fall back on inadequate local water supplies
simply because government-provided facilitics are inadequate to start
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with, or because costs for their maintenance are not provided, or
because local people are not trained to pl‘OpPrlY use and maintain
thern. While I was vory favorzzly impresscl by the thinking on water
supplies within the repor*s, T wonder i enouch thougzxt 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
Enewetak. Though obviously their expectations for 1mported iteme

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

occupatlgnal decires, z2nd ﬁC"‘\O("l=1117 f‘wa preecunational decsirecs Of the

=24 584 = s P99

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 and the type of teachers to be recruited.
Let me generalize this comment to all types of service personnel,
since I was also concerned about the lack cf attention paid, under
agriculture and fishing, 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 tc what different
categories of people will be willing to do, occupationally, once they
return and hcw best to facilitate their future economic and social
independence and development,

(3) Viable Land and Water Use Systerns. The Master Plan was based
on the assumption that all the islands in the atoll could be used for
subsistence and cash crgp agriculture -- with a total available acreage

. of apprommauely 1000, As a result, however,of the AEC Task Force

recommendations,this total has been cut to a maximum of 722 uscebic
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 retain access to
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 cinployment. Equipment (outboards for example) should be
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standarized and kept as simple as pos sible (seagull type engines vs
Johnstones). A number of interesting case histories come to mind
here inclucding thc 'chzler cannery which'is the principle employer
among the scveral hundred islenders on Tristan da Cunha in mid-
Atlantic who were moved irom their home aiter a volvanic eruption ia
1961 a»d yo*uvned there iater in the 1960s, ({(c) provide a first rate
unified extecnsion servi~e (i) ensure a dependable and sutlicient |
water transport service and pier and port tacilities 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 apparcntly will continue under
AEC sponsorship) be expanded to include technical assistaace to the
people. Couple this with the possihility of 2 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 vrhile
possibly broadening the economic base of the people. Such possibilities
however need be carefully evaluated concerning the extent to which the
people will actually be invsoived and the extent to which they will actuaily
profit. This caution applies even more to the development of a tourist
industry which even at best is a mixed blessing on small islands.

It seemns to me that the future of the people of Enewetak depends on the
extent to which the peopie regain their independence and the extent to
which their 2toll can become economically self-sufficient. It is my .
impression that the authors of the Defense Nuclear Agency report do not
understand how much recommended Case 3 z2lters the assumptions on
which the original Master Plan was based. This alteration also nas
major implications for social factors as I hope to show below.

¢ - :
(4) Social Implications of Scttlement. Depending on whether they are
driEnjebi or driEncwetal, the present move home will represent the
{fifth or sixth time that the people of Encwetak have bcen 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) pceriod does not come to an end until (a) the

people once again get back on their feet economically or at least reath
the position that they held before relocation, and (b) feel at home in
their new habitat, Since ncither of these factors applies to the people
of Encwetak after nearly 28 ycars, I would suspect that the older
people (that is, those who werc old enough to remember the trauma




Mr. Theodore (™ Mitchell 5 €% October 29, 1974

associated with the original moves) are still under stress, What this
means, however, is hard to access at a distance since my theory
applies primariiy o tlc 1nonths «nd ycars irrmcdictely preceding and
following forced removal. All I can say is that the mental and physicel
health of the people should be carefully assessed before their Shlft

home and before ticy arv invelved in major new vertures -- vantures
which would require radical changes in their activities and life. sty 1c,

I say this since the theory predicts that populati.as undergoing forced
removal behave as if a social system'was a closed system; thatis

they change no more than they have to in orcder to continue doing what
they did in the past and the changes which occur 2re 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 eu’ohor'a 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 utilize=d. With these questions in mind, I
would like now to consider three points,

3

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

Tn othor werts, the 'arce 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? 1 .
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
reports -- for example,«"'A number of people have been exposed to

. education away from Inewetak and have developed strong tastes for

imported foods and other lux@ries' and the people have "achieved 2
good understanding of the behavior and values of Americans, and
several have distinguished themselves in government and mission
schools.,'" In assessing the impacts o}.' the return on the people I
suspect we need at least diffcrentiate from the very beginning between
the older 20% and the remainder.

(2) Compulsory resettlement projects always run the risk of the
relocatces 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 pecople arc going to be dependent on outsiders for
years to come simply because it will take at least seven years to

qna
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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 schzduie oun:y then will the people degia receivirg what
Holmes and Narver hope will be an annual cash incoine of perhaps
$40, 000 or slightly less than $100 per capita in terms of present
population. In the meantime the people will have to use their trust
fund (which currently produces 560, 000 per annum in inccrme Or
somewhat less than $150 per capita) to provide for their external
needs and to depend on the U.S. government and other donors.
Reliance on both the trust fund and on further externzl assistance
continues and increases the risk of a dependency relationship which
can be expected to make subseguent develcpment more difficult.
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 zloser 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 makes the task easy. Once the euphoria of regaining

the homeland passes, disallusionment may well come, along with new
demr=ads on the TUnitod Stooee (which of course continues 1o 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 continiue as wards of the government.

.

(3) Another potential problem conceras 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 quite close to their neighbors.
Although I note that distinctions between the two populations have becn
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 settlemant
schemes, especially where the two communities find themselves in
competition for scarce resources, resources to which the hosts
traditionally held claims.

»

At this point there is little more that I can say without further knowledge.
In conclusion, however, let me say that there are sufficient social and
cconomic problems connected with the entire relocation effort to justify
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a well-thought out, longterm program for ""monitoring' events from

this Qay forward -- in hopes of anticipating probiems before they
~ “hce tkat inevitably do-arise. If I can be of furiher

.a e

arise and cazing
assistance zlore sucn lines, please let me know.

Yours sincerely, .

s

Thayer Scudder
Professor of Anthropology

~

gsh
enclosure

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

1 heve easv access to it, If you can get me a copy I would much
appreciate it,

1y .
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Basic Consideraticns in the Assessment c¢f the Caucer Risks
and Standards for Internal Alpha Emitters

. Edward A. Martell

National Center for Atmospheric Research
Box 3000

Boulder, Colorado 80303

R

" .

S ‘ January 10, 1975

]

(Stafement 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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R 1. Introduction: The adequacy of the biomedical basis of standards
- - for occupational.and public exposure to plutonium and other internal
alpha emitters have been widely discussed (¥73)

-and seriously quéstioned(é-s).

The serious uncertainties in the cancer risks attributszble <o

internal alpha emitters rust be resolved before we are irretrievably

cormitted to a nuclear energy prograz. Tihls is a matter ol imnediace

concern in the western suburbs of Denver due to plutonium and americium

contamination of surface soils in public areas around the Rocky Flats

(9

Plutonium Plant . Many other localities are similarl§ affected by .

tranuraniuvm element contamination and its attendant cancer risks.

- Recent controversy regarding the adequacy of plutonium standards

has cente;gd on séveral'aspects of the problem of the cancer risks
attributable to inhaied plutonium oxide particles, including such-questions
as which organ and how‘small a tissue volume constitutes the "critical
organ (i.e., that experiencing fhe highest cancer risk), and whether the
average alpha radiation dose to the critical organ or the tumor risk

rg:’ attributed to a given number of individual hot plutonium oxide particles

provides the best guidance for the assessment of risks and standards

(6)

for plutonium.. Geesaman has discussed possible mechanisms of cancer

3 A

induction by hot particles and concludes that the tumorigenic risk may

be as high as 1/2000 per particle for submicron particles of plutenium
(8)

oxide. A recent exarmination of hot particle risks by Tamplin and Cochran ,

)

based largzely on the Geesaman study, led ﬁhese authors to recommend that
the occupational MPLB (maxiﬁum permissible lung burden) be reduced by a
factor of 115,000, to a value of 0.14 pCi. A recent study(lo) was

carricd out by Bcir,'Richmond and Wachholz at the request of the U.S.

Atomic Erergy Commission with the specific objective of providing an

updated review of the evidence bearing on the problem of uniform vs
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nonuniform alpha radiation cose distributiou in the lung. The authors

of this study take exception to the conclusions and recommendations of

(6,8} :
Y9170 and concluce that

Geesaman, Tamplin zud Cochran
“the noruniform dose distribution of plutonium particles in
the lung is not =ore hozardous c¢nd —ay te less hazardsus than
if the plutecnium were unifcrmly cictributed and that the mean .
dose iung mod=l is a rudioo‘o¢oglcal¢v sound basis for
establishzment of plutcnium standards."

' (16)

Bair et al, fail to take into account the full implications of

some of the recent published results: in particular, the observed higher
. o ( '

tumor risks for 238PuO2 than for 23-Pu02‘112 the apparently limited

biological response of mammal lung cells from 23®Pu and ?3°Pu incorporated

into ceramic microspheres‘12’13) and the tobacco smoke radicactivity

results(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 c¢f lung cancer and other serious heaith effects in
the chronilc exposure case. ’

On the basis of a brief review of the known effects of alpha inter- .
actions with cells (below).it will become evident that alpha radiation
induced cancer in marmmals and man pust be brought about by subjecéing
a large number of living cells to a limited number of alpha iﬂteractions.
Thus, in princi}leJ the highest risk would be associated with a unificrm
distribution of the alpha dose, in accordance with the conclusion of
Bair et al. HoweQer, in fact, we are almost always concerned with a highly
irregular tissue distribution of élpha emitting particles. TFor hot
particles, the tumor incidence must be due to the low dose irradiation
of a large number of cells by a very small fchtion of the hot particle
burdeﬁ. And for lcng'terﬁ exposures, Qna:ceptably high tumor risks

appear to be associated with pilcocurie burdens of internal alpha emitters.

This serious possibility calls for a drastﬁc downward revision of permissible
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inhaled plutoanium. It alsu’ is possible that the

exposure standardy
critical hezlth effects for inhaled alpha emitting particles are the
incidence of atherosclerosis aﬁd other degeneragive diseases of the
) _ cardiovascular system. The published evidc;ce supporting these conclucsions

is briefly reviewed below.

2. Tumor Produz-ion: The interactions of various types of radiation

with living cells and their mutagenic‘effects have been widely investigated,
with results.whiqh have been reviewed and summarized by Lea(ls), Mullcr(lé)
and others..'Whén alphas interact with the chromosome or its genes in
éhe nucleus of a cell; the dense ionization in the trag£ of the alpha.paf—
ticles give rise to closely spaced breaks which bring about.a wide variety

of irreversible chromosome structural changes, or mutations. X-ray and Y-ray
Interactions give rise to a diffuse distribution of ions, resulting iﬁ

;{ : - widely spaced individual breaks, most of which can undergo repairs b§
recombining without structural change. Thus permanent structural qhanges

for X—rays.and Y-rays Are proportional to the %quare 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 independent of alpha interaction rates.
Thus, with regard‘to the production of irreversible structural changes in
cells the relativ; biological effectiveness of alpha radiation, compared

to X-rays and Y-rays, increases markedly at lower dose rates and ;ver

longer periods of exposure.

For alpha interactions with cell nuclei, most of the structural

changes are lethal and lead to the mitotic death of the cell at the next

(17,18) (15)

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

pointed out, some cell nuclel experience only minor structurzl changes




{chromosome invergions, durlications, transldcaticns, deletions, etc.)
end remain viablef However, although only a ver; small fraction of alpha
interactions give rise tb~§iable mutated ce;ls; these survive to
prcliferate, whereas cells which suffer lethal thénges are elininated
from the cell populaticn: Thus in the case of long-term éxposure of
tibSU; to intarnal alpha_emitters at low dése rates there 1is a cum;lative

*increase in the population of cells whicﬁ have survived one or more
chromosome structural changes. However it 1s equally obvious that a
cell whose ﬁucleus is subjectéd to repeated alpha interactions within
the mean life of the cell hes only a negligible chance of survivai.

It is likely that the proddction of a radiation-induced tumor begins
with the formation of a 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 is 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)

with the two-mutation and multiple-nutation theories of cancer based

on the age distfibution'of cancer in man. On the basis of these consider-
ations the production of a gﬁlignént cell involves a sequence of events,

as follows: (f) production of a viable mutated cell; (2) clone growth

from the mutated cell; (3) productiﬁn of a second viable mutation in

one or more of the cléne;t-(é) growth of a clone of doubly-mutated cells;
etc, Thus, for a two-mutation sequence, the tumor risk would be proéortional
to the thz(t/Tc), where R isg the alpha d;se rate, t is the time of

exp&sure, and fc is the mean life of the no;mal cell and singly mutated

céil. The term (t/Tc)-represents the influeﬁée of the growth of the clone

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

This tumor risk felationship malies it abundantly clear that a linear
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. extrapolction to low deose rates is not only not conscrvative for alpha

.- radiation induced tumors, but rather that there is a marked inverse dose-

rate vs risk relationsnhin. There is an Increasing body of pubtlished

experimental evidence that reilects this trend.

(22)

. A N . .
Spelss and Yays observed that for "*“ia alpha radietieon irnduzed bone |

. sarcecma in man, the tumor incidence per rad approximatély doubled for a four-~
fold increase in the spacing of 22“Ra injections and that the observed incideonce
of bone tumpfs pef rad in children was nearly twice that for adults. Upton

(23) show a significantly higher incidence of tumors in mice for a

et al.
given neutron dose at more protracted periods of exposure. Moskalev and
Buldakov(za) sho@ea that fractionation of the administered 23°Pu dose over
-7 %arger periods of time Increased bone tumor induction. Ihe highef tumor
incidence pér rad for the smaller lung burdens of crushed 233PuO2 nicro-
(11)

spheres observed by Sanders seens best explzined by the limited alpoha

- irradiation 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(25>. And the incidence of bronchial cancer

‘.
. - ; 26
in uranium niners reflects a higher tumor risk per rad at the lower doscs( )

for this low dose rate exposure group. The tobacco radiloactivity results(la)
indicate a cignificant tumor risk for the cumulative alpha radiation dose
from 2!°Po in insoluble particles in the bronchi of smokers, inveclving much

lower dose rates.

Based on the above considerations it is evident that the tumor risk is

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

subjccted to only a few widely spaced alpha interactions with the small
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target afforded by the cell chromosomes. This follaws necesszar:ly freox

- the fact that most alpha interactions with cell chromosomes lead to the
. 17,18 '
pubsequent mitctic death of tho cell, as Brrendsen hos sncwn( ' ). Tre

production of a malignant cell calls for a sequence of two or more low

thie appiscaticu oL

p:obabilit} cvents acnd thus cannct be specdzd up by
massive alpha doses, bu* rather on ly by subje-ting a much larger nuzber
of cells to a limited number of interacticns. Additionally, assuming that

the tumor risk to the tissue suhjected to alpha irradi ation i{s proportional

to thz(t/T ), explained above, it is apparent that the alpha activity

concentration or the activity per particle which 1s eguated 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

(27

t is appreéiably longer than the mean life of the cell, T Brues

(28)

Rurch hoth peinted out that the two-nutation theories of carcino-

(20, 2*’ would imply an exceptionally high ef‘octiveness of widaly

genesis
spaced radiation for tumor production. It is propoScd that just such a .
dose rate relationship serves to reconcile the observed significant tumer

risk in c:garette smo’ers with the presence of a persistent lung burden of

W

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

4
210p (14) >

3. "iot" Puo2 Particlc Risks: If the above tentative conclusions are
correct, then the same considerations musi apply in the assessment of

tumor risks for hot particles. In this connection a preliminary considera-
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tion of the influence of specific alpha activity and particle size of the

hot alpha emitting particles is in order.

(29)

. Raabe et al. report an apparent rate of dissolution of 2"’1"1:02

in lung fluid which is two orders of magnitude higher than that observed

articles. Such a dramatic differecnce in the chemical behavior
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of two isotopes of plutonium is seriously inconsistent with the negligible
influence of 1sot6pe effects on the chemical kinetics of heavy elements.

Thus it seems necessary to exp.ain thls apparent solubility difference on

physical grounds. The specific activity of the 238PuO2 particles (~80%

238PuO2 and ~207 239Puoz) was about 220 times that of 239Pu02, In additien

the 23?Pu02 particles exhibited a very significantly lower density than the

239PuO2 particles(3o), indicatizg a highly faulted structure and weakened

(21)

intermolecular bonding for the 238Pu02 particles. Fleischer proposes

that the apparently higher dissolution rate for 238PuO2 may be explaiﬁed

by the alpha recouil nucleus ablation of the surface layers of the pafticles,
with a fragmentation rate proportional to the specific alpha disintegration
rate and with variable sizes of fragments ranging up to ~104 atoms. The
poorer structural integrity of the 23°Pu02 particles.may give rise to an
rncrease in tae size range of tie ejected fragments. Such small fraguents,
ranging pp to tens ol angstroms in diameter or more, wouid pass readily
through the 0.1 ym diameter pores of the membrane filters used in the
dissolution experimeﬁ;s(zg). Also, such small ablation fragments may exhibit
a much higher mobility in tissue than that of 0.1 to 1.0 yn diameﬁer, the
size range of pﬁrticles used in wost animal inhalation experiménts. This

greater mobility for very small ablation fragments in tissue way explain

the observed more rapid rate of translccation for 238Puo2 than for 2%°PuO
(32,33).

2

from the lung to the liver and bone
Another explanation for the apparently highér solubility of 239PuO2

than 238PuO2 is the possibility that the intense alpha radiolysis of the

lung fluid at the surface of the particles leads to the production of

chemically active free radicals which in turn react with PuO2 molecules
on the particle surface. This process also would proceed at a rate

proportional to specific activity and to particle surface area. In this
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~ase the dissolved plutoniva would Ziffuse away from the heot particles.

However this dissolved plutonium undoubtedly would be slowly redistributed
(34)

in the lung i the scme fashicn as chat reoorted Dy loskalev for

inhaled soluble compounds of plutonium, resulting in a highly non-uniform

distrltuzica, with hot spets located predominzntly in the sub-pleural region

<

of the lungs. Thisgradual conversion bfvthevsoluble plutoniun compounds

to small colloidal size particles at focal points of activity may be the

result of thé self-chelating preuperties of tetravalent plutonium in solution.

‘ o ) _ B ) (11)
In recent studies of rat inhalaticn of 23 Puoz, Sanders has
demonstrated a substantially increasad visk per rad for small lung buvdens

of aged, *crushed" 238py0, microspheres. In this case the inhaled particles

2

involve smaller particiés and a correspondingly larger surface area. The
observed mo;e rapid rate of translocation to other ofgans can be attributed
variously to the higher mobility of the smallar ?articles, or te the higher
rate of surface ablation (or diésolution) for the increased surfaéeAarea,
. or both. The ﬁigher tumor incidence can be étﬁributed to the fact that
the greater mobility and wider redistribution of the 238Puo;,z microspheres
and their breakdown products subject a much larger number of cells to a
limited numberkof alpha interactions.

The correctnéss of the zbove interpretation is reinforced by the
results of the Los Alamos ceramic sphere experiments reported by Richmond

1.(12'13) and further discussed by Bair et al.(lo). In these experi-

et a
ments 2000 zirconium oxide microspheres oé 10 ym diameter, each set con—
taining a specified amount of plutonium, were injected into the lungs of
groups of experimental animals. The total plutonium per mnicrosphere |
ranged from 0,07 to 1.6 pCi of 23%°Pu and from 4.3 to 59.4 pCi of 2%%%y,

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,
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averaged over the small tissue volume within 40 um from the surface of
the ceramic micraspheres is ~17-,000 rads per yea; for the 0.07 pCi micro-
spheres, or ~200,l20 alpaa disintegrations éer year within-each mlicrcgraw
of irradiaped tissue. The dose rate is correspondingly higher arcund the
nicrospheres of greater activity. Less than one millizram of tissue, o;ly
one miilionth of the lung, is subjectea to these massive radiation doses,
The lim%ted biclogical response cbtained in these experiments 1s
consistent with expectations based on Eatendser's results(17’18); the.small
ﬁopulation of cells wi&hin the-alpha range arcund the mkcrospheres exper;
ience so many alpha interactions that they ali receive chromosome struc-
tura; changes that result in their mitotic death. The 10 um diameter
ﬁicrospherqs are immobfie in tissue. Also their specific alpha activi£y
is sc low compared to pure Pu02 that their surface recoil ablation and

aissoluticn rates are negligibly low. Thus in these experiments there

is no large population of cells whick are subjected to a limited number

‘of alpha interactions, as is the case for Sanders crushed 2}5Pu02 micro-

sphere experiments(ll). Richmond and Voelz

(12)

observed only two lung
tumors (at 9.5 menths and 12 months in animals exposed to 2000 ceramic
microspheres of 0.42 pCi 23°py per nicrosphere) fer a total of ~lO6 hot
particles. It is‘proposed that these two tuvmors may be attributeq to
secondary protons ejected by alpha interactions with hydrogen atoms. The
expectad yield is‘one proton per 104 alpha interactions. Such protons
have energies of about 100 KeV and a rangé about 4 times that of the alpha
particle. Thus thes2 secondary protons irradiate 63 times as many lung
cells at correspondingly much lower doses. It is unlikely that the two
tumors observed iIn these éxperiments can be attributed to X-rays or

(35,35)

Y-raye fiom plutonium for reasons discussed by Warren and Gates
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4, Critical Health Effects: It is widely recogriized that inhaled inscluble

v alpha emitting particles deposited in the lung are, in part, translocated
- via the phagocytié acticn of macrophages to:the lymph nodes and to other
sites in the reticuloendothelial_s;stem, and also via blood leucocytes to -
the liver, spleen and bone marrow. Recent experi:;nts with inhaled ’

A plutoniun meke it evﬂdenﬁ that the pattern and rate of translocation of.
plutoniun f{rom the lung to other sites is %ighly dependent on particle size
and specific activity, with more rapid transport of the smaller and more
active particles. Thus, it is far from obvious whetheé the lung,-lymph

. nodes, 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
o active cell division suffer the earliest and most severe radiation damage
effects, and that this iﬁcludes the blcod forming cells in lymphatic glands

(16’3'f3ucheffects include the destruction of rapidly

and in bone marrow
- multiplying cells that produce the blood platelets which assist in the

control ¢f blood clotting., Similarly the population of leucocytes is

PR
Lt

reduced with a cerresponding reduction in resistance to disease., These

- _
effects plus the accompanying chromosome structural changes can give rise

to the earlier incidence not ouly of cancers, but the whole pattern of

aii diseases of the cardiovascular and rencl systcms(37’38)’

Let us review the mounting evidence which suggests that inhaled
insoluble alpha emitting particles may be the agent of atherosclerosis

and thus give rise ¢to an increased risk of death by early coronaries and

strokes. atherosclerosis is reported to be present in every instance of

(39)

partizl or complete arterial occlusion and every case of coronary thrombosis .




an arterial tumor. Elkeles
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Recently Benditt H;s shown(&o) that the human atherosclerotic plaque is
a monoclonal proliferation of a mutated cell of the artery wall, and thus

(41-43)

1as ohserved zanonzlously highk concen-

trations of alpha activity at the calcified plaque sites. 1In additicn

‘atherosclercsds plaques acromally occur i+ the maln and ehdooinal aortas-

R y ) . 42-44
and the coronary arteries, but rarely in the pulmonary arteries( ).

This distribution suggests a respiratory origin for the mutagenic agent.
Aﬁtempts to %eproauce arterial lesions in animais by chemical, mechanical
and nutrit¥onal means have not p:oduced plaques similar- to those of |
atherosclerosis in man(ao). However atheroscleratic plaques have been
directly inducea in human arteries by intensive irradiation with X-rays
and raéium(as). There is a high incidence of early coronaries among
cigarette éﬁokers, with a mortality rate for males who smoke two paéks or

more daily that is 2 to 2.5 tires that of non-smokers but at a mesn age

of death some 10 to 16 years eaflierFAG%b:'all-these rezsons it is proposed

that inhaled insoluble alpha emitting smoke particles are very likely to be .

the mutagenic agent which gives rise to atherosclerosis in cigarette smokers.
If this is the case, similar increased risk of éarly coronaries are to be
expected for other groups of individuals who are occupationally or environ-

€

mentally exposed to the inhalation of insoluble alpba emitting particles

of respirable size. Attention should be addressed to industrial and combustion

product aerosols which contain uranium oxide, thorium oxide and lead-2i0,

as well as to plutonium oxide from nuclear industry, nuclear accidents
and fallout from atmospheric nucl;ar tests,

The first and mos? obvious place to look. for such effects is among
past and present plutonium workers, Very siénificant incrcases in the

incidence of carly coronaries as wall as lung cancers and cancers at other

(46)

with insoluble alpha emitting

sites is observed among cigarcette smokers
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particle Lurdens of only a few picc:uries of 2105 in the lung(la) and

similar total alpha activity per 100 grams of arterial wall tissue(41—43).

By comparison, plutonium workers exhibit plutonium organ burdens rangirg

(47,48)

from a few picocuries to a few manocuries or more . And although

there has been no enfdemislcocical study of the zge-incidence ¢f heart
. i [} .

~ @isease an? cancer among plutonium workers, the limited published information

=~

"bearing on this QUestion is more disturbing than reassuring. Most often

cited is the medical experience of 26 plutonium workers at Los Alamos(ag’so),

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

(¢

£indings for this group cam ve attributed.definitely to incernally dep&sited
Plutonium. With equal justification one may state that most of the serious
medical findings in this group can be attfibuted to plutonium. One member of
the originai group died in tﬁe early 1950's. Cause of death is not repbrted.
Another died of a coronary at age 38. A third suffiered a coronary occlﬁsion
but recovered and was well compensated. A fourth developed a hamartcoma of
the lung and his right lower l?be was surgiéally reﬁoved in May 1971. A
fifth had a melanoma of the chest wall. A sixth had a partial gastregtomy
for a bleeding ﬁlcer. One subject suffered loss of tceth, apparently due

to damage to tﬁg 1aﬁina duras of thé Jaws which show the earliest eifects
in'beagles given £%xic doses of plutonium, Another subject has.gout. The
full medical history of this gfcup, now mostly in their fifties, has not yet
completely unfolded. Only 12 of these 26 plutonium workers were exposed

to plutonium inhalation. Which of the observed effects were experlenced

by the inhalation exposure group? Regardless of the distribution, the
medical experieﬁce of this small group thus far provides no basis feor
coﬁplaccncy about the health conéequences of plutonium.exposure.

Hanford employeces and others whose autopsy tissuec samples exhibited

plutonium levels in excess of 5 fC1/g dicd mainly of coronary heart




disease and other :ar@iovas:ular effects and to a lesser extent of cancer

. (47)

and pulmonary emphysema . Based on evidence reviewed above it appears

v

. that atherosclerosic is a cancer of the artery wall and thus that corona:iy

heart discase and otuner diseases of the cardiovascular and renal system

are expeccicd cllecss of inheled plutonium and of other insoluble alpha
enitting particles. An adequate assessment of the magnitude of these risks

can only.be obtained by a conmprehensive medical follow-up of all past and
present plut;nium workers. Until the age distribution of these effects
among plutonium woriers is fully assessed, any claim b; the proponenﬁs

of nuclear energy £hat there i1s little risk associated with the MPLB

(maximum permissible lung burden), 16 nCi of plutonium, or fractiomns
thereof, 1s totally unjustified. The growing evidence suggests that as

little as a few picocuries of alpha activity in the lung, in arterial tissue,

1

and in other orzans givis rice to a significant cancer risk,

5. Discussion: The published evidence, reviewed above, clearly indicates
tha£ a linear extrapolation to lower doses and dose rates is not conserva-
tive for internal alpha emitters. The initiél effects of alpha inter-
actions with cell chromosomes are irreversible and thus will vary linearly
with alpha do;e rate. However the cumulative effects of internal alpha
emitters gives rise to an increase in the populations of nmutated cells

A;_ il' (cells with viable structural changes in their chromosomes) and in the
- . health conseque;ces of such changes. Therefore the tumor incidence per

alpha disintegration must increase with decreasing dose rate. For this

R reason a given cancer risk is equated with smaller cumulative alpha

IR

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

of exposure increases.
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By contrast, the cellular effects of X-rays and Y-rays are largely
repairable at low dcse rates. This stems from the fact that the diffuse
distribution of ion paifs produced by such radiation results in widelw-

spaced single chromosome breaks which repair themselves readily. TFor

these reasons the relative biological effectiveness of alpha parzicles,

compared to X-rays and Y-rays increases continuously with decreasing dose

rate. Thus alpha radiation acquires a greatly increased biological sig-

health consequences of chromosomal structural changes.

There are several .other lines of evidence which reinforce the
possibilit§ that alpha_interactions with cells play a unique role in human
cancer production. The distribution of cancer sites in the broachi, in
the lymphatic system, in arterial tissuve, in the liver and béne, all
involve sites at which insoluble zlpha emit;ers are known to accunulate.

Anomalausly high concentrations of alpha activity have been observed at

the bronchial cancer sites(SI), at cancer sites adjoining lymph glauds

(52,53) (41-43)

in other organs in atherosclerosis plaques , at. liver cancer

¢ (54)

sites in thorotrast patients

(55)

workers , etc. The difficulties of prcducing lung cancer by extercal

radiation his bteen pointed out by Warren and Cates(35’36). The absence

, at bone tumor sites in the radium dial

of cancers in muscular tissue, except at sites of thorotrast irjection or
plutonium Iinjection, also is relevant to this issue. All of these obser-

vations reinforce the possibility that one or more of the chromosomal

structural changes which‘charactérize.a malignant cell must be brought
about by alpha interactions and not by low intensity X-rays or Y-rays.

In this connection, the determination of the nature of the structural
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differences betweva the healthy and the malignant cells of cach organ could
shed some light on this important question.

It 2lso is observed that the rclative significance of chemical agents,

viruses and radi:tlon in the incfdeonce of humcu cancer is not knowrn.

Details of the mechanisms of cancer induction by chemical agents and viruses

also are poorly understood. And the proposed chem’ al carcinogens in.

. cigarette smoke and in polluted urban environments have not been demonstrated

r

to be carcinogenic at the low concentrations involved. For all of these
reasons it is deemed lifely that radiatlion, and alpha radiation in particula.,
may be the principal agent of human cancer. In view of such a poésibility,

it is 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 field of radiation induced cancer research.

(39-45) indicates that atherosclerosis is a tumor

Published evidence
of the artery wall and that the alpha activity at the calcified plaque
site is likely to be the mutagenic agent. 1If so the major causes of death
%n the generél 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
-

Ly

contaminants zust already be contributing to irncreased health risks and iife
shortening to the general public. igarette smoking causes increased risks

of early corcnaries, lung cancer, cancers at other sites, and other health

(46)

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

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

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

of liver tissue in thé general public(ss). Although these levels are only
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may be corifmpondingly greater because the total population is exposed, and

%?;”‘ ‘ - the inhalaticn exposures begin at birth.

If the health risks attributable to fallout plutenium exceed 10 porcent

toy

of the risks of heavy smoking, then inhaquion exposure at ~20 tipes

fallout (the surface soil concentra£icn of plutenium which corresponds
to the interinm soil standard adcpted by the Coloradc Board of Health in
1573) would ;ive rise to organAburdens more -‘than twice that of heavy snokers.
Exposing children to such levels would be tantamount to.their smoking four
packs of cigareptgs per day, beginning at birth. This estimate assumés, as
I bel#eve to be the case, that the inhaled, insoluble radioactive smoke

. particles give rise to the serious health effects of smoking.

For the estimation of organ burdens which may result from the inhalation

of s01l contaminants, it is common Practice to attempt to determine the
- average surface soil concentrations, the applicable resuspgnsion factors,
inhalation expﬁsure ratterns, particle size diétributions, lung retention,
clearance and translocation batterns and rates, ete. The large cumulative
errors and uncertainties in the prediction of the ultimate organ burdens
from long-term exposure to contaninated surface soils and urban dusts by
?'\ﬁ , such a long sequegge of complex Processes serve to make this procedure an
almost useless exercice. There 1s a more direct approach which sould give

o more reliable estimates. Lewis et a1(57) show that the adult lung burden of

nitric acid-insoluble particles increases almost linearly with age, with
s about 1.5 grams per kilogram of lung tissue at age 60. It scems reasonablc/

to assume that individuals chronically exposed to scil dust and urban dust.

_ F
will acquire just such burdens of the insoluble constituents in the res’

L4

size fraction of dust particles (i.e., péfticles less than ~3 um diar.”
[

r

It should be noted that Pu02 particles are highly insoluble and fridb‘

e 2 5
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Exrerinents in the Rociy Ilats area also have shown that abvout one-third
of the airborne plutonium which has been resuspernded from soil surfaces
hy wind action falls within the recni able peorticle size range. However
only a very small fraction of the bulk surface soil is made up of insovlublé

particles of respiranle cize. TYor this reascn, surface scils with one

' picocurle of plutonium per gram (the Colorado interim soil standard)

should conta%n zn estimated 10 to 100 pCi of plgtonium per gram of inscluble
goll 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 00, witlh correspondingly higher concentrations in the lymph
nodes, liver, and béne. 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 afc, of course, o number of considerations which make 1t incp-
propriateto equate the effects of a given burden of .low specific activity
alphg emitting cigarette smoke particles with the same amount of alpha

.(12,13)

activity in hot particles. The Los Alamos experiments make it

evident that most of the alpha dose from "hot" particles of PuO2 is
- &
wasted in the excessive irradiation of cells within the alpha rauge of

the hot particle surface. Thus the high tumor risk for the hot 238py0

(1)

2
particles can be variously attributed to (a) the mobility of the
smaller particles (b) the recoil atlation 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 for very hot particles).
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For these'ﬁﬁﬁsons, the insoluble alpha emitilng swoke particle,

uranium cxide, thorium oxide and other alpha emitting particles of
moderate to low specific activity may be expectred to give rise tc a higher
tumer riskx per slipha dicintegrationm or for a given cumulative dose.

Similarly plutonium-239 in mixed fallout particles may be expected to

: 238 ;
produce more tumors par disintecration than is the case for pure “ rquA
™~

239

" and puoz. However although larger burdens of hot particles wiil 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 éariier for a given burden of smaller particles of higher.
specific activity.

The above considerations make it obvious that the present practice of
averaging the alpha dose ovér the whole lung or some arbitrary fraction
(10-13) 1s & highly questionable and grossly misleading procedure
=2t best,

It also should be noted that ameri:iumé241 is éresent in association
with plutoniunm coﬁtamination in the Rocky Flats area and in nuclear tést
areas. 1In addition, curium isotopes as well as americium-241 will be
present in high cogcentratien in éhe nuclear fuel mixture from fission and
bfeeder reactors ;hich use plutonium fuel. The chemical behavigr of
cmericium and curium in the envirecamen: will give rise to their substantial
uptake in the blosphere and the food chain. Thus the ingestion of americium
and curium, their uptake from the gasfrointestinal tract, and their
accumulation in the liver and skeletal tissue of mammals and man will give
risec to additional ser}ous health rislks. Tgege contaminants will be relatively

wore serious than plutonium inhalatjoz in some environments, particularly

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

processes are not cffective.
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6. Recommendatis-s: It is urged that the U.S. Favironmentzl Protection

Agency consider and act upon each of the following recommendations which
are called for (a) in order to provide an improved basis for the assessment

of health risks end standards fer plutcnium and other actinides and (b)

tny

to provide a higher degree of protection from the effects of internal a2ipha

emitters fer occupational groups and the general public by acdopting more
conservative interim standards for plutonium exposure.
(1) Initiate a comprehensive interagency research program to assess
the health risks of inbaled alpha emitting particles, with special attention
to both "hot" particles 2nd incoluble particles of low activicsy per particle
. (52)
(Some pertinent studies have been proposed to the EPA .)
(2) Conduct a comprehensive epidemiological health study of all past

and present piutonium workers, and of all other groups which have been

exposed to the inhalation of plutonium at levels significantly above fallout

plutoniunm.

(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 and heart disease.
it

(4) Adopt rore conservative occupational stardards for plutoniunm.
A reduction of present air concentration and lung burden standards by a
factor between 100 and 1000 appears to be in order. Better protection
should be provided for younger employees and groups exposed to poccible
inhalation of finely divided and higher specific activity plutonium.

(5) Maiatain public exposure levels of plutonium;and other alpha
émitters to the practi;al minimua. In my vieﬁ this would limit public

exposurc to airborne dusts not exceeding 0.5 picocuries of alpha activity

(about one alpha disintegration per minute) pEr granm of nitric acid insoluble




o

on this small native poru
. 5 <

particulates of respirable size. This level wotld result ia the accurinla-

(56)

tion of adult organ burdens about. equal to that from fallout plutonium .

Cn this bacis the Colerade interia standard moy be at least 10 tizes too

high.

.

(6) Call for a full disclosure of aLl past piutoniun spilis and accidental

releases and conduct appropriate surveys-and cleanup operatlons.

™~

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

to their dis;ributicn 1q the fcod chain and their uptake from the gastroe-
intestingl tract. T - )

(8) Give irmodiate attenticn to current plzns of the U.S. Department
of Defense and the U.S. Atomic Energy Cormission to resettle Inewetak

Atoll. The high levels of plutoniua and americium on these islands and

in the lazoon sediments are likely to give rise to tragic health effccts

[y

gtin~n zroup,
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. Four commante are attachzd,

+ Comment #1, ACCIDINTS

ﬁ /Coument §2, ESTURTION OF Tii EALIn ETEC
PLUTCTUN £3D OTHER ALPHA-EMIT
TRAIISURAKICS -

> CF
TILG

.Comment #3, DIVERSICN AND S:
FISSIGHABLE AT

m):

FEG ;nRDS OF
nIAL
Comment #4, GENERAL AlD IN SUMMARY

Hith the possible exception of #2, these comments are generic
in naturs. For a draft statement of this physical extent, detailed
comment would be neariy prchibited by persoral limitations of tims

and rescurces. This dilemma is not encountered here since generic

. - commant scems indicated. Treatment of acne can be sensibly daferred
when the patient shows systemic failure. ‘
4
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© coment 72, Fsi 0F THE z'rM“w SETLOTS OF FUSTORICH ARD OTRER
‘ ALP& 2% i lT 1..3 TaALSUY ;\,g

The estimate of lung cancer incidence 2ssociatzd with the inhalation

: of plutonium (or other frznsuranics) in particu?cte form is a critical

.
o

factor, along with source tarms and rasuspen on, in defining th:‘probable
| | '.1mpdct of the LNFZR's plutonium based fue]icvcle. Vs subject is discusscd
i ; ; jin Section 4.G.5 "Particle Lung Cose ffects" of WASH-1535. I quote tha
first sentencg frem that section: | '

"The estimates of lung cancer incidence associzted with
the inhalaticn of transuranics used in this report are
based uzon a czlculation of the averace radiation dose
delivered to the lurg and zcpliceiion of tumor inciderce
S estimates for the uniforaly jrradiated lung as estimated
S in the BEIR report."]

This cited basis, and hence the derived estimates, are indefensible.
€Q7}_ | " Section 4.G.5 acknowledges "that 'iusoluble' perticles of
radioisotcpes, when deposited in tissue, provide focal spots of ﬁigh
radiation cose rates close tha the particle,” so there is no presuﬁption
. that the exposu}e by particulates of plutonium.is uniform. The deep

respiratory tissue of the lung is mads up of 108 alveoli. Each aveolus

is a complexiy organizad unit of tissue. If an irsoluble alpha-emitting

particulate is- depusited in this tissua some 10 to 100 alveoli will be
exposed. A cr ide measure of the nonunitormity of fh]c exposure is that

at most about one-millionth of the lurg's o]VQO]] are afxectod by a single

particulate. |

The significance of the .preceding is that in the actual lung

exposure by an alpha-cait 'ng particulate, the cnargy of the ionizing

radiation is deposited n a very limited voluine of tissue, and hance that

S © . the ectual radiation dos2 to Tung tissue scalod reughly a million times




(@]

jarger than the dose asscciated with ean aVCraﬁinglof tha equivalent
radiation energy over the entire lung. .
A multiplicative difference of a nﬁiljcn in 2 cigailican:
physicai quéntity'generalIy suggests a qua]i&ative diffcrgnce. Suppose,
for exarple, that the nroblem were to estirate the efrtects of.small
projectiles on.human organisms. Suppose that the projectiles veigh ]/é
ounce and have a velccity of }OOO ft/sec. Hote that the effect of tre
projecti]e depénds 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

siow moving veiricies by exerting strenuous counterforces. Using this

experience the effect of the projectiles on humans is inferred to be

oxidation of -the biological fuel nzcessary to do the work of stopping the

vehicle. But this reasoning is manitest nonscnse. Even though the encrgies
g ¢

inwvolved are simiiar, a tast moving ritle bullet is quite different Trem

a truck weighing a million times more and moving at & one-thousandth the .
velocity. The former dissipates its energy in the local disruption of
tissue, the latter leads to the orderad and non injurious oxidation of

biological fuel. The cndAresu1ts bacchie very different as the physical

[ - ’
characteristics of the situation change, and a new biclogical phenciaznon
intercedes. Obviously the way to estimate the effects of rifle bullets is
either from past experience that is explicitly applicable, or alternatively,
to calculate the effects considering the physical characteristics of the
rifle bullet and knowledge 6f the biolcyical and physical characteristics
of the human organisa. .

This nonsense oxample has much the samz logical structure as the

method of estimating hot particles effects set forth in Saction £.6.5 of
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1:ASH-1535.  There, v introducing a fictitiously 1érge maac of oxposed

tisste, the calculated dose becomas rc:mansurately small. In passing from

the real situation in which a hot par+1c1e irradiates 10 to 100 alveoli,

‘o the Tictional situation in which the ionizing radiation from the hot
rarticle is averaged over 108 alveoli, thc nose scale has decreased by
ioughly @ Tactor of a million. .

Living tissue shows extensive intra-cellular and inter-cellular
organizatidn. .Several regimes of biological response would be expected
as physical charactecistics of exposure are varied. Caréinogenic response

it0o whole organ

xposure by non acute doses of radiation will fall in one
of these regimes, and this will be a regime in which éhere is human
experience. Frbm thé physical characteristics of plutonium asresols, from
the lung deposition experience with aercsols, and from the lung clearance

-~

nb nf
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evperience with plutoniun varticulates, i

93}

" LA - h -
rred that at Teast

-

on2 c]asé of pariicles exist which subject lung tissue to an exposure
associated with a different carcinogenic response regims. This is bzcause
other biological phencmenon has intervened.

For hot particle exposure that phenomencn is mitotic death of

cells, i.e., loss of the cell's ability to divide. There is an extensive

N

literature on the subject. Radiclcgically induced mitotic death is, in
fact, the basis for treating hé]ignant tissue vwith ioniéing radiation, and
is the cause of most acute sympfoms consequent to radiation exposure.

Even though the intercession of extensive mitotic death of cells must
incvitably place certain particulate exposures in a different response

regime from whole lung, non acute cxoosurcs, a conpelling araument might

be mada that the carcinozenic response in the forizer cas2 is necessarily
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less than th2 carciaocsenic response in the atter.” This argument would
appear to have merit since mitotic death of cells, of well as reducing the

general viability of the tissue, would also reduce the number of irradieated

~o11s with carcinsgenic potential. Uiually dsplicit in this argument is a

conceptualization of all redizticor crrcincgonnsis as a single-cell, direct-

.

_injury process.

To confirm this argumant, there is 2 ﬁespectabﬁe Titerature in
which carcinogenesis is describad as occurring ifter doses of raciation
that are sufficiently local as to not be organism ]ethai, and that are
sufficiently high for :hé fracticn of mitotically competent‘ce1ls to be
greatily reduced,.i;e., to 1% or less. Unfortunately, in at least some of
these eZperimants, carcinogenesis is inversely related to the fraction of
mitotically competent cells, i.e., cancer induction in the regim2 vinere

~itotic cemp

vt

tence is grettor than 12 4s small compared with the.cancor
induction in the regime where mitotic compatence is much less than 1%.

There are severalvpoints to be made here. Loss of mitotic
compatence and carcincgenesis arel*wo indices of radiatioﬁ Effect in tissue.
They cannot be-indepsndent, and their relationship can tell us scmething
about some radi&t%on carcinogenasis.

Mitotic comnetence is not gerzrally related in a linear way to
carcinogenic response.  liorcover, it is a major anomaly that an increased
carcinogenic response is observed in.dose regines associated with greatly
reduced mitotic competence. It is difficult to reconcile this result witiv
any single-cell, dircct-effect origin for radiation induced cancer.

Mitotic cemnatence of a cell population decreases exponentially
wilh increasing a]ﬁha—rad{ation dose and is a fairly general index of

radiation effect in tissue. If radietion carcinogenasis universaily
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decreased wilh mitotic ccupetence, then cstimates, of carcincgenesis based

. on a Tictitious avcfaging_of a local inhomogenenu§ dose over a much lerger
.. volume would be necassnri1j conservative. Sincc_radiation carcindgensis
can, and in'fact,‘does increase to anomalously large Va]ues while the mitotic
competence bacomes venishlingly small, th:.fictitioué averaging ¢t dose
'pver Jarger volumes is not necessarily‘conserv&tivc. Instead it wou]&
appear that an intense local dose of ioniz%ng radiation cen be a more:
efficient carcinogen than a diffuse tissue exposure with the same type of
jonizing radiation and the sam2 total energy. The above then implies that
3' averaging of dose over larger volumes may be far {rom conservative.
Lnf o It is obvious that as a local exposure becomes more intense, @
tj stage must Finally be reached where the carcinegenic efficiency of the

exposure (cn a per unit cnergy basis) is reduczd. This is not pertinant
to previous arguments. 1t would, however, be important to knew the
characteristics of the most carcinogenicly efficient exposurcs.

The following excerpt taken fram the BEIR report (p. S5) sunmarizes

4

the state of knowledge concerning the causation of cancer {emphasis acded):
inoaenasic, or of
. 2 ular, are not fully
knouin, evailebie Toreacion Arpiies ihat 10T, 11 Nt
211, typos of cancer dovelep es @ resuit of the ccmbined
effects of multiple factors. Thase causative Tactors
may include: prezygotic (inherited) mutations ot
chromosomal eberrations, which cen spiread during develop-
ment to many kinds of celis; somatic ceil mutations cor
o chromosomal aberrations, which can be acquired at any
G time aficr conception; changes resulting vrom the action
3 of viruscs; and changes in systemic avouth factors (e.g.,
depressed iwmuna compotance, hoemona) imbalance) and
in lecal tissue peaulation {disorcanization, duziage),
Such as way resnlt iren discases other Lhin cancer or
Trom advencing age (1).

vAlthouah th» mechaniszs of carc
o _ 2T q [ - T
radieticn carcinc 2nasis in pavticuia

"Althcugh point wurtations, cinomosamal ehberations,
and othor channoes ab the cellular and meleculer level
may reauive ouly small ceses, tissue dicoraanizalion and




&8
qQross_ disturbancas in nhysiclegy ars unlikeiy witnoul
Jerqer doses (2). —

"0f the many tvnﬂs of ch:noos ‘which r“41311nn can

causoe in cells v Lio0n5, Tk Toocontionr Tl
58 A b

Unique for regiacicn. Ay, 31 not atl, su .
can presumably result from a variety of otier ag:nts "

This surnarv view on carcincgenzsis is cn“pablbWe vith the ideas leading
to the conclusion reached earlier, that .1ct1u1ous dose avera g ng to

larger t1ssue rasses nced not be conservative. The possibility of varicus

modes of carcxnogen=>1s is acknowledazd, and in particular, mention is

made of a pathway madiated by tissue disrvuption. :
Disease profiles are highly spocies specific.  Cancer iz n0

exception. Gross characteristics are ecbviously highly spacies sprc1-1c
also. A rat and a meouse are distinct and yet incredibly similar. The

gross tissue differen ces are articulated out thwougn subtly different
informational resonances amoncst cell poj sulaticons, - the collective shavior
béing phased ultimately, though perhaps rewmotely, by tﬁ: genetic centrols

of the cells. Rot to belaber this point unne sari1V, - cancer protfiles

are species specific; gross characteristics and, of course, genetic material

_are also species specitic. Collective detuning of tissuz, by tissue

1 E-

disruption sear. 2s acceptable an origin for ihe tissuz instabilities 01

-

cancer as doas an jsolated single cell event.

Return now to the problem of risk estimates associated with
radioactive particulates in human jungs. lost of what has been said carlier
in this comment has been génera], and has been aimed at shéwing that there
was no inhercnt conservatism in the mathod of cstimating cancer risks sot
forth in the first‘scﬁtence of 4.G.5, and that morecver the method could
bz far froem conservaiiv The corclusion could as weil ba annlied 1o

Tyvicphiatic tissue or te hronchial tissue.

I
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"legitirate concern for humans.

Baving this bacikground notice tuat nuaan Tuog tissuc has a W

[¢5]
—
—

known carcinogenic potential under a nuasber of situations, including

¢.posure to fonizing vadiationsy ond that in fhe ilaniord dog siucy induction

of lung cancer vas observed after exposure to plutonium aerosols. These

ot

b
L

ct

~
LE

are a suificien

.m

o establish plutoniun induced lung cancer &s da

~

The fcllcing is a review of the ofvicial guidance for estimailing
the carc1nogen1c ¢ffects fron exposure to radioactive particulates.

1. "(210) The MCRP has arbitrarily used 105 of the
volure of the organ as the significant voluma for
irrvadiation of the gonads. Tharas are som2 cases in
which choice of a significant volune or area 1s .
virtually meaningless. For exgrple, if a singls
particle of redicactive material Tixed 1n C‘tﬂﬁf lung

" Or 1ymoh node may b@ carcinffsnic, tng averaging of
¢0ST C1iner ovaer tne lung, Or ¢n2 CuSlic centimzics
may have Ticile 1o CO wiin ine case. Use OF °1gnaficcnt
VGIUie or oie.s —ust te log-ed cn es oaz of the round
off dnv1ces \nxch in s"~c1u1 cases rust give vay to
detai]ed study.”

’ NCRP Report #39
Basic Radiation Protection Criteria
January 15, 1971.
(emphasis addzd)

)
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41, Oc the basis of genzral considerat? ons x‘hd i
of sorme cxperimental data and clinieal eufidri
& Group wrere of the o—ml--’n & i,

pocticles witin the 1)'n‘u.x nodes. In additioa

theee js very lisile reported work oa ths cxutu-

"bmw.x of the ny: xh,-r:nl wi thm the ng:!z:s, whic
ould be obizined by autoradiographic ,sh.vd"

Jor latz cfiectz) the same rrdicion v on the deqree of Lbrosis and C‘"‘ "‘"3‘9_99““'1
_ sorption niight well bz less c.ﬁ-"twc w}xmd;m; Imr%gﬂ'mwbnd Detier dnid sefnlio h.f‘ltd’t(! K

ie residence times of the pastizulad ateriz
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2l pwticulate depasition and espaciully to thoss
o u-fnmt :r¥ 3 hat the' Fanber of eclls
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would . probably introduce = factor of 28z
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(28} Within the range (»." thie Maximura

RR P Permisiiv's Doses’ (see paragraph 37) specified - R
) ) T ' for occupntional ¢ oL, !\ noitois assumedd '
) thal there 15 no threshio’d :m.d thzt efivcts nrel . :
- Linzady related to dosz, it by Justiliaile 1o con-

- : S : stder the avzraze dose to the whole organ or c
: S tissue, zlhough it is recognined that whea more e

,.,) In “:’; c.'-v'..c\? “"m'»_,lq_nm“m.”‘ . tmf'arn\.-“.'..zu.- is a\'. d:.b._ i‘t will l‘::; more,
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Lt Tna recéumerdations of the National Council on Radiation Prutnction
_: and Measurement set forth in I, and the recommendations of the Internationa)
. Comnission on Radfo]ogica]'Prbtcction set forth in Il1, are explicit in

- offering n2 guidarnce. .

II is a discussicn of the hot particle problen taken frem ind

report'of an ICR™ Task Group. It is not intended to give dispositive
official guidance. The discussion is useful cox“entarj, but inconcluszive.

The very conditional statement made in the first and second sentence of I1

(41) is not generally convincing. ’

th regard to the previousiy cited mathod of risk estimation

4

-de

<

t’l

described in the first sentence of 4.G.5, that section continues with the

following supportive references:

s "This approach has bzen used Ly thie Enviromnantal

A ProLccb'ou Agency in recent reports on the potential

’ health consoouepaccs of the nuclear Tuzl cycle. -0

1he epprency leads to estinmates con ukzuola to ihwose
T Gavankap fU]]Cn] ng Thomzson et :l_ based on

1in ar non-thresheld exd r”ﬂola:1cx Gi observations :
on beagle dogs administered 23%u0, zerosols."

As to the Tirst, consensus in error ray provide amiable agreemant amongst
federal agencies, but seems hurdly a desirable basis for decisions involving

the public heal"h and safetyn The observations on bexgle dogs are discussed

A

triher on 4.G-117 and deserves separate consideraticn.
It requires pathological optimism to find rcassurance in the
results of the now comnleted Hanford t*"ag'le experiment. Dogs were given

initial acrosol burdens of approximately I -10 microcuries of Pu2s?

0.. B

2 by

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

and multicentric origing ware noted in some dogs. Those receivipg larger
. ™

lung burdens gicater than 10 microcuries died of pulnonary insufiiciency

within A-1/2 yoars. Tenly-one dogs survived Tor wore than 4-1/2 yrats,




DA R

and only onc of t‘ﬂ:e did not exhibit lung cancorit death. A velaticnship

observed between initiel lung burden and tise to death with cancer has

been often used to infer a threshold burden below which no life shortening
of dogs would be expected. This is shoun in Figura 4.G. 10 on 4-G 1182.

-

l'ote that the fibrotic deaths there have no bsaring on cancer incidence

~and inclusicn of those points in the constructing extrapolated curves is a

-\

_senseless exercise. flote also that the resulis are exhibited on™o loy-lcg

graph which virtually obscures all differential detail. Most importa nL,

recoon17e the nature of the eyper1m nt, i.e., the Tung burdens wzre lurge,

the resulis were saturated, ard tne numbar o. nimals was small. The
crudé relationship observed betwzen initial lung burden and time to death

umth lung cancer does not necessarily imply that a threshold burden exists

1

for beagles. Quite to the contrary, the range of exposures above the

inferred threshold burden may be interpreted as a region of saturatad

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

in a beagle population approaches 1007 during a normal 1ife span. The point -

fs that thz obﬁervéd time to death is more likely related to the burden,
through a populaL1on depletion effect, rather‘than through a burden
dependent 1atenf period. In the former interpretation appreciable cancer
vould he antiéipaféd at lewer burdens. This is again consistent with

extensive cbservations of radioisotOpa—induced bone tumors in mice, whicn

'support the 1nterpretau1on that "latent period is constant and that the

apparent 1e1atlonsh1p between 1ncreas1ng dose a#nd decreasing time ic
death with tumor is due to the cffects of dose-level on survival and on
tumor expectancy." (See Toxicity of Ra-226 in liice," M. Finkel et 23, in

Radiation-Irduced Cancer, IAER, ¥ieanz, 1969.)

The doemain of this comuent is broadened here in order to suamarize




a specific concerngﬁf
Under a nuimbzr of cirvcumstances piutonium forms aevoscls. The physical
character of these aerosols is such that on inhalation by humans they arc
prcferentia]]y.dcpcsitcd in respiraiory tisitc. Because of slow clearance
and because of their insoluble character, particles may éxpericnce long
j<1c3nce times in tissue. An appreciable mass fraction of the aeroso].is
usually associated with particles suff;cient]y ]argé thaﬁ sha]] but
physio]ogiéai]y significant volumes of tissue will be exposed to intense
(i.e., organiém lethal or greater) radiation doses within a meaningfu}
nhysiclogical time. Studies of the effects of ntcxse local radiatién to

skin and kidnay tissue indicate that cespite the near mitctic sterilization

of the involved tissue, an enhanced carcirogenic response may occur, in the
sense that energy dissipated in a limited volume may ba far morc carcinogenic
than if the samz type of radiation were to dissipate its energy over a

much larger tissue mass. The question is than: do particulates of plutoniun

lead to exposures that have enhanced carcirogenic potential? I they do,
then present standards can be in error by orders of riagnitude.
Hotice that tha emphasis here is on the anomalous hazard

associated with a single particle; and that if any threshold is relevant,

[
C
3

it is not a dose threshold since leccel exposurcs are large, but rather a
possible volunetric threshold that must be exceaded by the physical extent
of the exposure. Plutonium, as-an insoluble aerosol-forming, long-lived
alpha-emitter, constitutes a very special case of the low exposura problen.
In conclusion, it is indefensible to-base estimates of caﬂcer

risk on the method of dose averaging over fictitiously large volumes.

Similarly, estimates based on non conservative 1nLClpu etatiens of the

Hanford beagle rosulis are highly suspect.

tih plutonium, and, to a lesst*'extent, other transuranics.
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= - Attachment #1 to Comment
s - -
"Plutonium and Public Health," in - -
Electric Powar Consumpntion and
Human Welfare, AALS Committee
on Envirornmental Alterations,
- fucuzt 11, 1972 (non-copyrighted).
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PLUTONIUNM AND PUBLIC HEALTID

Donaid i¥. Gecesaman K
Author's ol te--Jun2 1972, ' .
On May 11, 1 69 a major fire occurrad at the Rocky Ilats
plutonium facility 102a d northwest of Denver, Colorado, .and oparated Jfor

the AEC by the Dow Chemical Company. For description of this fice see

ALC. press releases »-121, NMay 20, 1989, and NI-257, November 15, 15569,

Consequent to this fire E.A. Martell and S.E, Poct conducted a

,-, .
¥ pilot study on the plmonm“‘x contimination of surface soils in the Rocky

i I :

: Tats environs. Their results suggested an off site contamination that was
. - orders of m'mmtvde larger than that which would have been expac ted from
2 .

the measured plutonium rcisases in the alr effluent of the facility.

¥ "'
% ot
e In a letter of January 13, 1970 to Glenn Scaborg, then chairrean
4 Py . PR re ’ v y v
35 of the ATC, and in a press release of February 24, 1970 by the Colorado
mmittes on Bnvico: ;rr.:*t:l Liermation, Nartell ef al. called atiention
- . . et - .
. . 2 B
to this anomalous ccntam; ation and expressad concern ovex its uncertain
2 .
X . . L
2 .- . - e . . N . N -~
origin and over its significance to public healih. In responsc the A EC Ilixed
<. the probable origin of the oif site cont mination as wind 2isjer s,al o* dlmo—
' nium leaking from rusted barrels of coittaminated cutting oil, and denied

thiot cousa existed for concere over havavds to public health (oo AEC

prous celeass N-22, Februnry 15, 1070).

(1 vwos tay conviction thal the AN venponse proviaoed o diztortad
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so

and inadequs ate I.fu scentation
P

nwar

sscciated with th
observed off site contamination

of tho possible h:vgj' ds

e

and that the imminent large-scale commer-
cial introduction of plutonium gave

this situation a precedential sionificance
mud1 grealer than the already considerable swmf

ance of the situaticn
soclf. .

In April 1970 a reps: eséntative of the AEC's Division of Biclogy and

Tedicine and mysell were invitcd to present our views at the University of
Colorado..

"Plutonium and Public e

alth” derives from ths preceding his-
tory and should be so interpreted. The presentation was to a lay audience
and was made with that expactation.

Adequate referencing was added to

L

tne written text prior to its inclusion in Urdergro"nc‘ Uscs of \uclcaz‘ Tineray,
Pdl"t 2, Hc”rm"" hn ore the Su

necommities on Air dll\t Wa

k=3
[y

ater Pollution of th
v ormmittee on IPublic Worl:

United Sintes Senate, August 5, 1870.
As it stands the pyper still represeats a legitimate critique,

and
the recent emphasis on plutonium as a rvnjor energy source increases

tae
relevance of the discussion. An updating would inveolve onlj mcrem al
changes, and would generally supplement ra h r than dlsturo the substantiv

-
ooy
al’g

it cignt marginal value that it can be pro’:,arl) deferred at -

urnentis of the ou‘ginal baper. Hence wiile such an up atmg

doting is desivable
is also of suffici

my discretion.

Yor those who #re interested in readine the

traditional ARC posi-
tion on the gubject I would

the Oporations of the

n « e ’ .
uggest TAppendix 24 - Safely Conslderations in
Rocky Flals Platonivm I ocensing Mani

, [rom
DAvnhoriging Lesinlaiion Mise

o Mise el Vone 1977 -

[ioieeine:; bet
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- Commitiee on Atemic Doers s, Pard 4, Marcin 19, 1070.

Times have changed since May 1862, Then plutonium was regardad

- as armilitary substance and was accordinzly siven little public attention.

s e

Now it 1z muceh puhiticized oo the encrgy source of the not (oo distant

April 1870 was a tiwae of tranzition, and I felt the ¢trong presence of the

~
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enrlier tradition, and the decision to speak was not an easy one for me.

I have had no regrets. .
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'vFor th_e sake of cormpleleness let me give. you some backgr{ound on
- plutoaium. It is an clement that is virtually non-e_xiétent in the eartn's
. ’ natural crust. In the carly 1940's it was first produced and izolated by
Dr. Scabc.)rg'and colleagues; --Dr. Seaborg is pz"ésently Chairman of the

Atomic Energy Commission. Plutenium has several izsotopes, the most

' LaSel

important being pivtonium-239, which, because of its fizsicnable properties

-

aud its case of production, is potentially the best of the three fission fucls.

f. . . .
That is why it is of interest. Aside from its fissionable properties, plu-.
tonium-239 is a racdioactive izotope of relatively long half-life (24, 000 N

- . years), hence its radioactivity is undiminished within human time scales.

When it decays; it emits a helium nucleus’of substuntial cnergy. Becausce
of it physical characteristics, a helivm nucleus inleraets strongly wilh
e muderial along ite pathy ond as aconsequanee depozits ils energy in

Aorelntively choet dictancee, --about four-hundsethe of o mitiitoeler in




'T.i/m of that. A cell {7 osx nueleug is intercepied b@‘.c puth of such a par=

ticle

I

cuffers sufficicat injury that its capacity for cell division i€ usually

Jost (Bar /’"xdaon A.W., 1962 and Bloom, W., 1959). .

The cancer induciug potentinl of plutenium is well known. One

~1ienth of a gram injected intradovrmaully in rafce hogs caused cancer

. . 4

(lisco, ., et al., 1947); a similar amount injected into the blood system

antial incidence of bene cancer {Mays, C.W.,
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c® dogs has i

ct al., 1947), because of plutonium's tendency to seek bone tissue. Fortu-

n-tely the body maintains a relatively effccti rrler nams.t the entry
of plutonium into the blood system. Also, bacause of the short range of

the emitted helium nuclei, the radiation from plutonium deposited on the

-

surface of human <l:1'1 doas not usually reach any relevant tissue. Unfor-
ym ore I describe winy this is, I'd like to say something cbout {he
RV *
charact

stics of an acrosol. An aerosol is physically like cigarette

smoke, or fog, or cement dust. Becausea of their small size, the particies
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comprising an aerosol remain suspanded in air -periods of time.

If nn aerosol is inhaled, thon, depe@nding on its phys ].Ch\.lrElCLCrluLl(,D, it :

\

may be deposited at different sites in the respiratory tree (Hcalt‘n Physics,

1966). J.arger a osol sizes are usually rémoved by turbulence in the noss,

particles deposited in the bronclial tree are cleared upward in kours by the

cilizted mucus blanket that covers the .,trvuL g¢. This clearance system

-do2g not pancirate into the desp vespivatory sfructures, e olveoli, whare

1 N :
e boasite oxygen-carbon dioxida exchange of e Jung takes ploce. - Smaller
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tend to be deposited here by gravitational cetlling, aud il they ave

goooles

insoluble tlxc) may reside in lhc alv :oli for o considerable lime. The prob-

1o is that under o number of cordilions fAnderoon, I.V., ctal., 1957;

Fraser, D.C., 1987 Kirchner, R.A., 1266; MNann, J.R., ectal., 1967;

Siewart, K., 1963; "Wilson, R.H. el al., 1367) »lutonium tends to form

A Y

aerosols of a size that are prefcr;mlally deposited in deep .ung tissue.
Pluto*m.m dioxide, which is a principal offcnder, is ingoluble and may be
meooxlu,cd m the lung for hundreds of da_\,s before being clcn ed to the

throat or to the 1yfnph nodes rOLmd the lunge (Tlcalth I’n"qcs. 19{,‘6)

An aerosol is comprized of particles of many diffcrent sizes, and
their radioactivity may differ by factors of thousands or even morc. I will

simplify the argurnent and say that there is a class of these particles, the

Iargest ones deposzited in the deep lung tissue, that can be ¢xpzcted to have

rl
a different potential of cancer induction than the particles of the smaller
clazg. 'Thiz is because they are sufficiently radioactive to disrupt cell

populations in the volume of cell tissue \"thh tl ey cxpose (G aman,

D.P., 1968a). An example might be a article that emits 5000 helium
p p .

nuclei per day. It vould subjzct between 1 and 20 alveoll to intense radi~
ation, .éuf_ficicnt to inflict substa wtial cell death and tissue disruption.
-Yor rcfer‘cnc.e, .the al.vcoli zre the basic 'siructural units of the deep luflg.
Thc_y. arc shaped and hun(:h(:cl_ xjuur-hly like hm]uw grapes 0.3 miHi-nwtvr
in dinioneter. Theic wallya are thin, o foew lh'.n.:,\'u::(,f!}is; of a r-fxillim(-{ctx',

and they are a highly slructurod Gissue with meny eell types. Iotenze ex-

bosure of Joeal tiesus by o ridionetive praticte i referred to by the hol

R 5.5 S
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< ole problem. The questicn is: dovs moha particle have an sinhaneed

potcntial for cancer ? No one knows. "*c can ar guc thal cancer cannot-

. eveive from dead cells,  hence a depleled coll populatica nast be legs

carcinogenic. This is helieveable, and must be true on occasion. The

facts are, though, thal intense ,lo .al doses of radiation are extremely

: ' ~
cffcctive carcinogens, much more so than if th2 energy were averaged -

_over a larger tissue mas (Ge saman, D.P,, 1958b). l«ur hermore, this

ake place at hwm doses of radiation where only one cell in ten thousand

has retlained ifs capacity to divide. The cancer susceptibiliiy ;)f lung tis-
cue to radiation has been &ernonstrated in many spécias; one can éay in
gereral that the hing is more susécpti‘ole to in‘éomogéneous 'expo sures from
poticles and imrlmlts than it is t.o' diffuse uniforim radiation. Soma very
. carcful ski.ri cxpngiments .(;E'.Dr. Albert.have indicated that tissue disrup-
tion is a very h!\elj pmh'"a_y of radioact .iv induction of ca ncer after intense
R ) éx'nosur' (Alben, R.E., etal., 195'/0., 1967hH, 1857¢, 1988). ‘The e:-:pgri-
meznts show that the mos t severe tissue injury is .not_neces‘sary, nor even

oplimal, for the induction of cancer. When these notioas are applied to a

/4

hot particle in the lung, the poc 1bxhty of one cancer from 10, 000 c‘xsrup-

tive partlcl is realistic. ais is s disturbing because an -ppreciable

R portion of the tolal radioaciivity in a plutonium acrogol is usually in the

large particle component.

Lot rae dernonstrate whatl T mean. Suppose & man reee cived a

cosximuny permissible g huvden Tor plutonivm, and suppose roughly

AP

" . - . . -
ool Hhe orss of the barden was ausocialed with the most active class
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of particles deposited (that i:, those emitting several thousand nclivin nuclei

per day). This is rcasonable. “Thore

would be sornething like a thousand of

dacse particles and cach would chronically expose 1 to 20 alveoli Lo intense

Slattone I the risk of cancer is like 1 in 10 ,» 000 for one disruptive par-

‘‘‘‘‘‘‘

ticle, then the total risk in this situation is ono izg ten, i.e., one man in ten

vould develop lung cancer.

Put another way, about 1 cub

ic centimetgr of the lung is receiving

high doses of radiation. It would not be surprising if intense exposurec of

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

if the individual volumes are Separate

protection afforded? No one knows.

-

Uil g 00 expusures of 1 cutic centime

d from each other, is substantial
It is inuch e;mer to [ind two cancers

ter cach, than it is (o find a coupla

- ¢f cancers in 50, 000 single particle exposurez. Certa ainly the length scales

of injury are long¢ cnough that a d'sv'u vive carcinogenic dt Nnay cannot be
A Jury g Y

disregarded for 1¢07 ated hot particles

(Geesaman, DTP., 19G68h),

~

One can 10f‘" to the relevant expericnce for reassurance. In an

e '»-r.?mant done at Ilanf ozd by Dr. Bair and lus collvaf'u °E, beagle dogs

s .
_were given PL12 902 iung burdens of a

..

few hundred thousandihs of a gram

(Bau', W.J., et al., 1,966; Ross, D.M., 1967) At 9 years post exposu-re

or after roughly half ot' an adult l)en"lc life span, 22 of 24 deaths involve d

lung cancer, usunlly of multiple orizin, ¥Five dogs rernzin alive. For

cormperison, thege exposurces are aboat 100 timog larger than (he prosent

aEimn permisgiole burdens inoman.

There are tvo mls;;di:'-;!'::z'iot'y

;r.,v .
7o g"" {
ey

WS okt

anpects of Liig expaeriiaent,
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becnase all of the dogs are developing cancer, it is impossible to inler what
would hgppen at lower exposures: simple pro monali_ty docs, however,

sug eat that present humau standarde are oo lax by at least a facior of

(&)

te;:. Second, boecauzs

Lilling the dogs; and because laroe numbers of nsarticles are involved, often

~

ac. . - in conjunction; it is irnprobable that the risk from c Lqrupfu'c porticles

an be inferred. And after all, this is what we need to know, since almost

P

all Laman exposures will involve hot.particles zcting independently, and if

there is a risk fI‘O""’I these p'zr..gclc.s it will be additive throughout the po’p\i-

B lttmn' --there will be no question of a threshold burden; and t}L.re will be
a po:—;sibility that 2 man with an un detectable burden of a few partxcles \'.':11

conccrn, 1080

l‘\

3 . - . . e e Y — N s i < RAdR M =
devolup @ canco as & consequance. For the cxposures o

pecile with 100 disvuptive particles cach «ill suffer as many total cancers

as 10, 000 peoole with 10 particles each, or as 100 zonle with 1000 parti-
R ’ ¥ . ’ . .
cles each.
Iuran experience dozs not give us the aaswer eithzr. Plutonium

~hzis been around for 5 vears, and people have been exposed. In-1964

L

-

through 1966 coniractors indicated an average tot al of 21 people per year

.
y

707 with over 25% of a maximum permissible burden of plutonium (Ross, D.M.,

1968). Three out of four of these exposures derived from mhalat'()n. To -~
bhe reasonabl y nseful; the documentation of exposuve must go back more

thies 15 years, becousie of the Intent pericd for radietion induced cancer.

norecent vears documentation hos imoproved crently, but frorm enrvly days
i s vy, e 200N Cavly Uay's

Ui 1o RN R . . . . . Ve .
Vicee ie ptufally Yitle of relevance to the hoi paciiele problein in the lung
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L A
) -Since I have mentioned mavimumn permissiblo ' lung burdens, you
are awarc lhat there is official guidance. [ would lil» (o comrmont on it.
) The maximum permissible iung burden is established d by cquilibrating the

cxposure from the depozited radicactive acroszol with that of an accepto e

uniform dose of x-rays. "The International Commission on Radiological

i A i LR
Protection indicates this may be greatly in error, and specitically states

in its publication 9, "In the mcantime there is no clear evidence to show

.« -

h )

whether, with a given mean absorbed dos e, the biolegical risk associated

catler or less than the risk re-

~
-3

[N

with a non-homogeneous distribution gre
sulting from a more diffuse distribution of that dose in the lung." (ICRP,

1966). They are .eifectively saying that there is no guidance asg to th:

()

risk”

-or nen-homopgensous cxposure in the lung, heonce the maximum perimissiole

lang burden i reaningless for plutonium particles; as are the raaximum

- pormissible air concentrations which cerive from ijt.

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

the hot particle problem is not understdod, and Lhere Is nu guidance ag t

o]

t.e risk. I doa't think there is any con;ro‘ ersy about that. Let me quote
A .

- -
-

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

the  Joint Commzttee on Ato mic I‘ncrgy U.S. Conr‘rcs., (I‘uorg , K.Z,,

, 1960). Dr. K.Z.' Morgan is one of the Umo.cd States' two members to the

-

main Committee of the International Commission on R vholo"m ) P'rotec-

titn: ha has bean a member of 4ho commitlee longer than anyone: and he

v

15 dicector of Mealih 17 hysics Divigion at Oak Ridge National Laboratory.

. ALEF P . N - : N M
Uagvote: Vhere arve oy thingy aboul radiation exposure we do not -
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understand, and there will continue to be uncer taintics uul 1 health physics

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

ye

{ie basic veg2areh studics of the USARC ars so important. D. Y. Geeszaman

~rd Taraplin have pomtcd out recently tue prebloems of plutonium-279 oav-

ticlcs and the unc'ertainty of the risk to a man who carrics su «.h a par ticle -

. e e . . 0 . . .
~f }ucfh cific activity in his lungs.” At the same hearing, -in response

M

to the committee's inquiry about priorities in basic regsearch on the biolo-
N T -
stical effects of radiation, Dr. LI. Eiscnbud, then Dire ctor of the Neow Yor"

.

.y . . e e . . . . [T,
City Environmental Protection Administration, in part rephed, 'I'or some
rcason or other the particle problera has not come upon us in quite a little

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

-

Sy [T N P L T T S, . e Yoot A
cont en tho tasiz SUuCT oL LI [T SIS § SHr- ] iven amount of eneray doiiveres
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*o a progressively cmaller and sinaller volume . of lissue is belter or worse
for the recipient. This is anciher way of asking the question of how you
calculate the dose when you inhale a single particle." (Eisenbud, M. . 1370).

ile was correct; the problem has come_up agzain

o

In the context of his comment it is m"‘x esting to refer to the
. £ ~
' T

National Academy of Scicneces, National Ressarch Cou'u,ll report of 1951

on the Bltects of Inhaled R’u.xoactw Particl es {U.S. NAS.TNRC.1961).

. : N 1 1] . | i . -
I'he fivst seantence reads, "The potentw.l hazard due to airborne radiozctive

particulates is probably the Ieast understood of tha ln'/ards as:s ,ncmtcd

Cwilie atomic weapons tosis, production of r:u.c!ios‘]cn‘:cnts, and the expoanding

. . . 1t 0
e of nueloar energy for ;*'n"tn production. A decads Tater (L

[
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N
-
0
1

et 2o HLTL valid, Finoidy 1ol me aunols Do,

sanders, Thompaen, and
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voe fromy a paper given by thom last Octeber (Danders, CuTo, 1970). Dr.

<3

"Baiv and his colleagues have donc_the mo:st relevon! plutonium oxide inha-

Jadion cxperiments. "Ivontaifoem irradiatlion of the lung from depogited

radioactive particulates is clearly more car ‘inogeni.c than wniform expo-
coie (on a total-lung dose basis), and alpha-irradiation is more carcino-
genie than beta-irradiation. The doses réquired.fior a substantial tumor
incidence, are very high, lhox’.'cver; if measured in proximity to the par-

ticle; and, again, there are no data to establizh the low-incidence end of

a dose-effect éu‘r‘v.c. And there is no gexieral theory, or data on which to
basp a theory, which would perrait extrapolation of the high incidence per-
tion of the curve into the low inci.dcnce region.” I agree and I suggest
that in such a circumstance it is‘appr'opriate to view tI’.-:--stam!.—'n-ds; with
extreme caution.

Titére is another hazardous aspect of the particulate pr oblem m
\i’hiél’x suvgtantial unceriainty exists. In case of an acrosol dcpos;_itiﬁg on

a surface, the rnaterial may be 1‘esusp :nded in the air. This process is

crudely described by a quantity called a r sp-'lwon factor wihich ig re-
3 ™ ]

markable in that it scc'ms. geaerally known qnl}? tciv.'ithin a factor of bil-
lions (Kaihven, R.L: .1958). ﬁn;‘xouhtedly it can be pinpaointed cornewhat
botter _than this for plutoni.um oxide, but the handiest way lo r_lispatéh the
problerm is to say tlvcz e is some r:;'idcnce that plutonium particles become
sitnched o larger particles end ave li:er'cfor’.v‘: no longer potential accosols.
Bilortunetely there i alen evidinee that lorge ['::v.!'li(:lf;;; goeneraie acro-

SR PRI “. . . R -
stk ternulense, and ace hesee blown chott jaore readily, nned on




0 pedeporited tend o lmocek cimall particles free. In relation to inis

. I'q like to give you a ]ndc, SUIJJL clive feeling for the hazard. There is no

coo ] eaidanaece on surlace contamination by plidonium. Two ycars ago, in
DR R i> J 31

‘an effort to determine some indication of tilc_opixx-io;.xs of kuowledgcecable

R porsons with resp=ct to environmental contzunination by pluioniui‘n, a brief
questionaire was administered to 38 selected }JRL exxmplo;-,"ces (Kathren,

. L., pri"vate communication). All were p.ersons who werc well ;cquainted
with the hazards of plutonium. The group consis=ed of 16 ITazavds (?ontroli
porso"m el, perard) health phys:i.cists and scnio.r radiution m;mitors. The

rcm’under were professional personnel from Biomedical Div ision, Chenus—

try, and Military Applications, who had extensive experience with plutonium.

hod nothing to do with the survey, ner was [ one of the merabers who was

oueried. " The conjectured situation war that their neighborhood had been

RS contarninated by plutonium oxide to levels of 0.4 microcuries per square
-‘\‘0 - N . .

meter. For reference, this value is roughly ten times the highest concen~

tration Dr. Martell found cast of the Rocky Flast Dow Chemical facility

("Tartell, B.A., 1970), -~and bear in mind that.a factor of ten is a smell

hy

Yo e . - -

difference relative to the large uncertainties associated with the hazards

from plutonium contamination. Se rveral que=‘lon<; wvere acked. Cnce was,

would you allow your childeen to play in it?" 8G6% said Mo. Should these
levels be decontaminated?  89% said Yes: And to what level should the

aren be cleaned? 604 said to hackground, zero, minitnmn, opr hy o

reduction of al Teast o factor of 40, This hay no profound seientilic vig-

ficance, bul indicites that many npeople conversan? of the hazasd are not

R L e T
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o ase about the levels of contawnination encountered ennt of nochy lats.

IMinally I would like to dc.,cnbc the rnoblcm in a larger contex

- ¢ the year 2000, plutoaium=-239 hos Loen ccnjccmrui to be a major cnergy
PRy . . . . °
Rk source. Commercial preduction is projected at 20 tens per year by 770,

i excess of 100 tons per year by 2000. Pluionium cautamination is no! an N

academic quastion. Unless fusion reactor frasibility is demeoenstrated in

the near future, the commitraent will be made to liquid metal facst breeder
. ' -
‘eactors fueled byplutonium. Since fusion reaclors ¢ are presently specula-

tive, the decision for liguid metal fa st breeders should be anticipated ¢ nd
phuomum '-hould be cox*«xder‘ed as a rnajor po‘lutant of remarkable toxicity

and pcrsistcnce. Consic’:ering the enormous economic inertia involved in

-

the commitment it is Impzrative thal nublic hoallh agpects he cacailiyv and

honeslly cdefined prior to active promotion of the industry. ‘T'o live sanely
2o with plutonium one raust appreciate the potential magnitude of the risk, and

be able to rnonitor 2 ainzt all significant hazavds.

.
D -

" An indeterminate amount of plutonium has gone o;f site at a maJu.

facility 10 miles upwind from a metropolitan arca. The loss was uitncticed.

iy =~

The origin is somewhat speculutive as is the ultimate deposition.
“The health aud safety of public and workers are protected by a
scet of standards for plutonium acknowledged to he meaningless. )

Such things muke a fravesty of pu:)hc h(.alth and raisc gerious

auesilions aboul o hurricd acceeplonce of nueleor an-x';;j'.
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LGLS (Mr. A.Futral) 4 March 1975

MEMORANDUM FOR RECCRD

SUBJECi: 1Interagency Policy Meeting - Enzwerak Cleanup - DNA - 25 February 1975

1. The meeting was held at DNA Headquarters on 25 February 1975 at 1400 for
the purpose of discussing with interagency representatives policy determina-
tions required in order to establish the future course of the project.

2. A list of attendees is attached, knclosure 1.

3. The need for this meeting arose largely as a result of demanding comments
of Mr. Ted Mitchell, Counsel for the People of Enewetak, on the DEIS published
in September 1974, Demands by Mitchell in the name of the People of Enewetax
was for total cleanup, disposal of the radiological contaminated material
away from the atoll, and restoration insofar as practicable to their original
state. Additionally, comments received from TTPI Environmental Protection
Board and ERDA {(vice AEC) indicated a strong preference for ocean dumping
which had been abandoned in favor of crater entombment as means of disposal
because of potential legal problems and time delay before the DEIS could be
published.

Yo Genz.o.l Zohvcon crencd tho crecting with o statenent vhich erzhosized his
belief that a consensus Lxlstcd among all the primary agencies arter the

adoption of the radiological cleanup standards provided by AEC upon publiication
of the DEIS. He stated that since receipt of comments on the DEIS several
statements made by representatives of some of the principal agencies concerned
would impose drastically more stringent standards for the cleanup as well as
require ocean dumping. This caused him concern that there had been a dissolution
of the important elements of the cleanup plan. He reviewed tihe cost increascs
and time delays which could occur if the more stringent cleanup standards and
disposal of contaminated material by ocean dumping were adopted. The projected
increases and the reaction received during the 1975 MILCON hearings force hiam

to consider whather to puhlish the final EIS rejecting the increased standards

or report to DOD that the project nust now be viewed as technically, ecolcegically,
and economically infeasible. He peinted out he must make an early decision

to be ready to testify before Congress (some hearings to start ofa 12 March)

and that he needed the advice of the agency representatives present to assist

in reaching his decision. iHe wanted to know if we should go ahead and publish
the EIS as planned and if so, would litigation result and if it did would we

win or should he recommend that the project be considered infeasible.

)(D

5. Since Mitchell proposed that cleanup be accomplished by the most costly
means expressed as Case V in the DEIS, the cost of which is on the order or
$190M - $300M, General Johnson suggested that he may be faced with the
unpalatable decision to adopt an alternative such as moving the Dri Enewetak
only to the southern islands.
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SUBJECT: Interagency Policy Meeting - Enewetak Cleanup - DNA - 25 February 1975

i T -~ i . v - 2 1. .. - N
4 vy saving he saw no nreblem with the orouoy

6. Geneval PO

disposal, He wmontion=d © @ -~or-loility of lezwing from the o-zter ann LT

the effectiveness of contairment within the crater could be a problem. ne added

that ERDA had felt from the verv beginning that if it were not for the ocenn
')‘l l.z‘.-' Jota gCean Lo .i o WC2iC e llL\‘;x:-_-Ls e, LHw v

crater entombm;a: acc:nt .. 3 saving an important cousideraticn ¢ a0v cory ot

it has to be done.

"y

,_“_ A .

7. General Johnson next asked "Isn't radiocactive material leaking out c
creter now?" It appeared tnat overvene realized that it was. General Groves
responded ''that the enturs-ent of the hazardous material would better an
existing situation,'and that he saw the real sensitivity of thc nethed will
surface at some period dcwnstream, a possibility we shouldn't ignore. He said
would be more of a specific design proulem for the cntombment than anything
else,

8. Dr. Mills, EPA, thought that entombment was the way to go in disposing of
the radioactive debris for two reasons: (1) it would be recoverable from the
crater, if the nced or desire ever arose to do so; (2) FPA was generally not
in favor of ocean dumpingz. e parenthetically stated that he was not saving that
it was impossible to get an ocean uuﬁ11“1 permit, but was pointing out that it
would be time conaumins and ¢ ly teaious, since prior 4pprovel nus
be LJL(LLPLG OnoUaS dutn ST ‘“':‘ couires o detailed studv of taoe

v St . - AU e
O I S ' Dl LheloOLo T e T ,

r

e menticned vhat conteminants wiore ~laced in the deep ocCean were lost Iroa
control., e furtner statod thnat DA sviz crater dispesal as offering tne
feasible way to go since it permits reccvary. lie said they were not askirg
. for absolute containment; and that there had been some misconcepticn in ti2
past concerning a requirement for containerization for a period equal to
S half lives of the contaminant dumped. ile understood that placing the mz
in the crater could result in sorm2 contribution from that source which wounld de
an add on to the ERDA dose computations. iHe considered that the relative
amount by which the calculated radiati dosce should pe increased would Lo
~excecedingly small, providing his und andinn of the scheme for placing the

(v
gk
o
"o

Bl

contaminuants In the “orm ~f 2 conaveta nnothe crataer was corradn.
expressed the cpinion th.t Zne orocused metnod would constitute redsenoia.
containment, . Mills said that ZPA sees no reason for changing the sugjeared

method of crater entombment.

9. General Johnson then discussed the increases in both time and cost on t
project if we went to ocean dumping and expressed his desire to lean on the
side of practicality to accomplish the project at an early date.

10. Mr. Joe Deal, ERDA, discussed the fact that Mr. Mitchell, the Pecple's
Counsel, had responded by adopting the most stringent standards in order <o
provide room for negotiation and said everything cited by Mitchell had be:zn

addressed in ureat detail in formulating the ERDA recommended standards.
cited as an exannle the hard line initially faxen by a rforeiun poawer in
e someviiat siniior situation.
’ 9
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yont ashed he gruocs 5 = Mo we still have a

21, Genecal Johrncon ot thie o
consensus on tha SEC/ENLA standarss?' Thiz ubsticon was evoked by orornavis

attributed to Roger Ray, ERDA/NVCO, that the standards adopted might not stand
up. General Graves exnlained that there was no problem at ERDA saving, "He're

«till topetner at LRUA cud <1li SuppOorl your sesitior

12. Dr. Mills told about the EPA initiatives to set cleanup standards for
plutonium. He stated public hearings had been conducted which among other
things had heard the proponents of so called hot particle theory reazrding
the high probabilicvy of cancer sccurrence frem | sticn of plureniui pariizics,
br. Milis thougho the “eri i the aroponents of thlS theory had presentea had
been rebutted succes srui’v with information provided by ERDA. He added that

. EPA policy was that such standards nust now be examined on a case by case

R basis and +<hat TPA zoes along with the ERDA standards provided for the

P Enewetak cleanup.

13. In reference to the nced expressed by several commenters on our DEIS
R for followup studies on uptake of radioactive materials Xr. Deal stated that
i such studies are already in prozrass at Bikini and Enjebi by ERDA. He 2also
made a pitch for a research project wnich would seek a means of simplitfving
e the cleanur of plutcnium by its separaticn from the surrounding soil. He said
e had talied to r, cles whe waos willing to Jook at proposal for suon

1 I

P

a
T A S coodde s wrardcdpnnion, Jeneral Johncon stavcd hioo oot

‘e ‘ . : S . . = ETO i R
. i Ja o e LD ael el Ll DU iz H»oddy O Lhie SCGCRaa

asptrts of inie puople's resectlemoing,

14, Mr. Brown, DOI, stated that DOI would look at these corments and that

he had discussed tnem with Mr. Cilrcore, iolites & Narver, their A-E. However,
they would not necessarily hire the particular consultants recommended by

M. Mitchall, .

15. General Jchnson briefly emphasized that he considered ERDA as the source
of radiolo;ical experts for the cleanup team =nd expected them to furnisn the
necessary itformation to respond teo any objection or criticism pertaining o

che clecaun souns:o s as well as menitoring 2oposures or the returning 02 i,

16. Mr. Brown, DOL, said he had ieft the last two meetings with a feeling

that disposal of the RAD matverial by cratering was not & viable solurion and

was delighted with witat he had heard today and added DOI wanted to go ahead

with the project as rapid as feasible according to current plans. He then
discussed D0I's intention to retain a "hold harmless' clouse in the appropriaticons
bill. He thougit this would have the effect, if passed into law, the strong

i 1A

voice of the Congress serving notice that 'we are doing this much and that's ic.’

17. General Jchnson then stated that if we are going with our request to
Congress this vear, it appears that we must go with what we now have ona provide
any wmore dJdetailed information they may desire.
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18. Mr. Nrake cue~ested that care be taken in supporting crater centomhment
i azal kv coean dumpine in the future should it be neces,ury

te not preiudi o
to resort to it. ..« saw the integrity of the ccncrete mass nilaced in the cvator
as being a central question and suggested we be prepared to defend the design

a4 courc. T el Cvotes oo i othat ETDA mnd erpesionne oo Zofvnding oaios
on the effectiveness of ccntajzers and indiczted they were often the polnt <I
attack,

19, Mr. Maher, ERDA, asked who would be responsible for its custody and the
monitorinsy of rh: crzter ¢ntembnent in the future. It was pointad out thac
Runit was now under quarantine and any decision as to who joes bLack and wnen
as well as precautioaary measurcs including monitoring woule be decided
downstreamn.

20. General Johuscn reminded everyone that this was a project of the U.>
Government with rsoononsibilities aszigned several agencies .nd azhed thot
there be no effort to make a clean separation between DNA and LRDA on the
cleanup but recognized both have closely interrelated responsibilities.
General Graves at this point stated he was in complete agreement with this.

21. General Johnson then asked whether or not the route we now proposed would
lead us into litigztion. . Draxe responded that this was a cuestion no onl

could answer vith certainty., “r. Draxe opelrcves cur nreoaram would he alt . ooid
Poluicy acr. Mr. Lrone ted, ’1; is nicoe Lo wnow that 1z che overnnuant

had to go into conry it ',‘l e on a unificd hasis,” referriug to the
agreement shown ov the principails at this meeting. He added that tie oore we
show that the EIS contains well considered input the better off we will be.

22. General Johnson then asked for an opinion concerning the possible tire
delay whicn would result irom « court case. Mr. Drake thought as zwuch s

two years. GCeneral Johnsen zaid that he proposed to meet with Mr. Mitchell

and tell him that if ne deraudq DA to o for a $190M project (Case V), it

will kill the project. General Jchnson exorbssed the feeling that he Iait
rally vblicated to push ‘eor tvhe nroject even if Mitchell serves notice

he woulid {ignt ror such «n sonable dorree of cleanup. UL Unith, erfice

[N
of Micronesian Status Neyotiations, stated that there was a necessity to
retain reasonableness to the project if it was to get by Congress.

23. General Johnson stated on the basis of the discussicns at this mectig
DNA would press ahead with the final EIS, sceking all the help we can cet
ERDA. Also, he will go to Honolulu and discuss our position with Mr. i
and seek an accommodation with him. He invited representatives cf the I
ERDA, and EPA to accompanv him on his trip which would be during the weex
of 17 March. He requested that Mr. Drake accompany him.
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74. 1In closing Taneral Jehnson stated he was

grateful for the attendance cf

e = P s
v o n2dro el

11 exisrted
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that the cunseasus on the -uporcaat slements oI chis project
and had been reaifirmed here today.
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ENEWETAK PROJECT POLICY MEETING
Feb. 25, 2:00 PM

DISFOSAL ChITInga - VHAT 10 DO L ITH FoOITCIT

EPA
Dr. W. A. Mills, Office Radiation Programs

ERDA

L _
. ff MG Ernest A. Graves, USA Dr. William Forster
N Mr. Joseph Maher, Staff Asst to Dr. Liverman

b Mr. Joe Deal, DOS

DS Mr. Tommy McCraw K DOS

CDR Wm. Wolrf,6 DMA

Dr. Harold Busey, Repr ERDA (Oceanographer, Radio-Chemist Type) - Should be

DOT " listed after Mr. Deai
;iﬂ' Mr. Harry Brown, 3taff Asst. for Program Div. § Budget

o DoD

LTG . D. Jonnson, Jirector, Dk
e MG w. £, Shedd, Deruny uirecier, ONA
+ CAPT E. D. inalen, 15A, Asst. for tas Trust Territory of the Pac. Isiands
: Mr. Earl L. Eagies, Director for Logistics
Mr. Gurden Drake, GCGC/DNA
MAJ C. M. Larson, USA, Cxecutive Officer, Office of Director
MAJ A. C. Meier [I, USA, Execcutive Asst, Office of Deputy Director, OZA
CAPT M. I. Varcn, USA, AFRRI
Mr. Lester 4. Slaback, Jr., AFRRI
Mr. Allen A. Futral, Logistics fervices Division, OALG
My, Milton E. Stevens, Logistics Services Division, OALG
MAJ William L. Spiguzza, USA, Legistics Services Division, OALG
LTC Jack {urzer, JC=, J-5 ’
CAPT J. J. Politi, USAF, Aide to LTG Johnson

QFFICE OF “MICRONESTAN STATUS NEGOTIATION

COL A. M. Smith, USA




