% e

UNITED STATES
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
WASHINGTON, D.C. 20545
H4OR 6

AR b 1975

B. Biles, 0S (ATTN: J. Deal)
Ernest Graves, Maj. Gen., USA, MA (ATTN: Caﬁi‘\Gay)“7 /

‘H. T. Johnson, GC (ATTN: S. Greenleigh)

DRAFT EIS FOR CLEANUP, REHABILITATION & RESETTLEMENT OF ENEWZTAX

Enclosed for your review and comment are the comments of Ted Mitchell,
Legal Counsel for the Micronesians, on the DEIS for the Cleanup,
Rehabilitation, Resettlement of Enewetak Atoll - Marshall Islands.

Since Dr. Bruce Wachholz, BER, is scheduledto meet with Mr. Mitchell
in Hawaii on March 17, please provide your comments to him by close
of busiress March 12,

N

ages L., Llverman
ing Deputy Assistant Administrator
for Environment and Safety

Enclosure:
Comments on DEIS




Ccirents

of the ' .

Pecople of Enewectak

- -~

S Concerning -

The Draft Environmental Impact Statement

CLEAN UP, REHABILITATiON, RESETTLEMENT

OF

e . " ENEWETAK ATOLL-MARSHALL ISLANDS

(DATED September 1974, .
’ ‘ issued by the Defense
o _ Nuclezr Agency, Washington,
S ' D. C. 20305)

by -

. | Prepared by

Theodore R. Mitchell,
Counsel for the People
of Enewetak

Micronesian Legal Services Corp.
' : - .P. O. Box .826
’ Saipan, Mariana Islands 96950

February 1, 1875.

0 .\ ':_'"?‘V‘-‘ ay""_“]‘lf‘ﬂ"ﬂ“""‘rf;""'*f‘i“' e
. v B O TP




The impetus for development of this program comes from
t..e long-exprcssed desire of the People of Enewetak to return
to their homeland. Although resigned to their nearly thirty .
vear exile at Uielang 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
f@ldcation and resettlement of their more than 400 persons,
but the difficulty. of assessing the risk from the extensive
radioactivity present at the Atoll as a result of the nuclear
weapons testing program there is by far the most trouklesome. -

It is difficult enough for the layman to comprehend what the

~perts in the various radiological science fields are saying

[t

atcut the effects of radioactivity, but that difficulty is .

compounded many times over the differences of opinion fouand

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 £he 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 difficult for Americans to fully appre-

ciate. To them land is not a commodity, a thing apart, to be
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" Quwnership a nd use of the land re

br »ught or sold. In 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.

-

« th

lects and is inextricably

=2+icn ard Lo the culture as a whole.
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1°~ted to the social or

0

To be sure, their society has undergune and continuousliy 1s

unaergoing change as a result of forces both within and without,

but the extraordinary significance of their being able to

resettle to the atoll discovered by their ancestors remains

~

constant.

Thus, the People of Enewetak are both the prime beneficiaries
and the prime risk-takers in this resettlement program. And it
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

Atomic Energy Commission have already devoted great amounts of

"time and money to assessment and remedy of radiolcgical problems

presented by this program, but more will have to be done and it

will hav

G

to be done over a long period of time. And throughout,
the People of Enewetak w1i1 rely upon the respon81ble agencies
of the United States government to do everything possible to
assess and minimize the risk due to the.residual radiocactivity
in the Enewetak blosohere. 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 state in which it should be for their return.
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~ ."f course, it canggé ever be restored to that' condition, but
~ .that must be the assumed objective in order that remedial measures
can more likely fall within the safest possible limits, and so
that on-going efforts will be made to continually add to the
khowiedge oL rédiological conditions ét Enewetak and refine and
improve both risk assessment and reedial 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

PO
S
(S

the trustee put the Atoll. It is an absolute kind of responsi-
;QF.J bilitv to both return the people to their home and eliminate the
likelihocd of sc much as a single radiation induced illness or
Sl anomaly. |

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

to the considerable efforts which the United States has méde thus
ffig 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
v of the government whn 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 Economic Problems Associated with Resettlement

Further consideration of the social and economic problems

associated with the resettlement must be given. This is perhaps
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-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, Vvol. 1II, Tab D), but in consultation with
tae people themselves specific obﬁectives and Shecific econcmic
A-valorment possibilities must be found so that the snared aim cf
égonomic self-sufficiency can be.achieved. We realize that with
all the éther aspects of this complex projéct demanding attention
up to now, this was not infentionally unaeremphasized. But as
the program moves intp its clean-up phase .iore attention must be
given to.meeting the future econ&mic needs ot the people. This-
is especially true because since the wriéing of the DEIS it has
become knowq that adverse radiological conditicns in the northern
par£ of the Atoll do not permit the rehabitation of Engebi isiet
and severely if not completely restrict the use of the northern
islets for the foreseeable future.

The Enéwetak 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 econcomy as é whole so that it will
be consonant w1th their own capabllltles and values, but one or
more specialists should be engaged by the government and made
available in an advisory capacity. They must bhe carefully selected
both in terms of‘experﬁise 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 Enéwetak 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
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f “anned, be at a minimum, but we have in mina~here the emotional

~

.. stress upon the individual and the stress upon group processes.

»

This matter is not addressed at all by the DEIS.
Ultimately, of course, it is for the people to manage the

transition well and to adapt with their society intact, but

joi}

_éxperience with similar resettlement schemes is available and
should be used to increase the likelihcod of successful resettle-
ment. The people themselves can benefit‘from greater awareness
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 shéuld be engaged in this capacity. Dr. Scudder

« has taken a guick look at the DEIS at our request. His comments
attached hereto as Appendix I provide valuable insights aﬁd his
contribution to planring and execution of the program would appear

-to be necessary. (The article which he enclosea is also useful."

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

A
- .

Ervironments: New Directions in Anthropological Ecolcqy," 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 keen
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ceonsulted by the governmenizcl planners and wmosts these require-

_ments exceptionally well.

Short of involving so many advisors and planners that

¢ ocesions and action are unduly irzeded, it Is essentlial that

+hose representing all the relevant disciplinzs work together as

12
l(’

a group with the Enewetak Flanning Council ana the governmental
d;cision;makers. To some extent th-g is what has ‘been done during
planning to dgte, but for the remainder of the program, the
relevant disciplines should be identified as such, appropriaté

representatives engaged and organized into a more or less formal

advisory council.

3.  Radiological Considerations

3.1. The Radiolocical Survey

The surver of radiclogical condit ons at Enewetak At toll in

1972 under the auspices of the Atomic Energy Commission is, we

believe exceptionally good as far as it goes, but we have been

.advised by capable experts in the field that more work remains to

be done and thét thé qualifications of the four-member Task Group

a

which superv1sed the conduct of the survey, the assessment of its

¢ita and developed final recommendations are open to question. 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 )
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 wish to detract from the qualifications of the

. ,.6_




rombers of thz Tasxk Group, but in a field involving so many

specialties and where equally expert opinions differ markedly,

SR

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

enlarged to include scientists known to take the most conserva-
—_— — . :

tive approach to radiation protection, such as Drs. E. A. Martell’
at the Natioral Center for Atmospheric Recgearch, Arthur R.'Ta@plin
?ﬁi@[ ai_Lawrence Livermore Laboratory, and Donald P. Geesaman -at the
University of Minnesota. Theilr presence‘in the Task Group, or
their participation in some other direct way in designing methods
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 radioclogical assessment and
monitoring cof the Enewetak environment with appropriate emphasis
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
'Piiéiglgﬁ»— The long range effects of Strontium-90 and Cesium-137
and other nucliges in the food web cannct be known without experi-

L J . .

mental planting. 2(DEIS vol. II, Tab B, p. 29.) Thecse are only
examples. And as time goes on, scientific knowledge of the nature
and effect of radioaétivity is bound to improve and new techniques

v

for remedial measures will be found. These scientific advancements

S 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 highlv probable that important contri-

butions to the development of greater understanding of radiocactivity
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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 and 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

chservations and concerns are entirely consistent with those of
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
f-phia 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 comnents
and mate;ials provided to us by . Dr. Donald P. Geesaman as Appendix
III. We subscribe fully 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 m&st 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



+ {.r.lings of Martell and others tha* hot gparcicles may very well
" "be a causative factor.ip a number of other disorders. See
. ?rrendices II and ITI. The DEIS deals cnly with inhalation risk,
yet Americium is known to present a risk for the liver, spleen

- -~

¢ I bone of man through take-up from the gestreintestinal trac

rte

(Martell, Personzl 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
239+240 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). In addition,
241
the Am concentrations range up to 8.2 pCi/g averaged
' 241 239
over the top 15 cm depih of soils, with Am/  Pu

ratios varying widely and ranging up to 3.5 fNVO—l40'
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
young mammals and similar uptake may occur in young

- children. 1In addition the uptake of americium in soils

by vegetaticn is substantially hicher than plutonium
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upteake. Similﬁrly americium is recadily taken up
froem 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 inadegyuate
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 inhabltante. (PersonalvCommunication.)'

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

the body. e - .

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

public hcalth guidelines. Resuspension is poorly

understood, it is sensitive to windspced, soil
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characteristics, vegetation,

ﬁ%

humidity, rainfall,

mechanical distrubance, physical and chemical history

of plutonium particles in soil,.

consider the exposure of chi
on a windy day at the reach?
large fluctuations about the

which, even for the limiting

"guidelines and predicted air

How then does‘one
iéren throwing dry sand

patce

$de

C

[N

I would ant
implicit exposure levels,
soil contamination

concentraticns associated

with these guidelines, will be approximately a

maximum permissible luny burden. (Personal Communicaticn.)

Each of the questions raised here and in the related appehdices

must be addressed fully and carefully prior to resettlement of the

people of Enewetak Atoll.

3.3 Plutonium 3011 Standard

’

Concerning the standard employed by the DEIS for maximum

permissible plutonium contamination of soils at Enewetak, Dr. Martell

Pu and the actinides or for lifetime exposures to internal alpha

emi;ters.

critique of the standards adopted by the AEC Task

(Personal Communication.)

‘points out that "There are no ICRP standards for soil levels of

The recommendation that plutoaium contaminated

soils, with levels not exceeding 40 pCi

239+240

And he provides the follcwing

Group for Enewet

Pu/g of

a
¥
N
¥
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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

By




. in land areas for residential usc, specifying that
228 : '
S Pu levels shall not exceed 2 dpm (0.91 pCi) per

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

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

1

= R N S T VR TR : e a3 o
AEC has not escablished that this standard 1s unduly .

conscrvative and it is not apparent that the AEC !

g'r 57‘4;,{_'1)\ <
has requested the ICRP or NCRP to make specific [ gt rawd

4 0
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recommenhdations with respect to 'standards for Pu in .
soils applicable to chronic exposure to the general .N%,Mwyb“"
- /

" publiic, incliluding children. . Lipow

I note that the DEIS recommends no remedial
action for soils containing « 40 pCi or « 88 drm
?,;L'- Pu/g, averaged cver the top 15 cm depth. This is

much more than 44 fimes the Colerado interim standard

(2 dpm per g in the top 1 cm) because for most
Enewetak soils the top cm contains substantially
.ﬁigher levels of Pu per gram than the 15 cm depth
average. Thus, for example, at location 101 on
Pearl, tﬂé top 1 cm.ﬁepth shows 400 pCi 239Pu/g,
whereas the average over 15 cm depth is about 60.

Thus the recommended standard for Enewetzk is about

100 to several hundred times that adopted in Colorado.

There are recent research developments which

are expected to lead to reductions in acceptable

organ burdens of Pu in man by a factor of 100 to

1000 or more. In my opinion it is likély that a 1§

SO .
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- pCi lung bufﬁen of inscluble alpha emitting particles
will give rise to significant adverse health effects
for lifetimé exposgfeé. The tvpical burden of
insoluble particles of respiruble size (< 5.0 Um

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

Ybo

this rcason I would recommend that surface soils

: 239 ’
should not exceed about 1 pCi of PuO, and other
insolukle alpha emitting particles per gram of

insoluble particulates of respirable size in the

ing from ithe disturbance and
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resuspension of surface soils. On this basis even

—ts et

the Colorado standard may give rise to excessive

organ burdens.

T.~. Cochran, Tarprlin 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, Vcl. II, Tab B, pp. III-8°

to III-1l.) We have already mentioned the gquestionable wiscdom of

the 40 pCi/g siénqard. Foxr any concentrations exceeding 400 pci]g”

L)

ti 2 Task Group rcccecmmendaticns reguire removal of the soil. But

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

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

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

=

tive action,
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the obiective is teo achicve a substantial . _
reduction in plutoniun soil concentraticns, | ran -
and further, to reduce concentrations to +4 L{
the lowest practicabie level, not to recuce
thfm tD I{eSalat '“ﬁ"f“”‘"f\d numericail value. T gsa
xhic. F/k

. . . ff%;.\

Nor is it entirzsly clcar wic will be maki—g thase "case-bhy-

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 qgﬁggg,no:_toldwwho_thcyhane or how they ¥ E,llﬂbe_seleczgd

This whole approach must be explained and justified, espe-

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

country on plutonium soil standards for precisely the purpose of

developing "numerical values" for the maximum concentrations

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

» - - * 3 . -
ir’2oed and if 40 is too high, then to make decisions on a "case- r;?é

SUNEDETSREEPERSE S

et

by-case" basis within that range is to have no standard at all. y}v n

e - . — ' N &
Before any final standards are set for the radiological ﬂplwu.ﬂ/'

cleanup of Enewetak, the International Commission on'Radiological}t’i“

—

Protection should be called upon for plutonium and actinide

standards applicable to air, water, soils and food concentrations
. ;

for becth soluble and insoluble activities, applicable to long-range

exposure to the general public. Application should also be 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

.‘._——-—‘—“-—_-—-"
~suggestions.) . ) pann =
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At any and all of these hearings, every effort should be made

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

bearing upon the questioﬁ. 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 proposed rémoval and disposél:pf
coﬁtaminated scrap metal and soil treated in the DEIS at Vol. 1,
585.3.3.3 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

.2rth end of Runit isl:z®, cor removal o the Uniited States mainlarnd

£

for storage. We appreciate the practical and political difficul-

ties presented by the various disposal methods which would remove

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

adamantly opposed to any disposal upon or within the environs of

the Atoll. Océén_dumpingf according the DEIS (vol. I, B 5.5.2.1),

I .
w.s rejected "in view of thec difficulty in obtaining a permit and
certainty of international complications." Disposal to the Urited
States mainland was disfavored for similar reasons. (Vol. I, § 5.5.
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, hut herc again the complete removal

~15-
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* “stated objective of the program. ~

and off-Atoll disposal of all conturiaazed soil muzt be the
Mj.gr Q

Even using the hich pl LtOﬂl“ﬁ CA:“amiﬁdtﬂon standard set hy

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

is 773,0CC cubic yards.

(o7

v..1Ch would have to be renoved and d's';sc
. =g

; (VolL. I 8 5.5.2.) 1If the soil standards are lovered as they , .
_wt‘f;;‘. . B ‘ : - ,’,q J_,/\ 2z s Aol -
' should be, that volume will increace. /F { ek Lew 4; .

"N ?./’«1*'!-' o 'f
It is suggested in the DEIS that cost, 1egal, polltlcal and lnmets
L'.u(‘.
technical problems aside, the removal of contaminated soil and
its replacement with clean soil may not "“assure radiological

safety" and may present "serious ecological damage of unknown

R e T

- proportions." (Vol. I, 8 5.3.3.3.) Ve fully favor this conserva-
tive approach to these problems (just as we do when the question

} cne which m=v reduce the program cost, i.e., high soil contami-

g
,

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

fully assess the relation of soil removal to dose reduction

~(including the risk from airborne hot particles))and the likely

ecological effects of soil removal and replacement. These studies

g, e b

should be commissioned immediately and prosecuted with all deliberate

srecd. In the meantime, complete s0il removal and. replacement

should be adopted as the prime objective.

In addition, maximum effort must be made to overcome technical,
legal and political impediments to off-Atoll disposal of contami-

nated soil.

3.5 Radioloaical Monitoring of Cleanup

The AEC Task Group has wlscly recomaended the establishmont

of "team of experts" to monitor the execution of the radioloaical
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- cleanup phass of the program. (DEIS, Vel. I, pp. 5-79, 6-5) Even

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

e- % crandaxds arc deveolopzd and inmrplemented, this monitoring group

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

.

meiwoership be careiully selected. It is imperative that radio-

scientists of the most conservative cast be included'in the

—

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

7;21,4 /L&ruv(

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

Martell, Geesdman, Tamplin and Cochran.

clearly defined, with all important or unexpected problems to be

referred to the enlarged Task Group. /
———

3.6. Test Plantings, Groundwater and Air Sampling '7¢~ A

LR
We are in full agreement with the AEC Task Group recommenda- /

tions for test plantings, lens water and air sampling. (Vol. I, /
pPp. 5-80 to 5-81.) But it is not clear whether these recommenda- -

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

~be commissioned to the best scientists and technicians available,

under the over-all guidance of the enlarged Task Group. All of
2 ,
these studies must deal explicitly with the hot particle problem.

3.7. Radiobhiological Health Followup

AEC Task Group recommendation 12 (Veol. I, p. 5-81) calls for

"Baseline surveys of body burdens and urine content of Cs-137 and

Sr-90... for the Enewetak peoplé prior to return to Enewetak Atbll,

and periodically thercafter." But here, too, it is not clear

whether a firm commitment to long~range radiological health

monitoring of the Enewetak population has becen made, and, if so,




precisely hew it will be irmplemenced,

. A fully adequate radiological health program must be. ,4,::;1/

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

]

people of Bikini, who will one day socn be rescttled, the exposure

nd U4irik ptells 2nd the Tnewetak recrple.
The final impact statement should address this questicn 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 level fadiation, with emphasis on internal

enitters.

3.8. Unknown Concerns

We have tried to identify all the radiological needs of this
program which require further attention, all with the ultimate

. Zety of the Peopl:z of Znewctak in Ind, osut we cannct b certalin

that we have done a comrlet= 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. Consideraticorns Related to Cost

0N

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

commit the United States government to the first phase of a

~1a-
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p-ogram, the ultimate cost cf which would be in the neighborhcod

"of $49,0600,000. Kence, the reguest was disapproved. In the
. House and Sernate ITnt-ricr rcommittees tn which the rehrabilitaticn

and resettlement phases were referred in a legislative package

scparate from the cleanup, syngathetic and favoranlce acl.oon was

"taken and $12,000,000 was authorized.

No£ably absent from the presentations made to the Cogéress
and from the ingquiries of the Congrecssmen 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
program was di&ided by the number of Enewetak people and the
s vgestion 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 energy program, the nuclear weapons testing program, nor
for the amount cof money actually spent for programs at Enewetak.

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

Th~ Nation, Vol. I, p. 262, Congressicnal 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 value to the kenefit to

“ "national security of the testing program, however debatable that
_terefit may be in and of itcelf. .

The cost of the direct benefits in this program ror the
Eneweﬁak people, such as housing, community development, etce.,
are a very small fraction of the total, abou; £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

‘kuf property of the trust, to its own use for the very nuclear testing
v ich derosited the radiocactivity.
- This is the only perspective by which to consider and decide

upon the outside cost limits of this program. The costs of the

_raaiological and engineering cleanup of the Atoll are properly to

be considered ordinary and necessary costs of the testing oprocram.

Indeed, the cleanup should have been planned from the beginning

and funded and done at the end of the testing program about 1858,

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

want and are entitled to their land, in safe and habitable condition.

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", outlined in Section 5.4.3, Vol. I of the DEIS, is

- offered as the preferred plan for cleanup and resettlement of the'




itoll. Essentially, it represents a comé:omise of cost, radio-
logical and other factors, which will be far short of the
“heoreticall s ifel “Caéc.S". (vol. I, 5 5.4.5). Exclusive of
.kcontaminatea soil and scrap dispesal coéts,'éhe'cleanup cost for
Cuse 3 is $35.5 million and for Case 5 it is $81.6 million.
'Comparative soil dispo§a1 cost estimates are $7 million for Case 3
and $92.2 for Case 5. -

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

———

sought and for which funding should be given.

_/7 .
Finally, quite apart from any cost-benefit analysis of the

clear testing prczram, 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, eté., 502 F.2d 90

(1974)), the obligations imposed by the Trusteeship Agreement'under
which the United States administers thé Micronesian Islands has
become legally binding an@.enfofceable. Under the terms of Article
¢ of the Trustceship Agreement, the United States is reguired to
"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 sotial'advahcement" of the Micro-
nesians; and to "protect [their] health." These are tﬁe ExXpress
obligations. Béyond that, like any trustece, the United States

bears implied duties to protect and promote the best interests of

the beneficiary in every way.




s - @ .

Litigation by the beneficiary against the tILSth to enfcorce

these obligations would unseemly and costly. Every United States

(L

o flcial 1“folvo including m:rbers of the Congress, shculd

>freely and Wllllngly undertake to fulfill them by~ plannlng,

4+.~ding and conducting a cleanup, rehabilitation and resettle-

ment program for the Enewetak People which approximates the ideal.

5. Conclusion

We have made a number of recommendations in the course of
these comments to which.we‘hOpe the program 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. We hope not, but certainly the further study
required arnd 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 Congress for the estimated éost of
tYe 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 es
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 money which'has been devoted to develop-
ment of this prograﬁ to date by maﬁy officials in the Defense

Nuclear Agency, the Atomic Encrgy Commission, the Department of

gy s M. g~ Y o ege
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-, :only the principal agencies.

.i.,2 Interior. and its Tr

(.

ust Territory sdministration, to mention

I

We are deeply grateful the pro-

fessional and humanitarian commitment of all of these people and

ation is duve Lt. Gen. Warren D. S.anson, NDirector,

b

speclal apprec

{uclear Agency for all that he has done and will continue

z

Torense

tp do.

Respectfully submitted by

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

Micronesian Legal Services Corp.

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

FABADENA. CALIFORNIA 921100

OIVIAL- & SF THE =i MANITIES ) -
T ARD S5OCIAL SCIENCES . October 29, 197

Mr. Theodore R. Mitchell

Executive Director

Micronesian Legal Services Corporation

P.O. Box 826

Saipan, Mariana Islands 96950 .

Dear Ted,

I have now read through the three volumes of the Draft Envircamental
Impact Statement dealing with the Clean Up, Rehabilitztion,

. Resettlement of Enewetak Atoll-Marshall Islands. OCne 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 undermmining »f 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 planring their
R 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,
L little attent;on has been paid to the potenmal impacts of this stress.
Because my predictive theory deals primarily with compulsory
. relocation at the time of forced removal, rather than 28 years later!,
Lo I 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 more general category.
e As 1 am sure you are well aware, the historv of settlement schemes
S 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 andﬁ .QZ
econornically viable. Though.the situation is more favorable/Xen thew) e
people are willing participants, in'the Encwetak case no set! fST O S \“\ . _\.__
selection is possible since everyone who wishes to return ou*xﬂ) \J‘" ’
. and old, conservative and progressive, -hard working and 10;3 s unlb

-
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be accommodated. In commenting on the Impact Statement I wish to
discuss in ~equence (1) Housing (2} Sccial Servieces (?) the Economic
System and (4} S.cial Factors asscciated with settiement. Let me
emphasize right now that (1) and (2) are by far the easiest to handle
-- and {1) 2and (2 reprecsent the orcatest strengths of the Impact
Statement. Put while it is relatively easy ‘o provide improved housing
and social services, it is much harder to create viable land and water
use systems -- indeed it is here that most settlement schemes faili.
And it is much harder to handle the social factors associated with
settlement as well as the institutional factors dealing with the inter-

.relationsh'ips between settler institutions and those of the agencies

involved in their future -- all of which must be viewed as partof a
sinde (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 comvliete year. I sirongly urge
that a2 small number of pilot nouses be built 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 dicscrete
structures in non-permanent materials provide more flexibility.
Before pouring concrete one should try to anticipate some of the
implications which irnevitably will arise (and which will have an impact
on the peoples lives) and make corrections where desirable. Problems
of maintenance also need to be anticipated in advance and local 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 facilities are inadequate to start

e q_, P
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with, or because costs for their maintenance are not provided, or
because local people are not trained to properly use and maintain
them, While I was very favoarzzly imnressel by ¢he thinking on water
supplies within the repor+s, I wonder if enough thonght has gone into
problems concerning their long term maintenance.

{2)- Social Services. While impressed again by ¢he thoroughness with
which th= 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 imported itemse

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

ch‘“patzcnal dESIT"c and ﬁCpD(‘i911‘T fko f\ﬁﬁ11p=f'nn91 decirses Of thea

=24 584

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 arnd fishing, to extension personnel, let alone to the
relationship of the different types of service personnel to each other.
I am raising here the {undamental question as tc what different
categories of people will be willing to do, occupationally, once they
return and hew 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 availakle acreage

. of approx1ma-.ely 1000. As a result, however,of the AEC Task Force

recommendations,this total has been cut to a maximum of 722 uscubic
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
(2) 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 statiens 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
sprcad cinployment. Equipment (outboards for example) should be
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standarized and kept as simple as possible (seagull type engines vs
Johnstones). A number of interesting case histories come to mind

here including the Yehzler carnery which-is the principle employer
among the scveral hundred islenders on Trictan da Cunha in mid-
Atlantic who were moved irom their home after a volvanic eruption in
1961 and re:urned there iater in the 1960s, (c) provide a first rate
unified extcnsion servi-e (d) ensure a dependable and sutficient |
water transport service and pier and port facilities to connect Encwetak
to neighboring islarnds (including Ujeland and the relevant market
centers), (e) actively attempt to diversif{y 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 undecr
AEC sponsorship) be expanded to include technical assistaace to the
peoplie. Couple this with the possihility of a Community College for

the Marshalls which would use the facilities already present on Enewetak,
and one has one way of providing a unified extension service 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 inveoived 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 smazall 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 atoll 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 alters the assumptions on
which the original Master Plan was based. This alteration also has
major implications for social factors as I hope to show below.

] - :
(4) Social Implications of Scttlement. Depending on whether they are
driknjebi or driEncwetal, the present move home will represent the
fifth or sixth time that the people of Encwetak have becen moved since
1944, Since the original move was compulsory, and hence falls within
the scope of my own research, I suspect that it was accompanied by
a great deal of stress, which, for analytical purposes, can be divided
into psychological,physiological and socio-cultural stress. According
to my own model of how people respond to compu{sory relocation,

_this stress (or transition) period does not come to an end until (a) the

people once again get back on their feet economically or at least reath
the position that they held before relocation, and (b) feel at home in
their new habitat, Since necither of these factors applies to the people
of Encwetak after nearly 28 yecars, I would suspect that the older
people (that is, those who were old enough to remember the trauma
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associated with the original moves) are still under stress. What this
means, however, is hard to access at a distance since my theory
applies primariiy o tic nonths end yeurs irmmedictely 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 shift

home and before ticy arv invelved in major new ventures -- ventures
which would require radical changes in their activities and life stvlc,

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

they change no more than they have to in order to continue doing what
they did in the past and the changes which occur 2re incremental ratner
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’ohorva 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 utiliz=d. With these questions in mind, I
would like now to consider three points.

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

In other weris, the larce majority of the peonle will ecither have no
memory at all or only a vague memory of life on Enewetak, It is this
age bracket which strikes me a2s a major unknown., To what extent
do the Council of 12 really speak for them? To what extent do they
wish to return to the life style of their parents and grandparents? I
can not answer this question at a distance, in large part because the
Enewetak population within the three volume Impact Statement is

. treated as if it was homogeneous. But Il 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 IZnewetalk and have cdeveloped strong tastes for

imported foods and other luxuries'' and the peopic have "achieved a
good understanding of the bchavior and values of Americans, and
several have distinguished themselves in government and mission
schools.'" In assessing the impacts of the return on the people I
suspect we need at least differentiate from the very beginning between
the older 20% and the remainder.

(2) Compulsory resettlement projects always run the risk of the
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 sirnply because it will take at least seven years to
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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 schzdule on:y then will the people degia receiving 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 meantimme the people will have to use their trust
fund (which currentiy produces 360, 000 per annum in inccme 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 subsequent 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 diect.
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
demzads cn the TUnitod Stoles wwhich of course continues to bear the
responsibility for the original move) to provide for the people.

Looking to the future, very careful planning and plan execution will

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

.

(3) Another potential problem concerns 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 ciose 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 pe‘ople, 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, cspecially 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 knowledye,
In conclusion, however, let me say that there are sufficient social and
cconomic problems connected with the entire rclocation effort to justify
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) a well-thought out, longterm program for "monitoring' events from
this day forward -- in hopes of anticipating probiems before they
- arise and casing “hoce that inevitably doarise. If I can be of furilier
assistance alore sucn lines, please let me know, ’
With bést wisl. o<, . .

Yours sincerely, .

o e d

Thayer Scudder
Professor of Anthropology

~

gsh
enclosure

P.S, I enclose an article which summarizes the impacts of compulsory
relocation of people moved in connection with big dam projccts which

B may be of seme use to you. No, I have not seen Tobin's thesis nor do

I have easv access to it, If you can get me a copy I would much
appreciate it.
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Basic Cousideraticns in the Assessment of the Caucer Risks
and Standards for Internal Alpha Emitters

. Edward A, Martell

Nationzal Center for Atmospheric Research
Box 3000

Boulder, Colorado 80303

s T
!

" .

January 10, 1975

]

(Statement presented at the public hearings on plutonium standards
sponsored by the United States Environmental Protection Agency, Denver,
Colorado, January 10, 1975.)

APPEDIN I




1. Introductionf}.The adequacy cof the biomedical basis of standards

for occupational.and public exposure to plutonium and other internal

(2~5) (6-8)

alpha emitters have been widely.discussed -and seriously quéstioned
The serious uhccrtainties in the cancer risks attridutadble <o
in&ernal alphé emittersvmust be resolved before we are irretfievably
committea to a nuclear erergy program. JTids 1s a wmatter o. immediate
concern in the western suburbs of Denver dge to plutonium and ametricium
contamination of surface soils in public areas around the Rocky Flats
Plutonium Plant(g). Many othcr localities are similarl§ affected by .
tranuraniuvm element contaminaticn ;ﬁd 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

attributed to a given number of individual hot plutonium oxide particles

provides the best guidance for the assessment of risks and standards

(6)

Geesaman

A

induction by hot particles and concludes that the tuzorigenic risk may

for plutonium. . has discussed possible mechanisms of cancer

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

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

based largely on the Geesaman study, led these authors to recommend that
the occupational MPLB (maximum permissible lung burden) be reduced by a

A recent Study(lo) was

factor of 115,000, to a value of 0.14 pCi.
carricd out by Bair,'Richmond and Wachholz at the request of the U.S.
Atomic Erergy Commission with the specific objective of providing an

updated revicw of the evidence bearing on the problem of uniform vs
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nonuniform alpha radiation dose distribution in the lung. The authors

of this study taﬁe exception to the conclusions and recormendations of

(6,82

and concluce that

Geesaman, Tamplin zi:d Cochran
“the noruniform dose distribution of plutonium particles in
the lung is not =ore hezardous w¢ad —ay e less hazavdzus than
if the plutenium were unifcrmly <iziributed and that the mean .
dose iung model is a rudiGD*O¢OgICalLV sound basis for
establishzent of plutenium standards."

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

some of the recent published results: in particular, the observed higher
tumor risks for 2”Puo2 than for 239Puozcll), the apparently limited .
biological responsé of mammal lung cells from 23%Pu and 22°Pu incorporated
into ceramic microspheres‘lz’ls) and the tobacco smoke radiocactivity
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 ¢f lung cancer and other serious health effects in

the chronic 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 mammals and man wust be brought about by subjec&ing
a large number of living cells to a limited number of alpha i&teractions.

Thus, in princiblg, the highest risk would be associated with a unifcrm

distribution of the alpha dose, in accordance with the conclusion of

Bair et al. Howeﬁer, in fact, we are almost always concerned with a highly

irregular tissue distribution of élpha emitting particles. For hot
particles, the tumor incidence must be due to the low dose irradiation
of a large number of cells by a very small fchtion of the hot particle
burdeﬁ. And for 1cng'terﬁ exposures, Qnacceptably high tumor risks

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

This serious possibility calls for a drastjc downward revision of permissible
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exposure standar&???or inhaled plutoniﬁm. It algaﬁis pcssible»that the
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 Produztion: The interactions of variocus types of radiation

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

(15) (16}

with results which have been reviewed and summarized by Lea , Muller

and others..'When 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 repair b§

recombining without structural change. Thus permanent structural changes

for X—rays.and Y-rays are proportional to the square of the dose, with

- greatly reduced incidence at low dose rates. By contrast, structural

changes resulting from alpha interactions are directly proportional to
the number of interactions and are independent of alpha interaction rates.

Thus, with regird to the production of irreversible structural changes in

cells the relative biological effectiveness of alpha radiation, compared

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

longer periods of exposure.
For alpha interactions with cell nuclei, most of the structural

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

(17,18) (15)

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

pointed out, some cell nuclel experience only minor structurzl changes
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{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

tissue to internal alpna emitters at low dose rates there is a cumulative

- Increase in the population of cells which 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 48 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.

‘e (22)

Speiss and ays observed that for

~n
"‘Q

ia alpha ruadlztion irduced bone |
sarcecma in man, the tumor incidence per ;Ad approximatéely 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 téice 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
%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 seems best expléined by the limited aloha
irradiation of large numbers of cells by numerous very small, mobile

particles of lcow éctivity per particle (see below). Hamsters subjected to .

low alpha doses from 2!%Po distributed quite homogeneously in the bronchiolar-

alveolar regioh show a marked increase in the lung tumor incidence per rad
(25)

at very low doses and dose rates . And the incidence of brenchial cancer
‘.
2
in uranium niners reflects a higher tumor risk per rad at the lower doscs(’é)
(14)

for this low dose rate exposure group. The tobacco radiocactivity results

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 chremoscores. This follows necesszrily from

the fact that most alpha interactions with cell chromusomes lead to the

=hcwn(17’18)

subsequont mitctic death of theo cell, as Barendsen has s . It

ne

production of a malignant cell calls for a sequence of two or more low
p:obabilit} cvents and thus cannct be specded up by the appiicativu ol
massive alpha doses, ﬁut rather only by gdbje:t;ng o mﬁcb larger nuxmber

of cells to a limited number of interacticns. Additicnally, assuming that
thé tumor riék to the tissue subjected to alpha.irradiation is propertional
to thz(t/Tc), explained above, it is apparent that ﬁhe-alpha activity
concentration or ;he activity per particle which is eguated to a giveﬁ

tumor risk decreéses with increasing time of exposure and also that a given
risk can be attributed to smaller curwlative doses when the time of exposure

t is appreéiably longer than the mean life of the cell, T Brues(27) and

(28)

both peinted ouvt that the two-mutation theories of carcino-

(20,21)

Rurch

genesis would imply an exceptionally high effectiveness of widaly

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

dose rate relationship serves to reconcile the observed significant tumor
risk in cigarette smokers with the presence of a persistent lung burden of
insoluble smoke particles involving a total of only a few picocuries of

' -~
2‘°Po(14>. N

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

correct, then the sanme considerationé.mus: apply in the assessment of

tumor risks for hot particles. 1In this connection a preliminary considera-
tion of the influence of ;pecific.alpha activity and particle size of the
hot alpha emitting pgrticles 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

for 2”I’uoz particles., Such a dramatic difference 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 this apparent solubility difference on

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

238Pu02 and ~20% 239Puoz) was about 220 tines that of 239Pu02, In addition

the 23.aPuO2 particles exhibited a very significantly lower density than the
(30)

» indicating a highly faulted structure and weakened

(21)

intermolecular bonding for the 238Pu02 particles. Flelscher proposes

239PuO2 pagticles
that the apparently higher dissolution rate for 238PuO2 may be explaiﬁed

by the alpha recull 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 2”Puo2 particles.may give rise to an
increase in toe size range of tie ejected fragments. Such smail fragments,
ranging pp to tens of 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 emall ablation fragments may exhibit
a much higher mobility in tissue than that of 0.1 to 1.0 yn diameﬁer, the
size range of pfrticles used in wost animal inhalation experiménts. This

greater mobility for very swall ablation fragments in tissue may explain

the observed more rapid rate of translscation 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 23%py0

2

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 aiso 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 of the soluble plutonium 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 more 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 nmicrosphere |
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 ~2C0,l00 alpaa disintegrations éer year within-each micrecgraw
of irradiaped tissue. The dose rate is correspondingly higher arcund the
rmicrospheres of greater activity. Less than one illizren of tissue, orly
one miilionth of tliec lung, 1s subjectea to these massive radiation doses.
The lim%ted biclogical respoanse cbtained in these experiments 1is
consistent with expectations based on B ndser's results(17’18); the smail
population of cells within the alpha range arcund the mkcrospheres exper;
ience so many alpha interactions that they ali receive chromosome struc-
tural changes that result iﬁ 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 1argé population bf cells-which are subjected to a limited number
‘of alpha interactions, as is the case for Sénders crusﬁed 2}5Pu02 micro-

sphere experiments(ll). Richmond and Voelz(lz)

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 Lwo tumors 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 thesc secondary protons irradiate 63 times as many lung

cells at correspondingly much lower doses. It is unlikely that the two

tumors observed iIn these experiments can be attributed to X-rays or
’ (35,35)

Y-raye fiom plutoniunm 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 corresponding 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

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

v

Let us review the mounting evidence which suggests that inhaled

2 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 has shown that the humean atherosclcrotic plaque is

a monoclonal proliferation of a2 mutated cell of the artery wall, and thus

(41-43)

nas ohserved zanonzlously highk concen-

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

‘atherosclerceis plagues norzmally occur In the main and zhdominal aortas-

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

This distributicn 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 raaium(as). There 4s 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 sorme 10 to 16 years eaflierFAG%b:'all-these reasons 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 oxlide, thorium oxide and lead-210,

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

The first and most obvious place to look for such effects is among
past and present plutonium workers, Very siénificant incrcases in the
incidence of carly coronaries as well as lung cancers and cancers at other

(46) with insoluble alpha emitting

sites 1s observed amonpg cilgarette smokers
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particle Lurdens of only a few picc:uries of 2105 in the lung(la) and
(41-43)

similar total alpha activity per 100 grams of arterial wall tissue

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
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disease and other cardiovaccular effects and to a lesser extent of cancer

and pulmonary emphysema(47). Based on evidence reviewed above it appears

(]

To

1

that atheroscl ic is a cancer of the artery wall and thus that corenz:y

heart discase and otuner diseases of the cardiovascular and renal system

are expeccicd cllecss of inheled plutonium and of other insoluble alpha

emitting particles. An adequate assesswent of the mzgnitude of these risks

™~

can only be obta ained by a comprehensive medical follow-up of all past and
present plutonium workers. Until the age distribution of these effects

-

among plutonium woriers is fully assessed, any claim by the proponenﬁs
of nuclear energy ﬁhat there is little risk associated with the MPLB
(maximum permissible lung burden), 16 nCi of plutoniuam, or fractlons
thereof, is 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 ¢fvis rice to a significant cancer ricsk,

5. Discussion: The published evidence, reviewed above, clearly indicates
tha£ a iinear 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 nutated cells
(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
reason a given cancer risk is equated with smaller cumulative alpha

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
vepaircble at low dcse rates. This stews from the fact-that the diffuse
distribution of ion paifs produced by such radifation results in wlidelv-

spaced single chromosome breaks which repair themselves readily. For

these reasons the relative biological effectiveness of alpha parzicles,

compared to X-rays and y-rays increases contiﬂﬁously with decreasing dose
rate. Thus alpha radiation acquires a greatly increased biological sig-
nificance relative to soft radiation in the production of tumors and other
health consequences of chromosomal structural changes.

There are several .other lines of evidence which reinforce the
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 bone, all

involve sites at which insoluble alpha emitters are known to accunulate.

Anomalausly high concentrations of alpha activity have been observed at

the bronchial cancer sites(SI)

(52,53)

y at cancer sites adjoining lymph glands

(41-43)

in other organs in atherosclerosis plaques , at.liver cancer

4 .
sites in thorotrast patients(sa), at bone tumor sites in the radium dial
workers(ss), etc. The difficulties of prcducing lung cancer by exterral
, (35,36) .
radiation has been pointed out by Warren and Gates . The absence
of cancers in muscular tissue, except at sites of thorotrast injection or
plutonium injection, also is relevant to this issue. All of these obser-
vations reinforce the possibility that one or more of the chromosomal
structural changes which‘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 mature of the structural
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differences betwevy the healthy and the malignant ‘cells of each organ could
shed some light on this important question.

It 2lro 15 observed that the rclative significance of chemical agents,

viruses and radi-tlon in the incitdence of humca cancer is not knowr.

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 enviromments have not been demonstrated

r

to be carcinogenic at the low concentrations involved. For all of these
reasons it is deemed lifely that radiation, and a2lpha 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 billicn dollars per year on cancer research, has
conpletely-neglected the fieid 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. If so the major causes of death
%n the generél population - coronary diseazse, 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
contaminants:ﬁ;t already be coantributing to increased health risks and iife
shortening to the general public. Cigarette swmoking causes increased risks
of early corcnaries, lung cancer, cancers a; other sites, and other heaith

(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 219y in excess of that of
nbnsmokcrs). Fallout levels from past atmosbheric nuclear tests have given
rise to plutcnium organ burdens of ~0.5 pCi/kg of lung tissue and ~0.7 pCifkg

of liver tissue in thé general public(ss). Although these levels are only
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. ro organ burdenffgf heavy swmokers, Ehe effects
may be coriﬁﬂ?ondingly greater because the total population is exposed, and
- the inhalatién exposures begin at birth.
If the health risks attributable to fallout plutenium exceed 10 porcent
. of the risks of heavy swmoking, then inhalqﬁion exposure at ~20 times )
; © fallout (the surface'soil concentraiicn of plutonium which corresponds
! o . to the in%“evim soil standard adcpted by the Coloradc Board of lealth in

»

1973) would give rise to organAburdens more -than twice that of heasvy smokers.

-

Exposing children to such levels would be tantamount to their smoking four
packs of cigarettes per day, beginning at birth. This estimate assumés, as
I believe to be the’case, that the inhaled, insoluble radicactive smoke

. perticles g}ve rise to the serious nealth effects of smoking.

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

of so0il contaminants, it is common practice to attempt to determine the
i average surface soil concentraticns, the zpplicable resuqunsion factors,
inhalation expésure ratterns, particle size diétributions, lung retention,
clearance and translocation patterns and rates, ete. The large cumulative
errors and uncertainties in the prediction of the ultimate organ burdens

from long-term exposure to contaminated surface soils and urban dusts by

A

such a long sequence of complex processes serve to make this procedure an
almost useless exercice. There 1s a more direct approach which souléd give
w nmore reliable estimates. Lewis et al 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 seems reasonable

0

to assume that individuals chronically exposed to soil dust and urban dust

.. i

will acquire just such burdens cf the insoluble constituents in the res.’
f

size fraction of dust particles (i.e., péfticles less than ~53 um dia%f

r

It should be noted that Pu0, particles ave highly insoluble and friéb‘

2
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Exrerinents in the Rociy Ilats area also have shown that abvout one-third

of the airborne piutonium which has been resuspended from soill surfaces

by wind acticon fa'ls within the recoi:able porticle 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-
propriatefo 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'&ﬁﬁsons, the insoluble alpha emitcing swoke particle,

adedietndls
.
.

aranium exide, thorium oxide. and other alpha emitting particles of

noderate to low specific activity may be exbected to give rise tc a higher

Y

tumer risk per lpha dirintegrationm or for a given cumulative dose.

Similarly plutonium-239 in mixed fallout particles may be expected te
produce more tumors par disintezration than is the casz for pure £38; 2
~

" and 239pu02. 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 earlier for a given burden of smaller particles of higher

specific activity.

- ' The above considerations make it obvious that the present practice of

PR -

; averaging the alpha dose over the whole lung or some arbitrary fraction
[ : thereof(lo_l3) is & highly questionable and grossly misleading procedure
- =t best,

It also sheculd be noted that ameri:iuﬁf2&l is ﬁresent in association
with plutoniunm coﬁtamination in the Rocky Flats area and in nuclear tést
areas. In addition, curlun isotopes as well as americium-241 will be
present in high coﬂcentratien in éhe nuclear fuel mixture from fission and
bfeeder reactors ;hich use plutonivm fuel. The chemical behavigr of
cpericium and curiuam in the envircoment 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 gagtrointestinal tract, and their .
accumulation in the liver and skeletal tissue of mammals and man will give
risc to additional ser}ous health risis. Thege contaminants will be relatively
more serious than plutonium inhalatjon in some environments, particularly

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

processes arc not cffective,

T T T} i .\ B caa
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6. Recommendatisos: It is urged that the U.S. Favironmentzl Protectien

Agency consider and act upon each of the following recommendations which
are called for (a) in order to provide an inproved basis for the assessment
of health risks &nd standards for plutcnium and other actinides and {(b)

to provide a higher degree of protection fronm the effects ¢

tny

internal z2lirha
emitters for oczupational groups and the genéral public by adopting more
consefvative interim standards for plutoniur exposure.

(1) Initiaté a comprehensive interagency research progrem to assess

the health risks of inbaled alpha emitting particles, with special attention

Serd b mmes et d ol
ChVvawy pPLUL pPAQLGVewL

9]
[#]
)

to both "hot" particles 2nd incoluble particles of low

~
un
o

)y

(Some pertinent studies have been proposed to the EPA
(2) Conduct a comprehensive epidemiological health study of all past

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

exposed to the irhalation of plutonium at levels significantly above fallout

plutonium.

(3)'Call upon the National Cancer Institute and the National Heart
and Lung Institute to apply an appropriate fraction of their resources to

.

assess the role of inhaled alpha emitting particles on the incidence of

human cancer and heart disease.
it

(4) Adopt rore conserbative occupational standards for plutonium.
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 emplcyees and groups exposed to poccible
inhalation of finely divided and higher specific activity plutonium.

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

exposurc to airborne dusts not exceeding 0.5 picocuries of alpha activity

(about one alpha disintegration per minute) pEr gram of nitric acid insoluble
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on this smnall native noru
5 [

A
-

particulates of respirable size. This level wourld result ia the accunula-

(56)

tion of adult organ burdens about. equal to that from fallout plutonium
Cn this bacis the Colerade interia standard:m;y be at least 10 times too

high.

.

(6) Call for a full disclosure of all past piutoniun spills and accidental

releases and conduct appropriate surveys and cleanup operations.
. ~

D) Dévelop standards for americium and curium, with particular atteatien

to their dis;ributi~n in the fcod chain and their uptake from the gastre-
intestingl tract. T - )

(8) Give irmediate attenticn to current plans of the U.S. Department
of Defense and the U.S. Atomic Energy Cormission to resettle Lnewetak

Atoll, The high levels of plutoniva and americium on these islands and

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

[

ctinn zroup.




R s e
S 1A

. References ( _ (T‘
* ' - - z t
1. Langham, W. i., "The problem of large-area plutonium contaninetion,

10.

13.

14,

15,

U.S. Dept. of Health Education and helfare, Bureau of Radiological
Health Seminar Paper No. 002, 1969.

Lcan, 2. N, and langhanm, W, H,, "Tumsrizen Small Highly
Radiovactive Tarticles," licalth Physics

International Cemrissicn on Padinlerisil Pretzctien, "Radicsensitivic

and Spatial Dis;.ibag‘oq cf Dose, Re “v-_s Pr nared by Two Tusa Groups

tection," ICRP Publication 14, Perga?on Fress, Oxford

~

Internationzal Comutission on Radiological Protection, ICRP Publication
19, "The Metabolism of Compounds of Plutonium and Other Actinides,”
Perganmon Prezs, May 1972,

Bajr, W. J. and R. C. Thompson, "Plutonium: biomedical research,"
Science 183, 715-722, 1974, :

Geesanan, D. P., "An Analysis of the Carcinogenic Risk from an
Insoluble Alpha-Emitting Aerosol Deposited in Deep Respiratory Tissue,"
USAEC Documents UCRL-50387 and UCRL-350387 Addendun.

Long, A. B., "Plutonium inhalation: the burden of negligitle con-
sequence," Nuclear News, §9-73, June 1971.

e,

Tezplin A, . and 7. B. Cochran, "Radiciiun standards for hot
particles," National Resocurces Defensec Council Report, February 14,
1974, Wash. D. C. ) .

Poet, S. E. and E. A. Martell, "Plutonium-239 and americium-241
contamination in the Denver area,' Health Physics, 23, 537-548, 1972.

Bair, W, J., C. R. Richmond and B. W. Wachholz, "A radiobiological
assessment of the spatial distribution of radiation dose from inhaled
plutonium " U.S.A.E.C. Report WASH-1320, September 1974.

Sanders, C. L., Jr., "Carcinogenicity cf inhaled plutonium-238 in
the rat," Radiation Research 56, 340-553, 1973,

Richmord, C. R. and Voelz, G. L., (eds.), Annual Report of the Biological
and Medical Research Group (H-4) to the USAEC, Division of Biology
and Medicine, Los Alamos Scientific Laboratory Report LA-4923-PR, 1972.

Richmond, C. R. and Voelz, G, L., (eds.), Annual Report of the Biological
and Medical Research Group (H-4) of the LASL Health Division for 1972

to the USAEC, Division of Biomedical and Environmental Recearch, Los
Alamos Scientific Laboratory Report LA-5227-PR,

Martell, E. A., "Radioactivity of tobacco trichomes and insoluble
cigarctte smoke particles," Natura 249, 215-217, 1974,

Lea, D. E., Actions of Radiations on Living Cells, Cambfidgc University

Press and MacMillan Co., Li.Y., 1947.



*e

16.

17.

{4
(€]

19.

20.

21.

22,

23.

24,

25,

26.

27.

28.

29.

( ’ (("\ .
4N § ot
. Vb

fuller, H. J., "Radiction damage to tle genatic material," 93-165 in
Sciencz in Prozress, /th Series, Yalc Uﬁiv&rsxty Press, 1949-1950.

Bareudsen, G. W., T. L. J. Beusker, A. J. Vergroesen and L. Budke,

Effects of different lonizing radiations on human cells in tissue

culture II. 32iclcgical Zmperiuents, Raliast:on desenrch 13, 84l-
849, 19690.
) .
Parendsen, 7. V., "Irpairment ¢f the prollflercoiva capacity of huizan
cells in culture Sy —-particles with differing linear-energy transier,"”

Int. 1. Rad. 2icl. 8 (5), 453-466, 1964.

. ~

Mole, R. H., "Problems of low-level irradiation, pp 207-232 in
Proccedings cf Symrosium on Internal Radiztion, Heber, Utah, May 1969,
Dougherty et al. eds., Pergarwon Press, 1402

Armitzge, P. and R. Doll, "A two-stage theory of carcinogenesis 'in

i »n

relation to the agze distribution of human cancer,'" British Journal

1 141 _7£0 108
of Concer 11, 151-16%, 1557.
DL »onstr

Fisher, J.'C., "Multiple-mutation theory of carcinogenesis," Nature 181,
651-652, 1958.

Spiess, H. 2nd C. W. Mays, "Bone cancers induced by 2242 (TUX) in
children and adults," Health Physics 19, 713-729, 1970.

Upton, A. C., M. L. Randclph and J. W. Conklin, "Late effects of fast
neurrsns ana pizTa-rays in mice as influenced by the dose rate of
radiation: induction of neoplasia," Radiation Research 41, 467-491,
1970,

Buldakov, L. A., E. R. Lyubchanskii, Yu. I. Moskalev and A. P.
Nifatov, Atom Publications, Yoscow, 1969; A. A. Horvath, trans., and
R, G. Thomas, ed., pp 192-193, Lovelace Foundaticn Report LF—tr—4¢,
June 1570, Albuquerque, New Mexico. .

Little, J. B., A. R, Kennedy and R. B. cGandy, "Lung cancer in
hansters by low doses of alpha radiation from pcionium-210,'"(in
preparation). :

Radford, E. P., School of Hygiene and Public Health, Johns Hopkins
University, Baltimore, Maryland, (Personal communication).

Brues, A. M., "Critique of the linear theory of carcinogenesis,”
Science 128,

Burch, P. R. J., “Radiation carcinogenesis: a new hypothesis,"
Nature 185, 125-134, 1960. :

Raabe, 0. G., G. M. Kanapilly and H. A. Boyd, "Studies of the in vitrc
solubility of respirable particles of 23%py and 23°°Pu oxides and an
accidentally released aerosol containing “3%py, " PP 24-30 in Inhalatien
Toxicology Research Institute Annual Report l9:~~1973, Lovelace
Foundation, Albuquerque, New Mexico, LI-46, 1973

-:v-r
‘*‘ ..




CrERT S
. Y

31.

32.

34.

35.

38.

39.

40.

41,
42,

43,

Raabz, C. G., H. A, Povd, €. M, Xan-tllvy, C. J. Wilikzneen ond G. J.
Newton, "Develcpment and use of a system for routine production of
mono-disperse particles of 2%®Fu0, and evaluation of ganma emitting
labels," pp 1-9, Inhalation Toxicology Research Institute Annual
Report 1972-1973, Lovelzce Foundation, Albuquerque, New Mexico, LF-46,
1975. :

Fleischer, R. L., "On the dissolution of respirable ?uoz particles,"
submitted tc Banaleh T--dfe- 0 Aypunc 1GTL

Park, J. F., D. L. Cott, D. K. Cralg, R. J. Olson and V. H. Smith,
Y"Selubility changes of 238pu oxide in water suspension and effect on
biological behavior after inhalation by Beagle dogs, Proc. Third
Internaticnzl Congress, IFPA (in press).

Bair, W. J., J. E. Ballou, J. ¥, Park and C. L. Sanders, '"Plutomium in
soft tissues with emphasis on the respiratory tract,' Chanter 11 in
Handbcok of Evperimental Pharmacoloroy X¥XVI, Springer-Verlag, Berlin -
Heidelberg . Wew York, 1973, '

Moskalev, Y. I., "?3%°Pu: Problems of its biological effect," Health
Physics 22, 723-729, 1972,

Warren, S., “Specific effects of irradiation on the lung," 203-307
in Internel Radiation, Proceedings of Symposium, Heber, Utzh 8-11
May 1961, Pergzmon Press, 1962,

Gates, 0. and S. Varrea, "Ine production of bronchial carcinoma in
mice," Am, J. Path. 36, 653-671, 1960.

Muller, H. J., "The biological effects of radiation, with especial
reference to mutation,'" Act. Sci. Ind. No. 725, 477-494, 1938,

Burch, P. R. J., "Radiation Biophysics," Chapter 11 in Princinles

of Radiaticen Protectien, K. Z. Yorgan and J. E. Turner, eds., John
Wiley & Sons, Inc., 1967.

- .
Horn, H. and L. E. Finkelstein, "Arterosclerosis of the courcnary
arterics and the nechianism of their occlusien,'" The American Heart

Journal, 655-680, 1940,

Benditt, E. P, and J. M, Benditt, “Evidence for a monoclonal origin
of human atherosclerotic plaques,"” Proc. Nat. Acad. Sci. U.S.A. 70(6)
1753-1756, June 1973.

Elkeles, A., "Radioactivity in calcified atherosclerosis," Britis

Journal of Radiologyv 34, 602-605, 1961.

Elkeles, A.. "Atherosclerosis and Radiocactivity," Journal of the
American Geriatrics Societv 14(9), 895-901, 1966,

Elkecles, A., "Alpha-ray activity in coronary artery disease,”
J. Amer, Ceriatrics Soc. 16(5), 576-583, 1968,

”.lf LI RN
it

'L‘""\ 8l -
g&!@ b4 l.
2 e .1_12:’ ,.".":1 ‘-’



45,

46.

47.

48.

49.

50.

51.

S2.

54.

55.

56.

57.

o4

¢l ?“ PP
el Los

e

Mitchell anc .chwartz, Arterial Discase, B ,%ive;l Sci. Publ.,
Oxfcrg, 1665.

Sheehan, J. F., "Foam cell plaques in thé»intima of irradiated small
erteries," Arch. Path. 379(), 297-308,.1944.

The i'2alth Consecunnces of Soc™ine, January 1973, seventh of a cerics
of reports oI the Pubuic kealth service, U.S. Department of Health,
Education and Welfare, (U.S5S. Government Printing Office, Washington,
D.C. 20402, $1.l2,.

Nelson, I, C., Heid, K. R., Fuqua, P. A., and Mahony, T. D., "Plutonium
in Autopsy Tissue Samples,' Fealth Phvsics 22:925, 1972. ~

Lagerquist, C. R., S. E. Hazmond, D. L. Bokowski and D. B. Hyltonm,
“"Distributicon of »luternium znd americivan in occupaticnally evposed
hunmans as fornd from au;opsy samples,' Health Physics 25, 581-584, 1673.

Hempelmann, L, H.. Richﬁono, C. R., and Voelz, G, L,, "A Tvanty-Seven
Year Study of Selected Los Alamos Plutonium Wnrkers,' Los Alamos
Scientific Laboratory report LA-5148-1S, 1973.

Hempelmann, L. H., Langhar, Y. H, Richmond, C. R., and Voelz, G. L.,
"Manhattan Project Plutonium Workers: A Twenty-Seven Year Follcw-up
Study of Selected Cases," Eealth Phvsics 25:461, 1973.

P, Radf I. L. McCozbs and V. R. Bunt, "Distri-

Little, J. 3., E. P, ord, 1 .
buticn of relenium In pul-onory tiscues of cigavotte sro)cr " New
Engl. J. Med., 273, 1343-2331, 1965,

Watscn, S., "Only vertebrates with a lymphatic system are subject to
malignant disease (Ullman)," Medical Jourral of Australia 52, 993-934,
1965.

R. Oliver and S. Watson, "The lymphatic system--a storchouse of long-
stay deposits of inhaled radiocactive particles," Health Physics 12,

720, 1966.

Proccedings, Conference on Distribution, Retention and Late Effccts
of Tnorivm Ozide, Ann. M. Y. Acad. Sci. 145, 523-858, 1967.

Gofman, J. W. and A. R. Tamplin, "The question of safe radiation
thresholds for alpha enitting bone seekers in man,'" Health Physics
21, 47-51, 1971.

{foss, W. D. and E. E. Campbell, "Plvtconium concentrations in tissues
of a general population," Health Phvsics 22, 933, 1972; Los Alamos
Sci. Lab. report, LA-4875, 1972,

Lewis, G. P. and L. Coughlin, "Lung ‘'soot' accumulation in man,"
Atmospheric Unvicrnment 7, 1249-1255, 1973.

R - .
TIETCY ""’f‘ Tova o,

v‘(
t}; ! Jk




e (.
. $8. Martell, E. A., "Evaluation of the zancer risks from insoluble particles
) of low specific alpha activity in man,'" proposal submitted to U.S.
.. Environmental Protection Agency, October 1974.
* ™
- '

"

132 8.4
v A
FR A S



A)
-

APPENDIX ITI
-
G I

' -'_‘ . PARY 0y
A *?‘f:r‘k
A ity

PR S




E.?}.
P Ry
. S

- COMMENTS ON THE
DRAFT ERVIRDUHENTAL 1PACT STATERENT

LIQUID HETAL FAST EREEDER REACTOR PROGRAV
(MASH-1535)

ty

Donald P. Gees
- Scheol of va11c Affair

University of Hinnosota
H1h“-apolls, Hinnesota 55455

Dated: April 24, 1974




%

.

. Four commonte are attachs

* Comment #1, ACCIDINTS

y =
i+
1

ﬁ /Coument £2, ESTIMATION OF Thi EF\Lm EFFECTS ©
T !
i l'\G

1
PLUTGHIUM £iD OTHER ALPHA-EI
TRAIISURANICS :

£CTs
ITTI
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Comment #4, GENERAL AlD IN SUMMARY

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

in nature. For a draft statement of this physical extent, detailed

comment would be nezariy prchibited by personal limitations of tims

-

and resotrces. This dilerma is not encountered hsre since generic

. - commant seems indicated. Treatment of acne can be sensibly daferred
vhen the patient shows systemic failure. ‘
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Comnent 72, FSTI”.".O? 07 THE PrFIT” £rre TQ OF ﬁq?TCn‘u V1D OTPFH
ALPHA-ELITTING TRANSUY LGS

The estimate of lung cancer incidence 2ssociatzd with the inhalation
of plutonivm (or other transuranics) in particu?cte form is a critical

factor, along with source tarms and resuspen on, in defining tho probable

' jmpact of the LNFCR's plutonium basad lh”] cvcle. % .is subject is discusscd

in Secticn £.G.5 "Particle Lurng Dose Effecﬁs" of WASH-1535. 1T quote the
first sentence frem that section:

"The estimates of lung cancer incidence associzted with
the inhalation of transuranics used in this report are
based upon a czlculation of the averace radiation dose
delivered to ihe lurg and arplice:ion of tumor inciderce
estimates for the uniformly irradiated lung as estimated
in the BEIR report. "l

This cited basis, and hence tha derived estinates, are indefensible.

Section 4.G.5 acknouledges "that 'insoluble' particles of

3

radioisoispes, when d¢eposited in tissue, provide focal spots of high

radiation cose rates close thez 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 made up of 108 alveoli. Each aveolus
is a complexiy organized unit of tissue. If an insoluble alpha-emitting
particulate is-&epgsitsd in this tissu2 some 10 to 1060 alveoli will be
exposed. A crude measure of the nonunitormity of this exposure is that
at most about one-millionth of the lung's alveoli are affected by a single
particulate. |

The significance of the preceding is that in the actual lung

exposure by an alpha-cnit i ng particulate, the cnergy ¢f the ionizing
L]

radiation is deposited in a very limited voluise of tissite, and hance that

the ectual radiation dos2 to Tung tissue scalad roughly 2 million Lines




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 manifest nonscnse. Even though the energies
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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1ASH-1535. Therc,(:} introducing a fictitiously lﬂw ma3c of oxposed

tisste, the calculated dose becomes cc:mansurately small. In passing from

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

1o the fictional situation in which the ionizing radiation from the hot
rorticle is averaged over 108 alveoli, ‘h' dose scale has decreased by
cwughly a factor of a million. .

Living tissue shows extensive intra-cellular and inter-cellular
organizatidn. .Several regimas of biological response would be expected

as physical charactecistics of exposure are varied. Carcinogenic response

1 acute doses of radiation will fall in one

{0 whole or by no

of these regimes, and this will be a regime in which there is human
experience. From the physical characteristics of plutonium aerosols, from
the lung deposition experience with zerosols, and Trcm the Tung clearance

can be infarrad that at least

chk
[s3)
D
"‘)

evperience with plutoniun varticulates, i

- Lo

ons c]asé of partic1e§ exist which subject lung tissue to an exposure
associated with a different carcinogenic response regima. This is bacause
other biological phancmenon 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
literature on %he sugject. 2diclegically induced mitotic death is, in
fact, the basis for treaving hé]ignant tissue with jonizing radiation, and
is the cause of most acute sympfoms consequent to radiation exposure.

Even though the intercession of extensive mitotic death of cells must
inovitably place certain pavticulate exposures in a different response
rcgime from whole lung, non acute exposures, a compelling argument might

be mada that the carcinozanic respons2e in the forizer caso is necessarily




%3
?\;"f

1ess than tha carciacsenic reosponse in the latt This ergumzent would

appcar to have rmerit since mito?ic dcath of cc]1§, of well as recucing the
general viability of the tissue, would also recuce the nux bev of irradiated
~21ls with carcinsgenic potential. Uzually daplicit in this argument is a

conceptualization of all roiiction corcivogonasis as a single-cell, divect-

_injury process.

To confirm this argument, there is a respactable Titerature in

which carcinogenesis is describad &s occurring after doses of raciation

that are sufficiently local as to not be organism ]ethai, and that are

uffic ently high for :hé fracticn of mitotically competent‘ce1ls to ba
greatiy reduced,.i;e., to 1% or less. Unfortunately, in at least some of
these eZperiﬁants, carcinogenasis is inversely related to the fraction of
mitotically competent cells, i.e., carcer induction in the regim2 vnere

[}

ilotic cemnztence is grevtor than 17 is small compared with the cancer

n.'

¢/

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

There are severalvpoints to be made here. Loss of mitotic
compztence and carcincgenasis areltwo indices of radiatioﬁ Effect in tissue.
They cannot be-indepéndent, and their relationship can tell us scmething
about some radi&t%on carcinogenasis.

Mitotic comnetence is nct gerzrally related in a linear wvay to
carcinogenic response.  lorcover, it is a major anoma]y that an increased
carcinogenic response is observed in dose regiines associated with greatly
reduced mitotic competence. It is difficult to reconcile this result witi
any single-cell, dircct-efiect origin for radiation induced cancer.

Mitotic cemnatenze of a cell population decreases exponentially
vith 1“LFC&>1hg ax.hq -radiation dose ond is a fairly gensral index of

radiation effect in tissue. If radietion carcinogenasis universally
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decreased with nitotic ccaipetence, then estimgtcs.of carcincgenesis based

on a fictitious avcrag1ng of a local inhoinogeneous dose over a much lerger

- . volume xou]d be necessa *1] conservative. Sincc_radiation carcindgensis

can, and in,fact, doss increase to éno:alous]y large Va]ugs while the mitotic
competence becomes venishlingly small, the fictiti ué averaging ct doso

'pver larger volumes is not neces sarily 'c Vat1VL- Instead it wou]&

appear that an inten e local dose of 1on14113 radiation can be a more
efficient carcinogen than a diffuse tissue exposure v 1th the sane type of

ionizing radiation and the saime total energy. The abovc then imnlies that

ran

averaging of dose over larger volumes may bz far from conservative.
P o It is obvious that as a local exposure becomes wmore intense, a
stage rmust finally be reached where the carcinogenic efficiency of the
exposure (cn a per unit cnergy basis) is veduczd. This is not pertinant
to previous argurents. It would, however, be important to kncu the
characteristics of tﬁe most carcinogenicly efiicient exposurcs.

.The.fol1owing excerpt taken from the BEIR report (p. 95) sunmarizes
the state of knowledge concerning the causation of cancer (emphasis added):

"Mthouah ths mechaniszs of carcinogenssis, or of
radietion cercinc®enasis in particuiar, are not rully

knovin, cvalicbie amiorracicn 11185 ihar £OST, 11 NGt
ell, t)pes of cancer dovelep es @ result of the combined
enectc of multiple factors. Theose causative factors
may include: prezygotic (inherited) mutations of
chromosomal aberrations, which cen spread during develop-
ment to many kinds of cells; soratic celil mutations or
e chromosonal aberrations, which can be acquired at any
G time afier conception; changes resulting Trom the action
5 of v1ru<L>, and changes in systemic avouth factors (c.g.,
depressoid iwmuna compotance, hoemnnal imbalance) and
in lecal tissue xonul_Ij:ﬁ"LQL{QLqilwhut1un)_§:1jg:l
such as nay +esult Tren disceses oiher Lhan cancer or
Troa advencing aqe (1).

"AMtihcugh point wutations, chtclofﬂn11 ahberations,
and otheor ch“uﬁcs at the collulor and weleculer level
HRRY 1(041r~ auly swmalt coses, tissue dicoraanizalion and
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qQross disturbancas in physiclegy arz unlikeiy without
Yerger doses ().

"0f the rany t ros of chrnoos vhich r“41311nn can

AV e ST T T AT = T
cause in cells cv tio o5, 1 PRI PRI BT

Unique for raoiacicn., fany, 11 ﬁo'
can presumably resuit from a varie

This su“narv view on carcinggenzsis 1s compatible wiith the ideas leading
to the,conclusion reached earlier, that fictitious dose averaging to
larger t1ssue rasses need not ba conservative. The possibility of various

modes of carcinogenesis is acknowledgsd, and in particular, mention is

made of a pathway madiated by tissue disruption. :
Disease profiles are highly spocics specitic, Cancer is no

exception. Gross characteristics are ebviously highly spescies specitic
also. A rat and a meuse are qistirct and yet incredibly similar. The

~r

gress tissue cifferen ces are articulated out through subtly different
informational resonances amongst cell populatiens, - the collective >zhavior
béing phased ultimately, though perhaps remotely, by tﬁﬂ genetic controls
of the cells. HNot to belaber this point unnecessarily, - cancer profiles

are species specifics gross characteristics and, of course, genetic material

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

disruption seern as acceptable an or}gin for the tissuz instabilities of
cancer as doas an isolated single cell event. . |

Return now to the problem of risk estimates associated with
radioactive particulates in human jurngs. lost of what has been said earlier
in this comnent has been génera], and has been aimed at showing that {here
was no inheront conservetism in the ma2thod of cstimating cancar risks set
forth in the first‘scﬁtence of £.G.5, and that roracver the nathod ceuld

bz far {ron conservativ The corclusion could as well b2 anplied o

Tviephatic tissue or to bronchial tissuo.




"legitimate concern for humans.

s &
» 3.
Having this bacrground notice that Lusan luag tissus has a wotl
J 3
known carcinogenic potential under a number of situations, including
c.posure to fonizing vadiaticns; ond that in the flanlord dog sludy inguction

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

(1‘

I
[ORS S ]

are a sufficien

,m

to estzblish plute 1u1 induced lung cancer as a

~

The fellcing is a review of the official guidance for estimaiing
the carc1nogen1c c¢ffects from exposure to radioactive particulates.

1. "(210) The NCRP has arbitrarily used 107 of the
volumme of the organ es the significant voluma for
irradiation of tha gonads. Thera are scmes cases in
which choice of a signiticant volune or area 1s .
virtually meaningless. For eremnle, if a singl
particle ot rediocactive material vixed in c-bwﬂr lunq
- or lymoh node may b2 carcircosnic, tng averaging of
Gos¢ either ovar ine lund, or cn2 cublc centimziar
may have littie to ¢o with tne case. Use o7 sianificent
veivnic or @éro.s TUs. be inoecd cn es on2 of the round
off devices wnich in s"~c1u1 cases nust give vay to
detalled study.” :
L]
. HCRP Report #39
Basic Radiation Protection Criteria
January 15, 1971,
(emphasis add=d)

)
-
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L ' Tna regg:%en‘at1cwf of *he National Co€:éi] on Radiation Fovizction
_: and Measuremant set forth in I, and the recosendations of the International
. Compission on Radfp]ogica]"Prbtcction set forth in 111, are explicit in
- offering no guidance. .

11 is a discussicn of the hot particle problem taken Trem in2

report of an ICRT Task Group. It is not intended to give dispositive
. - . \ .
official guidance. The discussion is useful commentary, but inconclu:zive.

The very conditional statemznt made in the first and second sentence of II

(41) is not generally convincing. ’

th regard to the previously cited method of risk estimation

4

<

-ds
t’l

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

following supportive references:

o "This approach has baen used Ly the Enviromnantal
il PrOLCCt'Ou figency in recent reports on the potentizl
! health roncoouences oF the ruclear Tuol cycle.d7%

. 1he anpreacy leass to estinzies con Ukzu ble to ihwose
. _ Gavanxd,ﬁ fo]]owing Thomsson et 217 baszd on

PELN

1in' ronou-thresneid nxbxa;o.kg103 i observations .
on beagle dogs administered 239%u0, zerosols."

As to the first, consensus in error ray provids amiable agreement 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

=h

urther on 4.G-1]7~and deserves separate consiacraticn.

It requires patholcgical optimism to find reassurance in the
results of the now completed Hanford beagle experiment. Dogs were given
initial aerosol burdens of approximaté]y 1-10 microcuries of Pu23902. By
nine years post-exposure the lung cancer response vas virtually saturated
and_mu]ticentric oviging ware noted in some dogs. Those receivipg larger
lﬁng burdens gircator than 10 microcuries died of px,ruv:;zJ insufficienrt

within 4-1/2 yeavs. Twenly-ono doygs survived Tor more than 4-1/2 yrors,




W

and only onc of tST:e did not exhibit lung cancer™ death. A velaticnship

1

observed Letveen initigl lung burden end tise to death with cancer has

been often used to infer a threshold burden below which ro life shortening
uof dogs would be expected. This is shoun in Figure 4.6.10 on 4-G 112,

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

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

-~

. senseless exercise. llote also that the resulis are exhibited on~e log-lcg

gfaph which virtually obscures all differential detail. Most imporia nu,
recoon17e the nature of the eyper1m° t, i.e., the lung burdens ware large,
the resulis were saturated, ard {he number of animzls was small. The
crudé relationship observed betwzen initial lurg burden and time to death
with lung cancer does not necessarily imply that a threshold burden exists
for beagles: Quite to the contrary,‘the range of exposures above the

inferred threshold burden may be interpreted as a region of saturated

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

in a beagle poyalac1on approachas 1004 during a normal 1ife span. The point -

is that the observed time to death is more likely related to the burden,

through a populaLIOn depletion effect, rather‘than througn a burden

wds

dependent latent period. In the former interpretation appreciatie cancer
vould be anticipated at lewer burdens. This is again consistent with

extensive cobservations of radioisotopa—induced bone tumors in mice, which

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

apparent relationship betwzen increasing dose end decreasing time ic
death with tumor is due to the cffects of dose-level on survival and on

turor expectancy." (See Toxicity of Ra-226 in liice," M. Finkel et 2}, in

Radiation-Induced Cancer, TAEA, Vieana, 1969.)

The domain of this cammznt is broadened here in order to sunmarize

7o R AN S A TN R eI
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a specific concern;gf
Under a numbzr of circumstances piutonium forws aeroscls. The physical
character of these aerosols is such that on inhalation by humans they arc
prcferentia]]y_dcpcsitcd in respiraiory tisite. Because of slow clearance
and because of their insoluble character, particles may éxpericnce long
*§1Q3nce timoes in tissue. An appreciable mass fraction of the aeroso].is
usual]y 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 volumz may ba far morc carcinogenic
than if the samz type of radiaztion were to dissipate its energy over a

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

lead to exposures that have enhanced cakcinogcnic potential? I7 fhey do,
then present standards can be in crror by orders of riagnitude.

Hotice thai the emphasis here is on the anomalous hazard
associated with a single particle; and that if any threshold is fclevant,
it is not a ddsé tiireshold since lecal exposurces 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 cancer

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

Similarly, estimates based on non ‘conservative 1nLCxp.-tations of tha

Hanford beagle rosults are highly suspect.

th plutonium, and, to a lesst“extent, other transuranics.
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- - Attachment #1 to Comment

,

.l : ~ .
"Plutonium and Public Health," in - -
tlectric Power Consumntion and
Human Welfare, AARLS Committee
on Envirornmental Alierations,
fucust 11, 1972 (non-copyrighted).
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PLUTONIUM AND PUBLIC HEALTIH

Donald . Geesaman K

Author's Nole--Junz 1972,

On May 11, 1969 a major fire occurrad at'_t‘ne large Rocky Tlats

plutonium facility 1o ac .tel northwest of Denver, Colorado, .and operated for

the AEC by the Dow Chcm;ical Company. For description of this fire _;.ee
AL,C press rélaases I‘.'I-'l‘21, May .26, 15569, and N1-257, ‘November S, 1559.
. Cpn'sequent to'tk.\is fire E.A. Martell and S.E, Poct cond'u-cted a
pilot study on the pluto_niurﬁ contamination of surface soils in the R;'nc.\y

Tats environs. Theiv results suggesied an off site contamination that was
orders of m'*"nltvde larger than that which would have been expacicd from

the meas urcd pl utor.*um rcizases in the air eflfluent of the facility.

't

Ina 1ct‘ er of January 13, 1270 to Glznn Ses aborg, then ch hairraan

of the AYC, and in a press release of February 24, 1970 by the Colorado

Committes on Envicenmnental Information, Mlartell el al. colled attention
- . ; ~ . .

-

to this anomalous contamination and expressed concern over its whcertain

H P |

origin and over its significance to public healih. In respunse the AEC Iixed
the probable or 1Jm of the off sile contamination as wind digpergal of pluto-

nium leaking from rusted bacrels of coitaminated culting oil, and denied

that caus2 cxisted for concevn over hovavds to public kealth (see AEC

brous celengs N-22, Tebruary 15, 19%0).

[t vion tay conviction thal the AT
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my discretion.

and inadequate 1'<(cscn(ation of tho possible hzusgu.rds sscciated with the
observed off site contaminution, and that the imminent large-scale commer-

cial introduction of plutonium gave this situation a precedential significance

much greater than the already considerable significance of the situatien

In Api‘il 1970 a representative of the AEC's Division of Biclogy and

"chlcma and mvself werg. mvxtcd to pr ebcnt our views at thc Umvors ity of

Colorado.. "Plutonium and Public Health" derives from the preceding his-

tory and should be so interpreted. The presentation was to a.lay audience

and was made with that expactation. Adequate rcferencing was added to

ithe written text prior to its inclusion in Underground Uscs of Nuclear Tinevay,

Lale

Part 2, Fearines hefore the Subcomm:ities on Air dll\t Water Pollution of tha

cormrittee on J'ublic Works United States Senate, August 5, 1870.

As it stands Lne Pan till represeats a legitimate critique, and

the recent emphasis on plutonium as a major energy source increases the

relevance of the discussion. An updating would inveolve only incremental
changes, and would generally supplement ra th r than dlsturo the substantive

argurments ol lhe oviginal paper. Hence whilg such an updeting is desivable,

it is also of sufficient marginal value t} at it can be prorerly deferred at .

! - hd

Yor those who zre interested in reading the traditional ATC posi-
tion on the subject I would suggest "Appendizx 24 - Safely Conslderations in

the Operations of the Nocky Flats Plutonium Processing Tl W', from

»

SN Artheieie Toeoin
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Coaumitlee on Atoemnig f'l.m_:r_'-;;*_.'_.___l_fg_t_x_'_’.__{l_, Muarcnn 19, 1470.

Times have changed since May 1862, Then plutonium was regardad
as nomilitavy substance and was accordingly given little public attention.

N oy it 12 much sublicized o5 the encrgy source of the nol (oo distant

~

A S

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

I have had no regrets. .

For th_e sake of corapleleness let me give you some backgr{ound on
plutonium. It is an clement that is virtually non-e_xi'stent in the eartn's
natural crust. In the carly 1940's it was first produced andd isolated by
Pr. Scaborr nd colleagues; --Dr. Seaborg is presently Chairman of the

Atomic Enecrgy Commission. Plutonium has zeveral isotopes, the most

important bemo pivionium-~2355, which, because of its fissicnable proparties

aud its case of production, is potentially the best of the threc fission fucls.
f. ’ - . R

That is why it is of Intercst. Acide from its fissionable p;o')(.rtu“., plu-.

toniuin-239 is a raciouctive izotope of relatively long half-life (24, 000

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

When it dr._-ouys,-‘ it emits a‘ hcl_ivum nucleus of substantial cncrgy. Beecauze
(_)l' it physical characleristics, a hc.lim‘n nucleus inleracts ;_k'(ro:u;{ly wilh
e maderial 2dong its pathy ond as aconscguonce deposits ity cnergy in
oorelatively chort distance, --about four-hundredths (;f..'n mittitoeter in

Settiicoae. Mor eomnpuriverns, o v n.’( SRENS




'T.i/m of that. A cell o nueleus is intercepled b@‘.c path of such a par-

I

“licle suffers sufficieat injury that its capacity for cell division ig usually

e lost (Bar, /’*ﬂd;on A.W., 1962 and Bloom, W., 1959). .

- The cancer inducing potentinl of plutenium is well known. One

~1ienth of a gram injected intradormally in riice hos cansed cancer

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

c® dogs has induced a substantial incidence of bone cancer {Mays, C.W.,

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

n~‘ely the body maintains a relatively effecti rrler nams.t the entry

of pluto'm._ i mto the blood svstem. Also. bacause of the short range of

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

- -

surface of human <l:1'1 doas not usually reach any relevant tigsue. Unfor-
Bmor'h J describe wny this is, I'd like to say something cbout the

. c.haract stics of an acrosol. An aerosol is physically like cigarette

smoke, or foz, or cecment dust. BCCc\US\. of their small size, thz particies

.

comprising an aerosol remain suspended in air for long periods of time.

If an aerosol is inhaled, thon, depending on its physical Chdr?lCLerluLl(,D, it .

N

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

1966). T.arger acrosol sizes are usually rérmoved by turbulence in the nose,

particles deposited in the bronclial tree are cleared upward in kours by the -
cilinted mueus blanket thal covers the structuce. This clearance system
dus not panetrate into th desp vespivetory structures, lhe olveoli, whare

1 ' . ’
B bnsic oxygen-carbon dioxzide exchangi of tie hang takes place. - Smaller




o povoetes tend to be d(. osited here by pravitatisnal s-tLlsn" and il they ave

S h Dhinsoluble tlxcy may reside in lhc alv oli for a considerable litne. The prob-

Yoo is that, under o number of corditions (Andereon, ILV., et al., 1957,

Frascer, D.C., 1987; Kirchner, R,A., 1866; Mann, J.R., ctal., 1967;

2

Siewart, K., 1963; "Wileon, R.H. et al., 1867) plutonium tends to form

A Y

aerosols of a size that are prefercntially depesited in deep .ung tissue.
Pluto*m.m dioxide, which is a principal offcnder, is insoluble and may be

o immobilized in the lung for hundreds of days befo:e being clcared to the

.

'

throat or to the lymph nodes around the lunge (Health Physics, 19€6).

An ajeros_ol is; comprizsed of particles of maﬁy different sizes, and
their 'radioactivi_ty m.ay differ by factors of thousands pf.cxjcn more.. I will
simplify the ar'fumcm Lmd say that there is a class of these particles, the
largest ones deposited in t'ne deep lung tissue, that can b.e. cxpected to have
a different potential of cancer i:ﬁluctfon than L-ht. p:.'.rticles of the smaller
class. 'Plu~ is because t.hey. are sufficiently radioactive to disrupt ccll_

po;aulﬁtiorls in the volume. of cell tissue \"thh tl ey cxpose (G aman,

D.P., 1968a). An example migint be a particle that emits 5000 helium

~ f.—.
13

J

nuclei per day. It would subjzet between 1 and 20 alveoll to intense radi-

ation, .sufficicent to inflict <‘u) tantial cell dba'.l and tissue discuption.

-¥For reference, the alvooh zre the basic str uctural units of the deep lunrf

They are shaped and bunche cl xuur-hly like hm]uw grapes 0.3 millimetee
in dicineter. Theic walls are thin, a fow lh'.n.:,\'u::(,f.'}is; of a millimceler,
and they are o hichly stencioncd tisaue with mony cell types. lotense ex-

belvre of Joeal Hasus by a radionelive particte s veferred to ws the hol

we
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o - ole problem. The questicn ws: doon oo ch o yarticle have an sahaneel

potential for cancer ? No one knows. "‘m can ar guc tml cancer cannot-

. evolve [from dead cells,  hence a depleted coll populatica st be leegs

cavcinogenic. This is believeable, and must he true on occasion. The

facts are, though, that intense ,local doses of radiation are extremely

: ' ~
effcctive carcinogens, much more so than if th2 energy weie averaged -

_over a larger tissue masg¢ (Geesaman, D.P,, 1958b). Furithermore, this

can hke place at hwm doses of radiation wh re only one cell in ten thousand

has retained its capacity to divide. The cancer susceptibilily of lung tis-
sue io radiation has been dernonstratad in many species; one can say in

gerneral that the lxing is more susécpti‘ole to in‘n.omogcneous 'exposures from
pocticrles and imrlm}ts than it is t.o' diffuse uniform radiation. Soma very
. carcful skiﬁ cxp‘;xjir_nents .(;E'.Dr. Albert.have indicated that tissue disrup-
tion is a very h!\elj pmh'"a_y of radioact .ive induction of }:anger after intense
R ) éxgnosur’ (Alben, R.L., et al., 196'/:1 19676, 1857¢, 1988). The experi-
m?ms show that the mos t soﬂre tissue, mJur) is not necess ar) ) xlor..e\'exl
optimal, for the induction of cancer. When these notlons- are app'lied'to a

b

hot particle in the luag, the possﬂnhty of one cancer from 10, 000 c‘xsrup-

tive partlcl g 1s realistic. ais is disturbing because 2 apprcciable
- portion of the tolal radioactivity in a plutonium aercsol is usually in the
large particle component. ' : .

Let voe derconstrate what Tmean. Supposce @ man received a

.

Corxtmun pormissible fang bucden Tor plutoniom, and suppose roushly

Yo ®

¢ . - . .
ol the nass of the barden wass ausocinted with the most ae tive ¢las

'J
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of prrticles deposited (that is ‘those emitting seve al thousand heliuim nucied
por day). This is reasonable. “Thore would be soroeti

iag tike a thousand ef
Cese particles anda I cach would chronically expos e 1 to 20 alveoli Lo mu:n'"c

cancer is like 1 in 10, 000 for one disruptive par-

ticle, then the total risk in this situation is one in ten, i.e., one man in ten
woald c.“"elop lung cancer.
Put another way, about 1 cubic centimetsr of the lung is receiving

hioh doses of radiation. It would not be surprising if intense exposure of

e

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

if the mmvmual volures are sepq ated from each other, is substantial

protection afforded? No one knows. It is inuch easier to find two cancers

-

vl 4 00 expusures of 1 cusic centimeter cach, than 1t is to find a coupl

o

- ¢f cancers in 50,000 single particle oxposures. Certainly the length scales

~of injury are long enough tha{ a disrupiive carcinogenic pathhway cannot be

disvegarded for isolated hot particles (Geesaman, D.P., 1968b).

- ~

One can lcock to the relevant experience for reassirance. In an

ey sriment done at IHanford by Dr. Bair and his collcagues, bea

y RN

: (2} E .
were given Puz“’goz iung buvdens of a few hundred thousandihs of 2 gram

)

(Rair, W.J., et al., 1966; Ross, D.M., 1967). At 9 years post exposu-re,

or after roughly hali ot' an adult ben"lc life span, 22 of 2‘4 deaths involve d

lung cancer, usunlly of multiple origin. I'ive dogs rerncin alive. For
comprrigson, these expogsures are about 100 times largore than the prescent

mannmn permisgiole burdens i mwan.

anpoects ol Liis exporiinont,
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Ldsoonuse

o

all of the dogs ave developing cancer, it is impossible to inler what
¥ s ]

would happen at lower exposures: simple proporiionality does, however,

eug est that present humau standarde are oo lax by at least a factor of

Ve

tei:. Second, b’\c‘. ase the rodiviion dooc 15 large, with tizoun {ojury 2lmost
Lilling the dogs; and because large numbers of particles are involved, often

~

ac. . 2 in c_onju.;mction; it is irnprobable that the risk from disruptive porticles
an be inferred. And after all, this is what we need to know, since almost

2ll Luman exposures will invelve hot.particles acting indep_endcx}tly, and if

therc ié a risk from these part.ic:[es, it will be’additivc thréughdx‘lt the po’p\i-

lation; --there will b..e no question of a threshold burden; and tiﬁre will be

a pé:—;sibility that 2 man with an un det ec»ablé burden of a IC;\J paruc'lc:c \”*11

develop a canceir as o consagueance. Tor the cixposures ¢

pzcile with 100 disruptive particles cach «ill suffer

&~

s many tolal cancers

as 10, 000 pzople with 10 particles each, or as 100 people withh 1000 parti-

cles each.

Human experience does not give us the answer eithzr. Plutonium

-hzis been around for 25 rears, ana people have been cxposed. In-196«

3
- -~

through 1966 coniractors indicated an average total of 21 people per year

.
y

/

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

1968). Three out of four of these exposures derived from inhalation. To -
be reasonab! y nseful, the documentation of exposure must go back more
thivs 15 years, beeousie of the Tatent pericd Tor radiation indeced cancer.

T rocon! venr~ Sprese et b . A Y ey
rreeent years docwmnentotion has improved greatly, but from carly deys

-
.
-~
)
——
-
,.
"1
...

]
1

7 lillle of relevance to the hoi pactiele problem in the lung
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.Since I have mentioned moximua permissible lung burdens, you

rv-

arc awarc Lthat there is official guidance. [would lil:2 to comront o

The maximum periuissible mn 7 burden is cstablished by cquilibrating the

. 3
.

cxposure from the depo:zited radicactive acrosol with that of an cccep!l

uniform dose cf x-rays. 7The International Commission ot Radiological
i A i - e
Protecrtion indicates this may be greatly in error, and specifically states

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

.

whether, v'xtn a given mean absorbed dose, the hzolo'm'tl rigk associated

with a non-homogeneous distribution i3 greater or less than the risk re-

- . - - - . 113
sulting from a more diifuse distribution of that dose in the lung. ” (ICRP,
risk’

1966). They are cifectively saying that there is no guidance as to th

[§4)

Lo nen-homtgensous ciposure in the lung, heonce the maximum pezrmissiole

tung burden ig raeaningless for plmonmm particies, as are the ronaximum

permissible air conceatrations which derive from it.

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

the hot particle problem is not understéod, and there is nu guicdance as to

A]

- -

ti.e risk. I don't think there is any controversy about that. Let me quote
to you from Dr. K. Z Morgan's testimony in January of th year before

v

the Joint Committee on Atomic'Encrgy, U.sS. Congrcss (Morgan, K.Z.,

1960). Dr. K.Z.' Morgan is one of the United States! two mcm!.x:rs to the

rain Committee of the Internatior nal Cornmission on R vholof icz] Protec-
ticrn: ha hag been a member of the commitlice longer than anyone: and hie

15 directar of MTealih Physics Divigion al Oak Ridge Natlionad Laboradlor: 5.

e . ALEEYS . P . . P : N M
Uagvote: Vhere ove manny things aboul radiation expozure we do nst

Ca REF
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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 pointed out recently the preblems of plutonium-279 por-

ticles and the uncertainty of the risk to a man who carrics su «.h a par ticle -

. .
-

.

L. . . . T . . .t
~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

-
~ P . oo

v Yoy Yaes oot [ T PN R - L Yot
congsen tho pasiz gucction 0 wlieiher a given amount’ ol energy detiveres
&

1
¢ i

*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." (E is 1:1 M. . 1370).

ile was correct the problem has come_up again

o

In the context of his comment it is m"‘x esting to refer to the
£ ~

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

on the Bltects of Inhaled R’u.mdctw Particle s (U.S. NAS.NRC.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

itie of nueloar energy for ;"w'u production. A decads later (bt gtate-

et 2o HLTL valid, Finoidy 1ol me auols 1);

wLonoanders, Thompsen, and




-

RS
. '

o deian
N

T

1S

(
o e
¥ 3re

RN
™

KA
Y

SR

¢

1o from a paper given by tham last Octeber (Ganders, CoTo, 1970). Dr.

<3

"Baiv and his colleagues have done the most releven! plutonium oxide inha-

- lation cxperiments. "Ivonuwuiform ircadiation of the lung from deposgite

radioactive particulates is clearly more carcinogenic than uwniform expo-

c.ie {on a total-lung dose basis), and alpha-irradiation is more carcino- .
genice than beto-irradiation. The doses required for a substantial tumor

incidence, are very high, ho» cver, if measured in proximity to the par-

ticle; and, ageain, there'are no data to establizb the lo3v~incidence cend of

a dose-effect eurve. And there is no general theory, or data on which to
base a theory, which would perrait extrapolation of the high incidence peor-

B . - . . . ]
tion of the curve into the low incidence region.”

I agree and I sugges
that in such a circumstance it is‘a\ propriate to view tv'-ct’\n(h “ds with
extreme caution.

There is another ha vzardous aspect of the particulate pr oblem m
\i’hiél’x cubstanticl uncertainty cxists. In case of an acrosol depositing on

a surface, the matc ‘ial may b(_ 1csusp :nded in the air. This process is

crudely described by a quantity called a2 resuspznsion f{actor which ig re-

- T~
2 .

markable in that it scc'ms. cenerally known qnl}? tcAv.'ithin a factor of bil-
llons (Kaihren, R.L: .1968). ﬁn;‘xouhtedly it can be pinpointed sorncwhat
botter _than this for plutoni.um oxide, but the handiest way to r_lispatéh the
problemn is to say thc-z-e is some r:;'idcnce that plutonium particles become
sttnchoed jo larger parvticles end ave li:er'cfor'.':: ro longer potential accosols.
Uy

rinnntely therve ig nleo evidonee that larcge poartlicles generale acro-

[ L -.' B 1 3 1 St IE R B R - . . . *
stk tervnulense, amd ace heee blown zhont! maove readily, mned on

[y '.'
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0 pedeposited tend vo noek giall porticles free. In reladion to this,

T 1'd like to give you a lxtt ¢ subjective feeling for the hazard.  There is no

o puidanee onosurface contemiination by plidonium. Two years ago, in

‘ ‘an cffort to determine some indication of tilc_opixx-io;.xs of kuowledgeable
' ' persons with respect to environmental contamination by phuo’uum a brief
questionaire was administered to 38 selected }JRL employces (Kathren,

. . L., pri'x'ate communication). All were p.ersons who were well acquainted
with the hazards of pluto:ﬁum. The group consiseed of'IG ITazavds Control
porso*m el, prlmard) health physicists and scnio.r radiation ménitors. The
rcmainder were professional personnel from BEiomedical Division, 'Chemis.—

. tr;, dl](l Military Applications, who had cxtenéivé experience with plutonium.
) hod nothing to do with the su vey, nci was [ one of the merabers who was
" gueried.  The conjectured situation wag that their neighbor]'lo;)d had been
SR contarinated by; plutonium quide to levels of 0. 4'.fnicrocuries per square
.‘\t. - _ : .

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

tration'Dr. Martell found east of the Poc!\y Flast Dow Choemical facility

(CTartell, B.A., 1970), --and bear in mind t'nat a factor of ten i a small
A
4

diffcrence relative to the large uncertainties associated with the hazards

from-plutonium contamin ation. Several que *ions were agked. Cne was,

.

would you allow your childcen to play in it?" 36% said r’o. ‘Should these

levels be decontaminated? 897% said Yes: And to what Tevel should the
aran bhe cleaned? 5045 sidd to hackpground, zero, .ininirmu}n, or hy o
reductiion of at Teast o facto:r of 40

. This h.._' no |un found seientilic sig-

‘:’-"' N LR} ‘ $ e . ) - .
nintcancee, bul indicetes Dot many prople canveesan? of the hazard ave not




o . .'.\'127
L .
e about the levels of co:‘.tami:‘. ic encountered eant of Rochy lats.

I'inally I would like to dc.,cnbc the p;oblcm in a Iarger contex

¢ the year 2030, plutoniumn~232 hos boen ccn;ugmrux to be a major cnorgy

L

source. Commercial production is projoctnd at 20 tens per year by 7770,

11 excess of 100 tons per year by 2000. Pluionium contamination is not an  *
academic quastion. Unrless fusion reactor feasibility is demoenstrated in

the near future, the commitrment will be made to liquid metal fast breeder
. ' - .
‘cactore fueled byplutonium. Since fusion reaclors are pr esently specula=

tive, the decis )on for liguid mectal fa st breeders should be anticipated and .
phuomum '-hould be considered as a major po'lutant of remarkable toxicity

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

the commitment it is Imperative that public hoolth agpects be carelully ond

honesly defined prior to active promotlion of the industry. ‘I'o live sanely
with plutonium one rnust appreciate the potential magnitude of the risk, and

gainat all significant hazards.

be able to 1nonitor a
An indeterminate amount of plutonium has gone off sile at a major

freility 10 miles uvpwind from a metropolitan areca. The loss was unncticed.

iy =~

The origin is somewhat speculative as is the ultimate deposition.

. \,
“T'he health ynd salely of public ard workers are protected by a ’
sct of standards for plutonium :tck.nowlcdgcd to h.(r mc;miugléss. -
Such things m:«:k'c a fravestly of pu.nhc h(.alth and xmf;(, ssérious
queslions aboul a hurried acceplance of nucleor an-x';;j'.

)"! R Ao ol

fﬁ«&éfm %,71:3., :
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LOLS (Mr. A.Futral) 4 March 1975

MEMORANDUM FOR RECCRD

SUBJECT: Interagency Policy Meeting - Encwerak Cleanup - DNA - 25 February 1975

1. The meeting was held at DNA Headquarters on 25 February 1975 at 1400 rfor
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, Enclosure 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. Dermands 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.

& statement which erzhosized his
belief that a consensus Lxlstcd among all the primary agencies arter the

adophlou of the radiological cleanup standards provided by AEC upon pubiication
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 elewments of the cleanup plan. He reviewed tie 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 him

to consider whether 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 infezsible, He peinted out he must make an early decision

to be ready to testify before Congress (some hearings to start o/a 12 March)

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

in reaching his decision. ile 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.

3. Genzo.l Zohocon ~".“'_"”4 th. 'i""“‘" with

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 ot
$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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LGLS
SUBJECT: Interagency Policy Meeting - Enewetak Cleanup - DNA - 25 February 1975

6. Genevral Graves vespordcd ' caving he saw e nreblem with the arotor
disposal. He ~orcieility of leawing from the o-uter ann Tl
the effectiveness of contairnent within the crater could be a problem. e added
that ERDA had felt from the verv beginning that if it were not for tha ocenn
Lol Li o WCail ve llL\‘;x:-_-Ls e, '~'..~.'-.;:, Ll e

i saving an Lwportant cousideraticon Fo ooty o oo

')‘l l.i'w' \Ag‘. i
crater entunum;a:
it has to be done.

7. General Johnseon next asked "Isn't radioactive material leaking out o
creter now?'" It appeared tnat overvene realiced that it was.  General Grives
responded ""that the enterirent of the hazardous material would better an
existing situation, 'and that he saw the real sensitivity of the method will
surface at some period dcwnstream, a possibility we shouldn't ignore. He said
would be more of a specific design problem for the entombment than anything
else,

8. Dr. Mills, EPA, thought that entombment was the way to go in disposing of

the radiocactive 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 generallv noc

in favor of ocean dumpingz. iHe pa*eqt“utlcallv stated that he was not saving that
it was impossible to set an ping permt, but was pointing out that ic
would be time conaumine and o< i=trzeively tedalous, since prior approvei nusd

be cbltalned oo uas dWon S LT SHovoauires o detailed studv of tae
v coed .

r

- . P - . ey TN N To e e EER
S Ll Ll LLelCLoTmaoocon e ..

e nenticned vhat contominants whuere ~laced in the deep ocean were logt Irews

cenirol. fie furfther statoed that A suoz crater disposal as offering tne
feasible way to 5o since it permits recoevery. le said they were not asking
v for absolute containment; and that there had been some misconcepticn in ti2

’

past concerning a requirement for containerization for a period equal to -+ or
5 half lives of the contaminant dumped. iie understood that placing the nmirer
in the crater could result in sons coqtrihwtion from that scurce which wuul
an add on to the ERDA dose cowmputations. iHe considered that the reLatl‘
amount by which the calculated radiaticn dose should pe increased would bu
exceedingly small, providing his unaerst:ndinq of the scheme for placing rthe
‘contanminants ia the Sorm ~fF o catriz in the cratoer w=as covreon. Clu
expressed the cpinion th.r zne o : would constitute reascenaii.
containment., Dr. Mills said that ZPA zees no reason for changing the sug]
method of crater entombment.

ial

joX ¢

[

he

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

D rt

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

addressed in creat detail in formulating the ERDA recommended standards.
cited as on exannle the hard line initially fowen by a roreiuyn power in

o somevitat siziioy situation.
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SUBJECT: Interagency Policy Meeting - Enewetak Cleanup - DNA - 25 February 1975

1

1l. CGeneral Johnozn ot this so.nt ashed che guont o = "Poowe still have a
consensus on tha SLC/DTLA Jt.‘udrggf" Thiz pubsyien was evoked by v orariss
attributed to Roger Ray, ERDA/HVCO, that the standards adopted might not stand
up. General Graves exnlained that there was no problem at ERDA saving, "V

vC’ re
still togetner at LRUA cud W~ila supporl your sosition.

12, Dr. Mills told about the EPA initiatives to set cleanup standards for
plutonium. He stated public hearings had been conducted which amcng other
things had heard the pro onents of so called hot particle theory reazrding
the high prODuullluy of cancer scourrence frew i gestion of pluteniul poriizlics.
Dr. Milis thousho ohe Pd nroponents of ChlS theory had presentea had
been rebu;tcd suc;evsruin with information nrovided by ERDA. He added that
. EPA policy was that such standards must now be examined on a case by case
P basis and <hat TPA zoes alon:y with the ERDA standards provided for the
— Enewetak cleanup.

+

13, In reference to the need expressed by several commenters on our DEIS

for followup studies on uptake of radioactive materials Mr. Deal stated that

such studies are already in progress at Bikini and Enjebi by ERDA. He also

rmade a pitch for a research project wnich would seek a means of simplifving

the cleanus of plutcnium by its separaticn from the surrounding soil. e zaid

he had tadhed to llr., Iasles who wios willing to Jook at a proposal for suon
R N Coonde e aoardcdpanion, Jenerad

- TR FU O S S N P4

aspeots Or une pucple’ s resectlemoint,

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

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

Mrs. Mitcheall, -

15. General Jchnson briefly emphesized that he considered ERDA as the scurce
of radlologlcal experts for the cleanup team =nd expected them to furnisu the
necessary information to respond teo any objection or criticism pertaining o

che cleanun suzas:i s as well as monitoring cvposures of the retusnitn 7o io,

16, HMr. Brown, DOIL, said he had left the last two meetingzs with a feeling

tnat disposal of the FRAD material bv cratering was not & viable sclucticn and

was delighted with witat he nad heard today und added D01 wanted to go ahead

with the project as rapid as reasible according to current plans. He then
discussed DOI's intention to retsin a "hold harmless' clause in the apprcpriaticns
bill. He thougiht this would have the effect, if passed into law, the >frﬂ1"

it Ty

voice of the Congress serving notice that "we are doing this much and tnuL s it.”

17. General Jchnsen then stated that if we are going with our request to
Congress this year, it appears that we must go with what we now have ona provide
any more detalled information they may desire.
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18. Mr. Drake that care be taken in supporting crater cntombment

to not mrajudice sicpozal mo cowan aumpine in the future should it be neces,ary
to resort to Lt. .e saw the int cgrity of the ccncrete mass piaced in the Srator
as being a central question and suggested we be prepared to defend the design

i1 ocourt. 7 AR s 1 oThat ETDA nsd erpersionnte fn o defondins ooion

on the effectivencss of cceuntajners and indiczred they were often the pelint oI
attack,

19. Mr. !aher, ERDA, asked who would be responsible for its custody and the
monitorins of tho crater ontombnent in the future. It was pointed out thoac
Runit was now under quarantine and any decision as to who ygoes bacwk and when
a8 well as precautionary measurcs including monitoring woulu be decided
downstream.

20. General Johuscn reminded everyone that this was a project of the U.S
Government with reoponsibilitics assigned several agencics ond aszied thatc
there be no effort to make a clean separation between DNA and ERDA on the
cleanup but reccgnized both have closely interrelated responsibilities.
General Graves at this point stated he was in complete agreement with this,

21. General Johnson then asked "hether or not the route we now proposed would

lead us into litigztion. lr. Draxe responded that this was a cucesticon no ond
could answer vith certainty, v, Jrahu pelroves our prearam would ke abloood
Policy act. Mr. Orose sieted, 10 is alce to wnow that iz the oovernooant

kad to go into court it would be on a unified hasis,” reiferriug Lo the
agreement shown ov the principais at this meeting. He added that the 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 resulc (rom o ccurt case. Mr, Drake thought as such s
Lwo years. GCeneral Johnsen said that he proposed to meet with Mr, Mitch
and tell him that if ne deraudq DNA to go for a $190M project (Case V1,
will kill the project. General Johnson expressed the feeling that he fe
rally ublirated to push Jor the nroject evon if Mitchell serves notic
he wouid figiht 7or such =n sgonable durvee of cleanup., ool Usith, U1
of Micronesian Status Neyotiations, stated that there was a necessity
retain reasonableness to the project if it was to get by Congress.
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23. General Johnson stated on the basis of the discussicns at this meetig,
DNA would press ahead with the final EIS, seeking all the help we can ot ¢
ERDA. Also, he will go to Honolulu and discuss our position with Mr. itchell
and seek an accommodation with him. He invited representatives of the 5OI
ERDA, and EPA to accompanv him on his trip which would be during the week
of 17 March. He requested that Mr. Drake accompany him.
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24, 1In closing T2naral Jeohnson ctated he was grateful for the attendance cf
the eepri into ity 23 Ll ol teing angd et Leowr o LImelderablw hadartoeoed

that the cunscasus on the suporcant 2lements of chis project suill exzisred
and had been reaffirmed here today.
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ENEWETAK PROJECT POLICY MEETING
Feb. 25, 2:00 PM
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