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ENVIRONMENTAL PROTECTION BOARD
; Division of Environmental Health
| Department of Health Services
3 Trust Territory of the Pacific Islands
Saipan, Mariana Islands 96950

Cable Address TTEPB Salpan

" ight Pollation
77§akbnufyou

save may be your own”

October 15, 19Tk

Warren D. Johnson
Lieutenant General, USAF
Director

Defense Nuclear Agency
Washington, D.C. 20305

Dear Sir:

Mazao Kumangal, M.O.
Chairman

Gilbert C. Ada
Vice Chalrman

Kikuo Apls

John lou

Demsl O. Otobed
Tawn Paul

Eusebio E. Rechucher
Moses Samuel

James R. Wheeler

Enclosed are comments prepared by the Trust Territory Environmental
Protection Board's Technical advisors in response to the Draft
Envirommental Impact Statement - Clean up, Rehabilitation, Resettle-
ment of Enewetak Atoll, Marshall Islands - prepared by Holmes and

Narver, Inc. for the Defense Nuclear Agency.

I was pleased to have one of our Board members and a representative

of our technical staff in attendance at the hearing on Enewetak Atoll.

I sincerely hope our comments and technical recommendations will assist
in the drafting of the Final Environmental Impact Statement and speed

the safe return of the dri-Enjebi and dri-Enewetak to their traditional
homeland.

Sincerely,

/%/7 ~Es /ﬂ:{rﬂ(g e

Masao Kumangai, M.O./
Chairman, TTEFB

enclosure

ce: High Commissioner
Special Asgistant for District Affairs, TIPI
Micronesian Legal Services Corp., Saipan
Micronesian Legal Services Corp., Majuro
District Director of Health Services, Majuro
Stanley Carpenter, Office of Territorial Affairs,
Dept. of Interior, Wash. D.C.
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COMMENTS TO THE
CLEAN-UP, REHABILITATION, RESETTLEMENT OF ENEWETAK ATOLL

MARSHATL ISLANDS

DRAFT ENVIRONMENTAL IMPACT STATEMENT

The Trust Territory Environmental Protecticn Board has reviewed the
Draft Environmental Impact Statement on the "Clean-up, Rehabilitation,
Resettlement of Enewetak Atoll--Marshall Islands," prepared by Holmes
gnd Narver, Inc,

The Draft Statement satisfactorily addressed most of the various environ-
mental, social,cultural and political aspects of the return of Enewetax
Atoll to the dri-Enjebi and the dri-Enewetak veovple., The particiration
and support of the Enewetsk Plenning Council in preparing the Impact
Statement and Master Plan has produced a document which addresses itself
to the particular needs and requirements of returning these people to
their traditional homeland.

In the opinion of the Board's technical staff, Cese III represents the
most practical and realistic spproach to the proposed clean-up, rehabi-
litetion and resettlement program. Specific technical comments will be
addressed in Section 2,

Section 1. The need for an Environmenté.l/Health Education Program,

Two areas that are of primary concern to the Board do not appear to be
adequately addressed 1in the Draft Environmental Impaect Statement or the
summary, nor does the Board feel they were adequately discussed during

the hearing on Enewetak Atoll. They involve the full understanding and
education of the dri-Enjebi and dri-Enewetak with respect to the concept

of radiation poisoning and the real or potential effects of somatic arnd
genetic inJury as a consequence of long-term exposure to excessive radiation
levels.,

The Board's concern or doubt is based upon the overall concept of radiation
and the vocabulary and terminology associated with isotopes, dosages,
occurrence in food chains, etc., We question whether or not the Marshallese
translation presented at the Hearing (and summarized in the DEIS) provided

a complete and thorough enough understanding of the potentisl hazards involved
here, with respect to the various living, food-gathering and agricultural
restrictions which will have to be imposed, should Case III be elected,



The Board does not question the competency of the translation during the
hearing; rather it addresses itself to the concern over words and phrases
not translatable intc Marshallese. The delegation from Ujelang indicated

it understocd the imposed restrictions and the rationale behind those
restrictions. However, the subjlect matters of nuclear physics and radiation
biology are extremely complex.

Poisons of various types are not unknown in the Trust Territory. In early
times poisons were used during inter-island warfare, Even today, poison is
occasionally used to "settle" disputes in cases of land ownership, Jealousy,
sibling rivalry and inter-clan disagreements. The use of traditional poisons
in the taking of fish and other marine rescurces is still common in many
districts of the Trust Territory. It would be logical for a given cultural
group to associate radiation poisoning with their traditional poisons;
however, the effects of low level radiation doses spanning a perlod of

many years are far less obvious or understandable than the overt { and
traditionally known) systemic responses to traditional poisons.

The Board strongly recommends that a comprehensive training program be
administered to the dri-Enjebi and the dri-Enewetak, their Marshallese
legal council, Health Services and other governmental officialig, Movies,
slides and educatloral booklets should be developed {in the vevnacular)

to adeqautely explain the ccncept of radiation and radiation poisonirng,
radiation induced genetic mutation, "normal" backgrourd radiation,etc.
Documentation of the radiation exposures or injuries suffered in Rongelep,
Uritik and other atclls in the Mershall Islands during the nueclear wespons
testing period should also be depicted as factually as p0551ble. The
objective should not be to frighten, but to inform.

The Board strongly feels that only through a comprehensive educational
program could the dri-Enjebi and the dri-Enewetak safely return to Enewetak
Atoll. Fuller and more complete understanding of these concepts should
engender in the people voluntary cooparation regarding restrictions on
their life-~style which the Board feels would be far more successful thon

enforcement by outside agencies such as the Atomic Energy Commission or
the military.

Section 2:
1. Disposal of non-radicaclive scrsp and debris (Section 5.5, page 5-h6.)
a. Combusiible materiels

The Board does not forsee envirommenial problems reswlting in the
burning of non-radioective combustible scrap and debris, The Boord
takes Lhe pocition that the ash represents & substantisl mineral
resource and recommends that the ashbes be utilized as a soil condi-
tioner in areas lacking adzquat- soil and/or used as e soil condi-~
tioner in aress that have been covered with concrete or asphult

for muny years and moy lack certain minerals or trace elements

that would normnlly be present in the "undisturbed" state. The
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proportionally small cost of this sxtra effort could conceivably
be bpalanced by increased soil fertility and faster recovery of
of natural flora and/or agricultural crops.

Non-Combustible materials (Section 5.5, page 5-U46.)

The Board suggests that the non-radicactive scrap and debris
(concrete, steel etc.) represents another potential resource

to the Enewetak people, if utilized properly. In this regard the
Board suggests that with proper research and planning the scrap
and debris could be effectively utilized to create artificial
reefs within the lagoon. These materials might be used most
effectively if introduced in areas deficient of natural "reef"
environments, in expanses of unconsolidated sand or in areas

where entire reef ecosystems were destroyed as a result of
nuclear testing. The creation of artificisl reefs from materials
that might otherwise be indiscriminately dumped into the lagcor could
provide a stable substrate for the development of new reef environ-
ments and the flora and feuna associated with such environments.
Thus, if properly marked and located, these areas at some point

in the future could potentially yield commercially valusble marine
resources, To this end, we recommend that appropriate agencies

be contacted and studies performed to explore the feasibility

of establishing of artificial reefs within the Enewetak Lagoon.
These 1nvestigations should include measurements of current flow.
in the lagoon, productivity determinations, ecological sueccession
patterns, potential for ciguaters poisoning, and habitat require-
ments for reef fish and invertebrates and commercially valusble
marine resources.

Disposal of radioactive soil, scrap and debris - discussion of
alternatives (Section 5.5.2, subsections 1-L.)

1.

3.

The packaging of radicactive soil, scrap and debris for shipment

to the United States for disposal would reflect the expressed
interests of the dri-Enjebi and the dri-Enewetak., However, aside
from the cost (and assuming the required Congressional appropriation)
the legsl remifications would preclude this alternative from being
practical, The time involved in lengthly legal proceeding would

not to ba in the best interests of the Enewetak people.

Deep ocean dumping might be practical from a cost standpoint, but
could potentially result in unpredictable ecological consequences
of untold magnitude.

Utilizing one or both craters on the north side of Runit Island
for disposal of radicactive materials is the favored means for
disposal, as presented in the Draft E.I.S. However, the D.E,I.S.
does not discuss any supportive data which would describe the
feasibility of the proposal from an engineering or geological



standpoint. The Board expresses concern on the justification
of this alternative on the basis of no reported feasibility
studies having first been conducted., Can these craters actually
be "Pumped out" and "lined" with concrete? In the finel E.I.S.,
attention should be directed toward engineering design as a
function of the geological history of Enewetek Atoll, impact

of typhoon or tsunami, structural integrity of concrete versus
other 1ining materials, porosity of ancient corals, and environ-
mental consequences and remedial or clean-up procedures in the
event of a crack or legk in the craters or-their linings.

wlfn



DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE

OFFICE OF THE SECRETARY
WASHINGTON, D.C. 20201

NOV 151974

Lt. Gen. Warren D. Johnson, USAF
Defense Nuclear Agency
Washington, D. C. 20305

Dear Sir:

We appreciate the opportunity to review the draft Environmental
Impact Statement for the proposed Cleanup, Rehabilitation, and

Resettlement of the Enewetak Atoll - Marshall Islands. On the

basis of our review, we offer the following comments:

5.3.3.1 Control of Food Sources

The results of a radiological survey show high levels of
contamination on the northern islands and low levels of
contamination on the soutern islands. This high level of
contamination is of significance both from the standpoint

of external exposure and from the uptake of the radio-
nuclides by plants as well as by indigenous fauna which

if eaten would result in internal dose and deposition of
radionuclides. Radiological surveys on Enewetak have

found evidence of uptake of cesium-137 and strontium-90,
among other radionuclides, in indigenous plants used for

food including coconuts, pandanus, breadfruit, and tacca
(arrowroot). The surveys also report radionuclies in

flesh and organs of indigenous fauna such as terns, rats,

and land crabs. Presumably domestic animals such as

poultry and swine would, if they foraged on indigenous
radioactive plants, also show uptake of these radionuclides.
If the driEnjebi faction of the Atoll population are to live
on the northern islands and particularly the island of
Enjebi, care would need to be taken that the pandanus and
breadfruit are grown in non-radioactive soil, either on the
southern islands or imported from elsewhere. The alternative
would be to provide farm plots for pandanus and breadfruit

by removing existing soil and replacing it with non-radio-
active soil in sufficient volume to contain the roots of
these plants. The removal and replacement of soil to

create these farm plots is of questionable and unproven
value, since sustained land removal and replacement operations
could result in serious ecological damage of unknown proportions.
Also, there is no guarantee that sufficient soil could be
removed and replaced to assure radiological safety of residents
who would be eating plants grown on these plots.
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5.6.1 Dose Estimates

It is unclear as to whether the dosage estimates include
contribution of potential ground water supplies such as
brackish or fresh water wells. While it is clear that

the use of grossly contaminated supplies would be precluded,
estimates of potential added dosage from these sources

in the southern gquadrant should be made.

As noted in the statement, the implications of concentra-
tions of cesium and strontium in bone marrow by ingestion
routes is an item of considerable concern. However, it
is unclear from the draft statement if the mortality rate
shown in Table 5.14 (page 5-60) includes the effect of
doses to the bone marrow.

6.1 Selection of Cleanup Case 3

As stated, the selection of Case 3 is preferred as the
most favorable mode of resettlement. Inherent in this
choice is the restriction of the inhabitants to residence
in the lower half of the Atoll, with limited use of the
islands in the northern guadrant. This implies as a
minimum self-discipline on the part of the inhabitants
with respect to public health and safety, i.e., exposure
to the on-site hazards in the northern islands. The
proposed plan should delineate control or quarantine
measures to be implemented and enforced over a specified
period of years.

7.2.4 Community Center Development

We found very little information contained in the statement
addressing the long-term, on-going, health services following
the initial phases of the resettlement. Continuing health
services should be included in the preliminary planning in
order to receive maximum benefit from the facilities and to
establish, insofar as possible, some patterns of health
service delivery early in the process. There is no
indication as to whether the TTPI will have a medical officer
on the Atoll. If so, would he have the responsibility for
health education, particularly radiology? We note that the
TTPI currently has a significant health manpower shortage:
MD's, nurses, medics, etc.
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Remote communities in other districts of the Trust
Territory are generally served by a sub-professional
health aide with training similar to that of a U.S.
Navy Hospital Corpsman serving a small ship or outpost.
Ideally, this aide should have at his disposal a supply
of drugs with a very simple numbering system. Reliable
radio contact with the District Hospital is essential
so that the aide can communicate with physicians in
case of an emergency. Periodic visits by a physician
and other health professionals are important in order
to update the aide's training and to replenish his
supplies.

Prior to relocation, all persons should receive physical
examinations, necessary immunizations, and have their
individual health records prepared or updated.

Should radiation sickness cases develop, is the Majoro
Hospital (or Kwaplain Base) prepared to treat them?

In addition, the statement indicates that two small
dispensaries (2 room-2 bed) with health aid quarters

will be located on Enjebi and Enewetak. However, it

is also stated on page 7-10 that "Since development

of the Master Plan, it has been shown that it is
impractical to...develop Enjebi until such time as it

can be shown to be safe." Will the dispensary serving
Enewetak be enlarged to adequately care for the people,
and/or will an additional dispensary be located in the
southern quadrant? In general, much more attention needs
to be given to addressing the provision of health services,
particularly long-term requirements of the population of the
Atoll.

7.2.5 Utilities

With regard to water supply, the statement indicates

rain catchment-cistern utilization as the primary potable
_water source. The statement also projects potential
curtailed water availability at the end of the "dry season".
The inventory of Atoll resources includes a 43,000 gal ,Aday
distillation plant which may be put to limited use. Could
this resource be made available for use to augment the
Atoll's potable water supply? Further, the use of brackish
wells as a limited water source is suggested in the statement.
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The feasibility of using ion-exchange, reverse osmosis
or other presently available techniques should be investigated
for water supply augmentation.

The housing and community development plans project the

use of privie-septic tank-drain field installation for
disposal of domestic wastes. While placement of such
installations will be carefully considered, the possibility
exists that effluents may enter the usable water table,
posing potential for contamination of the existing water
lens. Therefore, we suggest that a definitive sanitation
program be implemented for continued monitoring of the
usable water supplies and maintenance of disposal installations.
A recently developed small scale aerobic digestion unit

may be a possible alternative to the septic-drain field
concept. We recommend that the feasibility of utilizing
this concept be studied.

With regard to 7.2.4 and 7.2.5 mentioned above, the
Health, Sanitation, Education, and Social Service section
of the 1973 HEW/Interior Task Force Report on the Trust
Territory of the Pacific Islands should prove a useful
reference item.

8.6 Impact of Base Camp Sewage Disposal on Human Health

Sewage outfall lines would best be located to flow into
ocean waters rather than the lagoon, because of the
possibility of disease transmission through consumption
of raw or partially cooked shellfish or other marine
organisms contained by partially treated raw sewage.

The assumption that raw sewage will be flushed out of the
lagoon by ocean currents is apparently based on speculation
and observations of the dispelling of solid wastes from
the lagoon by this method. Isolations of pathogenic
organisms from similar lagoons in the Trust Territory
suggest that these waters may become contaiminated even
under low volume dumping.

8.11 Impact of Pesticides in Base Camp on Human Health

It is stated that chlorinated hydrocarbons will not be

used for pesticide control, but organic phosphates would

be used only in the required quantities. The concerns

seem to be focused on the environmental residuals. However,
some concern should also be focused on the toxic effects

to the workers applying the pesticides and to people in

the general area. EPA, NIOSH, and USDA are establishing
some feasible standards and/or work practices for persons
using pesticides.
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8.16 Impact of Blasting During Cleanup - Human Health

The draft statement indicates that all kinds of shellfish
may be consumed by the people populating the islands.

It appears the best shellfish growing site in the lagoon
is the blast area. Because shellfish tend to concentrate
pollutants, including radionuclides, we believe extensive
sampling and testing (for fission and activation products)
should be undertaken before any shellfish growing areas
are harvested.

8.22 Impact of Toxic Materials Encountered During Cleanup

We note that beryllium contaminated materials will be

disposed of along with the radioactive material. However,

no mention is made concerning the safeguards needed for

the workers conducting the cleanup. Occupational health
experience dictates that some degree of expertise is

needed in controlling the exposure of workers to beryllium.
NIOSH has put out a criteria document which deals in part
with control of worker exposure to beryllium and the USAF

has had extensive experience with decontamination of buildings
where beryllium was being machined. ‘

8.26 Impact of Noise During Rehabilitation and Resettlement

We found no mention in the draft statement concerning
the impact of noise levels effecting workers and people
on the Atoll during the rehabilitation and resettlement
activities.

Summarx

Based on information contained in the draft statement, Ujeland
has a total land area of 429 acres and Enewetak 1760 acres.
Enjebi has a land area of 290 acres. The islands of Enewetak,
Medren, and Japtan have areas of 322 220, and 79 acres respectively
for a total 611 acres. This latter area would appear to be
ample and certainly an improvement over the current conditions
on Ujeland for the resident areas for all of the Enewetakese.
The southern islands which have very low residual radioactivity
have a total area of 804.68 acres. This makes an additional
193 acres available over and above the resident islands acreage
which could be devoted to unrestricted agriculture use. In
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addition, there are 524.31 acres in the northern islands
which have intermediate levels of residual radioactivity
that are judged to be suitable for raising coconuts.

Based on all of these considerations, it appears that from

a cost-benefit standpoint the use of Case 3 would be the
optimum solution to the question of resettling the Enewetakese.
On the other hand, if the driEnjebi would be extremely
dissatisfied under these conditions, political and social
indications may be such that they should be allowed to resettle
on Enjebi, thus necessitating the use of Case 4. 1In this
instance, the annual dose to individuals would exceed the

AEC limits, but would be below tho=e set by the FRC (whole

body 0.35 rem/year vs. 0.5; bone 0.975 rem/year vs. 1.5;

and bone marrow 0.3 rem/year vs. 0.5). It would leave a
residual of approximately 140,000 cubic yards of contaminated
soil and/or soil and radiocactive debris to be disposed of
other than that which could be achieved through crater dumping
or crater containment. It would very likely require indefinite
storage of soil on the island of Runit until suitable methods
of disposal could be developed and agreed upon.

If the technigque of crater containment is finally judged to

be feasible, it should provide a reasonable degree of protection
from the stored radiocactive materials. One then might consider
utilizing an additional crater to contain the residue of
radiocactive scrap and soil as mentioned above. This would
require a cube approximately 73 feet on a side and 73 feet
deep. With the apparent relative insolubility of the residual
plutonium and fission products in this material, relatively
small leaks into and out of a structure of this sort as well

as that from sealed craters would appear to present a minimal
hazard.

Thank you for the opportunity to review this draft statement.
Sincerely,

Charles Custard
Director
Office of Environmental Affairs



DEPARTMENT OF TRANSPORTATION
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Director
Defense Nuclear Agency
Washington, D. C. 20305

Dear Sir:

This is in response to your letter dated 3 September 1974 addressed to
Office of Marine Enviromment and Systems U. S. Coast Guard.

The concerned operating administrations and staff of the Department of
Transportation have reviewed the material submitted. The Coast Guard
commented as follows:

"The U. S. Coast Guard will be required to maintain a LORAN Station
on Eniwetok Island until at least 31 December 1977. The DNA contractar
is currently providing the Coast CGuard with sleeping quarters, all meals
medical services, electrical power, communications services, fuel and
vehicles. Should any or all of these services be terminated, it will
be necessary for the Coast Guard to replace them with some probable adverse
impacts on the enviromment. Among these impacts will be:

(1) An increase in personnel assigned from 10 to approximately
16 to 20.

(2) Construction of sleeping quarters with cooking and dining
facilities,

(3) Installation of diesel powered generators and fuel tanks
with 180,000 gallon capacity. Enlargement of the present power
building will also be required.

(4) Installation of additional communication equipment and
associated antennas.

While these are contingency items and their environmental effect would

be small in comparison with the overall project, they should be addressed
in the final EIS. Mention of the LORAN Station should be made in the
'Enewetak' (Eniwetok) section, page 15 of the summary, and appropriately
in the text of the EIS.

"The basis for calling the atoll and the island 'Enewetak' vice
.'Eniwetok' should be reviewed.



"In the summary, the third sentence of 'Phase 3 - Resettlement' on
page 3 contains a phrase 'that the living patterns of the people conform
to the limitations recommended....' Out of context this phrase could be
offensive, i.e., natives are being asked to change their culture to adapt
to recommendations of the American Govermment. It is recommended that the
phrase be reworded to avoid any 'Ugly American' connotation.

"The elements of sewage disposal and ocean/lagoon water quality should
appropriately be commented on by the EPA, (NPDES)

"Section 8-23, DEIS text, states 'standard radiological safety
procedures will be practiced during the cleanup operation.' Undoubtedly
AEC will govern this aspect. It should be mentioned in this section,
however, that the transportation of radioactive material by vessel, such
as to a remote disposal site, will be so accomplished in compliance with
current regulations (46 CFR 146.19).

"In a telephone conversation on 12 December 1974 between Mr. M. E.
Stevens of your office and Commander L. Y. Wald of my office, the impact
of the termination of the contract was further discussed. The point of the
discussion was that it should be emphasized that a possible two year lead
time would be required to obtain the equipment necessary to duplicate the
services now being supplied by contract. It is the Coast Guard's grave
concern that should the services to the Loran Station on Eniwetok Island
be terminated, the outage of this station would affect the entire Pacific
Ocean Loran net."

The Department of Transportation has no other comments to offer. The final
envirommental impact statement, however, should address the concern of the
Coast Guard.

The opportunity to review this draft statement is appreciated.

Sincerely,

D 2. CHAN

W.E. CALDWELL
Captain, U. S. Coast Guard
Actiiz Chief, Office of Marine
Envirorment and Systems



UNITED STATES
ATOMIC ENERGY COMMISSION

WASHINGTON, D.C. 20545

pEc 9 BM

Warren D. Johnson
Lieutenant General, USAF
Director

Defense Nuclear Agency
Washington, D. C. 20305

Dear General Johnson:

This is in response to your letter of September 3, 1974, transmitting to
the U. S. Atomic Energy Commission (AEC) the Draft Environmmental Impact
Statement (DEIS) prepared under supervision of the Defense Nuclear Agency
(DNA) for the proposed cleanup, rehabilitation, and resettlement of
Enewetak Atoll,

We have reviewed the Statement and are providing the following comments,
and the enclosure of supporting comments for your consideration in preparing
the Final Statement for this proposed action:

In general, the DEIS reflects a careful and thorough study of the
possible cleanup of Enewetak Atoll and the future return of the people.
We agree that the Case 3 approach, as presented in the DEIS, should be
the preferred option for the cleanup project. This approach is based
on successful past experience, appears to be feasible, and ensures

the health and safety of the people insofar as practicable. Further,
the quantity of material requiring disposal is more manageable than

in Cases 4 and 5, and the residual levels of contamination would not
appear to be hazardous judging from present knowledge of contaminated
levels in soils.

The presentation of the AEC radiation exposure criteria is satisfactory;
however, the term ''standards,' as used throughout the DEIS is inaccurate
to describe the AEC criteria and should be replaced by the word
"guidelines." While these radiological criteria are based upon current
national and international standards (see AEC Task Group Report, Volume II,
Appendix B) we view them only as guides for the Enewetak cleanup project.
The AEC Task Group report clearly indicates that ad hoc guidelines,
derived from the existing recognized standardsswere required and formu-
lated for the particular conditions existing at Enewetak Atoll and because
future human habitation was planned for there. We further note that the
plutonium guideline numbers, while having no particular scientific basis
for establishing a standard, appear to be reasonable for the particular
conditions existing at Enewetak Atoll.
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Dose estimates for use in the Section 5 matrix presentation (Volume I)
should be those provided in the AEC Task Group report, not the estimates
in NV-140 or estimates derived from equations presented in NV-140. The
Task Group report presents estimates of maximum annual exposures for
individuals considering the most sensitive members of the population, and
estimates of 30-year exposures for population groups living in various
parts of the Atoll. The NV-140 survey report does not contain all of
these estimates, It is recommended that Tables 5-11, 5-12, and 5-~13 be
deleted, that Sections 5.6.1.1, 5.6.1.2 and 5.6.1.3 and Tables 5-8,

5-9 and 5-10 be revised using information from the Task Group report
(Appendix IV, Section B, Volume II). It is also recommended that doses
for bone marrow, not bone, be used in all tables presenting maximum
annual marrow criteria, and that AEC estimates of 30 year and maximum
annual doses for Belle, the island having the highest predicted doses,

be used for Case 1 wherever this appears instead of exposure estimates
for an average individual for the entire Atoll. Estimates of exposures
averaged over the entire Atoll are not meaningful and should be deleted.
Further detailed discussions on these points are presented in the enclosure.

With regard to Section 5.3.1 on biological risk, the BEIR report estimates
represent upper limits of risk. The risk at low dose rates may be zero.
(See paragraph IV, page 88, of the BEIR report.) It is recommended that
estimates of risk in Table 5-14 be presented as upper limits and a
footnote added indicating that at low dose rates the risk may be zero.

The risk estimates should be recalculated to account for revisions needed
for estimates presented in Table 5-8 in calculation of 30-year dose.
Further, based upon the suggested revisions for the 30-year and maximum
annual dose estimates, a revision of Table 5-16 is in order to reflect
these changes.

The arguments presented in the statement opposing ocean dumping of
contaminated wastes are in our opinion weak and unconvincing. The
"difficulty of obtaining a permit and certainty of international com-
plications,"” whether true or not, are insufficient grounds for rejecting
ocean dumping as a viable waste disposal option. We note that the
International Atomic Energy Agency (IAEA) Board of Governors' document,
GOV/1688, of August 7, 1974, discusses in draft form the provisional
definitions and recommendations concerning radicactive wastes ocean
dumping. This document is in relationship to the responsibilities
entrusted to IAEA under the Convention on the Prevention of Marine
Pollution by Dumping of Waste and Other Matter. For Case 3 in the
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DEIS, even if one assumed that 79,000 cubic yvards of Atoll soil
containing an average of 1 nCi/gm of Pu?39 yere dumped into the ocean,
it would represent only about 75 Ci for this one time action. This is
far below th% 3pper disposal 1limit of 1010 Ci/year for alpha wastes
(based on Pu 3 ) in GOV/1688.

Without necessarily advocating ocean dumping, we note that it is
considered by some to be the best solution to this problem and one of
the least costly. Indeed, the ocean water already has a certain access
to the plutonium in Enewetak Atoll and disposal in the deep ocean would
only represent removal of the plutonium to a safer marine location which,
because of its remoteness, would minimize the chance of human exposure.
We therefore recommend that the pertinent sections on the DEIS be
rewritten to leave the ocean dumping option open. Furthermore, we belleve
that return of this debris to the United States for burial would be
unacceptable and that burial on an island in a concrete-capped crater
would require periodic followup that for practical purposes would last
forever. Specific comments related to ocean dumping and encryptment

are included in the enclosed Staff Comments.

In the discussion of the "Impact of Blasting During Cleanup'" (Section 8.16)
it is not clear whether these blasting operations will open new channels
that would pass completely through the reef from lagoon to ocean. If

this is in fact planned, we would object in principle and would need to
see much more information on the expected impact of new openings in the
reef on the ecology of the Atoll.

As a matter of policy beyond the scope of this Statement, we recommend that
the last sentence (lines 18-20) on page 5~35 of the fourth recommended
study be deleted, since it is not germane for any environmental statement
to address detailed responsibilities of other agencies which have not

been formally agreed upon.

There appears to be some misunderstanding regarding Storage on Runit
(Sections 5.5.2.5, page 5-48). As presented in the DEIS, it is indicated
that as an intermediate step, contaminated soil will be stored on Runit
pending a study and recommendation by AEC as to its ultimate disposal.
AEC is not committed to provide any additional recommendation on the
ultimate disposal of the contaminated soil. The disposal of debris is

a DNA responsibility. The only open question is whether or not it may
be feasible to reduce to some degree the amount of contaminated material
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to be disposed by removing some of the plutonium from the soil. Whether
such reduction is economically sound would depend on the final disposal
method and its associated cost. Should deep ocean burial be the chosen
method, the removal of plutonium from the so0il would not be a cost
effective action. 1In recognition of the above points, DNA should plan
its cleanup and disposal actions as if no additional guidance from AEC
may be forthcoming. Any results of a further AEC study to determine the
possibility of reducing the volume of plutonium-contaminated material
should be viewed as an added benefit. '

Our discussions with staff of the Department of the Interior during the
September 1974 visit to Enewetak Atoll indicated that a group of people from
Ujelang Atoll will be allowed to return to Japtan Island before cleanup
operations begin. In a July 18, 1974 letter to the Department of the Interior,
AEC presented its views on the safety aspects of any proposed early return of
people to Japtan., We view an early return as a significant step that should
be treated in the DEIS.

Sincerely,

ames L. Liverman

$sistant General Manager for

Biomedical and Environmental
Research and Safety Programs

Enclosure:
Staff Report

cc: Council on Environmental Quality, w/encl. (5)



Supporting AEC Comments on the Defense Nuclear Agency
Draft Environmental Impact Statement on the
Clean-up, Rehabilitation, Resettlement of

Enewetak Atoll -~ Marshall Islands

1. Dose Estimates

A severe deficiency in the DEIS concerns the dose estimates presented in
macrrix form in Tables 5-8, 5-9, 5-10, 5-12, 5-13, and 5-16 and the associated
material in Sections 5.6.1.1, 5.6.1.2 and 5.6.1.3. The following estimates
of radiation dose and an evaluation of these estimates using the recommended
radiation criteria were provided in the AEC Task Group report:

30-year whole body dose (for a population living in various parts of
the Atoll). :

30-year bone dose (mineral bone).
Maximum annual whole body dose (considering the most sensitive individual).
Maximum annual bone marrow dose (considering the most sensitive individual).

These estimates appear in Section B, Volume II of the DEIS. We have anticilpated
that the dose most likely to be exceeded at Enewetak is the annual dose to bone
marrow. Thus, bone marrow dose for the most sensitive individuals in the
population is the critical dose for comparison with cleanup radiological criteria.
Estimates of bone marrow dose were developed during Task Group deliberations

and do not appear in NV-140.

The AEC Task Group rejected the concept of averaging annual doses over the
entire Atoll or over the entire population. This is of particular importance
for the case where it was assumed that there was no clean-up with islands used
for permanent residence without regard to radiation and radioactivity levels
(Case 1). The DEIS matrix presents no information on annual bone marrow doses,
presents doses for an "average individual on entire Atoll" for some clean-up
options (cases) and presents maximum annual values for bone that were calculated
using an equation in NV-140 that is considered adequate only for determining
30-year doses. (Other models are now used in calculating maximum annual doses
to bone and bone marrow that accommodate important changes that occur with

time and with age of the individual.) The following examples show reasomns

why we cannot agree with the DEIS presentation of doses in Section 5, _
YCleanup and Habitation Alternatives,” unless the presentation is appropriately
modified.

Table 5-8, page 5-50

DEIS Case 1 WB= 6 Rem in 30 years
Bone= 60 Rem in 30 years

These were determined for an average individual in the entire Atoll.

AEC Case 1 WB= 31 Rem in 30 years
Bone= 220 Rem in 30 years



See AEC estimates for a population living on Belle, Section B, Volume IT,
pages 32-33, current condition, living pattern F. This example shows that
important features of the radiological picture at Enewetak can be missed
if dose estimates are averaged over the entire Atoll.

Table 5-9, page 5-51

DEIS Case 1 WB= 0.3 Rem in one year
Bone= 2 Rem in one year (mineral bone)

These were determined for an average individual in the Atoll.

AEC Case 1 WB= 1.6 Rem in one year
Bone marrow= 2 Rem in one year

See data for an individual on Belle, Section B, Volume II, pages 34-35,
current condition, living pattern F. The significance of a bone marrow dose
as high as the bone dose is that, traditionally, the standard for bone marrow
is one third that for bone,

Table 5-10, page 5-53

Annual dose for an average individual for the entire Atoll should not be used-
to develop ratios to indicate comparisions with AEC annual dose criteria.
There are several problems with this approach. First, use of estimates for
an average individual ignores the fact that children are thought to be more
sensitive to radiation injury than adults. Maximum annual doses presented

in the Task Group report for use in the DEIS were derived through consideration
of doses to the fetus and newborn, as well as to adults. Treatment of this
important consideration seems to be missing in the DEIS except in material
provided in the Appendix. Second, there are no standards for doses to an
average individual for a geographical area containing a wide range of dose
rates. The nearest category of Federal recommendations are guides for a
population group where annual average doses are to be determined giving due
consideration to the most sensitive members. By way of comparison, basic dose
guides for such a group would be one-third of the guides for the individual.
AEC criteria for annual exposures apply only to exposures of individuals using
the condition specified by the Federal Radiation Council, namely, that this
may be used when there is a sufficient level of radiological monitoring that
exposures, including those of the most sensitive individuals, will be known.
AEC criteria for exposures at Enewetak do not apply to an average individual
on the entire Atoll or to a population group within which there would be a
wide range of doses that make up the average.

Tables 5-11, 5-12 and 5-13, pages 5-54, 5-57, and 5-59

We have not subscribed in the past to an approach that considers as alternatives,
clean-up of islands to various external radiation isopleths such as F or K as
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defined by the EG&G aerial survey. Such an approach is deficient in that

it does not adequately treat the reduction, if any, of the more significant
exposures that are expected to occur from internal emitters coming through

the food chain for crops grown on the islands. Sections 5.6.1.1 and

5.6.1.2 and tables 5-11 and 5-12 are not consistent with the Task Group report.

2. Debris and Soil Disposal

Four other alternatives are mentioned, consisting of crater dumping (5.5.2.2),
crater containment (5.5.2.3), return to the continental United States (5.5.2.4),
and storage on Runit (5.5.2.5). Although a few advantages and disadvantages
are mentioned for some of these alternatives, the specific environmental
impacts of each are not discussed nor can the reader find which alternatives
are proposed for which wastes.

In the section on returning radioactive debris to the continental U.S. (5.5.2.4),
Richland, Washington 1is cited as an example of "one of the low-grade disposal
areas in the western part of the United States." There are two radioactive
waste burial areas which can be identified as being near Richland, Washington.
One is operated by the AEC and ordinarily does not compete with private industry
by accepting offsite-generated waste, either from private firms or from other
Federal activities. The other is operated by a private firm which could or
could not accept such wastes.

The statement that ocean dumping was rejected (5.5.2.1) is in contradiction to
the later statement that "Pucontaminated surface Soils would be removed from
five islands and disposed of at sea" (first indented item, page 11-1). The
quantities of radioactivity to be disposed of are not quantified, nor is the
environmental impact discussed, in the remaining text of Section 11
(irreversible or irretrievable commitments of resources). Sea dumping is

not mentioned in the description of the '"proposed (preferred) cleanup operation'
(Section 6) nor the discussion of adverse environmental impacts which cannot
be avoided (Section 9). Radiocactive sea dumping is not discussed in the
section on environmental impacts, which is a conspicuous omission since
Section 8.18 discusses the impact of dumping noncontaminated materials at sea.

Section 6.2.3 discusses the placement of plutonium—contaminated soil and scrap
within a concrete matrix in LaCrosse crater. Section 8.19.1 states '"maintenance
of the crypt is a continuing problem” in referring to this plan, but neither
section gives an indication of intent as to the responsibility for long-term
surveillance and maintenance of this rather special case of transuranium waste
storage.

The proposed method of disposal of Pu contaminated scrap and soil assumes that
LaCrosse crater can be pumped out. Has it been clearly established that this

can be done? The reef is often porous and cracks may have been caused by the

detonation. We would suggest that DNA should consider whether the craters can
and/or need to be pumped out for this particular option.



Page 2-1, Lines 14-15 - Should also include the fact that removal and disposal
of plutonium-bearing soil in the 40-400 picocuries per gram range will be
decided on a case-by-case basis. Suggest also include the following change:
"Removal and disposal of plutonium-bearing soil which exceeds 400 picocuries
per gram at all locations and 40 picocuries per gram on islands where housing
may someday be located,

Page 2-2, lines 9-10 - the conclusion that plutonium debris will be encrypted
in the LaCrosse crater seems premature at this point in the DEIS. Recommend
deletion of this sentence.

Page 6-4, lines 10-11 - Recommend substitution of the words "appropriate
disposal” in place of entombment with the radioactive scrap in LaCrosse center"

and recommend deletion of the rest of the page. The text, as written, assumes
that the entombment disposal action will be adopted.

Page 6-8, lines 10-11 - Recommend substitution of the words "and stored for

eventual disposal” in place of "encapsulated in concrete in one or both of the
craters on Runit,”

Pages 8-29 and 8-30, Sections 8.18 and 8.19. Recommend that the ocean dumping
option be left open as another possibility for disposal.

Page 11-1, lines 4~5. 1In referring to disposal at sea, this sentence is
inconsistent with previous discussions in the DEIS concerning Pu contamination
disposal. However, recommend that this ocean dumping option be retained as a
possibility for disposal.

3. Miscellaneous Remarks

Page 3-10, last line on page - Delete the word "light."

Page 3-12, 6th line from the top -~ Delete "of water."

Page 3-15, Section 3.2.5, line 10 - Change "devastaged" to "devastated."

Page 3-44, lst line — Change "life" to "live."

Page 3-46, Section 3.3.4.2, line 10 — Change "Engebi" to Enjebi."

Page 3-49, Section 3.5.1, 3rd paragraph - Change 'patrilineal’ to "ideally
matrilineal"” as per Tobin's paper "Land Tenure in the Marshall Islands, 1956."
Essentially the iroij power comes from land holdings and land is owned by the

women.

Page 3-52, Section 3.5.3, line 11 - Change "as island" to "an island."



Page 3-57, 2nd paragraph, line 3 - Change "Enewakese" to "Enewetakese,"‘
or better yet ‘'‘people.”

Page 3-62, last sentence in Section 3.8.1.1.1 and 3.8.1.1.2 - Breadfruit
should be included with pandanus. (This would be consistent with the
statement in NVO-140, that in predicting 137, and 90, concentrations in
breadfruit, it is assumed that breadfruit angspandanusrfruit will experience
the same uptake from soil.)

Page 3-63, Section 3.8.1.1.3, lines 1, 2 and 3 - This sentence should be

changed to reflect the lack of completeness of conclusive data on this subject.

Change to, '"The available data indicates that the body's uptake and retention

of Pu through the gastrointestinal tract is & small percentage of the Pu

ingested. This pathway is therefore less significant than other potential
means of ingress to the body,"

Page 3-63’Section 3.8.1.2, last sentence: As presented the statement is not
correct. Sentence should read: After 15 years of wind action on Enewetak
Atoll, much of the dispersion of surface contamination has already occurred.
Further significant redistribution due to wind action seems unlikely, although
test related radiocactivity is found in surface air at detectable levels.

The dust raised by resident activities is expected to increase airborne
concentrations with further redistribution of the radioactivity."

Page 3-84, Section 3.8.2 - The fourth sentence indicates that all the Be has
been removed, but the sixth sentence indicates that there is still some Be that
needs to be cleaned up. Suggest the paragraph be consistent.

Page 5-3, line 1 - Change "as" to “has."

Page 5-13, Option 2 - This should be clarified since it does not appear
consistent with Table 5-6 in that it states '"... may use food grown on Enjebi
other than pandanus and breadfruit.” Whereas table indicates these are the
two that can be grown on Enjebi with the appropriate restrictions,

Page 5-21/5-22, Section 5.4.1.1, first line — Change "islanders" to "people
of Enewetak" or "Enewetak people."

Page 5-25, Section 5.4.2.2 - This doesn't agree with Figure 5-2 in that
5.4.2.2 implies that the southern islands are Jinedrol through Kidrenen
and limits inter-island visitation, agriculture, as well as collection of
birds and eggs to these islands whereas the figure extends the allowable
islands for these activities to include Boko, Munjor, Inedral, and Van,
all of which are north of Jinedrol.

Page 5-32 and 5-33 -~ Figure 5~3 is not consistent with text for Case 3 in
that: Text states that residence would be restricted to Jinedrol through
Kidrenen yet the figure shows Boko, Munjor, Inedral and Van also as living
islands; both the figure (which show Enjebi as only a picnic island) and
text (page 5-34) agree that there will be no cultivation on Enjebi yet the



case summary on figure 5-3 shows "subsistance agriculture limited to
southern islands plus Enjebi." It it is not clear what islands are included
in the "southern islands."

Page 5-40, Section 5.4.4.3 - Change "does" to ''dose."

Page 5-45, Section 5.4.5.3, next to last line ~ "solid replacement" should be
"soil replacement.”

Page 5-47, Section 5.5.2.1 — This section should be revised and updated to
show that the possibility of ocean dumping is again being discussed.

Page 5-78, paragraph 2.h. - '"'pvoide" should be "provide."



UNITED STATES
ATOMIC ENERGY COMMISSION

WASHINGTON, D.C. 20545

December 23, 1974

Warren D. Johnson
Lieutenant General, USAF
Director

Defense Nuclear Agency
Washirgton, D. C. 20305

Dear General Johnson:

Please refer to my letter of December 9, 1974, transmitting AEC
comments on the Draft Environmental Impact Statement for Clean Up,
Rehabilitation, Resettlement of Enewetak Atoll - Marshall Islands.

It is requested that our comments be revised to include the follow-
ing additional information:
During the last 8 years the Nuclear Energy Agency (NEA),
formerly the European Nuclear Energy Agency (ENEA), has
managed an ocean disposal program for radioactive wastes
from the member countries. The following, by years, is
a listing of the curies (Ci) of alpha activity in the
materials so disposed. The alpha activity is assumed to

be Pu 239.
1974 - 416 1970 - 233
1973 - 773 1969 - 390
1972 - 674 1968 - 721
1971 - 324 1967 -~ 92

Total 3633 Ci - alpha

Other operations from 1949 to 1967, such as U.S. and U.K.,
disposed of wastes containing similar quantities of long-
lived alpha active materials. Thus, a total of at least
7,000 alpha Ci have been disposed of into the ocean. If
we assume 15 grams of Pu per Ci alpha activity, the total
is at least 100 kilograms of Pu. Thus, it is evident the
disposal of a few hundred grams of Pu from Enewetak Atoll
would not materially add to the alpha activity already
disposed in the deep ocean.

cc: H&N,Mr. Woolfenden) _ 1/8/75
AFRRI, Mr. Slaback)
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Reference is also made to paragraph 2, section 2, page 3, of the
supporting AEC comments. Please delete the final sentence of that
paragraph and replace with the following:

The other is operated by a private firm licensed by the
State of Washington. Under proposed regulations, this
latter burial ground may not be permitted to accept
plutonium-contaminated waste.

Sincerely,

ames L. Liverman

psistant General Manager

for Biomedical § Environmental
Research § Safety Programs



OFFICE OF THE ASSISTANT SECRETARY OF DEFENSE
WASHINGTON, D. C. 20301

ENVIRONMENT 13 Nuv 1974

MEMORANDUM FOR Director, Defense Nuclear Agency

SUBJECT: DEIS, "Clean-Up, Rehabilitation, Resettlement of
Eniwetok Atoll-Marshall Islands"

The Draft Environmental Impact Statement for the Clean-up of Eniwetok
Atoll has been reviewed and is generally found to be satisfactory. The
following items should be addressed to provide a more complete under-
standing of the program:

1. The estimated time frame of the various phases of the operation noted
on pages 2 and 3 of the summary should be specified, especially the anti-
cipated completion of phases 3 and 4 since this is a question of vital impor-
tance to the people concerned.

2. The relative hazard level to personnel relocated to the islands compared
with presently accepted AEC standards for human health should be tabulated
rather than the generalizations presented in the summary.

3. Some controls on movement of the relocated personnel must be estab-
lished. There is no question that some personnel will test the system and
attempt to visit or even settle on some of the forbidden northern islands.
Since the hazard is a long~term phenomena and no immediate consequences
of such an action would be evident, a comprehensive education program to
insure that the relocated personnel understand the hazard and the conse-
quences of such visits is a necessity.

4. A long-term continuous monitoring program of the conditions at all
locations is believed to be a firm requirement until all hazard is removed.

5. Assuming more adequate disposal techniques become available in the
future, consideration should be provided for implementation of such methods
at some future date rather than permanent entombment on Runit.

OZ%{J ;'%( za

‘ohn P. Meade

t Colonel, USAF BSC
Director for
Categorical Programs
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100 CALIFORNIA STREET
SAN FRANCISCO, CALIFORNIA 94111

DEC 12 1974

Warren D. Johnson, Director
Defense Nuclear Agency
washington, D.C.

Dear Mr. Johnson:

The Environmental Protection Agency has received and
reviewed the draft environmental statement for the following
proposed action, Clean Up, Rehabilitation, Resettlement of
Enewetak Atoll, Marshall Islands.

EPA's comments on the draft environmental statement
have been classified as Category ER-2, specifically environmental
reservations pending the resolution of comments noted in the
attachment to this letter. Definitions of the categories
are provided on the enclosure. The classification and the
date of EPA's comments will be published in the Federal
Register in accordance with our responsibility to inform the
public of our views on proposed Federal actions under Section
309 of the Clean Air Act. Our procedure is to categorize
our comments on both the environmental consequences of the

proposed action and the adequacy of the environmental state-
ment.

EPA appreciates the opportunity to comment on this
draft environmental statement and requests one copy of the
final environmental statement when available.

Enclosure

cc: Council on Environmental Quality, Wash., DC 20460



COMMENTS ON DRAFT EIS

CLEAN-UP, REHABILITATION, RESETTLEMENT

OF ENEWETAK ATOLL - MARSHALL ISLANDS

The analysis of this proposed action is divided into two
sections: (1) Radiological Aspects; and (2) Other Environ-
mental Aspects.

Radiological Aspects

Current Sampling Needs

A great amount of sampling and analysis has been done and
the magnitude of the radioactive contamination has been
relatively well defined. However, there are two areas in
which more information is needed to aid in decision making:

(a) The water quality of the brackish water lens needs to
be determined for those islands to be inhabited before
a decision is made to use the water. Radiological,
bacteriological, and chemical quality should be deter-
mined for a period of at least 12 months.

(b) Airborne radioactivity, especially plutonium, needs to
be determined over a period of at least a year on all
islands to be inhabited and on other heavily contami-
nated islands after chean-up and before lifting of
quarantine. Due to the large amount of plutonium on
the atoll and the uncertainties in predicting resus-—
pension factors it is very important that the actual
conditions be determined rather than calculated.

It is surprising that uranium isotopes were not detectable
in air filter samples. Were analysis made for uranium?

Future Sampling

It is apparent (and recognized in the Draft EIS) that
regular monitoring will be necessary for many years after
resettlement and should include air, water, food, and body
burdens of the Enewetakese. This requires some agency to
accept the responsibility and obtain the funding for this
necessary follow through.
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Recommended Clean-Up and Disposal Plan

It is agreed that soil significantly contaminated with plu-
tonium should be removed from islands in the atoll. EPA
(letter of May 17, 1974) has previously accepted, in general,
the radiation protection criteria and clean-up criteria pre-
pared by AEC. However, these criteria should be considered
as upper limits and the clean-up levels and population doses
should be maintained as low as practicable. The Draft EIS
appears to recognize this concept but there is uncertainty
on how it is to be applied. For example, the Statement is
vague on when a 40 pCi/gm limit will be applicable and when
400 pCi/gm will be satisfactory. This uncertainty should be
clarified in the Final EIS.

The choice of crater entombment for disposal of contaminated
soil appears to be the most feasible alternative and provides
some degree of retrievability. The fact that this is only a
semi-permanent solution should be recognized. Several other
points that should be addressed in the Final EIS are: (1)
more discussion on the technical advantages and disadvantages
of ocean disposal rather than a rejection based on purely
legal and international difficulties; (2) the remedial

action that will be taken if the volume of Cactus and

La Crosse craters is insufficient to contain all the contam-
inated soil; and (3) the action that will be taken if the
Enewetakese reject the entombment option.

Recommended Rehabilitation and Resettlement Plan

The recommendation that habitation be limited to the Southern
Islands is sound and the Statement quite properly does not
promise an early end to restrictions on use of the Northern
Islands. However, there are several aspects of the plan

that have not been adequately explained.

The decision to permit subsistence coconut production on the
northeastern islands is not justified in the EIS. Virtually
all of the predicted dose received by the Enewetakese under
the proposed plan is due to this decision. When using an
"As Low as Practicable" concept a dose should be accepted
only if it cannot be avoided by practicable means, regard-
less of whether the total dose is still under the RCG being
used. This use should be deferred unless it can be shown
that there is no practicable alternative to providing an
adequate diet or that radionuclide contamination is actually
much lower than predicted.
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The possible marketing of copra produced on the atoll needs
to be evaluated in an "As Low as Practicable" context prior
to decision making in order to determine if the economic

benefits to the Enewetakese outweigh the radiological cost
of the population dose delivered to off-island populations.

The total quantity of plutonium and strontium radionuclides
estimated to be present in lagoon sediments are somewhat
greater than are present on the islands of the atoll.
Apparently, the majority of the contamination is in the
northwest portion of the lagoon. The Draft EIS does not
discuss the short and long range implications of this
source, nor does it indicate whether any consideration was
given to the feasibility of minimizing the future radiation
dose that will be obtained from the seafood pathway.

There is no discussion of the decision to permit fishing in
all of the lagoon. Apparently, this recommendation came
from the conclusion on page II-43 that there was "no statis-
tically significant difference for dose estimation purposes
between samples taken in different parts of the lagoon."

The data depicted in Figures 160~161 suggests that 137Cs,
90Sr, 239Pu concentrations in convict sturgeon may be some-
what higher near Belle and Irene, where bottom sediment
concentrations are also highest.

The recommendation to ban coconut crab collection in the
Northern Islands is perhaps prudent but was reached with-
out actually sampling any crabs in that part of the atoll.
Also, the possibility of this restriction being observed is
uncertain because it is a delicacy, in short supply, and the
islands would be open for picnicing and fishing.

Clean-Up Operation

We have no specific comments to make about this phase except
to note that there will be significant possibilities for
inhalation exposures to workers and transport of radiocactive
material from greater to lesser contaminated portions of the
atoll. Constant health physics support will be needed.
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Other Environmental Aspects

Sewage Disposal During Clean-Up

The proposed discharge of raw sewage is of serious concern
to EPA. The Trust Territory standards of water quality do
not permit raw sewage discharges into surface waters.
Although the discharge may not be subject to TTPI jurisdic-
tion, it would be inappropriate for a Federal agency to
carry out a discharge contrary to TTPI policy. In addition,
the raw sewage may result in public health hazards to any
users of these waters.

It is possible that these crude sanitary facilities may
continue to be used for years. The later stages of clean-up
may well occur after many of the Enewetakese have returned.
There is a possibility that some tourism will develop and
the environmental statement mentions that these existing
facilities could be used.

EPA recommends that some form of sewage treatment be provided
for the wastewaters generated by the clean-up personnel and
subsequent visitors to the atoll.

Garbage and Trash Disposal During Clean-Up

Garbage and trash residue should not be dumped off the end
of the island for the same reasons noted above. Burial may
be an appropriate method of disposal provided it does not
interfer with the brackish water lens that may be used for
water supply.

Water Supply and Waste Disposal

The plan to extensively use roof catchment with large cis-
terns at individual residences and community buildings is
good. However, it is probable that supplemental supplies
will be needed. Plans to use septic tank leach fields and
to bury garbage must be evaluated with great care due to the
potential to contaminate the brackish water lenses which may
serve as the source of supplemental water supply.

The environmental statement should discuss this serious
potential conflict and present evidence that wastewater and
garbage disposition will not degrade the drinking water
supply. The Department of Health Services, Environmental
Health Division of the Trust Territories should have a fund-
amental role in deciding on the water supply and waste
disposal systems that are selected.



CHAPTER 3

PREPARATION, APPROVAL, &ND

DISTRIBUTION OF COiMMENTS O3 . REVIZW OF FEDLRAL ACTIONS
ENVIRONMENTAL IMPACT STATENDNTS IMPACTING THE ENVIRONMENT

Environmental Impact of the Action

LO~-~Lack of Ubjections

EPA has no objections to the proposed action as described
in the draft impact statement; or suggasts only minor changss
in the proposed action. .

ER-~Environmental Reservations

EPA has reservations concerning the environmental effects of
certain aspects of the proposed action. Z=ZPA believes that
further studv of suggested alternatives or modifications is
required and has asked the originating Federal agency to
reassess these aspects.

EU--Environmentally Unsatisfactory

EPA believes that the proposed action is unsatisfactory
because of its potentially harmful effsct on the environment.
Furthermore, the Agency believes that th2 potential safe-
guards which might be utilized may not adfeguatzly protect

the environment from hazards arising from this action., The
Agency recormends that alternatives to the action be analyzed
further (including the possibility of no action at all).

Adequacy of the Impact Statement

Category l--Adequate

forth the
c+ or action as
to th2 nroject

The draft ixpact statement adequately s=ats
environmental impact of the proposed nrois
well as alternatives reasonably availadle
or action.

Category 2--Insufficient Information

EPA believas that the draft impact stz2temsnz doas not contain

sufficient information to assess fully ths environnental
impact of the proposed projact or action. However, from the
information submitted, tha Agency is abia to rake a

preliminary determination of the impact on tha environment.
EPA has reguested that the originator trovide cthe informa-
tion that was not included in the drat_ statemenc,

Category 3--Inadeqguate

EPA believes that the draft impact statement doas not
adaguately assess the environmental impac:t of the2 proposed
project or action, or that the statenen: Znadaquately
analyzes reaaanably available alternativaes., The Agency has
requested more information and analysis concsrzing cthe
potential environmental hazards and nas asxed that substan~
tial revision be made to the impact statenent

If a draft impact statement is assigned a Categorv 3, no

rating will ke made of the project or actian, since a
basis does pot generally exist on which to makea sueh a
" determination.
™ 16490.1 Figire 3-1. Attachment CHAP 3
11-39-72 Pagz 2 of 2
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SUMMARY SHEET
DRAFT ENVIRONMENTAL IMPACT STATEMENT FOR CLEANUP,
REHABILITATION, AND RESETTLEMENT OF ENEWETAK ATOLL,
MARSHALL ISLANDS

1. This is a Draft Environmental Impact Statement for the proposed
cleanup, rehabilitation, and resettlement of Enewetak Atoll, the Marshall
Islands, The statement is an administrative action in compliance with

the National Environmental Policy Act (NEPA), (47USC4332).

2. This statement addresses a proposed project to remove and dispose
of debris, structures, and soils which pose physical or radiation hazards
or which pose obstructions to human habitation or the productive use of
the land., The Department of Defense has been assigned responsibility

to plan the cleanup phase of the proposed project. This statement also
addresses the problem of the economic and social measures required to
resettle the Enewetak people in the Atoll after 25-30 years of absence,
The Department of the Interior, through the Trust Territory of the
Pacific Islands, is responsible for this latter aspect of the proposed

project.

3. During the post World War II period, the Atoll was used as a

proving grounds for development testing of modern weapons and weapons
systems, particularly nuclear weapons., This resulted in the relocation

of the inhabitants from the Atoll, the creation of hazards, both physical
and radiological, and the consequent loss of much of the productive
capacity of the Atoll. The intent of this project is to remove or reduce
those existing conditions which would be a bar to safe habitation of the
Atoll and to return the Enewetak people to the Atoll. The effects of this
proposed action are expected to be permanent settlement of the people in

a safe and productive environment, As the population grows from approxi-

mately 400 at present, the problems associated with a growing population
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on a small isolated land area may be expected to be magnified. The
effects of the engineering operation to produce the results desired will
of course create some adverse effects such as fish kill, loss of habitat
for fauna, soil erosion and other like effects. These latter effects are
expected to be minimal and temporary when compé.red to the overall

improvement which will result,

4, The Engineering Survey Report prepared for the Defense Nuclear
Agency and the Enewetak Radiological Survey (NVO-140) prepared by the
Atomic Energy Commission are essentially are essentially condition
surveys which show the hazardous debris and structures and the radio-
logical conditions of the Atoll. From these two source documents and
the AEC Task Group Report, as well as from a Master Plan for the
resettlement of the Atoll prepared for the Trust Territory of the Pacific
Islands, it is possible to visualize many alternatives which can be
addressed in the evaluation of the many human, physical, and cost
variables which are present. In order to obtain an overview of the many
possible solutions, a tabulation of twelve illustrative solutions has been
made. These involve three separate cleanup procedures for each of four
different habitation control plans. The consequences of all these com-
binations are tabulated. Factors involved in structuring these solutions
are radiological conditions, living patterns, physical hazards, and the
disposal of hazardous and radioactive materials and scrap. The tabular
analyses presented for these twelve particular solutions include possible
radiation doses and cost-benefit comparisons. Based on this orientation,
five solutions hereafter referred to as Cases 1 through 5, are selected
for detailed discussion. Of these, two are considered to be the bounding
outside limits but three are considered to illustrate the nature of the

most likely solutions,

Case 3 is considered to be the most responsive to the human,

physical, and cost parameters presented in the three most likely solutions.

dé

xviii



The estimated radiological dose is well below the radiation protection
standards and guides recommended by the AEC Task Group; all hazards
resulting from past construction and testing are to be removed; the cost

is below the midpoint between Cases 2 and 4,

5. Under the conditions of Case 3, the Enjebi People would not be
able to return to their ancestral residence island of Enjebi at an early
time. This would require both the Enjebi and Enewetak People to live
on the land formerly occupied only by the Enewetak People, Thus for
some period of time, as yet undetermined, there would be less land
available for agriculture; therefore, some supplement to their diet by

importing food may be needed.

6. The Draft Environment Impact Statement was made available to
the Council on Environmental Quality, concerned federal agencies and

the public on September 9, 1974,
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1. NRDC finds the "Draft Environmental Impact Statement, Clean Up,

Rehabilitation,
to be incomplete and inadequate.

Resettlement of Enewetak Atoll -- Marshall Islands,”
Furthermore, the proposed (preferred)

clean up operation is totally inadequate to protect the health of the
Enewetak people from exposure to hot particles of plutonium which carry

a high risk of producing lung cancer.

The basis for these conclusions

is presented in the report, "Radiation Standards for Hot Particles,”

by Drs. Arthur R. Tamplin and myself (enclosure).
intended to be an integral part of these comments.

This report is

2. "Radiation Standards for Hot Particles," was written in support

of a petition by the Natural Resources Defense Council to the
Environmental Protection Agency and the Atomic Energy Commission re-
questing (1) a reduction of the existing radiation protection standards
applicable to the internal exposure of man to insoluble alpha-emitting

hot particles and (2)

the establishment, with respect to such materials,

of standards governing the maximum permissible concentrations in air and
maximum permissible surface contamination levels in unrestricted areas.

3. The petition was filed with the AEC on February 14, 1974. It is
totally irresponsible for the AEC Task Group on Recommendations for

Clean Up and Rehabilitation of Enewetak Atoll to issue its report on
June 19, 1974, without acknowledging the serious implications of hot
particles as detailed in our report.

4, It is NRDC's‘bosition that the clean up of Enewetak should meet the
standards summarized on pages 51-52 of our report (enclosure).

:’ivé-\-\\_b,; i\)) C(ﬁ;‘wz //
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Document ""Radiation Standards for Hot Particles'!
not included at this time but will be included in
final distribution.



RADIATION STANDARDS FOR HOT PARTICLES

A REPORT ON THE INADEQUACY OF
EXISTING RADIATION PROTECTION STANDARDS
RELATED TO INTERNAL EXPOSURE OF MAN TO INSOLUBLE PARTICLES
OF PLUTONIUM AND OTHER ALPHA-EMITTING HOT PARTICLES.

FEBRUARY 14, 1974

ARTHUR R. TAMPLIN
THOMAS B. COCHRAN

Natural Resources Defense Council
1710 N Street, N.W.
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I. Introduction

This report is written in support of a petition by
the Natural Resources Defense Council to the Environmental
Protection Agency (EPA) and the Atomic Energy Commission
(AEC) requesting (1) a reduction of the existing radiation
protection standards applicable to the internal exposure of
man to insoluble alpha-emitting hot particles and (2) the
establishment, with respect to such materials, of standards
governing the maximum permissible concentrations in air and
maximum permissible surface contamination levels in un-
restricted areas.

Before proposing modifications to existing radiation
protection standards related to plutonium exposurel, we
review in the following section the gravity of the public
health concern as plutonium becomes a principal article of

commerce in the nuclear power industry.

1/ While much of this report focuses narrowly on plutonium-239,
the discussion is, nevertheless, germaine to all radionuclides
in insoluble particles with a high specific activity. (The
definition of specific activity and other technical terms

in this report are given in the Glossary). The justification
for focusing on plutonium has been aptly stated by the Inter-
national Commission on Radiclogical Protection (ICRP):

"the emphasis on plutonium is clearly a reflection of the gener-
al consensus that, in terms of amount available, projected
usage, extent of anticipated accidental human exposure, and
radiotoxicity, plutonium is the most formidable radionuclide

in the periodic table." [ICRP Publication 19, "The Metabolism
of Compounds of Plutonium and Other Actnides," Pergamon Press,

1972, p.1.]



This is followed in Section III by a review of the
specific radiation protection regulations that are in force
in the United States today and which are at issue. This
section focuses on the existing guidelines for Pu-239, but it
is to be understood that, in this and subsequent sections,
it should be applied to all alpha-emitting radionuclides that
meet the hot particle criteria developed in this report.
Before reading Section III, those unfamiliar with the
national and international organizations which have primary
responsibility for recommending or establishing radiation
protection standards, may find it useful to read Appendix
A, where these organizations and their authority are reviewed.

Section IV presents assumptions inherent in the existing
radiation protection standards and identifies those assump-
tions that are inappropriate when applied to insocluble
alpha-emitting particulates. The biological data which
demonstrate that these assumptions are inappropriate when applied
to hot particles are discussed in Section V.

Utilizing the data presented in Section V, the
criteria that define a hot particle are developed in Section
VI. Recommendations for exposure standards for hot particles
are then developed in Section VII and summarized in

Section VIII.



IT. Plutonium Use and Public Health

Plutonium occurs in nature, although in such small
amounts that it does not constitute a practical source of the
elementz. Plutonium is bred in nuclear reactors by the
capture of neutrons in uranium-238. To date, the nuclear
weapons program has been the principal source of plutonium.
However, it is anticipated that the commercial nuclear power
industry will become the principal source of this material
within the next two decades. In today's commercial reactors
plutonium is produced as a by-product in the production of
electricity.

As a result of the growth of the nuclear power industry,
the AEC estimates that the total cumulative production of
plutonium in the commercial sector of the United States will
be some 4.5 million kilograms by the year 20003. Since
plutonium, like uranium, can serve as a reactor fuel, both
are recovered from spent reactor fuel in anticipation that

they will be recycled. The reactor together with the variety

2/ The ratio of the concentrations of plutonium-239 to
uranium in ores varies from 4x10-13 to 1.5x10-11l, <Xatz, J.J.,
Chapter VI, The Chemistry of Actinide Elements, Methuen and
Co., Ltd., London, 1957, pp. 239-330.

g/ Environmental Statement, Liquid Metal Fast Breeder Reactor
Demonstration Plant, USAEC, WASH-1509, April 1972, p. 149.




of support activities required both to provide raw fuel and
to recover and recycle the uranium and plutonium make up
what is known as the nuclear fuel cycle. The AEC has
projected that over 4 million megawatts of nuclear capacity
will be installed between 1970 and 20204. Over the lifetimes
of these plants this installed capacity could result in a
cumulative flow of approximately 200 million kilograms of
plutonium through the nuclear fuel cycle.

In today's commercial reactors the plutonium is in
oxide form, PuOZS. At various facilities in the nuclear fuel
cycle, aerosols of Pul, are released to the environment on
a routine basis. In addition, there are numerous points in
the fuel cycle where accidents, particularly those associated
with fire or explosions, can release significant amounts of
Pul0, as aerosols that can be inhaled by man.

These small aerosol particles of Pu0j; are highly radio-
active. An appreciable fraction of the inhaled Pu0,
particles are trapped in the deep respiratory tissue of the

lung, where, because they are insoluble in human tissue,

4/ Updated (1970) Cost-Benefit Analysis of the U. S. Breeder
Reactor Program, USAEC, WASH-1184, January 1972, p. 34. Four
million megawatts (Mw) corresponds to 4000 nominal-size
nuclear reactors -- 1000 Mw each.

5/ Some advanced reactors of the future may use fuel in
carbide and nitride, rather than oxide, form.



they can remain for long periods of time and deliver a very

intense radiation dose to the surrounding lung tissue.
Plutonium is one of the most potent cancer producing

agents known to man. A machinist of plutonium metal carried

0.08 micrograms of plutonium-239 imbedded at the site of

the puncture wound in the palm of his hand. Within the four

year period before it was excized, it produced a nodule which

displayed precancerous changess. There is little doubt from

experimental animal studies that inhaled plutonium is one of
the most potent respiratory carcinogens known. There is
experimental and observed evidence that plutonium concentra-
tions in the lungs of dogs as low as 0.2 microcuries (3 micro-
grams of plutonium-239) produce cancer7. Hence, the flow of
200 million kilograms of plutonium represents a flow of over
lOl7 cancer doses, a staggering number which, as will be
demonstrated subsequently, may be an underestimate of the
cancer doses by several orders of magnitude.

The persistance of this toxic material, once lost to
the environment, is measured in terms of thousands of years.

Roughly two-thirds of the plutonium flowing in the nuclear

g/ Lushbauch, C.C. and J. Langham, "A Dermal Lesion from
Implanted Plutonium," Archives of Dermatology, 86, October
1962, pp. 121-124.

7/ There are 0.061 curies per gram of plutonium-239.
Two-tenths of a microcurie of plutonium-238 would have a
mass of only 0.01 micrograms since plutonium-238 has a
much higher specific activity, 17.47 curies per gram.



fuel cycle will be plutonium-239 which has a 24,400 year half-
life. 1In other words, in 240,000 years the inventory of this
hazardous material would be reduced by only a factor of 1000
due to natural radioactive decay. This material must be

isolated from the environment in perpetuity.

ITII. Existing Standards for Plutonium Exposure

Radiation exposure standards have been established
because radiation is known to produce cancer and genetic
mutations in individuals irradiated. The mutations can
in turn cause genetic defects in subsequent generations.

The intent of the exposure standards is to limit this biological
damage. The magnitude of the biological effect has been

shown to be related to the radiation dose. The higher the

dose the greater the effect. Therefore, the primary radia-

tion exposure standard is one that limits the radiation

dose. This primary standard is generally referred to as the
maximum permissible dose and is given in units of rem/yr.

We shall discuss the nature of this unit subsequently.

An individual can be exposed to radiation from sources
that are external to his body as, for example, an X-ray
machine or from radionuclides which emit X-ray like radiation
deposited on the ground (this occurred with fallout from

nuclear weapon tests). Alternately, an individual can be



irradiated by internal sources; that is, by radionuclides
incorporated in body tissues. These radionuclides gain
entrance into the body through inhalation or through con-
taminated food or water. Once inside they behave like their
non-radioactive counterparts. Radioactive iodine, for example,
accumulates in the thyroid gland in the same fashion as

stable iodine, and radiocactive strontiﬁm or calcium accumulate
in the bone similar to their naturally occurring non-radio-
active counterparts. The radioactive iodine will thus deliver
a dosage to the thyroid gland that is many times larger than
that to the other organs or to the whole body, and the
radiocactive strontium and calcium will mainly irradiate the
bone.

Because of the uneven distribution of radionuclides
in the body organs, radiation exposure standards have been
developed not just for the whole body, but also for individual
organs. In this report we will be referring to the maximum
permissible whole body and lung doses.

Largely as a matter of convenience, secondary or derived
radiation standards have been developed. These secondary
standards, which limit radionuclide concentrations or organ
burdens, are often more easily employed than the primary dose

standards. We shall examine two secondary standards in this



report; the maximum permissible lung burden (MPLB) and the
maximum permissible concentration in air (MPC,). The MPLB
is the total amount of a given radionuclide in the lung of
an average size man that will result in the lung being
irradiated at the maximum permissible lung dose (MPLD).
The MPC, is the concentration in air that will result in
an average adult male obtaining a MPLB and hence a MPLD by
breathing the air.

It is important to recognize that the MPLD is the
primary standard; it applies to all radiocnuclides and

radiation sources. The MPLB and the MPCy are derived standards

and are specific for a radionuclide. These derived standards

are related to the biological properties of a radionuclide
and to the form of radiation it emits.

Table I lists the existing exposure standards for em-
ployees of the nuclear industry that apply to Pu-239 in insoluble
form. The MPLD of 15 rem/yr is included in the recommendations
of the International Commission on Radiological Protection
(ICRP)? the National Council on Radiation Protection and

Measurements (NCRP)g, and the Federal Radiation Council

8/ ICRP Publication 9, Recommendations of the International
Commission on Radiological Protection (Adopted September 17, 1966),
Pergamon Press, New York, 1966, p. 14.

9/ NCRP Report No. 39, Basic Radiation Protection Criteria,
NCRP Publications, Washington, D. C., Jan. 15, 1971, p. 106.




(FRC)lO. The MPC_ is included in the ICRP recommendationsll

and is also an AEC radiation standardlz. Of the standards

in Table I only the MPC, is designated in the AEC regulations.
However, this MPC, corresponds to that tabulated in ICRf
Publication 213 which is derived on the basis of the MPLD
listed in Table I. The MPLB is also derived on the basis of
the MPLD14. The MPLB is not includeé in either the recommenda-
tions of ICRP, NCRP, the guidelines of FRC, or the AEC
regulations. In summary, in Table I the MPC,; (designated

in AEC regulations) is consistant with the MPLD and MPLB. In

Table I the MPLD applies to all forms of ionizing radiation.

The MPLB and MPC, apply specifically to Pu-239 in insoluble

formls.

10/ FRC Report No. 1, Op. cit., p. 38. The FRC has been
abolished and its duties transferred to EPA.

11/ ICRP Publication 2, Report of Committee II on Permissible
Dose for Internal Radiation, Pergamon Press, New York, 1960.
[Appeared in Health Physics, Vol. 3, Pergamon Press, June 1960.]

12/ 10 CFR 20, Appendix B.
13/ ICRP Publication 2, Op. cit.

14/ Mann, J.R. and A.R. Kirchner, "Evaluation of Lung Burden
Following Acute Inhalation of Highly Insoluble Pu02," Health
Physics, Vol. 13, 1967, pp. 877-882.

15/ The MPLB could apply to most other alpha-emitting
radionuclides with long half-lives, since the alpha particle
energies do not differ appreciably from the Pu-239 alpha
energy.
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TABLE I
Existing Occupational Exposure Guidelines
that aApply to Pu-239 in Insoluble Form¥*
MPLD (ICRP, NCRP, FRC) 15 rem/vyr
MPLB 0.016 uCi
MPCa (ICRP, AEC) 4x10~ 11 uci/m1

*Note: See Glossary for definitions of symbols.

The exposure guidelines for Pu-23% that apply to non-
occupational exposure of the general public are tabulated in
Table II. Two guidelines are applied here. One is for the
limiting exposure to an individual and the other is for the
average exposure of a population sample. These two guidelines
differ by a factor of 3. The ICRP recommendations include only
the guidelines for individuals. The MPLD values within the
parentheses in Table II correspond to the latest recommendation
of the NCRPlG. These latest recommendations of the NCRP

have not, at this time, been incorporated into either the

AEC or EPA regulations.

16/ NCRP Report No. 39, Op. cit., p. 95.
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TABLE IT
Existing Exposure Guidelines for Non-Occupational Exposure

that Apply to Pu-239 in Insoluble Form*

Individual Population Average
MPLD 1.5 (0.5) rem/yr 0.5 (0.17) rem/yr
(ICRP, NCRP, FRC)
MPLB 0.0016 (0.0005) ucCi 0.0005 (0.00017) wucCi
MPC, 10712 (3x10-13) uci/ml 3x10713 (10713) uci/ml

(ICRP, AEC)

* The MPLD values in parentheses refer to the latest
recommendations of the NCRP. The MPLB and MPCz; values in

parentheses correspond to the new NCRP dose recommendations.

Iv. Calculating the Dose Due to Insoluble Alpha-Emitters

The purpose of this section is to examine the assumptions
in the radiation standards above that are inappropriate when
applied to insoluble alpha-emitting particulates such as
aerosols of Puljs. The assumptions are introduced through a
review of basic definitions of radiation dose and the factors
used to calculate the dose.

A The Dose Equivalent

When an X-ray or the radiation emitted by a radionuclide

passes through tissue it transfers energy to the cells in
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these tissues. This energy produces chemical changes in
the molecule of the cells; for example, such a chemical
change could be a mutation in a gene. The radiation dose
is actually a measure of the energy transferred to or
absorbed by the tissue. The basic unit of dose is the
rad (one rad represents the absorption of 100 ergs of
energy per gram of material).

In addition to X-rays, radionuclides emit gamma rays
(high energy X-rays), beta particles (electrons), and alpha
particles (helium nuclei). In radiobiological experiments,
it was determined that, while these various types of radiation
produced the same biological effects, such as cancer, the
magnitude of the effect was not the same per rad. For
example, it was found that 100 rad of alpha radiation would
produce roughly 10 times as many cancers as 100 rad of
X-rays. Moreover, it was found that because of the special
way in which Pu-239 deposits in the bone, its alpha particles
were 5 times more effective in producing bone cancer than the
alpha particles from radium'/. To account for these differences
in the magnitude of the observed effects at the same absorbed
dose in rad, the maximum permissible dose limits are given
in rem rather than rad.

The MPLD is given in rem in Tables I and II. The

17/ ICRP Publication 11, "A Review of the Radiosensitivity of
the Tissues in Bone," Pergamon Press, New York, N. Y., 1967, p. 21.
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rem is the unit of Dose Equivalent (DE)ls. The DE is obtained
by multiplying the absorbed dose in rad by modifying factors
to correct for these observed differences in the magnitude

of the effect. As a consequence, the magnitude of the

effect will be the same for a given DE regardless of the
nature of the radiation or the manner of radiation.

B, Modifying Factors

At the present time, two modifying factors are employed.
One is the Quality Factor (QF) which accounts for differences
in producing biological effects among various forms of
radiation. The other is the Distribution Factor (DF)
which accounts for the modification of the biological effects
when a radionuclide is nonuniformly distributed in an organ.
For example, the DE for X-ray to bone tissue is determined
by using QF=1 and DF=l,while that for Pu-239 in the bone is
determined by using a QF=10 (to account for the greater
effectiveness of alpha particle irradiation) and a DF=5
{to account for the peculiar distribution of Pu in the bone)lg.
A DE=50 rem from X-rays or Pu-239 would thus induce the same
number of cancers in bone but the absorbed dose from the X-rays

would be 50 rad while that from Pu-239 would be only 1 rad.

18/ NCRP Report No. 39, Op. cit., p. 81.

19/ ICRP Publication 11, Op. cit., p. 21.
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In obtaining the derived values in Tables I and II,
MPLB and MPC, for Pu-239, a QF=10 was employed. This QF
implies, as mentioned above, that the particles of Pu-239,
which emit alpha particle radiation, are 10 times more effective
in inducing cancer than X-rays. Although the irradiation of
tissue by insoluble plutonium particles is highly nonuniform,
no DF value has been assigned to these particles and hence, a
DF=1 was employed in determining the derived values in Tables I
and II. Ideally, the DF should be determined by the ratio
of the observed effects in an organ following uniform and
nonuniform radiation of the tissue with the same radionuclide;
for example:

Number of cancers {(nonuniform irradiation)
Number of cancers (uniform irradiation)

DF =

Since direct experimental data are not available, it is
necessary to derive the DF for insoluble Pu-239 particles from
collateral data. In a subsequent section, we shall present
the biological evidence that strongly suggests that a DF=1l
grossly underestimates the DE for insoluble particulates of
Pu-239 and, consequently, that the derived standards, MPLB

and MPC, for this radionuclide, are greatly in error.20

In fact, it will be shown that the biological data strongly

suggests that for such particles one should use a DF=115,000.

20/ This applies as well to other alpha-emitting actinides
in insoluble particulate form.
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Before turning to the biological data it is appropriate to
discuss first the radiation field around a particle of Pu02
and thereby define the fundamental questions that need to be
answered by the collateral data from radiobiological studies.
The unique form of tissue irradiation displayed by
insoluble particles of Pu~-239 occurs because, when Pu-239
decays, it emits an alpha particle with an energy of 5.1 MeV,
This particle has a range (produces biological damage) of only
some 40-45 u (0.004 cm) in human tissue. In other words,
a Pu-239 particle in tissue will only irradiate a volume of
tissue enclosed in a sphere of 45 u radius. As one moves in-
ward from the surface of this sphere, the radiation intensity
increases geometrically. About half of the alpha particle
energy is dissipated at 20 u (that is, with a volume that
is 1/8 the total volume). This means that the average dose
delivered in the first 20 u is 8 times that delivered in the
remaining 20 u. The first column of Table III describes
the radiation field around such a particle in soft tissue;
e.g., the skin., Since the lung is a spongy tissue with a large
air volume, the range of alpha particles is longer in the
lung and consequently the mass of irradiated tissue is larger.

Professor Donald Geesaman made a detailed analysis of plutonium
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particle irradiation of deep respiratory tissueZl. The
last two columns in Table III describe the radiation field
around such a particle in the lung using Geesaman's lung
modelzz. The dose rate to the entire organ is given in
column 2 of Table III for comparison. From Table III it is
significant to note that with an assumed DF=1, the lung
dose from the same particle varies by more than 8 orders of
magnitude depending on whether one averages the dose over
the entire lung or calculates it on the basis of the tissue

exposed.

TABLE III

Radiation Dose Rate Due to a Pu-239 Particle

(1 u in diameter, 0.28 pCiZB)

Soft Lung
Tissue 24 Entire Tissue Closest
Irradiated Organ Irradiated 20 Alveoli
Mass of 2%
Tissue 0.4 ug 1000 g 65 ug 19 ug
Dose Rate
(rem/yr) 730,000 0.0003 4000 11,000

21/ Geesaman, Donald P., An Analysis of the Carcinogenic Risk
from an Insoluble Alpha-Emitting Aerosol Deposited in Deep
Respiratory Tissue, UCRL-50387 and UCRL-50387 Addendum,
Lawrence Livermore Laboratory, Livermore, Calif., 1968.
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It would take 53,000 particles of the size illustrated
in Table III to reach the MPLB of 0.016 uCi which results
in 15 rem/yr to the entire (1000 g) lung. However, as
Table III indicates, these particles would irradiate only
3.4 g of this 1000 g to the lung, but at a dose rate of
4000 rem/yrzs. Thus, as Table III indicates, these particles
result in an intense but highly localized irradiation. A
fundamental question is, then: is this intense but localized
irradiation more or less carcinogenic than uniform
irradiation? Alternatively, is the DF for this particular form
of irradiation equal to, greater than, or less than one? 1In
the remainder of this section, we review the guidance, or
more appropriately lack of gquidance, for dealing with this

hot particle problem.

22/ Geesaman, Donald P., UCRL-50387, pp. 8, 15.

33/ Langham, Wright H., The Problem of Large Area Plutonium
Contamination, U. S. Dept. of H. E. W., Public Health
Services, Seminar Paper No. 002, Dec. 6, 1968, p. 7.

24/ Long, A.B., "Plutonium Inhalation: The Burden of
Negligible Consequence," Nuclear News, June 1971, p. 71.

25/ Geesaman, Donald P., UCRL-50387, pp. 8, 15. Based on
Geesaman's model for a lung at one~half maximum inflation.
Geesaman estimates a total of 68 alveoli at risk, each

8x10~6 cm3 in volume, and deep respiratory zone tissue density

of 0.12 g/cm3,

26/ See footnote 23.
27/ Based on a lung mass of a standard man = 1000 g.

28/ This assumes that the radiation field of the 53,000
particles do not overlap.
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C. The Hot Particle Problem

It is important to recognize that the ICRP has given
no guidance with respect to nonuniform irradiation of the lung
by insoluble alpha-emitters such as insoluble plutonium
particles, In its Publication 9, the ICRP states:
...In the meantime there is no clear evidence to show
whether, with a given mean absorbed dose, the biological
risk associated with a non-homogeneous distribution is
greater or less than the risk resulting from a more
diffuse distribution of that dose in the lung.29
In effect, the ICRP is saying that there is no guidance as
to the risk for non-homogeneous exposure in the lung, hence
the MPCz and the MPLB are meaningless for insoluble plutonium
particles.
The NCRP offers the following and similar statement
with respect to these particles:
(210) The NCRP has arbitrarily used 10 percent of
the volume of the organ as the significant volume for
irradiation of the gonads. There are some cases in
which choice of a significant volume or area is
virtually meaningless. For example, if a single
particle of radiocactive material fixed in either lung
or lymph node may be carcinogenic, the averaging
of dose either over the lung or even over one cubic
centimeter may have little to do with this case.30

This hot particle problem is also well recognized in

the biological community. The following is extracted from a

29/ ICRP Publication 9, Op. cit., p. 4.

30/ NCRP Report No. 39, Op. cit., pp. 79-80.



paper by Professor Donald P. Geesaman:

So there is a hot particle problem with pluton-
ium in the lung, and the hot particle problem is not
understood, and there is no guidance as to the risk.

I don't think there is any controversy about that.

Let me quote to you from Dr. K. Z. Morgan's testimony
in January of this year before the Joint Committee on
Atomic Energy, U.S. Congress. [a] Dr. K. Z. Morgan

is one of the United States' two members to the main
Committee of the International Commission on Radio-
logical Protection; he has been a member of the com-
mittee longer than anyone; and he is director of

Health Physics Division at Oak Ridge National Labora-
tory. I quote: "There are many things about radiation
exposure we do not understand, and there will continue
to be uncertainties until health physics can provide

a coherent theory of radiation damage. This is why
some of the basic research studies of the USAEC are so
important. D. P. Geesaman and Tamplin have pointed

out recently the problems of plutonium-239 particles
and the uncertainty of the risk to a man who carries
such a particle of high specific activity in his lungs."
At the same hearing, in response to the committee's
inquiry about priorities in basic research on the bio-
logical effects of radiation, Dr. M, Eisenbud, then
Director of the New York City Environmental Protection
Administration, in part replied, "For some reason or
other the particle problem has not come upon us in
quite a little while, but it probably will one of these
days. We are not much further along on the basic
question of whether a given amount of energy delivered
to a progressively smaller and smaller volume of tissue
is better or worse for the recipient, This is another
way of asking the question of how you calculate the dose
when you inhale a single particle." [b] He was
correct; the problem has come up again.

[a] Morgan, K. Z., "Radiation Standards for Reactor Siting,"
in Environmental Effects of Producing Electrical Power
Phase 2. Testimony presented at Hearings before the Joint
Committee on Atomic Energy, 91st Congress, 1970.

Washington, D. C., U. S. Government Printing Office.

[b] Eisenbud, M. Panel Discussion. 1In: Environmental Effects
of Producing Electrical Power, Phase 2. Testimony presented
at Hearings before the Joint Committee on Atomic Energy,
91st Congress, 1970. Washington, D. C., U. S. Government
Printing Office.
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In the context of his comment it is interesting to
refer to the National Academy of Sciences, National
Research Council report of 1961 on the Effects of
Inhaled Radioactive Particles. [c] The first
sentence reads, "The potential hazard due to air-
borne radiocactive particulates is probably the least
understood of the hazards associated with atomic
weapons tests, production of radioelements, and the
expanding use of nuclear energy for power production.”
A decade later that statement is still valid. Finally
let me quote Drs. Sanders, Thompson, and Bair from a
paper given by them last October. [d] Dr. Bair and
his colleagues have done the most relevant plutonium
oxide inhalation experiments. "Nonuniform irradiation
of the lung from deposited radiocactive particulates is
clearly more carcinogenic than uniform exposure {(on a
total-lung dose basis), and alpha-irradiation is more
carcinogenic than beta-irradiation. The doses required
for a substantial tumor incidence, are very high, how-
ever, if measured in proximity to the particle; and,
again, there are no data to establish the low-incidence
end of a dose-effect curve. And there is no general
theory, or data on which to base a theory, which would
permit extrapolation of the high incidence portion of
the curve into the low incidence region." I agree and
I suggest that in such a circumstance it is appropriate
to view the standards with extreme caution.

[c] U. 8. NAS-NRC Subcommittee, Effects of Inhaled Radiocactive
Particles. Report of the Subcommittee on Inhalation
Hazards. Committee on Pathologic Effects of Atomic
Radiation. National Academy of Sciences - National
Research Council, Washington, D. C. 1961. Publication
848. NAS-NRC/PUB-848, 1961.

[d] Sanders, C.L., R.C. Thompson, and W.J. Bair, "Lung
Cancer: Dose Response Studies with Radionuclides."
In: Inhalation Carcinogenesis. Proceedings of a Biology
Division, Oak Ridge National Laboratory, conference held
in Gatlinburg, Tennessee, October 8-11, 1969. M.G.
Hanna, Jr., P. Nettesheim, and J.R. Gilbert, eds.,
U. S. Atomic Energy Commission Symposium Series 18, 1970.
pp. 285-303. (CONF-691001).

31/ Geesaman, Donald P., "Plutonium and Public Health,"

Lawrence Livermore Laboratory, Calif., GT-121-70, April 19, 1970,
reproduced in Underground Uses of Nuclear Enerqgy, Part 2, Hearings
before the Subcommittee on Air and Water Pollution of the

Committee on Public Works, U. S. Senate, 91st Congress, 2nd Session,
August 5, 1970, pp. 1530-1532.
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To these comments, referenced by Geesaman, can be added

the comments of Dr. A. B. Long:

". . . there is an urgent need to dispell the sense of
security and certainty that the present limits for

the maximum permissible lung burden and the maximum
permissible air concentration bring . . . the public
should be informed of the uncertainties that exist

in these limits."32

V. Biological Data Related to Cancer Risk from Insoluble

Plutonium Particles

We have shown that insoluble alpha-emitting particles
result in intense but localized radiation. They can irradiate
at very high doses without being organism- or organ fatal.

We said that the available biological data strongly suggests
that a DF=1 grossly underestimates the DE for insoluble
particulates of Pu-239, and consequently, the derived standards
MPLB and MPC, for this radionuclide are greatly in error.

We now turn to the experinents involving cancer induction

by intense local exposure, since these are especially

relevant in judging whether or not insoluble alpha-emitting
particles constitute a unique risk. Geesaman collected

and analyzed the pertinent experiments, and what follows

32/ Long, A.B., Op. cit., p. 73.
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. . . . 33 .
is essentially a review of his analysis ~, which has become
known as the "Geesaman hypothesis."

A The Geesaman Hypothesis

Dr. Roy E. Albert and co-workers performed a number of
experiments on the induction of cancer in rat skin34736,
Albert's study of radiation-induced carcinoma in rat skin
gives some quantitative description of a high-dose car-
cinogenic situation. A skin area of 24 cm? was exposed
to electron radiation with various depths of maximum penetra-
tion. The dose response curves are reproduced in Figure 1.
In all cases the response at sufficiently high doses (1000-
3000 rem) was large, - 1-5 tumors per rat by 80 weeks post
exposure. It was noted by Albert that when the dose was

normalized to a skin depth of 0.27 milimeters, the three

response curves became continuous (See Figure 2). Since this

33/ Geesaman, D.P., UCRL-50387 Addendum, Op. cit.

34/ Albert, R.E., F.J. Burns, and R.D. Heimbach, "The
effect of penetration depth of electron radiation on skin
tumor formation in the rat," Radiation Res. 30, 1967, pp. 515-524.

35/ Albert, R.E., F.J. Burns, and R.D. Heimbach, "Skin damage
and tumor formation from grid and sieve patterns of electron
and beta radiation in the rat," Radiation Res. 30, 1967, pp. 525-540.

36/ Albert, R.E., F.J. Burns, and R.D. Heimbach, "The
association between chronic radiation damage of the hair
follicles and tumor formation in the rat," Radiation Res. 30,

1967, pp. 590-599.
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depth is near the base of the hair follicle which comprises

the deepest reservoir of epithelial cells of the germinal
layer, it was suggestive that this might be a critical

region in the observed carcinogenesis. The suggestion gained
significance from the observations that most of the tumors

are similar to hair follicles, and that in the non-ulcerogenic
dose range the number of tumors per rat was in nearly constant
ratio (1/2000-1/4000) with the number of atrophied hair
follicles. Thus the carcinogenesis in this experiment

was remarkably correlated with the dose to and specific

damage of a particular skin structure. When exposures were
made with stripe and sieve patterns of roughly 1 mm scale,
geometrical effects were observed: most notably the cancer
induction in the sieve geometry was suppressed at doses of

1700 rad but not at doses of 2300 rad. The reduction, however,
was again consistent with the reduction in damage as characterized
by atrophied hair follicles.

To summarize this important experiment, a high incidence
of cancer was observed after intense local doses of radiation,
and the carcinogenesis was proportional to the damage or
disordering of a critical architectural unit of the tissue,

the hair follicles,
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Others have observed carcinomas and sarcomas in rats

and mice after intense exposure of the skin to ionizing radia-

tion§?-43. Cancer induction is generally a frequent event

in these experiments. Even at elevated doses, such as

12,000 rad of 1 MeV electrons, Boag and Glucksmann induced

«5 garcomas/100 cm?2 in rats3?.

A few results for rabbits, sheep, and swine were

obtained at Hanford38_4l. Despite the small number of animals

QZ/ Withers, H.R., "The dose-survival relationship for
irradiation of epithelial cells of mouse skin," Brit. J.
Radiol. 40, 1967, pp. 187-194.

38/ Hulse, E.V., "Tumours of the skin of mice and other
delayed effects of external beta irradiation of mice using
90sr and 32p," Brit. J. Cancer 16, 1962, pp. 72-86.

39/ Boag, J.W. and A. Glucksmann, "Production of cancers in

rats by the local application of Beta-rays and of chemical
carcinogens," Progress in Radiobiology, J.S. Mitchell,

B.E. Holmes, and C.L. Smith, eds. Proceedings of the Fourth
International Conference on Radiobiology held in Cambridge,

14-17 August 1955. Edinburgh, Oliver and Boyd, 1956, pp. 476-479.

40/ George, L.A. and L.K. Bustad, "Gross effects of beta rays
on the skin," Hanford Atomic Products Operation, Biology
Research Annual Report for 1956, HW-47500, 1957, pp. 135-141.

41/ George, L.A. II, R.L. Pershing, S. Marks, and L.K.
Bustad, "Cutaneous fibrosarcoma in a rabbit following beta
irradiation," Hanford Atomic Products Operation, Bioclogy
Research Annual Report for 1959, HW-65500, 1960, pp. 68-69.

42/ Ragan, H.A., W.J. Clarke and L.K. Bustad, "Late effects
of skin irradiation,"” Battelle-Northwest Laboratory Annual
Report for 1965 in the Biological Sciences, BNWL-280, 1956,pp. 13-14.

43/ Karagianes, M.T., E.g. Howard and J.L. Palotay, Battelle-
Northwest Laboratory Annual Report for 1967 to the USAEC Division
of Biology and Medicine, Vol. I, Biological Sciences, BNWL-714,

1968, pp. 1.10-1.11
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involved, surface doses of 16,000 rad from a p32 plague
induced an average of 1 cancer/animal which is indicative
that larger mammals are similarly susceptible to skin cancer
after intense radiation insult. Again, these gross obser-
vations demonstrate that enhanced tumor incidence does occur
after very high doses.

Intense localized radiation of the subcutaneous and
intraperitoneal tissue of animals by Pu-239 has also been
shown to cause a high frequency of cancer induction43-45,

Now what are these experiments trying to tell us?
Certainly a reasonable interpretation of these experimental
results is: when a critical architectural unit of a tissue
(e.g., a hair follicle) is irradiated at a sufficiently high .
dosage, the chance of it becoming cancerous is approximately
10~3 to 10~4. This has become known as the "Geesaman
hypothesis."

B Related Human Experience

Since the above experiments relate to cancer induction

in animals, it is pertinent to ask whether man is more or less

44/ Sanders, C.L. and T.A. Jackson, "Induction of Mesotheliomas
and Sarcomas From 'Hot Spots' of PuOy Activity,” Health Physics,
Vol. 22, No. 6, June 1972, pp. 755-759.

45/ Lisco, Herman, et al, "Carcinogenic Properties of
Radicactive Fission Products and of Plutonium,” Radiologx,
Vol. 49, No. 3, Sept. 1947, pp. 361-363.
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sensitive to such intense localized radiation. C. C.
Lushbaugh reported on a lesion that developed as the result
of residual Pu-239 from a puncture wound46. The particle
contained 0.08 ﬁg (0.005 uCi) of Pu-239. Commenting on

the histological examination of the lesion, the authors

state, "The autoradiographs showed precise confinement of
alpha-tracks to the area of maximum damage and their
penetration into the basal areas of the epidermis, where
epithelial changes typical of ionizing radiation exposure were
present. The cause and effect relationship of these findings,
therefore, seemed obvious. Although the lesion was minute,
the changes in it were severe. Their similarity to known
precancerous epidermal cytologic changes, of course, raised
the question of the ultimate fate of such a lesion should it
be allowed to exist without surgical intervention..." 1In

this case, less than 0.1 ug of Pu-239 produced precancerous
changes in human tissue. The dose to the surrounding tissue
was very intense. There is every reason to believe that a
smaller quantity of Pu-239 would have produced similar changes.
This precancerous lesion indicates that a single Pu-239
particle irradiates a significant (critical) volume of tissue

and 1s capable of inducing cancer. The Lushbaugh study was

46/ TLushbaugh, C.C. and J. Langham, Op. cit., pp. 461-464.
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published in 1962. At that time the total number of puncture
wounds in man was less than 1,00047. The treatment of such
wounds was excision so that the total number of wounds dis-
plaving residual contamination by plutonium particles was
certainly less than 1,000. Therefore, this wound data would
suggest that insoluble plutonium particles could offer a risk
of cancer induction in man that is even greater than 1/1000
per particle. In other words, when a critical unit of tissue
is irradiated, man may be more susceptible to cancer than the
Albert data as analyzed by Geesaman would suggest.

A second case of plutonium particle induced cancer is
that of Mr. Edward Gleason. He was not associated with
the nuclear industry but was a freight handler who unloaded,
rotated and reloaded a crate that was contaminated by the
leaking carboy of Pu-239 solution which it contained. He
subsequently developed an infiltrating soft tissue sarcoma
on the left palm which eventually resulted in his death.
Although this case is not as clear cut as the case of the
plutonium worker, there is an overwhelming medical probability

that his cancer was induced by olutonium. Mr. Gleason's

unfortunate contact with Pu-239 lead to a lawsuit,

47/ Vanderbeck, J.W., "Plutonium in Puncture Wounds," HW-66172,
Hanford Laboratories Operation, July 25, 1960.
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Edward Gleason, et al v. NUMEC. This suit was eventually

settled out-of-court. A discussion of the evidence in this
case by one of the authors is presented in the Appendix B
of this report.

These two cases, drawn from the relatively small number
of individuals so contaminated, strongly suggest that Pu-239
particles offer a unique carcinogenic risk. They indicate
that a single particle is capable of delivering an intense
radiation dose to a critical volume of tissue and that this
disruptively irradiated tissue, like an atrophied hair follicle,
has a high probability (maybe as high as 1/1000) of becoming
cancerous.

cC. Related Lung Experiments

The skin experiments with animals are remarkable in that
a highly disruptive dose of radiation to a small portion of
repairable mammalian tissue produced frequent carcinogenesis.
The chance of producing one cancer per animal is essentially
unity. It is reasonable to expect that a comparable
development could occur in lung tissue. While a number of
radiocactive substances have been used to induce lung cancers

in mice and rats48, it is difficult to derive any characteriza-

tion of carcinogenesis from these experiments.

48/ Cember, H., "Radiogenic lung cancer," Progress in
Experimental Tumor Research, F. Homburger, ed. New York,
Hafner Publishing Company, Inc., Vol. 4, 1964, pp. 251-303.




The work of Laskin, et al, though not specifically
involving deep respiratory tissue, does demonstrate a source
intensity-response curve for lung tissue49. A Ru-106
cylindrical source was implanted in the bronchi of rats, and
cancers were observed to arise from the bronchial epithelium.
The response curve indicates a substantial response (7 percent)
even at 0.008 uCi burden, and a slow, approximately logarithmic
increase of tumor incidence over three orders of magnitude
in the source intensity. Corresponding first-year doses to
adjacent bronchial epithelium varied from 103 rad to 106 radso.
Animals were followed until death and it was observed that
the tumor incidence generally increased with the dose accumulatéd
at death. The lowest accumulated dose associated with a
cancer was 1400 rad. For an accumulated dose of the order of
106 rad the incidence was approximately two-~thirds. Cember
fortified glass beads (0.3 u diameter) with several microcuries
of Sr-90, and single beads were implanted in the lungs of

rats. Tumors were observed in 7 of 23 animals. In a second

experiment Cember exposed rat lungs to Ce-144 particles. For

49/ Laskin, S., M. Kuschner, N. Nelson, B. Altshuler, J.H.
Harley and M. Daniels, "Carcinoma of the lung in rats exposed
to the beta-radiation of intra-bronchial rutheniuml06 pellets.
1. Dose response relationships," J. Natl. Cancer Inst. 31,
1963, pp. 219-231.

50/ Altshuler, B., "Dosimetry from a Rul06_coated platinum
pellet," Radiation Res. 9, 1958, pp. 626-632.
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a burden range of 0.5 uCi to 50 uCi the observed tﬁmor incidence
fluctuated between 0.04 and 0.351.

All of these lung experiments involved intense exposures
and a significant levelef carcinogenesis. Severe damage
and disruption of tissue were associated with the exposures.

The most relevant lung experiment is Bair's Pu23902
inhalation study with beagle552'54. Exposure was to
particulates of 0.25 u or 0.5 u median diameter; burdens were
in the uCi range. Twenty of the 21 dogs that survived more
than 1600 days post exposure had lung cancer. Many of these
cancers were multicentric in origin. The cancers again
appeared in conjunction with severe lung injury. Since the
natural incidence of the disease is small, it appears that

at this level of exposure the induction of lung cancer is a

certainty during the normal beagle life span. At the same

51/ Cember, H., Op. cit.

52/ Bair, W.J., J.F. Park, and W.J. Clarke, "Long-term
study of inhaled plutonium in dogs," Battelle Memorial Institute
(Richland) , AFWL-TR-65-214, 1966 (AD-631 690).

53/ Park, J.F., W.J. Clarke and W.J. Bair, "Chronic effects
of inhaled 239pu03 in beagles," Battelle-Northwest Laboratory
Annual Report for 1967 to the USAEC Division of Biology and
Medicine, Vol. I, Biological Sciences, BNWL-714, 1968,

pp. 3.3-3.4.

54/ Park, J.F., et al, "Progress in Beagle Dog Studies with
Transuranium Elements at Battelle~Northwest," Health Physics,
Vol. 22, No. 6, June 1972, pp. 803-810.
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time, since the pathological response is saturated in this
experiment, it is inappropriate to draw any inference about

the magnitude of the response at smaller burdens. The smallest
burden (at death) in a dog showing lung cancer was 0.2 uCi.
Presumably this would correspond to a particle burden of

about 107 particles. Burdens which are smaller by orders cf
magnitude may still induce a substantial incidence of cancer.
Indeed, the cancer risk may, as for skin and soft tissues,
correspond to a risk per particle in the neighborhood of

1/1000 to 1/10,000.

VI, Critical Particle Activity

Not all particles would be expected to result in these
high cancer probabilities. As the particle size or specific
activity per particle is reduced so is the dosage to the
surrounding tissue. Indeed, at sufficiently small particle
size or specific activity, one would expect the radiation
insult to behave similar to uniform irradiation. The study
of Albert on induction of cancer in rat skin indicates a
precipitous change in the dose response curve as the dosage
exceeds 1,000 reis. (See Figure 2). This suggests that a

particular level of tissue damage must occur before this

unique carcinogenic response occurs. The experiments of

55/ Albert, R.E., et al, Radiation Res. 30, Op. cit., pp. 515-524,
Figure 7; reproduced in Geesaman, UCRL-50387 Addendum, Op. cit., |

P- 2. 1




- 33 =

Laskin, et al, indicate a significant carcinogenic response
in the lung at 1400 rem, suggesting a comparable sensitivity

of lung tissuess. Geesaman indicates that the tissue repair

time in the lung is of the order of one year57. It therefore
seems appropriate, but not necessarily conservative, to accept
as guidance that this enhanced cancer risk occurs when particles

irradiate the surrounding lung tissue at a dose rate of 1000

rem/yr or more.

TABLE IV
Particle Activity and Size to Give a Dose of

1000 rem/year to the Surrounding Lung Tissue

Particle Particle Diameter (uLSQ
A?téz;ty 239500, 238p40,

3/4 max inflated (138 alveoli) 0.14 0.8 0.12

1/2 max inflated ( 68 alveoli) 0.07 0.6 0.09

Closest 20 alveoli 0.02 0.4 0.06

wn
a)
™~

Laskin, et al, Op. cit.

Geesaman, Donald P., UCRL-50387, Op. cit., p. 1l.

(%)
~J
~

|

Ibid

9]
w
~

|

Based upon specific activity given by Langham, W.H.,
cit., p. 7.

913
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As seen from Table 1V, using Geesaman's lung model, a
particle with an alpha activity between 0.02 pCi and 0.14 pCi
is required to give a dose of 1000 rem/yr to irradiated lung
tissue. For purposes of establishing a maximum permissible
lung particle burden we will use 0.07 pCi from long half-
lived {greater than one year) isotopes as the limiting
alpha activity to qualify as a hot particle. Thus, throughout
the remainder of this report, hot particle will imply a particle
with at least this limiting alpha activity which is insoluble
in lung tissue,. |

A Exposures at Rocky Flats

The AEC has a plutonium facility associated with its
nuclear weapons program at Rocky Flats, Colorado. This
facility is operated under contract to the AEC by the Dow
Chemical Company. The employees, the environment and undoubtedly
the surrounding population have been contaminated with plutonium
60-62

particles as a result of the operation of this plant.

It is, therefore, pertinent here to examine the information

60/ Mann, J.R. and A.R. Kirchnev, Op. cit.

61/ Poet, S.E. and E.A. Martell, "Plutonium-239 and
Americium-241 in the Denver Area," Health Physics, Vol. 23,
1972, pp. 537-549.

62/ Richmond, Chet, Transcript of Plutonium Information
Meeting of the Advisory Committee on Reactor Safeguards,
Los Alamos, N. Mex., 5 January 1974, pp. 319-320.
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available on the exposure of employees of the Rocky Flats
facility and to relate 'this to the hot particle problem.

J. R. Mann and R. A. Kirchner discuss the exposures that
resulted from a plutonium fire at Rocky Flats on 15 October
1965.63 Some 400 employees were working in the room at the
time the fire occurred. These employegs were subsequently
placed in a whole body counter to determine their lung burdens
of Pu-239. However, Mann and Kirchner reported only on those
25 employees who were exposed above the MPLB of 0.016 uCi.

Table V presents the information on the exposure of
these 25 employees. Utilizing the other information presented
by Mann and Kirchner, we have also estimated in Table V |
the fraction of the lung burden activity (uCi) associated

with hot particles and the number of hot particles that this

represents,

63/ Mann, J.R. and R.A. Kirchner, Op. cit.
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TABLE V

Rocky Flats Exposure¥*

Number of Total Lung Hot Particles Number of
Cases Burden {(uCi) Lung Burden (uCi) Hot Particles
1 0.272 0.033 137,000
1 0.160 0.019 79,000
1 0.111 0.013 54,000
3 0.064 0.008 33,000
19 0.024 0.003 12,500

* Mann and Kirchner presented the lung burdens as number

of MPLB. These have been converted to uCi in column two
using MPLB=0.016 uCi. (For the groups with 3 and 19 cases,

we selected the midpoint of the reported range.} The hot
particle burden in column three was estimated by multiplying
the total burden by 0.17, the fraction of the activity on
particles above 0.6 u, and 0.70, the fraction of initial
deposited activity that was involved in long term retention in
the lung. Based on particle size data reported by Mann and
Kirchner, we estimate the average hot particle activity is
about 0.24 pCi. The numbers of hot particles in the last column
were obtained by dividing the hot particle burdens in column
three by the average hot particle activity (0.24 pCi).

Allowing a risk of cancer equal to 1/2000 per hot
particle, suggests that the individuals whose exposures are
presented in Table V stand a very high chance of developing
lung cancer -- the probability is essentially unity. In

this respect, it is significant to note that in the experiments



reported by Park, et al, the beagle dog with the smallest

lung burden, i.e., 0.2 uCi, developed lung cancer.64 The

highest burden in Table V is comparable to the lowest

beagle exposure; the lowest exposure in Table V, the 19

cases with lung burdens in the 0.024 uCi range are only an

order of magnitude less than the lowest beagle exposure.

We would suggest that this is potentially a serious situation.
As of this time, none of these individuals has developed

lung cancer.65 However, it is only 9 years since the exposure

and there is good reason to suggest that the latent period

(the time between exposure and the development of cancer)

is much longer than this. 1In the beagle dog experiments,

the lowest lung burden was associated with a latent period

of 11 years. The latent period may be longer in man and

particularly at these lower dosages and the small number of

cases involved. Therefore, while these exposed individuals

will be expected to supply pertinent data relative to this

hot particle cancer risk over the next 10 to 20 years,

these exposures give us no information at this time that would

warrant modifying the risk per particle or the critical

particle activity.

64/ Park, J.F., et al, Health Physics, Op. cit. p. 805.

65/ Richmond, Chet, Op. cit., p. 320.



- 38 -

B. Manhattan Project Workers

Another study of human respiratory exposure to plutonium
relates to 25 young men exposed to plutonium during the
Manhattan Project.66 The latest examination of this group
found them to be free of lung cancer although the report
states, "The bronchial cells of several subjects showed
moderate to marked metaplastic changes, but the significance
of these changes is not clear." Such metaplastic changes are
a possible indicator for detecting incipient or actual lung
cancer. In one case the report indicates that the subje;t
was a heavy smoker (3 packs/day) and undoubtedly this con-
tributed to the changes. Nevertheless, these findings
suggest that lung cancer may become manifest in some of
these subjects in the future. Indeed, one would not be
surprised to find one lung cancer even in such a group of
non-exposed subjects. During the latest examination of these
workers, in vivo measurement of the plutonium lung burdens
were conducted with these results:

An average MDA for a 2000-sec counting time is .
about 7 nCi if one uses the 95% confidence level.®

For the 68% confidence level and a similar counting
time, the comparable value is about 3.5 nCi.

——

66/ Hemplemann, L.H., et al, "Manhattan Project Plutonium
Workers; A Twenty-Seven Year Follow-Up Study of Selected Cases.’

67/ MDA refers to the minimum detectable amount.
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Positive counts were obtained for 14 of 21 persons
measured. These counts suggested chest burdens ranging
from 3 to about 10 nCi. However, in no case did the
estimated chest burden exceed the MDA at the 95% con-
fidence level. Seven of the 14 subjects with positive
chest counts had estimated chest burdens of 7 nCi or
greater and may be considered (at the 68% level of
confidence) to have statistically significant chest
burdens of from 7 to 10 nCi.68

Since the plutonium is still in the lung cavity, 27 years
post-exposure, it is correct to assume that it was initially
in the insoluble form and hence pertinent here.69 At the time
of this measurement, however, most of the material would be
expected to be in the lymph nodes. Nevertheless, we could
estimate the initial particle burden in these subjects from
these data if we knew the initial particle size at the time
of contamination. This particle size data is unavailable.

The nature of the contaminating events suggest that the
particle size might have been somewhat larger than those that
result from plutonium fires where most of the respirable
activity resides on particles in the size range of 0.1 u to

70

0.5 u in diameter. Much of the contamination of the

68/ Hemplemann, L.H., Op. cit., p. 474.

69/ ICRP Publication 19, The Metabolism of Compounds of
Plutonium and Other Actnides, Pergamon Press, New York, 1972, p. 7.

70/ Mann, J.R. and A.R. Kirchner, Op. cit., p. 880.



Manhattan workers resulted from aspiration of droplets of
liquid solutions of plutonium into the air wherein much larger
particle sizes would result. At the same time, the activity
of the plutonium in the particle would be considerably less
than that for a particle of Pu0p. For example, it is stated
that 14 of the 25 subjects with measurable body burdens of
plutonium worked in the recovery operation and that this
occurred when working with solutions containing 1-40 g/liter
of plutonyl nitrate to which Hy0, was being added with
vigorous stirring in an open hood. This resulted in con-
siderable fizzing and the discharge of droplets into the

air outside the hood. A droplet 1 u in diameter (0.5 u3)
from the solution with the highest concentration (40 g/liter)
would therefore contain only 6x10~4 pCi compared with a

0.07 pCi particle of Pulj 71 (a specific activity that is
lower by a factor of 100).72 In other words, the particles
involved in this study do not qualify as hot particles.

They are delivering dosages lower than 1000 rem/yr to the

71/ Recall from Table IV that a 0.07 pCi, the limiting
activity for a hot particle, would give a dose of 1000 rem/yr
to the surrounding tissue in a lung inflated to 1/2 maximum.

72/ Of the particles of an inhaled aerosol that are deposited
in the deep respiratory zone of the lung, virtually all are

less than 5 u in diameter [Geesaman, UCRL-50387, Op. cit., p. 3].
A 5 u droplet from the 40 g/liter solution would correspond

roughly to the limiting activity of a hot particle.



surrounding tissue (roughly 10 rem/yr).

c Weapons Test Fallout

Another source of human contamination that is suggested
as being pertinent to this problem is the plutonium in the
fallout from nuclear weapon tests. The plutonium from
weapon tests is incorporated in or deposited on particles
that contain other materials and, like that for the Manhattan
workers, the specific activity in these particles is much

smaller than that in hot particles.

VII Exposure Standards for Hot Particles

Thus the existing biological evidence strongly suggests'
that an insoluble particle of Pu-239 deposited in deep
respiratory tissue represents a risk of cancer induction
between 1/1000 and 1/10,000. Prudent public health practices
should assess the risk associated with environmental plu-
tonium and establish exposure guidelines on the basis of

these probabilities.

The existing standards for uniform radiation exposure
of the whole body or lung can be used as the basis for
establishing particle exposure standards by equating the
risk of cancer induction between the two types of exposure
(uniform vs. grossly non-uniform). The most recent

assessment of the risk associated with uniform irradiation of
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man was performed by the NAS-MRC Advisory Committee on the
Biological Effects of Radiation. Their report, published in
1972, is referred to as the BEIR Report.73

A. Occupational Exposure

The existing occupational exposure standard for uniform
whole body irradiation is 5 rem/yr and for the lung, 15 rem/yr.
the BEIR Report estimates that exposure of the whole body
of an individual to 5 rem/yr would lead to a cancer risk
between 4.5x10u4 and 2.3x10"3/yr.74 Their best estimate is

-3 75
10 /yr. Their estimate of the risk of cancer to the

individual from a lung exposure of the 15 rem/yr is 3:&(21“0_5/yr.?6

Allowing a risk of cancer induction between 1/1000 and

1/10,000 per particle, Table V presents the maximim permissiblg

lung particle burdens (MPLPB) that result in risks comparable

to these uniform radiation standards for occupational exposure.
The MPLPB values in Table V represent a very substantial

reduction in the MPLB. A hot particle of Pu-239 at the lower

limit activity contains only 0.07 pCi while the MPLB for

4

occupational exposure is 1.6x10 pCi. Thus the

73/ NAS-NRC, "The Effects on Populations of Exposure to
Low Levels of Ionizing Radiation,"” (BEIR Report), NAS-NRC,
Washington, D. C. , Nov. 1972,

74/ 1Ibid, p. 91.

75/ 1Ibid, p. 91.

76/ 1bid, p. 156.
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TABLE V

Occupational Exposure Guidance for Insoluble Alpha Emitters,
Maximum Permissible Lung Particle Burden (MPLPB)??

Cancer risk due to 5 rem/yr Assumed Risk in Particle
whole body exposure

1/1000 1/2000 1/10,000

4.5%x10"% 0.45 0.9 4.5
10"3 (best estimate) 1. 2. 10.
2.3x10”3 2.3 4.6 23.

largest MPLFB in Table V, 23 particles, represent a

reduction of the existing MPLB and MPC, by a factor of
10,000. It is recommended here that the best estimate of

the effects of uniform exposure by the BEIR Committee be used
together with a risk of cancer induction of 1/2000 per hot
particle in determining the MPLPB for insoluble alpha-
emitting radionuclides in hot particles. This is a somewhat
arbitrary compromise and is not the most conservative value
that could be recommended. Thus, the recommended MPLPB

for occupational exposure from hot particles of alpha-

77/ The number of particles required to give a cancer risk
equal to that from uniform radiation.

78/ Source: BEIR Report, Op. cit., p. 91. The MPLPB
corresponding to a lung cancer risk of 3x10-5 due to 15 rem/yr
lung dose [BEIR Report, Op. cit., p. 156] are 0.03, 0.06

and 0.3 for assumed particle risks of 1/1000, 1/2000 and
1/10,000 respectively.



emitting radionuclides in the deep respiratory zone is 2
particles. This corresponds to a MPLB of 0.14 pCi and repre-
sents a reduction of 115,000 in the existing MPLB. This
implies that the DF for hot particles is 115,000. Moreover,
it requires a reduction of the MPCy for Pu-239 by 115,000 to
a value of 3.5x10716 uCi/ml unless it is determined that

the plutonium is not in hot particles.

B. Exposure of the General Public

As indicated in Table II, the MPLB for non-occupational
exposure (members of the public) is tenfold less than that
for occupational expesure. Such an exposure limit for a hot
particle would be 0.2 particles. Exposure at this level
implies that on the average one out of five individuals
would be contaminated by a particle and the other four would
not. Obviously the exposed invididuals would be assuming a
disproportionate fraction of the risk. 1In fact, since an
individual is exposed to whole particles, any non-occupational
exposure to hot particles would be an overexposure. This
condition does not meet the recommendations and admonitions
of the FRC, ICRP and NCRP.

Under certain conditions, such as widespread radiocactive

contamination of the environment, the only data avail-

able may be related to average contamination or exposure

levels. ©Under these circumstances, it is necessary to
make assumptions concerning the relationship between
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average and maximum doses. The Federal Radiation
Council suggests the use of the arbitrary assumption
that the majority of individuals do not vary from the
average by a factor greater than three. Thus, we
recommend the use of 0.17 rem for yearly whole-~body
exposure of average population groups. (It is noted
that this guide is also in essential agreement with
current recommendations of the NCRP and the ICRP.)

It is critical that this guide be applied with reason
and judgment. Especially, it is noted that the use
of the average figure, as a substitute for evidence
concerning the dose to individuals, is permissible
only when there is a probability of appreciable homo-
geneity concerning the distribution of %ge dose within
the population included in the average.

Strict adherence to these guidelines implies that
the ambient air standard should be zero particles.80
While a variety of suggestions could be proposed, we recommend
a slight deviation from these guidelines and the acceptance

of the disproportionate risk implicit in the 0.2 particle
standard. This is a workable sclution since best estimates

of lung burdens can be fractional guantities. Thus, we
recommend that the MPLPB for members of the public be 0.2

hot particles, and the average lung burden for members of the

public be 0.07 hot particles, a factor of 3 less than the

maximum.

79/ FRC Report No. 1, Op. cit., p. 27.

80/ Had we based the standard on a 1/10,000 risk per
particle (See Table V), the MPLPB would have been one
particle and this problem would not exist.
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The MPLPB=0.2 particles implies that the existing MPCa
for non-occupational exposure to Pu-239 should also be reduced
by a factor of 115,000 to a value of 9x10~18 uCi/ml unless it
is determined that the plutonium is not in hot particles.

C. Exposure from Accidental Releases

There are no direct statements by standard-setting organi-
zations regarding an "acceptable" exposure associated with
release of radiocactivity in an accident.8l For purposes of
evaluating sites for nuclear reactors, establishing site
boundaries, and preparing safety analysis reports, however,
the AEC has adopted specific criteria. The reactor site

boundary (surrounding the exclusion area) must meet the following

criteria (10 CFR 100.11(a) (1)) :

(1) An exclusion area of such size that an
individual located at any point on its boundary
for two hours immediately following onset of the
postulated fission product release would not
receive a total radiation dose to the whole body
in excess of 25 rem? or a total radiation dose
in excess of 300 rem2 to the thyroid from iodine

exposure.

81/ Fish, B.R., G.W. Keilhalte, W.S. Snyder, and S.D. Swisher,
Chapter 7 of early draft version of B.R. Fish, et al, "Calcu-
lation of Doses Due to Accidental Released Plutonium from an
LMFBR," ORNL-NSIC-74 (Nov. 197Z), p. 128. This chapter was
deleted from the final version at the direction of AEC-Division
of Reactor Development and Technology because it was judged to
be not directly applicable to the objective of the study, and
the information base from which it was developed was already
available in other documents. AEC-DRDT further stated that it
was not removed because of the quality of the work.



2The whole body dose of 25 rem referred to
above corresponds numerically to the once in a
lifetime accidental or emergency dose for radia-
tion workers which, according to NCRP recommenda-
tions may be disregarded in the determination of
their radiation exposure status (see NBS Handbook
69 dated June 5, 1959). However, neither its use
nor that of the 300 rem value for thyroid exposure
as set forth in these site criteria guides are
intended to imply that these numbers constitute
acceptable limits for emergency doses to the public
under accident conditions. Rather, this 25 rem
whole body value and the 300 rem thyroid value
have been set forth in these guides as reference
values, which can be used in the evaluation of
reactor sites with respect to potential reactor
accidents of exceedingly low probability of
occurrence, and low risk of public exposure to
radiation.

Fish, et al, made the following comments regarding the
applicability of these criteria to the case of plutonium
release. These comments are also applicable to hot particle

case.

First, the wording of sections 100.11(a) (1)
clearly limits the application to the irradiation of
the whole body and the thyroid; no other organ or tissue
is mentioned or implied. Furthermore, only fission
products in general and iodine in particular are
identified as reference substances. Finally, footnote (2)
states unequivocally that the guides are not to be
considered as acceptable limits for emergency doses
to the public under accident conditions.82

Without addressing whether the guideline values,

25 rem to the whole body and 300 rem to the thyroid, should

82/ 1Ibid, p. 129.



be considered as acceptable limits, or whether design basis
accidents that are currently evaluated under these criteria
are "of exceedingly low probability of occurrence," we
recommend that 10 CFR 100.11l(a) (1) be modified as follows in
order to establish a hot particle standard that is equivalent
to the risk associated with 25 rem whole body irradiation:

(1) An exclusion area of such size that an
individual located at any point on its boundary
for two hours immediately following onset of the
postulated fission product or other radionuclide
release would not receive a total radiation dose
to the whole body in excess of 25 rem? or a total
radiation dose in excess of 300 rem? to the
thyroid from iodine exposure, or receive a lung
particle burden in excess of 10 hot particles.3

2(Unchanged from original text)

3A hot particle is a particle that contains
sufficient activity to deliver at least 1000 rem/yr
to the surrounding lung tissue. For isotopes
having half-lives greater than one year, this would
correspond to particles containing at least 0.07
pCi of alpha activity.

We also recommend that similar criteria be established
limiting hot particle releases for nuclear facilities not
now covered under 10 CFR 100.

D. Surface Contamination

Hot particles deposited on land surfaces can be
resuspended into the air by any number of means, including

wind, automobile traffic, human or animal movements, Following
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an accident wherein surfaces are contaminated with hot
particles, it is necessary to have a standard to apply to
decontamination measures.

The number of particles that can be resuspended from
surfaces has been the subject of a number of experiments.
These experiments have usually resulted in the determination
of a resuspension factor (RF). The RF is defined by:

concentration in air (uCi/m3)
concentration on surface (uCi/m2)

RF (m’l} =

R. L. Kathren has reviewed the data obtained on RF
values.83 He indicates that, "reported [RF] values for plutonium
and its compounds range over 1l orders of magnitude." This
11 orders corresponds to values between 10~1 to 10-11 m~1l.

Kathren indicates that, "an RF of 10~4 m“l, although

" 84

conservative is appropriate. Langham indicates that a

member of the Danish scientific team used an RF=10-3 m-1l

85

during the Thule deliberation. We would recommend that

83/ Kathren, R.L., "Towards interim acceptable surface con-
tamination levels for environmental Pul2," BNWL-SA-1510, Battelle
Northwest Laboratory, Richland, Washington, April 1968, pp. 3-4.

84/ 1Ibid, p. 4.

85/ Langham, Wright H., Op. cit., p. 5. The Thule Delibera-
tions refer to the deliberations following the accidental
crash of a B-52 bomber carrying nuclear weapons near Thule
Air Force Base in Greenland. The high explosives in the
weapons detonated and dispersed the plutonium.
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the value selected by Kathren be used when the RF is unknown
to determine the ambient ground contamination standard.
Applying an RF=10-4% m~l to the ambient MPC5; standard
recommended in the previous section, we obtain a maximum per-
missible surface contamination (MPSC) level for hot particles
of 9x10-8 uci/mz.86 This is roughly 1 hot particle/m2.

In areas where an RF greater or less than 10-4 m~1 coula

be shown to apply, the MPSC could be altered appropriately.

E As Low as Practicable Hearings

-

It is to be understood that the above recommendatiqns
do not represent endorsement on our part of the risk
inherent in the existing radiation protection guidelines
upon which these recommendations are based. Rather, we offer
the admonition that the exposures should be kept as far
below these guidelines as is practicable. Therefore, we
further recommend that these guidelines be incorporated
into the existing regulations without delay and that the
appropriate agency or agencies convene hearings to determine
for the regulations what constitutes as low as practicable

limits for exposure to hot particles.

86/ This value is derived as follows: The recommended MPC4
for hot particles is 9x10-18 uCi/ml which corresponds to
9%10~-12 uci/m3. The maximum ground contamination level, using
RF=10-4 m~1, is 9x10-12/10-4 = 9%x10-8 uCi/m2.
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VIITI Summary of Recommendations

The following recommendations apply to alpha-emitting
hot particles where a hot particle is defined as a particle
that contains sufficient activity to deliver at least 1000
rem/yr to the surrounding lung tissue. For isotopes having
half-lives greater than one year, this would correspond to
particles containing at least 0.07 pCi of alpha activity.87

It is recommended that:

1. For occupational exposure

MPLPB = 2 hot particles
MPCa for Pu-239 = 3.5x10~16 uci/m188
2. For non-occupational exposure

MPLPB = 0.2 hot particles

MPCs; for Pu-239 = 9x10-18 uci/m18°

87/ These particulates would consist of compounds of Pu and

the other actnides which fall into Class Y material in the ICRP

Task Group Lung Model. These materials would be retained for

years in the lung. See for example, ICRP Publication 19, Op. cit.,
p. 6. Since only particles in the size range of 5 u and below in
diameter would be deposited in the deep respiratory tissue, this

in effect sets an upper limit for the particle size of interest
here. If the half-life is less than or close to 1 year the limit
of 0.07 pCi can be adjusted upward through appropriate calculations.

88/ This MPC; applies for particles containing 0.07 pCi of
Pu-239. For particles containing more than 0.07 pCi the

MPCgz could be increased proportionately. For particles
containing less than 0.07 pCi the existing MPCa=4x10-1l pCi/ml
would apply. The MPCaz for hot particles of other isotopes

and mixtures of isotopes should be established on a similar
basis with consideration given to the half-life of the isotope.

89/ 1Ibid.
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3. PFor accidental releases exposure (10 CFR 100.11(a) (1))
MPLPB (2 hours exposure) = 10 hot particles

4. For unrestricted areas
MPSC = 1 hot particle/m2 20

5. Hearings should be convened to determine as low as

practicable requlations.

90/ This value is meant for guidance with respect to
decontamination of an unrestricted area that has been con-
taminated with hot particles. In areas where an RF greater or
less than 10”4 m~1 could be shown to apply, the MPSC could be
altered appropriately.



APPENDIX A
Radiation Standards Setting Organizations

and Their Roles

The organization which recommends basic radiation cri-
teria and standards at the international level is the
International Commission on Radiological Protection (ICRP).
It was established in 1928 under the auspices of the Second
International Congress of Radiology. During the early
period and until 1950, the ICRP was concerned primarily with
recommendations designed to provide protection to members
of the medical profession in their diagnostic and thera-
peutic use of X-rays and gamma radiation from radium.
However, since the advent of atomic energy, and radiation
uses on a large scale, it has extended its efforts to include
studies of radiation protection matters covering the whole
gamut of radiation applications. It works together with its
sister commission, the International Commission on Radiation .
Units Measurements (ICRU), and relies on the ICRU for back-
ground knowledge on radiation measurements.

The National Council on Radiation Protection and
Measurements (NCRP) was organized in 1929, a year after the
ICRP, as a combined effort of several radiation protection
committees in the United States to consolidate their
scattered efforts and to present a unified voice at meetings
of the ICRP.l The ICRP and NCRP are private groups whose
recommendations are purely advisory.

In 1934 the NCRP adopted the simple level of 0.1
roentgen per day, measured in air as the tolerance dose. In
1940, it recommended a permissible body burden of 0.1 micro-
gram for ingested radium. The latter standard, still in
effect today, corresponds to an average dose to the skeleton
of about 30 rem/yr or a dose to the critical endosteal tissue
out to a distance of 5-10 microns of about 10 rem/yr.

1/ Initially the NCRP was known as the Advisory Committee

on X-rays and Radium Protection; in 1946 the name was changed
to the National Committee on Radiation Protection and Measure-
ments, and in 1964 it received a Federal charter and took

its present name.
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In 1949, the maximum permissible dose for radiation
was lowered to 0.3 roentgen per week. It was lowered again
in 1957 to 5 rem/yr as the permissible dose for radiation
workers. This standard is still in effect.

The AEC has also played a significant role in setting
radiation standards. However, the AEC's regulatory authority
over materials was, and still is, limited by the Atomic Energy
Act of 1954, as amended, to source, by-product, and special
nuclear material. Before the Federal Radiation Council
(FRC) was formed, the AEC, when setting radiation standards,
generally followed «losely the recommendations of the NCRP,
which in turn paralleled the ICRP recommendations.

In 1959, after the advent of the atomic age had aroused
public fears over fallout from nuclear weapons, the U. S.
government, because of uncertainty of government influence
over radiation protection standards, organized the FRC.

It was authorized by Congress to "...advise the President

with respect to radiation matters directly or indirectly
affecting health, including guidance for all federal agencies
in the formulation c¢f radiation standards and in establishment’
and execution of programs in cooperation with the states..."?
The final authority with respect to radiation standards rested
not with the FRC but with the President. Such a subordinate
agency as the AEC, for example, had to make its rules, e.g.,
those governing licensed reactors, compatible with the overall
guides developed by the FRC.

Tnroughout the 1950's the ICRP and NCRP continued to
revise and refine the basic recommendations concerning
permissible radiation exposure standards. Standards were
recommended for some non-occupational groups and for the whole
population. Maximum permissible body burdens and maximum
permissible concentrations of radionuclides in the air and in
water were recommended as secondary standards. Most of these
recommendations were incorporated by the FRC and the AEC.

In 1970 the FRC was abolished and its duties were transferr«.l
to the EPA. Since that time, the setting of population
exposure standards has resided in EPA. Population standards,

g/ FRC Report No. 1, Background Material for the Development
of Radiation Protection Standards, Government Printing Office,
Washington, D. C., May 13, 1960, p. 1.
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in this case, mean exposure to persons "outside the fence"
of an AEC (or AEC-licensed) facility. Criteria, required
to meet these standards, for plant operation and design
remained with the AEC. Hence, present responsibility for
assessment of health effects resides in EPA, while the
responsibility for developing technology to control emissions
resides in AEC. The Office of Management and Budget (OMB)
in a recent letter to EPA and AEC clarified the delegation
of responsibility between these agencies for promulgating
regulations to limit the radicactivity that may be emitted
from facilities in the nuclear power industry. OMB stated:

AEC should proceed with its plans for
issuing uranium fuel cycle standards, taking
into account the comments received from all
sources, including EPA; that EPA should dis-
continue its preparations for issuing, now
or in the future, any standards for types of
facilities; and that EPA should continue,
under its current authority, to have res-
ponsibility for setting standards for the total
amount of radiation in the general environment
from all facilities combined in the uranium
fuel cycle, i.e., an ambient standard which
would have to reflect AEC's findings as to
the practicability of emission controls.3

There are other agencies and groups which are concerned
with radiation standards and in some cases have regulatory
authority. These include, but are not limited to, the
Department of Health, Education and Welfare, Department of
Labor, Bureau of Mines, the American National Standards
Institute, and state agencies. The radiation standards of
these organizations are not at issue here. For the most part
they play a secondary role, or where applicable, follow the
guidance of the NCRP, EPA and AEC.

3/ Memorandum for Administrator Train and Chairman Ray
from Roy L. Ash, Dec. 7, 1973.






APPENDIX B
Statement Submitted to Attorneys for Mr. Edward Gleason

Re: Edward Gleason, et al vs. NUMEC

by: Arthur R. Tamplin

The following is my analysis of the origin of Mr. Edward
Gleason's soft tissue sarcoma that ultimately resulted in his
death and of the Consultation Report, submitted by Dr. Niel
Wald, dated Jan. 29, 1973.

Mr. Gleason unloaded, rotated, and lcocaded a crate con-
taining a leaking carbov of plutonium-239 (Pu-239) solution.
This could not have occured without contaminating the palmar
surface of his left hand, which was bare. The question is:
did this Pu-239 contamination cause Mr. Gleason to develop a
sarcoma? Since radiation induced cancers are identical with
those that occur spontaneously, it is necessary to consider
the relative chances that the cancer was spontaneous or Pu-239
induced.

The United States Vital Statistics, record a death rate
for malignant neoplasms (other than melanoma) of the skin in
the upper extremity of less than one per million per year. Since
synovial sarcoma is a rare form that often metastasizes and
hence has a poor prognosis, its occurrence rate is certainly
less than the total skin cancer death rate of one per million
per year. Thus it is highly unlikely that anyone who handled
this crate would spontaneously develop this sarcoma on the
contaminated hand (less than one chance in a million).

Now let us consider what the chances are of the develop-
ment of cancer as a result of plutonium contamination of the
skin. Experimental data from plutonium contaminated animals
demonstrate that injection of 1 microgram of Pu-239 into the skin
of rats promptly produced cancer in up to 5% of the animals
(Exhibit 1) . The particular tumors are fibrosarcomas.

Now the analysis done by LASL indicated that the Pu-239
concentration was about 160 micrograms per milliliter. This
is reason to suspect, since the volume of liquid was reduced,
the Pu was actually more concentrated in 1963. But setting that
aside, one drop would be expected to contain between 8 and
16 micrograms of Pu-239. One-one hundredth of a milliliter
(a very small amount of liquid) would have been sufficient to
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produce sarcomas in animals. There is little reason to doubt

that this small amount of liquid (0.01 milliliter) or even more
found its way below the surface of Mr. Gleason's palm. In this
event, his chance of developing cancer would be one in twenty.

This is at least 50,000 times higher than his chances of developing
the cancer spontaneocusly. In other words, the evidence is over-
whelming in favor of the tumor resulting from Pu-239 contamination.

The above relative probability is based upon data from
animals. It is quite possible that man is more sensitive than
animals to cancer induction by Pu-239. 1In fact, the biological
evidence strongly suggests that man is more sensitive., Exhibit 2
is a case report of a nodule removed from a man. This nodule
contained only 0.08 ug of Pu-239. Commenting on the histological
examination of the lesion, the authors states,"The autoradio-
graphs showed precise confinement of «-tracks to the area of
maximum damage and their penetration into the basal areas of
the epidermis, where epithelial changes typical of ionizing
radiation exposure were present. The cause and effect relation-
ship of these findings, therefore, seemed obvious. Although the
lesion was minute, the changes in it were severe. Their
similarity to known precancerous epidermal cytologic changes,
of course, raised the question of the ultimate fate of such a
lesion should it be allowed to exist without surgical inter-
vention..." In this case, less than 0.1 ug of Pu-239 produced
precancerous changes in human tissue. The dose to the surrounding
tissue was very intense. There is every reason to believe
that a smaller quantity of Pu-239 would have produced similar
changes.

When I consider the above human and animal data together with
the relative probability of 50,000, I can come to no other
conclusion than that this sarcoma was a direct result of the
contamination of Mr. Gleason's left valm by Pu-239.

Turning now to Dr. Wald's Consultation Report, it can be
stated that he has presented no evidence to disprove the claim
that this sarcoma was caused by Pu-239 contamination. I shall
discuss Dr. Wald's report in the order that it was written.

According to the Division of Inspection Report submitted
by Anson M, Bartlett on April 11, 1963, pages 29-30, the
January 19 examination was conducted not on Mr. Gleason, but on
his home, clothing and automobile. The single urine and feces
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samples collected subsequent to January 20 gave negative
results. The only thing that this demonstrates is that no
detectable level of Pu-239 was found. Even following the in-
jection of large volumes of Pu-239 solution into the skin and
muscle of animals, the Pu-239 is slowly absorbed and appreciable
fractions, up to 70%, remain at the site of injection. More-
over, of the quantity absorbed only a small fraction appears
in the urine or feces (see page 3, Exhibit 3 and Exhibit 4).
In Mr. Gleason's case we are concerned with only a very small
volume of solution and hence we should not be surprised if we
obtain negative results in an individual urine or feces
sample. (See also Exhibit 5)

The physical examination performed by Dr. Roy E. Albert
on January 23, 1963, has no relevance. One would expect no
overt signs of radiation injury at this early date from the
small gquantity of Pu-239 which is at issue here. We are concerned
here with the long term effects, not the acute effects.

The medical history of Mr. Gleason as recorded by Dr. Wald
appears to be accurate, however, he omitted the conclusions
of the Pathology Report of the Hospital for Special Surgery
wherein the unanimous opinion of the pathologists was stated
to be that this lesion was a synovial sarcoma.

The negative findings in the feces and urine in April of
1970 are of no more relevance than the similar findings in the
January 1963 samples. The whole body counter has a detection
limit of 0.3 u Ci of Pu-239. At issue here are quantities
below 0.06 u Ci and, hence, well below the detectable limit.

There are three reasons for setting aside the negative
findings in the initial tissue removed from Mr. Gleason. First,
since the pathologist report indicated "no evidence of atypical
or malignant changes,” it is quite possible that this mass was
unrelated to the sarcoma. Recall here that the histology of
the small nodule in Exhibit 2 showed severe changes that resembled
precancerous changes. Third, the site of contamination was
not necessarily removed with the mass or it could have trimmed
from the mass prior to production of the paraffin blocks and
slides. Consider here that the nodule in Exhibit 2 was only
1/10 of a millimeter in diameter. Since Mr. Gleason eventually
developed an infiltrating soft tissue sarcoma, and this original
tissue removed showed no atypical change, there is no basis for
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assuming that the origin of the sarcoma was included in this
tissue mass.

The negative results on the clavicle specimen are also
egquivocal. The issue here is a small quantity of Pu-239
that remained localized in the palmar area of the left hand.
This bone specimen indicates only that the amount of system-
ically absorbed Pu-239 was too small to be detected in this bone
specimen.

None of these clinical findings are able to set aside the
strong possibility that Mr. Gleason's sarcoma was a direct
result of the plutonium contamination. The most likely course
of events is that a small guantity of the Pu-239 solution
(less the 0.01 milliliter) was deposited in the tissue below
Mr. Gleason's palm. This may have occured through a small cut
or via a sliver. The body then reacted to this material as a
foreign body, and encapsulated it. Eventually, a lesion
similar to that discussed in Exhibit 2 developed. This nocdule
progressed beyond the precancerous stage to become an in-
filtrating soft tissue sarcoma. The chances are some 50,000
times greater that the sarcoma developed in this fashion than
that it occured spontaneously.

I think that it is important to point out that all of the
information relevant to this case was available in 1963.
Had Mr. Gleason been informed of the potential cancer risk
subsequent to the incident, he could have informed his physicians.
As a result they would probably have treated him more cautiously
and the tradegy could have been substantially mitigated.
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pp. 713-722,
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of Pathology, Vol. 29, No. 1, Jan. - Feb. 1953, pp. 305-
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GLOSSARY

Absorbed Dose: The absorbed dose of any ionizing radia-
tion is the energy imparted to matter
by ionizing radiation per unit mass of
irradiated material at the place of
interest., The unit of absorbed dose is
the rad. One rad is 100 ergs/gram.

AEC: Atomic Energy Commission.
Ci: Abbreviation for curie.
Curie: The quantity of a radiocactive nuclide

disintegrating at the rate of 3.7x1010
atoms per second.

D: Abbreviation for Absorbed Dose.
DE: Abbreviation for Dose Equivalent.
DF: Abbreviation for Dose Distribution Factor.

Dose Distribution A modifying factor used in calculating
Factor: dose equivalent which accounts for non-
uniform distribution of radiation.

Dose Equivalent: The product of absorbed dose D, quality
factor (QF), dose distribution factor {(DF),
and other necessary modifying factors (The
dose equivalent is numerically equal to
the absorbed dose in rads multiplied by
the appropriate modifying factors). The
unit of dose equivalent is the 'rem.'

EPA: Environmental Protection Agency.

FRC: Federal Radiation Council. The FRC has
been abolished, and its functions taken over
by EPA,

g: Abbreviation for gram.

Half-life: Time required for a radiocactive substance to

lose 50 percent of its activity by radiocactive
decay. Each radionuclide has a unique half-
life.
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ICRP: International Commissjion on Radiological
Protection.

m: Abbreviation for meter.

micron: One-millionth of a meter.

ml: Milliliter = 0.001 liters.

MPCy: Maximum permissible concentration (of a

radionuclide) in air. The average con-
centration above background of a specific
radionuclide to which an individual can

be exposed without exceeding the guidelines.

MPCyy: Maximum permissible concentration {(of a
radionuclide) in water. (See definition
above.)

MPLB: Maximum permissible lung burden.

MPLD: Maximum permissible lung dose.

NCRP: National Council on Radiation Protection
and Measurements. .

nCi: Abbreviation for nanocurie, which is one-
billionth of a curie, or 10~9 curie.

pCi: Abbreviation for picocurie, which is one-
millionth of a microcurie, or 1012 curies.

QF: Abbreviation for Quality Factor, which is
assigned on the basis of a number of con-
siderations. A quality factor is a
modifying factor used in calculation of
dose equivalent which accounts for differences
in producing biological effects among
various forms of radiation (e.g., alpha,
and X-radiation).

Rad: Unit of absorbed dose (D), which is 100
ergs/gram. The rad is a measure of the
energy imparted to matter by ionizing
radiation per unit mass of irradiated
material at the place of interest.

Radionuclide: A nuclide of an element that is radioactive.
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Rem: Unit of dose equivalent. When the
appropriate modifying factors are used to
calculate dose equivalent one rem is the
quantity of any type of ionizing radiation
which when absorbed in man produces an
effect equivalent to the absorbtion of
one rad of X- or gamma-radiation at the
place of interest.

Roentgen: The quantity of X- or gamma-radiation such
that the associated corpuscular emission
per 0.001293 grams of air produces, in
air ions carrying one electrostatic unit
of electricity of either sign. For the
purposes here, the roentgen is roughly
equivalent to the rad.

Specific activity: Total radioactivity of a given material
(isotope, element, or compound) per gram
of the material -- curies/gram.

u: Abbreviation for micron, which is one-
millionth of a meter.

uCi: Abbreviation for microcurie, which is
one-millionth of a curie.

ug: Abbreviation for microgram, which is one-
millionth of a gram,






BOARD OF TRUSTEES

Stephen P. Duggan, Esq.
Chairman

Dr. Decan E. Abiahamson

Mirs. Louis Auchincloss

Boris 1. Birtker, Esq.

John T. Booth, Esq.

Frederick A, Collins, ]r., Esq.

Dr. Rene ]. Dubos

James B. Frankel, Esq.
Robert W, Gilmore

Dr. Joshua Lederberg
James Marshall, Esq.
Ruby G. Martin, Esg.
Anthony Mazzocchi
Michael Mclntosh

John B. QOakes

Dr. Gitford B. Pinchot
John R. Robinson, Esq.
Lautance Rockefeller

J. Willard Roosevelt
David Sive, Esq.

Dr. George M. Woodwell
Edwin M. Zimmerman, Esq.

Natural Resources Defense Council, Inc.

1710 N STREET, N.W.
WASHINGTON, D.C. 20036

202 783-5710

14 November 1974

Lt. General Warren D. Johnson
Director

Operations & Administration
Headquarters, Defense Nuclear Agency
Washington, D. C. 20305

RE:

Dear Lt. General Johnson:

Environmental Impact Statement -- Enewetak

New York Office
15 WEST 44:th STREET
NEW YORK, N.Y, 10036
212 869-0150

Palo Alto Office
664 HAMILTON AVENUE
PALO ALTO, CALIF. 94301
415 327-1080

Enclosed is a copy of "The Hot Particle Issue:
A Critique of WASH-1320 as it Relates to the Hot Particle Hypo-
thesis,” by Dr. Arthur Tamplin and me.

NRDC requests that this critique by included in
any subsequent versions of the Environmental Impact Statement on
Enewetak.

Sincerely,

\—1 o>
’ N Ij Cs::»e’\)-:"l_,-—‘--»—-—

Thomas B. Cochran



Document '"The Hot Particle Issue: A Critique of
WASH 1320 as it Relates to the Hot Particle
Hypothesis' not included at this time but will be
included in final distribution.



BOARD OF TRUSTEES

Stephen P. Duggan, Esq.
Chairman

Dr. Dean E. Abrahamson

Mius, Louis Auchincloss

Boris 1. Bittker, Esq.

Jobn T. Booth, Esq.

Frederick A. Colling, Jr., Esq.

Dr. Rene J. Dubos

James B, Erankel, Esq.
Robert W. Gilmore

Dz, Joshua Lederberg
James Marshall, Esq.
Ruby G. Marcin, Esq.
Anthony Mazzocchi
Michael MclIncosh

Joha B. Oakes

Dr. Gillerd B. Pinchot
Joha R. Robinson, Esq.
Laurance Rockefeller

J. Willazd Roosevelt
David Sive, Esq.

Dr. George M. Woodwell
Edwin M, Zimmerman, Esq.

Natural Resources Defense Council, Inc.

1710 N STREET, N'W.
WASHINGTON, D.C. 20036
202 783-5710

The Hot Particle Issue:

A Critique of WASH 1320*
as it Relates tc the

Hot Particle Hypothesis

by
Arthur R. Tamplin

Thomas B. Cochran

November 1974

New York Office
13 WEST 44:h STREET
NEW YORK, N.Y. 10036
212 §69-0150

Pals Alro Office
664 HAMILTON AVENUE
PALO ALTO, CALIF. 94301
415 327-1080

"A Radiobiological Assessment of the Spatial Distribution

of Radiation Dose from Inhaled Plutonium," WASH 1320,

U. S. Atomic Energy Commission [September 1974].






I. Background

On February 14, 1974, the Natural Resources Defense Council
(NRﬁC) petitioned the Atomic Energy Commission (AEC) and the
Environmental Protection Agency (EPA) to amend their radiation
protection standards applicable to "hot particles" of plutonium
and other actinides where'hot particles were defined more fully
in an accompanying report.1 The report (referred to herein as
the Tamplin—Cochran Report) concluded that the existing radiation
protection standards are grossly inadequate to protect workers
and the public from the high cancer risk posed by exposure to
the atmospheric release of plutonium particulates from the
nuclear power and weapons industries. The report recommended
(and the'ﬁetition requested) that the current standards be
made more restrictive by a factor of 115,000. In the petition
NRDC indicated that matters of importance to the public health
and safety such as this require prompt action. Allowing a
reasonable period for public comment NRDC recommended that the
proposed standards be set within six months (by August 14, 1974).

On March 15, 1974, the AEC released its Draft of the Liquid
Metal Fast Breeder Reactor Program Environmental Impact State;
ment (DRAFT LMFBR EIS). This statement contained a 15-page

discussion of the hot particle problem.2 This discussion, based

1/ Tamplin, A. R. and T. B. Cochran, "Radiation Standards for
Hot Particles," Natural Resources Defense Council, Washington,
D. C., 14 February, 1974.

g/ DRAFT LMFBR LEIS, Vol. II, Part 2, Section 4.G.5, pp. 4.G-89
to 4.G~105, March 1374.



on an earlier report by John W. Healy (referred to herein as
the Healy Report) of Los Alamos Scientific Laboratory,3 was
used as justification for ignoring the approach taken in the
Tamplin-Cochran Report for estimating the lung cancer incidence
associated with the inhalation of plutonium particulates (hot
particles) and using instead the assumption of uniform lung
exposure even where hot particles are concerned.

On March 28, 1974, the AEC gave notice in the Federal
Register (39 Fed. Reg. 11450) of NRDC's filing of its petition
- and requested public comments by May 28, 1974.

On April 16, 1974, NRDC submitted to the AEC a critique

4 Since

of the’hot particle discussion in the DRAFT LMFBR EIS.
the hot'pgrticle discussion in the DRAFT LMFBR EIS drew heavily
from the Healy Report (much cof it reproduced verbatim), the
NRDC comments were a critique of the Healy Report itself.

On August 5, 1974, the AEC announced that it was releasing
a draft Generic Environmental Statement on Mixed Oxide Fuel
(DRAFT GESMO), i.e., recycled plutonium in light water reactors.,
NRDC in.a letter of February 21, 1974, had requested that the

AEC give in this generic environmental statement a full and candid

3/ Healy, J. W., "contamination Limits for Real and Personal
Property," Los Alamos Scientific Laboratory, Los Alamos, New
Mexico, LA-5482-PR, January 1974.

4/ NRDC Comments on WASH 1535, Draft Environmental Impact
Statement, Liquid Metal Fast Breeder Reactor Program, Re: vVolume
II, Part 2, Section 4.G.5, Particle Lung Dose Effects, pp. 4,G-89

to 4.G-105, 6 May 1974.




discussion of the recommendations and supporting evidence presented
in the NRDC petition and accompanying report.

In the DRAFT_GESMO, just as in the DRAFT LMFBR EIS, the
uniférm exposure assumption was used to calculate the lung
cancer risk from hot particle exposures. The first paragraph
of the following quote from the DRAFT GESMO gives the justifica-
tion for this assumption.. The two remaining paragraphs describe
the AEC's treatment of the NRDC petition and the Tamplin-Cochran
Report in the DRAFT GESMO.

Over the past 30 years concern has arisen from time to
time about the possibility that radioactivity concentrated
in discrete particles might be more potent when in contact
with living tissue than the same activity diffusely
distributed through the same tissue (hot particle
hypothesis). Numerous studies to investigate this
hypothesis provide evidence that present standards

have been established on a sound basis.2 The standards
setting bodies have not set different limits for these

two types of exposure to radiocactivity. Diffuse radiation
of tissues is used to calculate dose. Hence this approach,
that is diffuse irradiation of tissues, has been used

in the preparation of this statement.

The AEC has been asked by the Natural Resources Defense
Council, Inc. {NRDC) to consider the "hot particle"”
hypothesis in this generic environmental statement on

the use of mixed oxide fuel. Appendix D presents key
elements of a report by Arthur R. Tamplin and Thomas B.
Cochran3 submitted by NRDC as well as selections from

a report by J. W. Healy.2 The Healy study is a broad
review of investigations on this subject and generally
supports the prevailing position of the standards setting
bodies.

The Natural Resources Defense Council, Inc. has raised
again the question of the effect of "hot particles”

in a petition filed with the Atomic Energy Commission,
requesting that a reduced limit - be imposed upon the
concentration of plutonium in air for particles of a
specified high activity. This matter is being given
careful consideration in a separate proceeding.

5/ DRAFT GESMO,p. IV J-7.



NRDC filed its petition requesting the reduction in the
plutonium standards with the agencies charged with the responsi-
bility. 1In its first official statement on this issue subse-
quenf to the NRDC petition, the AEC presented in the DRAFT
LMFBR EIS an argument based on the Healy Report. NRDC responded
with a critique (NRDC's comments on the DRAFT LMFBR EIS), setting
aside thg Healy Report by‘rebutting each of the points raised
in the DRAFT LMFBR EIS and showing why the references cited do
not suppoft the hypothesis that hot particles can be analyzed
in the same manner as uniform organ exposures, either for pur-
poses of estimating carcinogenic risks or for establishing
radiation standards. Four months after submitting those comments,
we were presented with the second AEC pronouncement on the hot .
particie issue (DRAFT GESMO). Here, the AEC used as justification
the original Healy Report and made no reference to NRDC's
comments. There was absolutely no justification for this
aberrant behavior by the AEC.

We are now presented with the third pronouncement on this
subject by the AEC in the report by Bair, Richmond and Wachholz
(referred to herein as the BRW Report).6 As we shall show in
our critique, it is for the most part an elaboration on the Healy
report. Moreover, this report also fails to acknowledge and

discuss our comments on the Healy Report submitted some six months

"6/ Bair, W. J., C. R. Richmond and B. W. Wachholz, A Radio-
biclogical Assessment of the Spatial Distribution of Radiation
Dose from Inhaled Plutonium, WASH-1320, USAEC, September 1974.
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ago on April 16, 1974, relative to the DRAFT LMFBR EIS. 1In

this respect, it is also significant to note that on May 22-24,
1974, the AEC sponsored a symposium on the biological effects

of élutonium at Los Alamos, New Mexico. Attendance was by
invitation. The authors, Bair, Richmond and Wachholz were
invited but we were not invited. When we submitted our report
and petition to the AEC, Qe had hoped that this would lead to

a dialogue that would serve to resolve this important issue.
However, it appears that the AEC refuses to engage in this
dialogue either face-to~face or in writing. It appears to us
that the simplest elements of professional responsibility would
require that they respond to our refutation of their arguments
rather than continually raising the same arguments in successivé.
publications. To this end, we again respond to their arguments.
We begin by reviewing the principal elements of the hot particle

hypothesis.

II. The Hot Particle Hypothesis

The "hot particle hypothesis" is relatively simple.
wWith reépect to alpha-emitting particles in the lung, it is:

If a particle deposited in the deep respiratory tissue

is of such activity as to expose the surrounding

lung tissue to a dose of at least 1000 rem in 1 year,

this particle represents a unique carcinogenic risk.

The biological data suggest that such a particle may
have a cancer risk equal to 1/2000.

This hypothesis implies that if-a particle exposes the
surrounding lung tissue to a dosage greater than 1000 rem in 1
year, the cancer risk is still 1/2000. (This of course causes

a larger particle to be less effective on a per pCi basis,
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but not on a per particle basis.) The hypothesis implies nothing
about particles that expose the tissue to less than‘lOOO rem
in one year.

The basic support for the hypothesis derives from a number
of experiments wherein a small volume of tissue was exposed to
high dosage. In these experiments cancer was the almost inevitable
result. Although it is not explicitly stated, these experiments
are relevant to the following NCRP critéria:

(206) Simplifications in practice hinge largely on
reporting a single representative protection dose for a
limiting organ system even when the actual irradiation
is grossly non-uniform. The representative dose is
taken as the highest that can be obtained by averaging
over a prescribed significant volume. The implication
of this concept, or at least the convention that is
followed, is that any redistribution of a given dose
within such a volume does not materially alter the
radiation response. It is usually assumed that the "sig-
nificant volume" should be of the order of one cubic
centimeter. This will be grossly conservative.

(207) There will be some cases in which selection of

a significant volume is inappropriate. Most notably
these will include cases where the radiation agent is

an alpha particle emitter deposited in thin sheets. As
an example, the deposition of radon daughter products

on the bronchioepithelial lining of the lungs is a

case in which the effective radiation field is v1rtually
two-dimensional only. In such cases, one may plausibly
consider a significant area of tissue surface, perhaps
equally arbitrarily taken as one square centimeter.
Realistic modeling of such cases suggests a much smaller
region as the reasonable effective target.

The hypothesis is essentially an extension of these criteria.
The quantitative parameters in the hypothesis are derived from

a series of experiments conducted by Dr. Roy C. Albert on rat

7/ NCRP Report No. 39, Basic Radiation Protection Criteria,
NCRP Publications, Washington, D. C., January 15, 1971.




8-10 In these experiments, Dr. Albert observed that the

skin.
radiation induced cancers were remarkably correlated with the
disruption of a critical architectural unit of the skin, the
hair follicle. The cancers were induced in the rough proportion
of 1 cancer per 2000 atrophied hair follicles when the dosages
exceeded some 1000 rem.

The hot particle hypothesis thus suggests that if these
skin experiments were performed with small particles,.each
capable of disrupting a single hair follicle, the observed cancer
induction would correspond to one cancer per 2000 particles.

So far as the lung is concerned, the hypothesis contains
the corollary that the lung also has such a critical architectural
unit that can be disrupted by a single particle and that this
also presents a cancer risk of 1/2000.

The potential hazard of a single hot particle embedded
in the tissue of humans is illustrated by the observation of

Lushbaugh and Langham.ll They excised a nodule that developed

8/ Albert, R. E., F. J. Burns, and R. D. Heimbach, "The effect
of penetration depth of electron radiation on skin tumor forma-
tion in the rat," Radiation Res. 30, 1967, pp. 515-524.

9/ Albert, R. E., F. J. Burns, and R. D. Heimbach, "Skin damage
and tumor formation from grid and sieve patterns of electron

and beta radiation in the rat," Radiation Res. 30, 1967, pp. 525-
540.

10/ Albert, R. E., F. J. Burns, and R. D. Heimbach, "The
association between chronic radiation damage of the hair follicles
and tumor formation in the rat," Radiation Res. 30, 1967,

pp. 590-599.

11/ Lushbaugh, C. C. and J. Langham, "A dermal lesion from
implanted plutonium,” Archives of Dermatology 86, October 1962,
pp. 121-124.




around a Pu-239 particle imbedded in the palm of a machinist.

Commenting on the histological examination of the lesion, the

authors state:

The autoradiographs showed precise confinement

of alpha-tracks to the area of maximum damage

and their penetration into the basal areas of the
epidermis, where epithelial changes typical of
ionizing radiation exposure were present. The
cause and effect relationship of these findings,
therefore, seemed obvious. Although the lesion
was minute, the changes in it were severe. Their
similarity to known precancerous epidermal cyto-
logic changes, of course, raised the question of
the ultimate fate of such a lesion should it be
allowed to exist without surgical intervention....l2

Considering the above observations, it would be surprising
indeed if a physician would not suggest surgical intervention
in a case where a patient had a few such imbedded particles.
We feel that this lesion alone éhould cause one to be very
cautiocus in estimating the hazard of hot particles.

That such lesions can develop in lung tissue is supported
by the observations of Richmond, et al., on the lesions induced
in experiments wherein hot particles were introduced into blood
vessels of the lungs of rats:

Such a lesion with collagenous degeneration and
subsequent liquefaction, due to the large local dose

of radiation at a hi%g)dose rate, hgs peen reported

by Lushbaugh et al., whose description of a plutonium

lesion found in the dermis is very similar to that
observed for plutonium in the lung.

12/ 1Ibid., p. 463.

13/ Richmond, C. R., et al., "Biological response to small
discrete highly radiocactive sources," Health Physics 18, 1970,

p. 406.




The above represents the distilled essences of the Tamplin-

Cochran Report which was an extension of some earlier publica-

tions of Professor Donald Geesaman.14 It is important to

restate that the hypothesis suggests that the disruption of
a critical architectural unit of a tissue is a significant
carcinogenic event.

The actual killing of cells and the development of a
fibrotic .lesion surrounding the hot particle is the suggested
mechanism of carcinogenesis. As Geesaman stated:

Summing up, intense radiation exposure of mammalian
skin and lung tissue commonly results in cancers.
Tissue injury and disturbance are a primary con-
sequence of intenmse radiation insult, and are observed
in association with carcinogenesis. Albert has
exhibited a simple proportionality between skin
carcinomas and atrophied hair follicles. No general
description of precarcinogenic injury exists, but
in a crude sense the available observations are
compatible with the idea of an injury-mediated
carcinogenesis. Cancer is a frequent instability

" of tissue. Since tissue is more than an aggregate
of cells, and has a structural and functional unity
of its own, it would not be surprising if some
disrupted local integrity, a disturbed ordering,
comprises a primary pathway of carcinogenesis. The
induction of sarcomas with inert discs of Mylari
cellophane, Teflon and Millipore (Brues, et al. 7)
is indicative that such a mechanism exists. Pre-
sumably mitotic sterilization is an important factor
in any carcinogenesis mediated by radiation-induced
tissue injury. The functional relation of this factor
in the carcinogenic response may be guite different
from a linearity in the surviving mitotic fraction.

l4/ Geesaman, D. P., An Analysis of the Carcinogenic Risk
from an Insoluble Alpha-Emitting Aerosol Deposited in Deep
Respiratory Tissue, UCRL~50387 and UCRL-50387 Addendum,

Lawrence Livermore Laboratory, Livermore, California, 1968.
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While regrettably unquantitative, the hypothesis of

an injury-mediated carcinogernesis is suggestively

descriptive. If the respiratory zone of the lung

contains a structure analogous to the rat hair

follicle, and if a radiocactive particulate deposited

in the respiratory zone has the capacity to disrupt

one or more of these structures and create a pre-

cangerous 1e31on, then cancer risks of the grfer of

to 107* per particle can be expected.

The lesion excised by Lusbaugh and Langham17 from human
palmar tissue and the observation by Richmond, et al.,,18 that
similar lesions are produced in the lung by hot particles
strongly arque that a comparable sensitive structure is present
in the lung and other tissues. Thus, the uncertainties in the
hot particle hypothesis involve these gquantitative parameters:

a) 1Is the risk of cancer per disrupted tissue mass
comparable to that per disrupted hair follicle?

b) 1Is a particle capable of irradiating the surrounding
tissue mass at the rate of 1000 rem/year sufficient
to produce such a lesion?

The thrust of the NRDC petition to modify the plutonium

exposure standards is that, until these uncertainties are
resolved, the prudent public health principle is to accept the

hot particle hypothesis rather than the less conservative

hypothesis that average organ dose from hot particles provides

16/ Brues, et al.l?, refers to Brues, A. M., H. Auerbach,
G. M. De Roche, and D. Brube, "Mechanisms of carcinogenesis,"

Argonne National Laboratory, Biological and Medical Research
Division Annual Report for 1967, ANL-7409, 1967, pp. 151-155.

17/ ©Lushbaugh, C. R. and J. Langham, op. cit.

18/ Richmond, C. R., et al., op. cit.
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a reasonable basis for protectién. The implication is, of course,
that while the evidence discussed in the Tamplin-Cochran Report
supports the hot barticle hypothesis there is no substantial

body of scientific evidence that can reject the hypothesis. The
purpose of this report is to demonstrate that the evidence is

also not to be found in the BRW Report.

ITII. Points of Analytical Confusion

Before reviewing the BRW Report in detail the following
genefal observations are presented in order to draw clear
distinctions among several analytical approaches or concepts
that appear to be the éource of some confusion to analysts
addressing the hot particle issue. These approaches are:

(1) The.assignment of a risk per hot particle, independent over

a range of par;icle sizes and activities; (2) the comparison

of the risk associated with a fixed amount of activity (or
absorbed dose) when spread uniformly over tissue with the risk
when the same activity (or absorbed dose) is spread non-uniformly
over the same tissue; (3) the concept of "wasted radiation"

and/or "overkill.™ It is essential that these three approaches

or concepts and their relationships (or distinguishing features)
be clearly understood before judging the relevance of experimental
data to the hot particle issue. We begin by reviewing each

approach or concept and then examine their relationships of (2)

and (3) to (1).
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(1) Risk Per Hot Particle -- The assignment of a risk

per hot particle is based on a hypothesis that when the radiation
dose to the irradiated tissue mass surrounding a radiocactive par-
ticle is sufficient to disturb a critical architectural unit of
the tissue, such a disrupted tissue mass poses a unique carcin-
ogenic risk. A value is assigned for the tumor risk associated
with thg disrupted tissué. Since for small particles there is

a one to one correspondence between the disrupted architectural
unit and‘the associated radioactive particle, this tumor risk

is the risk per particle. In the Tamplin-Cochran Report, a lower
1im§t on the radiation dose (and therefore alpha activity) to
disrupt the architecture was assigned (1000 rem to the irradiated
tissue) and used to define a hot particle. No opinion was
offereé with respect to the appropriate risk function for doses
(or activities) below this cutoff value. In the lung there is

an upper limit on the size of particles'that are deposited in

the deep respiratcry tissue. Hence, in the lung there is a
"window" on the hot particle size and activity. In analyzing
experimental data vis-a-vis the hot particle hypothesis the
relevant parameter is the tumor risk per hot particle.

(2) Uniform Versus Non-Uniform Exposure -- Present radia-

tion standards are based on (i.e., establish limiting values

for) the concept of radiation dose equivalent (units of rem) to
the‘whole body and certain critical organs. In the calculation
of the rem dose a "dose distribution factor" is assigned in order
that the risk associated with a non-uniform distribution of a

given type of radiation exposure to the critical organ is
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consistent with uniform exposure by the same type of radiation.
Consistent with this approach experiments have been designed
and analyzed to assess the difference between uniform and non-
uniform distributions of dose to critical organs. For internal
alpha-emitters the absorbed dose (in rads) to a critical organ
is proportional to the total activity in the organ.19 Hence,
tumors per microcurie haé been the primary parameter used

when comparing tumor risk for uniform versus non-uniform dose
distributions.

(3) wWasted Radiation -- The concept of "wasted radiation"

or "overkill" has been invoked to describe that fraction of the
radiation which kills éells, where these dead cells are assumed
not to.contribute to tumor production. For example, the dose iéte
in the immediate vicinity of a single alpha-emitting particle

in the lung (or other tissue) can be high enough (given a
sufficient particle activity) such that'even a limited residence
time in the tissue will result in the death of cells within

a given radius. Since such cells can not reproduce it has

been hypothesized that they would not lead to cancer.
alternative hypothesis, consistant with the hot particle
hypothesis, is that the presence of dead cells, cellular pro-

ducts or fibrosis may be required for tumor production.

19/ This is also generally true for -beta-emitters.

20/ The concept of "wasted radiation" also has been invoked

to describe the radiation dose during the period from the in-
ception of initial malignancy until detection or death. The
concepts of overkill and wasted radiation have been used inter-
changeably.
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In order to demonstrate the relationships among the three
approaches and concepts described above it is useful to analyze
some hypothetical experiments. We do this below:

Pumors/uCi or Tumors/Particle -- Suppose one ran a series

of related experiments involving hot particles in tissue where

the tissue mass and the total activity were held éonstant across
experiments (e.g., the same number of lungs exposed to 12 nano-
curies total activity in each experiment), and the experiments
differed only in the number of particles and the ac?ivity per par-
ticle. Consistent with the hot particle hypothesis (one tumor per
2000 hot particles) suppose one observed a tumor incidence given

below in the second column from the right.

Number Number of
of Hot Activity per Tumors Tumors
Experiment™ Particles Particle (pCi) Observed per nCi
1 6000 2 3 0.25
2 4000 3 2 0.17
3 2000 6 1 0.08
4 200 60 0 0.00

From the observed number of tumors and the total activity (12
nCi), the tumors per nanocurie are calculgted in the last column.
Holding the total activity and tissue mass as constant while
increasing the number of particles tends to make the exposure more

uniform. Hence the results, when analyzed on a tumor per

nanocurie basis (the last column), appear consistent with the

view that uniform exposure carries a higher risk than non-uniform
exposure. But these same experimental results are exactly
consistent with the hot particle hypothesis. What does this

tell us? First, it clearly demonstrates that an analysis of
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an experiment, or series of experiments, on a tumor per nanocurie
ér microcurie basis, the results of which appear consistent
with the concept. that uniform exposure carries a higher tumor
risk than non-uniform exposure, is not in itself a refutation

of the hot particle hypothesis. In fact, if the hot particle
hypothesis is correct, an analysis based on tumor per microcurie
is irrelevant. One can just as easily design a series of
experiments consistent with the hot particle hypothesis, which
when analyzed on a tumor per microcurie basis suggests the
oppésite, that is, uniform exposure carries a smaller risk than
non-uniform exposure, as is the case with respect to the two

experiments below.

S Total Number of
Number of Activity Tumors Tumors
Experiment Particles (nCi) Observed per nCi
1 6000 12 A 3 - 0.25
2 4000 6 2 0.33

Again, if the hot particle hypothesis is correct, the analysis
based on tumors per microcurie would be irrelevant. If tumor
production depends on the number of disrupted architectural

units independent of particle activity (over a range of activities),
analyzing the data on a tumor per microcurie basis clearly

makes no sense. One would not expect, a priori, a correlation
between tumors per microcurie and numbers of particles (uniformity
of dose). To the contrary one should not be surprised to see
conflicting experimental results (i.e., some experiments suggestiny

uniform exposure carries a higher risk and other experiments -
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suggesting the opposite). The relevant parameter to judge the

hot particle hypothesis is tumors per hot particle, not tumors

per microcurie.

At this point we might add that in addressing the hot
particle issue, an analysis based on tumors per microcurie
(or tumors per rad), where the radiation exposure is from other
than hot particles (and therefore a different carcinogenic res-
ponse mechanism may be controlling), is also irrele§ant and is
simply a compounding of mistakes.

We do not imply that comparisons of the risks associated
with uniform and non-uniform exposure serves no useful purpose.
Consider, for example, radium-226 and plutonium-239 which are
both alpha-emitters and both bone seekers, that is both are
preferentially deposited in the skeleton. The cancer risk per
‘microcurie deposited in the skeleton (or per rad) is about
five times higher for plutonium than radium. This suggests
that plutonium‘is preferentially deposited in tissue more
sensitive to the development of bone cancer, and that in calcu-
lating the dose equivalent (rem) to the skeleton due to plu-
tonium the use of a dose distribution factor of 5 is appropriate.
However, this clearly has no relevance to the hot particle
hypothesis which is an entirely different effect, aside from
the fact that the distribution factor for plutonium in the bone
is based on soluble plutonium and not hot particles.

Hot Particles and Wasted Radiation -- Turning next to the

concept of wasted radiation, suppose one were to implant one hot
particle of alpha activity in a critical organ such as the lung.

Under the hot particle hypothesis it would carry a tumor risk
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equal to the assigned risk per particle, one in 2000. As long as '
. the particle activity remained above the cutoff limit defining a
hot particle, changing the activity, for example doubling it,
would not change the lung tumor risk. If the activity and there-
fore the radiation dose were doubled without a change in the tumor
risk, one could invoke the concept of "wasted radiation" or "over-
kill." At least one-half the activity (more than one-half if

- the particle activity were greater than twice the minimum defining
a hot particle) would be "wasted." The hot particle hypothesis is
consistent with the concept of "wasted radiation." But more
important, the concept of "wasted radiation" is clearly irrele-
vant in judging the wvalidity of the hot particle hypothesis.

What is important, is the assessment of the risk per particle

over the range of particle sizes aefining hot particles. The

relevant parameter in this assessment is again, the tumor risk .

per hot particle.

IV. Page by Page Critique of the BRW Report

In this section we will present a page by page cri?ique
of the BRW Report. To avoid confusion we will use their method
for bibliographic.citation; Their bibliography is reproduced
at the end of this section.

Page 1. "Summary and Conclusions." We will comment on

the conclusions in this section as we review the related material

in the main text of the report, only noting here that the con-

H
’

clusions are without merit.
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Page 3. "I. Statement of the Problem." We generally

agree with this statement of the problem, noting only that the
hot particle hypothesis is based on damage to a critical
architectural unit as opposed to individual cells. The
discussion here is essentially the same as the discussion

on pp. 15-17 of the Tamplin~Cochran Report and Table I in

the BRW Report is comparable to Table III in the Tamplin-
Cochran Report.

Pages 5-7. "II. Background." This is a general discussion

of consideration of irradiation from radiocactive materials in
particulate form by several organizations concerned with radiation
protection, including the ICRP, NCRP and National Academy of
Sciences—~-~National Research Council (NAS-NRC). The thrust of
this discussion is that (1) non-uniformity of dose has been
- recognized, been of interest, and periodically reviewed since
the early days of the Manhattan Project, and (2) organizations
with responsibility for recommending radiation standards, such
as ICRP, NCRP and NAS-NRC, have never recommended a change
from the current practice of basing radiation standards on the
mean dose to organ. While the hot particle problem is well
recognized in the biological community, and while we agree with
the observations above, we do not believe the conclusion reached
on page 7 by the authors of the BRW Report is appropriate,
namely:
The fact that these organizations have not changed or
recommended changes in the procedures used for calcu-
lating dose to the lung as the result of their deli-

berations is an implication of implicit guidance on
this particular problem.
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To the contrary, had these organizations intended that this
conclusion be drawn, they would have made it explicit., 1In
its Publication 9, the ICRP (1966) states (p. 4):
...In the meantime there is no clear evidence to
show whether, with a given mean absorbed dose, the
biological risk associated with a non-homogeneous
distribution is greater or less than the risk re-
sulting from a more diffuse distribution of that
. dose in the lung.
And the NCRP (1971) offers the similar statement (pp. 79-80):

(210) The NCRP has arbitrarily used 10 percent
of the volume of the organ as the significant volume
for irradiation of the gonads. There are some
cases in which choice of a significant volume or
area is virtually meaningless. For example, if a
single particle of radioactive material fixed in
either lung or lymph node may be carcinogenic, the
averaging of dose either over the lung or even over
one cubic centimeter may have little to do with this
case.
The appropriate interpretation of these remarks by the ICRP
and NCRP is that there is no guidance as to the risk for
non-homogeneous exposure in the lung. The intent of these
remarks is to call attention to exceptions to the general rule,
rather than to implicitly advocate averaging the dose over the
critical organ when the dose is grossly non-uniform.

Page 7. With regard to the quotation from the ICRP Task
Group in Publication 14 (ICRP 1969), it is not at all clear that
the Task Group reviewed Geesaman's work before preparing
this ICRP report. Moreover, while the opinion of the Task
Group may be worth noting, it is important to note that it is
only an opinion and is totally unsupported in ICRP Publication

. 14, Considering this in 1974, it is significant that in the

intervening 5 years since the issuance of Publication 14,
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adequate support for that opinion has not been forthcoming and
as we demonstrate here is not to be found in the BRW Report.
Quite the contrary, the analysis of Geesaman and the Tamplin-
Cocﬁran Report have emerged to support the opposite. The BRW
Report states that new data tend to support the ICRP Task Group's
opinion. With this, as we show in this critique, we totally
disagree.- .

Pages 9-23. "III. Animal Studies."

Pages 9,10. "A. _Retention of Plutonium in Lung”

This section discusses the long retention time of PuO
in human lung. There is no controversy here.

Pages 10-12. "B. Spatial Distribution of Plutonium Within Lung"

This section, while attempting to indicate that Pu particies
in the.lbwer respiratory region are not static, does admit on
page 12 that autoradiographic evidence demonstrates that such
barticles are immobilized in scar tissue and possibly in Type
I alveolar epithelial cells. The long residence time of Pu
particles in the lung suggests that such immobilization must
occur.

Pages 12-23. "C. Pulmonary Neoplasia"”

These pages present the animal data on Pu induced lung
cancers. The data on both soluble and insoluble Pu compounds
are presented. It is only those experiments that involve in-
solﬁble alpha-emitting hot particles-that are of interest here.
Of those experiments discussed here, it is only those involving

Pu0, that are pertinent. Since these experiments are recanted

in the subsequent section of the BRW Report, we will briefly

discuss only a few of them here,
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Page 13. Mention is made here of an experiment (Bair,
et al., 1962) wherein 800 mice were subjected to inhalation
of 0.1 to 2 nCi per gram of lung. At time of death, these
animals had retained only 0.1 to 10 pCi in their lung. Moreover,
the report states that since so few autopsies were performed,
the lung tumor incidence is unknown. In other words, this
experiment is of little value to the hot particle problem.

The beagle dog experiment (Park, et al., 1972) (Park
and Bair, 1974) did involve Pu hot particles. However, as we
indicated in the Tamplin-Cochran Report, since the tumdr inci-
dence was essentially 100%, this experiment does little to
resolve the uncertainties in the hot particle hypothesis.

Page 15. The Pu-238 experiment by Sanders (1973) in-
volved Pu02 derived from crushed microspheres. However, Sanders
indicates that this material was "soluble" in his experiment and
that the irradiation was uniform. The observed rapid clearance
from the lungs supports this contention.

. The baboon studies (Metivier, et al., 1972) relates to
.hot particles but at quite large particle concentrations which,
as in the beagle experiment, makes it difficult to draw in-
ference relative to lower concentrations.

Pages 16-23. "D. Experiments of Special Relevance to Non-

Uniform Dose Distribution®

Page 16. This page is a confusing discussion of "wasted
radiation" and "overkill.® As we stated in the previous section

of -this critique, the hot particle hypothesis designates a
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minimum particle activity--one that delivers a dose of 1000 rem/year
to the irradiated tissue. Such a particle is suggested to have
a chance of producing cancer equal to 1/2000. Particles with
greater activity have the same chance, hence the concept of
"overkill" or "wasted radiation" is included in the hot particle
hypothesis,

This page also contains the following sentence and footnote:

For a single radioactive particle of 239 PuO, in the

lung (or other tissue), the dose rate near the particle

can be high enough to cause the death of all cells within

a given radius even if the residence time of the particle

is short. Such cells will not*be able to reproduce and
subsequently result in cancer.

*The presence of dead cells, cellular products or

fibrosis may be required before a cellular trans-

formation can express itself as a cancer. However,

this concept has not been generally accepted.

This same statement and footnote appeared in both the
Healy Report and the Draft EIS for the LMFBR with the significant
exception of the last sentence in the footnote. Even if this last
sentence were true, which we doubt, it is irrelevant because
matters of science are not determined by pﬁblic opinion polls.
Nevertheless, we are curious concerning the method employed
by the authors of the BRW Report to establish this conclusion.

We have previously indicated that the hot particle hypo-
thesis implies an injury-mediated mechanism of carcinogenesis
as the footnote suggests (see pp. 9-10). There is no need to

repeat that discussion here. However, we submit that lesion

discussed by Lushbaugh and Langham (1962) is by itself so
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incriminating of hot particles that we are amazed that the
authors of the BRW Report are so reluctant to acknowledge the
potential hazard of such particles.

It is, however, obvious that this reluctance led to confusion
on their part. For example, the paragraph, from which the
above quote was extracted, ends on page 17 with this statement:

The relevant parameter is tumors per microcurie

because the basic question is how the risk from hot

particles compares with the risk from uniformly dis-

tributed radiation doses.

In the previous section of this critique we demonstrated
that the test of the hot particle hypothesis must be on the basis
of tumors per particle not tumors per microcurie simply because
particles can contain more than the minimum activity (and hence,
be "wasteful” on a per pci basis). If the AEC had chosen to
engage in a dialogue with us, this simple but fundamental matter
could have been resolved and much of the extraneous material
in this BRW Report could have been eliminated (if not the entire
report).

Page 17. This page contains the following paragraph:

Two approaches have been used in skin experiments.

The first was to determine whether isolated small

areas of irradiated skin gave the same yield of

tumors per unit as large-area skin irradiations.

The focal irradiation pattern with low LET radiation,

electrons (Albert et al., 1967b), was less efficient

than the large area exposure in producing tumors.

"However, with high LET radiation (protons) there was

no difference (Burns, et al., 1572). If these

results can be extrapolated to alpha radiation,

they suggest that the risk from particulate sources

is no greater than from uniformly distributed sources.
Apparently the authors of this paragraph do not understand the pur-

pose and significance of the experiment by Burns, et al., (1972)
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and this is reflected in the last sentence which makes no sense.
The purpose of the experiment by Burns, et al., was to deter-
mine the basis for the lower tumor producing efficiency of electrons
where the irradiation was performed in a sieve pattern. Since the
electrons are highly scattered, the focal radiation dose was un-
certain. With the relatively non-scattering protons, the sieve
‘pattern produced the same number of tumors per area irradiated.
These experiments demonstrate that if 24 cm? of rat skin
are irradiated to 1000 rem, one tumor will develop per animal.
If you irradiated 12 cm? to 1000 rem, one tumor will develop
" per two animals; 6 cm? should produce one tumor per four animals
and so on. Moreover, the data strongly suggest that as the
area irradiated is reduced to that corresponding to a single
hair follicle, one tumor will develop per 2000 animals.
The next paragraph discusses the experiments of Albert,
et al., and ends with the following discussion:
A plausible explanation for the experimental results
is that each follicle has a population of stem cells
at a depth of 0.3 mm that are concerned with the pro-
duction of sebaceous cells and hair. These stem cells
apparently constitute the most sensitive potential
oncogenic cell population to ionizing radiation in
the rat skin since all the tumors were mainly of hair

follicle origin (Albert, et al., 1969). Neoplastic
transformation of a significant number of these target

cells required large radiation doses which in turn
killed meost of the target cells and thus caused fol-
licle atrophy.

This is a possible explanation but it does not set aside
the hot particle hypothesis. The killing of cells and the
consequent disruption of the tissue may well be sufficient by

itself for such "neoplastic transformation." The induction of
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tumors with mylar film and millipore filters by Brues, et gl;,zl
would support this as would the precancerous cytological changes
observed around the lesion excised by Lushbaugh and Langham (1962)
and around the miérospheres in rat lungs by Richmond, et al.,
(1970).

Page 18. This page goes on to discuss other skin tumor
experiments and the first column ends by stating that the evi-
dence dges not support the hot particle hypothesis as detailed in
the Tampiin—Cochran Report. We offer the above paragraph and
this entire critique as refutation of that contention.

The experiments of Richmond, et al., (1970) are discussed.
This discussion, however, fails to note that Richmond, et al.,
stated that the lesions observed in the rat lungs following
exposuée'to these hot microspheres were similar to that observed
by Lushbaugh and Langham (1962) in human palmar tissue.

Page 19. The experiment of Passonneau (1952) is mentioned
here. It was also discussed on page 17. This experiment is
simply a variation of the experiments of Albert, et al., (l967a,
1967c, 1969).

Pages 19-20. These pages discuss the experiments of

Richmond with Sullivan and Voelz as reported in:
Richmond, €. R. and G. L. Voelz (eds.)

LA-4923-PR, pp. 18-34 (April 1972),
LA-5227-PR, pp. 1-11 (March 1973),

and Richmond, C. R. and Sulli&an, E. M. (eds.)

LA-5633-PR, pp. 1-9 (May 1974).

21/ Brues, A., et al., op. cit.
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These are a series of progress reports on experiments
wherein microspheres of 239pu03 and 238pu02 incorporated in
Zr02 particles (10 p diameter) are injected into the jugular vein
. of hamsters. These particles lodge in the capillary network of
the lung.

The BRW Report suggests that these experiments are a
strong argument against the hot particle hypothesis. We shall
show that while the experiments raise some questions concerning
the quantitative parameter in the hot particle hypothesis, they
also support the hypothesis.

In the initial experiment 2000 particles per animal were
injected according to the following dosage schedule (60 animals

per dosage level).

Isotope Level pCi/particle nCi/animal
Pu-239 1 0.07 0.14
2 0.22 0.44
. 2A 0.42 0.84
3 - 0.91 1.82
3A 1.60 3.20
Pu-238 4 4.30 8.60
5 13.30 26.60
6 59.40 119.00

Only two lung tumors developed in the experiments and they
occurred in the level 2A exposure group. However, the latest pro-
gress report (LA-5633-PR) mentions histological changes occurring
in the lungs of long term animals (15-20 months) in the 4-6 ex-
posure levels. Concerning these changes, Richmond and Sullivan
(1974,-p. 7) stated:

There has been no increase in frank tumors observed

within the past year; however, the epithelial changes

described above could be considered as precursors of
peripheral adenomas.

-
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This suggests an incipient carcinogenic response to the particles
but the life span of the rats and hamsters is too short for the
development of a frank tumor.

Similar hiétological changes were observed in rats in-
jected with these microspheres by Richmond, et al., (1970) who
pointed to the similarity of these particle induced lesions in
the rat lung to that observed by Lushbaugh and Langham (1962) in
human pélmar tissue.

For reference, in the beagle dog experiment lung tumors
developed (in all animals that survived 1600 days) some 5 to 11
years after the initial alveolar deposition of 3 to 50 nCi/gram
of bloodless lung (Park- and Bair, 1972). The exposures were
by inhalation, not injection.

on a nCi/gram basis, the beagle exposures would correspond
to exposure levels 3 and above in the Richmond experiments.

But the medium activity per particle in the beagle experiment
corresponds to those in exposure levels 1 and 2 in the Richmond
experiments which suggests that with longer exposure periods,
lower activity particles (corresponding to levels 1 and 2)

can proéuce the histological changes observed in the rat and
hamster lung and in human palmar tissue. At the same time,

since the beagle exéosures involved a spedtrum of particle sizes,
it must be conceded that the carcinogenic response in the beagles
could have been elicited by the larger, higher activity particles.

In either case, the beagle dog data suggest that the
induction time for the hot particle mechanism of carcinogenesis

exceeds the life span of the hamster by some three years or more.



- 28 -

Thus, the absence of a large carcinogenic response in the
hamsters does not set aside the hot particle hypothesis.

The Richmond experiments point out one of the uncertainties
in 6ur quantification of the hot particle hypothesis but they do
not resolve it. We suggest that a lower limit for a hot particle
be one that contain sufficient radiocactivity to deliver an aver-
age dose of 1000 rem/year to the exposed tissue. For an alpha-
emitting hot particle, this limit corresponds to 0.07 pCi. 1In
LA-5633-PR the authors state with respect to this histological
change (p. 7), "This lesion has been observed almost entirely
in the higher activity levels (levels 4-6 and in animals given
relatively small numbers of spheres (2000-600C)." A level 4
particle contained 4.3 pCi, some 60 times our limiting activity.
But, at the same time, had these experiments been performed
with animals that have longer life spans, it is quite possible
that these histological changes would have developed around
particles containing our suggested limiting activity.

Nevertheless, a 60 fold increase in activity requires
only a 4 fold increase in particle diameter--for Pu-239, a change
from 0.6 u to 2.4 u; for Pu-238, a change from 0.09 ;m to 0.36 B
and for high burn-up nuclear fuel, a change from 0.4 m to 1.6 j.
These particles are still in the range that permits deposition
in the lower respiratory zone. Thus, these experiments do not
set aside the hot particle hypothesis. Rath?r they suggest
additional experiments involving longer lived animals to determine
whether this histological change progresses into frank tumors

and whether lower activity particles also produce these changes.
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If an experiment comparable to these with hamsters
were initiated with beagles, it would serve to resolve these
uncertainties., Such an experiment would take some 15 years to
complete. 1In the.meantime, we propose that prudent public health
practice dictates that exposure standards should be established
on the basis of the hot particle hypothesis.

The experiments of Little, et al., (1970a, 1970b} 1973)
are said to add significance to the microsphere experiments.
As we shdw subsequently, the experiments of Little, et al.,
involyed uniform exposure to Po-210 at high dosage (above 8000
rem). These experiments therefore do not involve hot particles
and there is no a priori reason for assuming that they involve
the same carcinogenic mechanism as hot particles.

Pages 20-21. The experiments of Shubert, et al., (1971)

and Brooks, et al., (1974) are discussed here. These experiments
made a determination of the frequency of 6hromosomal aberrations
in liver cells following uniform and particulate irradiation.

It is important to note that a causal relationship between
chromosomal aberrations and subsequent cancer development is
.only a hypothesis. Moreover, as we have stated previously,

the actual killing of cells and the subsequent disruption of

the normal tissue architecture may well be the carcinogenic
mechanism for hot particles. Thus, these experiments are of
littie value in resolving this issue.

Pages 21-22. The experiments of Little, et al., (1970a,

1970b, 1973) and Grossman, et al., (1971) are discussed here.

In these experiments hamsters were exposed to Po-210 lung doses
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ranging from 8,000 to 20,000 rem. In some experiments the Po

was absorbed on hematite particles. However, calculations
demonstrate that the activity per particle ranged from 10-4

to 10-3 pCi22 and, consequently, that these were not hot particles.
Therefore, the conclusion of Little, et al., (1973) quoted on

page 22 is not relevant to the hot particle issue.

We note in passiné, however, the nature of the experiments
was that the entire lung was irradiated to very high dosage
althoughvthere was some aggregation of particles. A large car-
cinogenic response was initiated in each exposure group. The
preliminary data reported here indicate that the life span of
the hamster is longer when the dosages are this high and the
Po-210 is on particles. However, it is not sufficient to demoh;
strate.a'reduction in overall tumor response. Like the beagle
experiments, the carcinogenic response in these experiments
abpears to be saturated because of the ﬁigh dosage delivered to
the whole lung or a major fraction thereof. No conclusions
can be drawn relative to lower doses nor relative to hot particles.
With respect to lower dosages, the work of Sanders (1973)
demonstrates a large tumor incidence in rats at a dosage of 326

‘rems.

Pages 22-23. These pages discuss the experiments of

Cember, et al. The major thrust of the Cember article deals
with 144ce particles in the lung. The. 144ce was introduced

admixed with stable Ce as either CeF3 or CeClj3 in particles of

144

about 1 p in diameter (0.5 p3)ﬂ Ce emits a beta particle

22/ NRDC Comments on WASH 1535, op. cit., p. 39.
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144Pr emits a beta of

of 0.275 MeV and its daughter product
3 MeV., The rate of energy loss for these beta parficles in
tissue is about 0.2 Kev/p compared to some 94 Kev/p for plutonium
alpha particles.

This difference in energy loss per micron indicates that

144

the activity of the Ce -emitters would have to be some 500 times

that of the 23%u in order to deposit the same energy in the
tissue irradiated by 239%py alpha particles. Moreover, since the
QF for alpha particles is 10, the 144ce particles must have an
activi;y (10) x (500) or 5,000 times that of a 239Pu02 particle
to qualify as a hot particle. Since the limiting activity of
a 239Pu02 particle is 0.07 pCi, a hot particle of 144CeCl3
would have to contain more than 350 pCi. After correcting for
the half-life of 144ce (288 days) a hot particle would have to
céntain some 500 pCi.

The geometric mean diameter of the particles in these
experiments was 1 micron. The highest exposure group received

50 pCi of 144Ce in 30 P9 of CeF Allowing a density of

3
’6 g/cm3 for the CeFB, the beta-activity per particle of 1 p
diameter is only 5 pCi. 1In other words, these expefiments did
not involve hot partiéles as defined above. The carcinogenesis
observed in these Cember experiments, which was considerable,
was related to high total and rather uniform organ dosage (1,000~
30,000 rad).

Page 23. Here the experiments of Sanders (1973) and

Moskalev (1972) are discussed. Large carcinogenic responses were

observed in the lungs of rats at doses of 100 to 500 rem
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using "soluble" Pu compounds. One conclusion that is justified
by the results of these studies is that the exposure standards
for plutonium may Se much too high (at least 100 times too high)
even when hot particles are not involved. The results of Sanders
indicate that a uniform dose of 15 rem doubled the natural inci-
dence of lung cancer in the exposed rats. A worker is allowed
this dosé each year and a member of the population could accumu-
late this dose in 10 years.

One further point could be made concerning the study of
Sanders. It is not at all clear from the description given in
the reference that the exposures did not involve a few hundred
hot particles. If this were so, these particles could have
been parfly responsible for the observed cancers.

The preliminary studies by Lafuma (1974) do ﬂot appear to
be:published and we have no copy of the seminar given in France.
Indications are, however, that it is not different from the
experiments discussed above.

Agéin we offer the above and this entire critique as
_refutation of the conclusion reached in the'last paragraph of
this section.

Pages 25-29, "IV. Human Experience."

This chapter of the BRW Report discusses the exposure of
humans to Pu. The major thrust of the.chapter involves workers
from the Manhattan Project and from the Rocky Flats plutonium
facility in Colorado. We discuss these in the Tamplin-Cochran
Report but»the authors of the BRW Report overlooked or ignored the

salient features of our discussion.
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Pages 25-26. The Manhattan workers are discussed on these

pages. On pages 38 to 40 of the Tamplin-Cochran Report, based
upon information from Hempelmann, et al., (1973a, 1973b) we éal~
culated that the exposures of these workers did not involve hot
particles. The authors of the BRW Report inexplicably ignored
this discussion and made the unjustifiable assumption that the
particles here corresponded to those associated with a fire at the
Rocky Flats plutonium facility. As a consequence, the discussion
of expected cancers on page 26 is without merit.

Pages 26-27. The discussion of chromosome aberrations

has no relevance to the hot particle problem.

Pages 27-28. The exposure of employees of the Rocky

Flats plutonium facility in Octpber 1965 is discussed here. 1In

the Tamplin-Cochran Report we pointed out that the induction period
in man for hot particle carcinogenesis is unknown. In the beagle
dog experiment (Park and Bair, 1972) it was 11 years before the

dog with the lowest burden developed lung cancer. Thus, although
no cancers have developed in the Rocky Flats workers at this time
(9 years post exposure) the possibility exists that a number

of cancers will appear in the next 10-15 years. ‘

Page 28. The lesion excised by Lushbaugh and Langham (1962)
is discussed here. To the extent that a lesion with changes
similar "to known precancerous epidermal cytologic changes,"
that raise the question of its fate without surgical intervention
differs from a precancerous lesion, we were remiss in the

Tamplin-Cochran Report.
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Page 29. As we indicated in the Tamplin-Cochran Report,
the Pu in fallout did not occur in hot particles and hence,
fallout Pu is irrelevant to the issue.

Pages 31-35. "V. Theoretical Consideration_ v

At the outset, it is important to note that one hypothesis
cannot be used to set aside another. Each hypothesis must
stand alone with respect to supporting experimental data.

Pages 31-33. "A. Dosimetry." This is general informa-

tion about which there is little controversy.

Pages 33-35. "3. Models for Dosimetry and Tumor Proba-

bility." We agree with the concluding remarks of this section.
The models discussed here relate tumor probability to cellular
radiation dose. Depending upon the assumption, they can give

a variety of tumor probabilities.

We would simply add that the lesion excised by Lushbaugh
and Langham (1962) coupled with the observations of similar
lesions induced in the lungs of rats and hamsters should be
sufficient to cause anyone to be skeptical of a tumor induction
model which indicates a low tumor probability for a hot particle.

Pages 35-39. "B. Radiation Carcinogenesis Relative to

Spatial Distribution of Dose."

In the first paragraph of this section, the authors state
that one should use experimental data, "meager as it is," rather
than models based upon other organ systems. They‘indicate
that this is "particularly true" when rat skin data are used
to infer human lung effects. It is doubtful whether anyone would

disagree with this. However, in the case of hot particles,
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the experimental data are not only meager, they are very dis-
quieting. Since this is a public health matter of importance
and not just an acgdemic exercise, prudence dictates that
exposure standards should be based upon supportable and conser-
vative hypotheses.

Pages 35-36. The next few paragraphs discuss the concept

of "wasted" radiation as it relates to the hypothesis of linear

dose-effect response. When uniform irradiation is employed
cancer induction is generally shown to be directly propor-
tional to the dose from low doses up to a few hundred rad.
The linear hypothesis rélates these observations to cellular
effects that result from.single~track ionizing events. But even
with uniform irradiation as one proceeds to higher dosages |
the respoﬁse curve changes; for example, the curve steepens

or the effects plateau and often decline. Obviously this indi-
cates that other.phenomena are becoming dominant. The hot par-
ticle hypothesis relates to such a different phenomenon (an
injury-mediated mechanism of carcinogenesis). As such, it is
not intended to be consistent with the linear hypothesis.

The mechanism of radiation carcinogenesis is not under-
stood even in the range of the linear hypothesis. This is
evident in the next several paragraphs of this section of
the BRW Report. Actually much of the discussion here is sup-
portive of an injury-mediated mechanism wherein the altered
tissue architecture creates a milieu highly favorable to tumor

development; for example, the quote of Mayneord (1968).
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Page 36. The discussion of contact inhibition as it

related to normal or "transformed" cells is again consistent
with the hot particle hypothesis. It is the disturbed tissue
architecture that can disrupt the normal contact inhibition.
As we mentioned earlier in this critique, the induction of
cancer by mylar film and millipore filters in the experiments
of Brues, et al., supports such a mechanism.?23

The paragraph that begins, "Thus, both acute and late,.."
is purely speculative and is no more supported by the previous
discussion than is the hot particle hypothesis.

Pages 36-38. The following ten paragraphs in this section

are actually a discussion of an injury-mediated mechanism of
carcinogenesis.
Page 38. This is followed by the paragraph,
At present there is no compelling reason to believe
that the critical structure or volume reguired for
radiation-induced promotion of cancer arising from
cancer-potential cells of hair follicles is limited
to the hair follicle. There is also no cogent evi-
dence that the lung has analagous discrete susceptible
architectural units with critical tissue volume as
small as the sphere of alpha particle range from
an isolated "hot particle.”
We would propose that there is also no compelling reason for
not believing it and that prudent public health practice dic-
tates that such a critical structure should be assumed in
establishing exposure standards for hot particles.

Péges 38-39. The next two paragraphs are speculative

and are followed by the paragraph:

23/ Brues, A., et al., op. cit.
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Considering the amount of human data available for
carcinogenic risk estimates, and the variability
and uncertainty concerning dosimetric factors (e.g.,
relevant doses, differences in spatial and temporal
dose distribution, etc.), it has thus far been re-
garded as necessary to select single values of
quantities that characterize the exposure of an
organ or that organ in a group of individuals.
Mean accumulated tissue dose is the only criterion
that can be used practically at present until
adequate knowledge of more relevant criteria
becomes available. Furthermore, when the energy
is deposited non-uniformly and its influence in
the exposed organ or a group of individuals is

not known, the non-uniformity cannot be dealt
with until more adequate data are available. The
linear (proportional) hypothesis is the only one
that normally permits the use of mean dose as the
significant dose factor for conditions of non-
uniform exposure and exposure rate in an organ

or among individuals, the purposes of estimating
risk or setting cdose limits in the absence of
adequate data on distribution of dose and dose
rates.

While this paragraph may have been offered as an explanation
for, or even as an excuse for, the present radiatioﬂ exposure
standards, we fail to see how it justifies the standards in
the future. So far as hot particles are concerned, we have
submitted a supportable hypothesis to supplant the linear
hypothesis in establishing hot particle exposure standards.
The standards are a practical problem of the poment andﬂshouid

be established on the basis of conservative and supportable

hypothesis today. It is irresponsible to leave the health of
workers and the public in jeopardy while awaiting more definitive
data.

The remaining paragraph is a speculative attempt to set
aside the hot particle hypothesis. 1In this respect, it is -

interesting to note that this section of the report failed to
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recant the observations of Lushbaugh and Langham (1962) wherein
a 'precancerous' lesion was induced in the palm of a mechanic
by a single plutonium hot particle. Nor did it discuss the

observations of Richmond, et al., (1970), Richmond and Voelz
(1972, 1973) or Richmond and Sullivan (1974) that similar

lesions were induced in the lungs of rats and hamsters by plu-
tonium hot particles. These are observations, not speculation,
and they support the hot particle hypothesis.

Pages 39-40., "C. Assessment of Experimental Animal Data."

" This section begins with a discussion of a probit trans-
formation of experimental data on animals relating lung cancer
and radiation dosage to.which the authors correctly ascribe no
statistical validity. Nevertheless, so far as the Pu or other .
alpha data are concerned there is little that is related to hot
particles and that which is, such as the beagle data (Park and
Bair,.1972), represents a saturated response. The Pu-238
experiments of Sanders (1972) also demonstrate a saturated
response at a level of 40 rad or 400 rem. Moreover,- Sanders
indicates that Pu was soluble in his experiment.

In the second paragraph they indicate that these plots
demonstrate a RBE of about 10 for alpha radiation in accord'
with radiobiological experience. In the third paragraph, they
make an assumption concerning the non-uniform distribution of
the alpha irradiation and transpose the alpha curve in accord
with this assumption. Considering thé nature of the alpha
experiments (their particle size, solubility, and saturation
effects) there is no justification for this assumption and
transformation. For example, Sanders states that his irradiation

was uniform.
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We see little merit to this entire discussion and the
conclusions in the 5th and 6th paragraphs that result from it
are entirely unjustified.

Page 41. The final 5 paragraphs in the BRW Report discuss
a number of animal experiments that supposedly are contrary
to the hot particle hypothesis. The first involves the results
of Laskin, et al., (1963) wherein Ru-106 pellets were implanted
in the bronchi of rats. The results indicated a tumor incidence
of 7.3% in animals exposed to a few thousand rads with the
incidehce rising to 66% in those exposed to 10 rads. This
dose was calculated as that delivered to the basal layer of
the epithelium. One can readily show that this experiment
-is consistent with the hot particle hypothesis.

The pellets were some 5000 p in length. They would there-
fore be expected. to produce lesions larger than the 200 to
300 p lesions observed around hot particles. The result
demonstrated a 7% tumor incidence in the 103 rad range with one
tumor occurring in an animal exposed to 1400 rad. Thus, the
cancer fisk associated with this much larger lesion at a dose
of some 1000 rad was roughly 1/10 or some 200 times greater
than that which we aésigned to the smaller lesion around a hot
particle. This is entirely consistent with the hot particle
hypothesis including the 1000 rem/year activity limit. More-
over, the incidence rose to 66% at higher dosage. The data
of Richmond and Voelz (1972, 1973) and Richmond and Sullivan

{1974) with Pu microspheres demonstrated that these lesions
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develop more rapidly as the particle activity is increased.

This suggests that if a sufficient inducticn period were allowed,
the incidence for the large pellet-produced lesion could be
unity. Again, this is consistent with the hot particle hypo-
thesis.

The remaining experiments discussed here involved Co-60
implants in a variety of animal species (Warren and Gates,
1968) and- whole body x-irradiation of rats (Koletsky and
Gustafson, 1955, and Castaneva, et al., 1968). Concerning
these experiments, the BRW Report authors state:

Data in figure V-4 for five species of animals

given 60co wire implanted in their lungs show lung

tumor incidences ranging from about 8 to 40%, in

all but one instance, for total doses of 105-10

rad to either the entire lung or to the esophagus.

It is of interest that the entire lung is irradiated,

including any and all possible "critical architectural

units," at high dose rates, yet the tumor incidence
~is not unity. Also of interest is the similar response
shown for the several species used with the possible
exception of the rat lung, the highest cancer incidence
point. The observation of tumor incidences well

below unity is true also for the whole-body exposures

to X~irradiation in which the §ntire lungs and body

of rats received doses near 10° rad.

All of these experiments involved whole body exposure at
fairly high dosage. These exposures elicited a generalized
carcinogenic response and a significant life shortening effect.
Since lung cancer was competing with this overall response, it
is incredible that the authors of the BRW Report expected the
lung cancer incidence could have reached 100%.

In the Co-60 experiments, the life shortening effect

amounted to 80% in all strains and species except for rabbits
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which died earlier. At the same time, 33% of the animals
developed cancer in one or more of the three tissues studied:
lung, bone, and eéophagus. If all tissues had been studied

the cancer incidence would have been higher. Nevertheless,

in the rat, lung cancer had a competitive edge and reached an
incidence of 75%. In thé X-ray study of Koletsky and Gustafson
(1955) fhe life shortening approached 50% and the incidence of
malignant neoplasms was 35% at a whole body dosage of 660 rad.
In the control group the incidence was 8%. The Castaneva,

et al., (1968) results showed a malignant tumor incidence of
100% and a 20% life shortening even at a dosage of 430 rad.

The control rats in these experiments had a 30% malignant tumor '
incidence. These experiments are typical of many such experi-
ments and show the overall response to whole body radiation.
The relationship to the hot particle problem, if any, is
obscure and remote. There is no a priori reason to believe

that the same carcinogenic mechanism is involved.

The Tamplin-Cochran Report presented a hot particle hypothe-
sis based on an injury-mediated mechanism of carcinogenic response.
In order to assist in setting radiation protection standards we
proposed quantative values for 1) the minimum activity.defining
a hot particle and 2) the carcinogenic risk per hot particle.

The "hot particle hypothesis"™ is relatively simple. With respect

to alpha-emitting particles in the lung, it is:
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If a particle deposited in the deep respiratory tissue

is of such activity as to expose the surrounding

lung tissue to a dose of at least 1000 rem in 1 year,

this particle represents a unique carcinogenic risk.

The biological data suggest that such a particle may

have a cancer risk equal to 1/2000.

The BRW Report has been offered as a refutation of the
hot particle hypothesis quantitatively presented in the Tamplin-
Cochran Report. The BRW Report cites numerous experimental
studies) most of which are not relevant to the hot particle
issue. Those which are relevant we have shown to be consistant
with our hot particle hypothesis. Thus, the BRW Report is
not in any way a refutation of the hot particle hypothesis.

While it must be recognized that there are uncertainties
with respect to the quantitative values we have chosen, until those
uncertainties can be resolved by appropriate experimental data,
it is incumbant upon the AEC and EPA to adopt radiation pro-
tection standards comparable to those in the Tamplin-Cochran
Report. Furthermore, we submit that these more restrictive
standards should be quickly promulgated because it 1is irrespon-

sible to leave the health of the public and workers in jeopardy

while awaiting more definitive data.
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1. Introduction

The 1mpetus for development of this program comes from
the long-expressed desire of the People of Enewetak to return
to their homeland. Although resigned to their nearly thirty
year exile at Ujelang Atoll, they have never given up hope of
returning to Enewetak, if but only if,_it.is radiologically
safe for them to do so. They are aware of the substantial
social and economic problems which necessarily attend the
relocation 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 troukbiesome.
It is difficult enough for the layman to comprehend what the
experts in the various radiological science fields are saying
about the effects of radioactivity, but that difficulty is
compounded many times over the differences of opinion found
among the experts, by the realization that even the experts
agree that the long term effects of some of the more dangerous
radionuclides a;e not known by anyone at this time and may not
become known for many years to come, and it is unsettling to
learn that the standards used for the kinds and amounts of
radionuclides to be tolerated in the environment and in man are
criticized by reputable experts as unreliable and inadequately
conservative.

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

-1~



brought or sold. In their culture the land and marine
environment of the atoll are fully integrated with the human
members of the society. It is arn economic resource and more.
Ownership and use of the land reflects and is inextricably
linked to tﬁe social organization and to the culture as a whole.
To be sure, their society has undergune and continuously is
undergoing change as a result of forces both within and without,
but the extraordiﬁary 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 radiological problems
presented by this program, but more will have to be done and it
will have to be:done over a long period of time. And throughout,
the People of Enewetak will rely upon the responsible agencies
of the United States government to do everything possible to
assess and minimize the risk due to the residual radioactivity
in the Enewetak biosphere. Nothing 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.



0f course, it cannot<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
knowledge o: radiological conditions at Enewetak and refine and
improve both risk assessment and rewmedial measures as the various
relevant sciences develop over the year:z.

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

A full measure of gratitude is due and hereby given, however,
to the considerable efforts which the United States has made thus
far. The planning for resettlement, the 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 the many persons in and out
of the government who have given devoted effort thus far. The
comments made here are offered in the spirit of cooperation, with

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

2. Social and Economic Problems Associated with Resettlement

Further consideration of the sorial and economic problems

associated with the resettlement must be given. This is perhaps



one of the weakest aspects of the DEIS as it now stands.

| Attention is given to both short and long range economic
planning (Vol. 1, B 7, Vol. II, Tab D), but in consultation with
the people Fhemselves specific objectives and specific econcmic
development possibilities must be found so that the shared aim cf
economic seif-sufficiency can be achieved. We realize that with
all the cther aspects of this complex préject demanding attention
up to now, this was not intentionally un&eremphasized. But as
the program moves into its clean-up phase more attention must be
given to meeting the future economic needs of the people. This
is especially true because since the writing of the DEIS it has
become knowq_that adverse radiological conditions in ths northern
part of the Atoll do not permit the rehabitation of Engebi islet
and severely if not completely restrict the use of the northern
islets for the foreseeable future.

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

Resettlement to Enewetak Atoll from Ujelang will involve an
unusual amount of stress for individual members of the group and

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



planned, be at a minimum, but we have in mind here the emotional
stress upon the individual and the stress upon group processes.
This matter is not addressed at all by the DEIS.

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

Dr. Thayer Scudder of the California Institute of Technology,
a recognized authority on the subject and an experienced consultant,
should be considered for this assignment and if the Planning
Council agrees, he should be engaged in this capacity. Dr. Scudder
has taken a quick look at the DEIS at our request. His comments
attached hereto as Appendix I provide valuable insights and his
contribution to planning and execution of the program would appear
to be necessary. (The article which he enclosed is also useful.
‘It is "The Impact of Human Activities on the Physical and Social
Environments: New:Directions in Anthropological Ecolcgy," by E.

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

Anthropology 1973.)

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

able. Dr. Robert Kiste at the University of Minnesota has been



consulted by the govérnmental planners and meets these require-
ments exceptionally well.

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

advisory council.

3. Radiological Considerations

3.1. The Radiological Survey

The survey of radiological conditions at Enewetak Atoll 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 that the qualifications of the four-member Task Group
which superviséé the conduct of the survey, the assessment of its
data 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
absolutely essential, particularly with respect to the risk to
health from all low-level, long-life radionuclides and especially
the dancger 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 cualifications of the
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members of thz Task éroup, but in a field involving so nany
specialties and where equally expert opinions ditfer markedly,
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 protectiou{ such as Drs. E. A. Martell
at the National Center for Atmospheric Research, Arthur R. Tamplin
at Lawrence Livermore Laboratory, and Donald P. Geesaman at the
University of Minnesota. Their presence in the Task Group, or
their participation in some other direct way in designing methods
to be used for the gathering of information and its evaluation
is strongly recommended.

The 197? radiological survey (NVO-140) must be regarded as
an impressive beginning of long~range radiological assessment and
monitoring of the Enewetak environment with appropriate emphasis
placed upon not only the marine and terrestrial environments but
upon the radionuclide pathways to man. As we shall discuss more
fully below, more information is needed about the presence of hot
particles. The long range effects of Strontium~-90 and Cesium-137
and other nuclides in the food web cannot be known without experi-
mental planting. Q(DEIS Vélf IT, Tab B, p. 29.) These are only
examples. And as time goes on, scientific knowledge of the nature
and effect of radioactivity is bound to improve and new techniques
for remedial measures will be found. These scientific advancements
will be lost to the Enewetak people unless the United States
government assumes a long-range commitment of the kind we suggest
here. And in so doing it is highlv probable that important contri-

butions to the development of greater understanding of radioactivity



and its effects will result, to the benefit of the United States
and the world at large.

3.2. The Hot Particle Problem

It is with the kind assistance of Drs. E. A. Martell, Donald
P. Geesaman, Arthur R. Tamplin and Thomas B. Cochran that we derive
our comments here concerning this unique radiological hazard.

Drs. Tamplin and Cochran submitted formal comments upon this DEIS
to the Defense Nuclear Agency under date of September 24, 1974,
and we fully accept and endorse what they have said there. Their
cbservations and concerins 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
Alpha Emitters," (Statement presented at the public hearings on
plutonium standards sponsored by the United States Environmental
Protection Agency, Denver, Colorado, January 10, 1975.) To further
emphasize our grave concern about this problem, we attach cominents
and materials provided to us by Dr. Donald P. Geesaman as Appendix
IIT. We subscribe fully to the views they express and we insist
that they be dealt with fully in the final impact statement.

It is beycnd nuestion that the presence of Plutonium-239,
Americium-241 and perhaps other alpha-emitting radionuclides at
Enewetak Atoll constitutes one of the most 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



findings of Martell and others that hot partvicles may very well
be a causative factor in a number of other disorderé. See
Appendices II and III. The DEIS deals only with inhalation risk,
yet Americigm is known to present a risk for the liver, spleen'
and bone of man through take-up from the gastrointestinal tract.
(Martell, Personal Communication.)

Concerning the adequacy of the radidlogical 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 9
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 depth of soils, with An/ Pu
ratios varying widely and ranging up to 3.5 (NVO-140
Vol. 1, p 507). Due to further radicactive decay of
241 241
Pu, the Am activity concentrations can be expected
to double over the next 50 years. In addition, densely
vegetated soils on each island show the highest radio-
activity concentrations.
239+240

The DEIS limits consideration of Pu to
inhalation risks. However significant uptake of Pu
from the gastrointestinal tract has been observed in
young mammals and similar uptake may occur in young
children. 1In addition the uptake of americium in soils

by vegetation is substantially higher than plutonium



uptake. Similarly americium is readily taken up
from the gastrointestinal tract and 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 radiological survey is seriously inadeguate
with respect to americium distribution in both
vegetation and in edible marine life to assess the
consequent body burdens and heald consequences to

future atoll inhabitants. (Personal Communication.)

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

the body.

-

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

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

on a windy day at the beach? I Would anticipate

large fluctuations about the implicit exposure levels,
which, even for the limiting soil contamination
guidelines %nd predicted air concentrations associated
with these guidelines, will be approximately a

maximum permissibile luny burden. (Personal Communication.)

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

3.3 Plutonium Soil Standards

Concerning the standard employed by the DEIS for maximum .
permissible plutonium contamination of soils at Enewetak, Dr. Martell
points out that "There are no ICRP standards for soil levels of
Pu and the actinides or for lifetime exposures to internal alpha
emitters.” (Personal Communication.) And he provides the follcwing
critique of the standards adopted by the AEC Task Group for Enewetak:

The recommendation that plutoaium contaminated
239+240
soils, with levels not exceeding 40 pCi Pu/g of

soil averaged over 15 cm depth, is suitable for human

habitation, can be very seriously questioned.

The State of Colorado Board of Health has adopted

interim standards for Pu contamination limits in soils
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ig land areas for residential use, specifying that
208Pu levels shall not exceed 2 dpm (0.91 pCi) per
gram of surface soil (i.e., averaged over the top

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

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

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

soils applicable to chronic exposure to the general

public, including children.

I note that the DEIS recommends no remedial
action for soils containing <« 40 pCi or « 88 Adrm
Pu/g, averaged over the top 15 cm depth. This is
much more than 44 times the Colcrado interim standard
(2 dpm per g in the top 1 cm) because for most
Enewetak soils the top cm contains substantially
higher levels of Pu per gram than the 15 c¢m depth
average. Thus, for example, at location 101 on
Pearl, tﬁé top 1 cm depth shows 400 pCi 239Pu/g,
whereas the average over 15 cm depth is about 60.

Thus the recommended standard for Enewetak is about

100 to several hundred times that adopted in Colorado.

There are recent research developments which
are expected to lead to reductions in acceptable

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

1000 or more. In my opinion it is likely that a 10
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pCi lung burdeﬁ of insoluble alpha emitting particles
will give rise to significant adverse health effects
for lifetime exposures. The typical burden of
insoluble particles of respirable size (< 5.0 Um
diame£er) is about one gram in human adults. For
this reason I would recommend that surface soi}s
should not exceed about 1 pCi of 239Pu02 and other
insoluble aipha emitting particles per gram of
insoluble particulates of respirable size in the
airborne dust resulting from the disturbance and
resuspension of surface soils. On this basis even
the Colorado standard may give rise to excessive

-

organ burdens.

Drs. Cochran, Tawplin and Geesaman all raise 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 IIT-11.) We have already mentioned the gquestionable wisdom of
the 40 pCi/g standard. For any concentrations exceeding 400 pCi/g
the Task Group recommendations require 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 decisicon is made to take correc-

tive action,
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the objective is to achieve a substantial
reduction in plutonium soil concentraticns,
and further, to reduce concentrations to
the lowest practicable level, not to reduce
them to some prescribed numerical value.
(Ibid. Emphasis added.)

Nor is it entirely clear who will be making these "case-by-
case" decisions. Presumably it is the "team of experts" referred
to in the recommendations of the Task Grdup (Vol. 11, Tab B, p. 27),
but we are not told who they are or how they will be selected.

This whole approach must be explained and justified, espe-
cially at a time when the EPA is 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
indeed and if 40 is too high, then to make decisions on a "case-
by-case" basis within that range is to have no standard at all.

Before any final standards are set for the radiological
cleanup of Enewetak, the International Commission on Radiological
Protection should be called upon for plutonium and actinide
standards applicable to air, water, soils and food concentrations
for both soluble énd insoluble activities, applicable to long-range
exposure to the general public. Application should also be made
to the U.S. Envircnmentql Protection Agency for special hearings
for the same purpose. Consideration should also be given to the
desirability of regquesting 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

suggest.ions,)
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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 guestion. Once such standards are set, they

should govern the planning and cleanup activities at Enewetak.

3.4 Removal and Disposal of Radiocontaminated Materials

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

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

Removal and disposal of contaminated soil presents more serious

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

Even using the high plutonium contamination standard set by
the Task Grgup (40 pCi/g, etc.), the total amount of Atoll soil
which would have to be removed and disposed is 779,000 cubic yards.
(Vol. I 8 5.5.2.) If the soil standards are lowered as they
should be, that vglume will incgease.

It is suggested in the DEIS that cost, legal, political and
technical problems aside, the removal of contaminated soil and
its replacement with clean soil may not "assure radiological
safety" and may present "serious ecological damage of unknown
proportions:f (vol. I, B 5.3.3.3.) We fully favor this conserva-
tive approach to these problems (just as we do when the guestion
is one which may reduce the program cost, i.e., high soil contami-
nation standards), but a clear decision must be taken to study and
fully assess the relation of soil removal to dose reduction
(including the risk from airborne hot particles) and the likely
ecological effects of soil removal and replacement. These studies
should be commissioned immediately and prosecuted with all deliberate
specd. In the me;ntime, complete soil 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 countami-

nated soil.

3.5 Radiologicél Monitoring of Cleanup

The AEC Task Group has wisely recommended the establishment

of "team of experts" to monitor the execution of the radiological
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cleanup phase of the program. (DEIS, Vol. I, pp. 5-79, 6-5) Even
if the Task Group is enlarged as we have suggested and specific
soil standards are developed and implemented, this monitoring group
will perform a crﬁcial function. Thus, it is important that its
membership be carefully selected. It is imperative that radio;
scientists of the most conservative cast be included in the
monitoring group. Here again, we suggestlthat the names of Drs.
Martell, Geesaman, Tamplin and Cochran.

And the on-site authority of the monitoring group should be
clearly defined, with all important or unexpected problems to be

referred to the enlarged Task Group.

3.6. Test Plantings, Groundwater and Air Sampling

We are in full agreement with the AEC Task Group recommenda-
tions for test plantings, lens water and air sampling. (Vol. I,
pp. 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

these studies mﬁst deal explicitly with the hot particle problem.

3.7. Radiobiological Health Followup

AEC Task Group recommendation 12 (Vol. I, p. 5-8l1) calls for
"Baseline surveys of body burdens and urine content of Cs-137 and
Sr-90... for the Enewetak people prior to return'to Enewetak Atoll,
and periodically thereafter."” But here, too, it is not clear

whether a firm commitment to long-range radiological health

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

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

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

emitters.

3.8. Unknown Concerns

We have tried to identify all the radiological needs of this
program which require further attention, all with the ultimate
safety of the People of Enewetak in mind, but we cannot be ceftain
that we have done a complete job. Hence, we call upon the United
States government to continue to assume the important responsibi-
lity of giving the best and most careful attention to thesc matters

for the long range future.

4. Considerations Related to Cost

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

commit the United States government to the first phase of a
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program, the ultimate cost cf which would be in the neighborhocod
of $49,000,000. Hence, the reguest was disapproved. In the
House and Senate Interior ~ommittees to which the rehabilitation
and resettlement bhases were referred in a legislative package
separate from the cleanup, sympathetic and favorable action was
taken and $12,000,009 was authorized.

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

We do not have accurate figures for the total cost of the
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, Congress And

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

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



value, the United States must assign a value to the benefit to
national security of the testing program, however debatable that
benefit may be in and of itself,

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

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

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

be considered ordinary and necessary costs cf the testing program.

Indeed, the cleanup should have been planned from the beginning
and funded and done at the end of the testing program about 1958,
The Enewetak People do not want money in any amount, they
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 5.4.32, Vol. I of the DEIS, is

offered as the preferred plan fcx cleanup &nd resettlement of the
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Atoll. Essentially, it represents a compromise of cost, radio-
logical and other factors, which will be far shcrt of the
theoretically ideal "Case 5". (Vol. I, § 5.4.5). Exclusive of
contaminated soil and scrap disposal costs, the cleanup cost for
Case 3 is $35.5 million and for Case 5 it is $81.6 million.
‘Comparative soil disposal cost estimates are $7 million for Case 3
and $92.2 for Case 5. |

We appreciate the political and practical realities of seeking
sums on the order of $100 million from the United States Congress
in these times of grave concern about the economv, but given the
rationable stated above, it is Case 5 for which funding should be
sought and for which funding should be given.

Finally, quite apart from any cost-~benefit analysis of the
nuclear testing program, as a result of a recert decision of the
United States Court of Appeals for the Ninth Circuit (People of

Saipan, etc. v. U.S. Dept. of the Interior, etc., 502 F.2d 90

(1974)), the obligations imposed by the Trusteeship Agreement under
which the United States administers the Micronesian Islands has
become legally binding and enforceable. Under the terms of Articie
6 of the Trusleeship Agreement, the United States is required 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 social advancement" of the Micro-
nesians; and to "protect [their] health." These are the express
obligations. Beyond that, like any trustee, the United States
bears implied duties to protect and promote the best interestc of

the beneficiary in every way.
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Litigation by the beneficiary against the trustee to enforce
these obligations would unseemly and costly. Every United States
official involved, including members of the Congress, should
freely and willingly undertake to fulfill them by planning,
funding and conducting a cleanup, rehabilitation and resettle-

ment program for the Enewetak People which approximates the ideal.

5. Conclusion

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

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

It bears repeating here that we are mindful of the immense
amount of time, effort and money which has been devoted to develop-
ment of this program to date by many officials in the Defense

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

to do.

Respectfully submitted by

Theodore R. Mitchell, Counsel
for the People of Enewetak

Micronesian Legal Services Corp.
P, 0. Box 826
Saipan, Mariana Islands 96950
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PASADENA, CALIFORNIA D110Q

DIVISION OF THE HUMANITIES

AND SOCIAL SCIENCES ) October 29, 1974

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

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

Because my pf:edictive theory deals primarily with compulsory
relocation at the time of forced removal, rather than 28 years later!,
I will have to cast the net wider (which of course is a much more risky
business) and deal with settlement schemes in general, compulsory
resettlement being an extreme example of this more general category.
As I am sure you are well aware, the history of settlement schemes
throughout the world is a grim one -- with probably over 90% being
unsuccessful from the point of view of both settlers and settlement
authorities. It is hard to imagine a more difficult task that creats
from scratch new communities, which are bcth socially and
econornically viable, Though the situation is niore favorabl
people are willing participants, in the Encwetak case no se
selection is possible since everyone who wishes to return
and old, conservative and progressive, hard working and lag
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Mr. Theodore R. Mitchell 2 October 29, 1974

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

(1) Housing. Though Holmes and Narver should be complimented on
the cxtent 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 distinguishk between
what they think they want and what subsequently they decide they want
after living in the new houses for a complete year. I strongly urge
that a small number of pilot houses be built for at least some of those
involved in the initial cleanup operation, so that the people will have

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

A major problem associated with many settlement schemes relates to
provision and maintenance of adequate water supplies. Though the
plans incorporated in the reports look good to me, I just want to
mention this general difficulty for the record, and to emphasize the
need to provide the simpliest facilities possible in terms of (1) peoples'
needs and (2) their hopes -~ with the second factor being far less
important than the first, I have seen too many projects where people,
after several years, must fall back on inadequate local water supplies
simply because government-provided facilities are inadequate to start
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with, or 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 favorably impressed by the thinking on water
supplies within the reports, I wonder if enough thought has gone into
problems concerning their long term maintenance.

(2) Social Services. While impressed again by the thoroughness with
which the desires of the local people have been taken into consideration,
it is hard to comment on social services without knowing more about
the breakdown of the population itself. None of the reports tell us
much about the current educational and literacy status of the people,
and about their goals for self and children -- other than to return to
Enewetak, Though obviously their expectations for imported items
has gone up during their 28 years of exile, what about their
occupational desires, and especially the cccupational desires of the
younger people? One thing that bothered me about the reports is that
while four room schools are proposed for both the driEnewetak and
driEnjebi, nothing is written about the type of education system
proposed for these schools 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 of attention paid, under
agriculture and fishing, to extension personnel, let alone to the
relationship of the different types of service personnel to each other.
I am raising here the fundamental question as to what different
categories of people will be willing to do, occupationally, once they
return and hcew best to facilitate their future economic and social
independence and development,

(3) Viable Land and Water Use Systemms. The Master Plan was based
on the assumption that all the islands in the atoll could be used for
subsistence and cash crop agriculture -- with a total availatle acreage
of approximately 1000. As a result, however,of the AEC Task Force
recommendations,this total has been cut to a maximum of 722 uswable
acres for a current population of over 400 people. Bearing in mind
the poor quality of the soil and the rapid rate of population increase,
it seems to me absolutely essential that the people retain access to
Ujelang Atoll. Even then the available land area on a per capita basis
is considerably less than that utilized by the people prior to their
first relocation, The situation is worrisome and points up the need
(a) to obtain the best possible seed for coconuts for both subsistence
and cash crops purposes, with the search bearing in mind the major
advances in productivity that have occurred on research stations in
the Ivory Coast and in the Phillipines., (b) to push mariculture hard
while keeping the means of production strictly in local hands so as to
spread employment. 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 lobster cannery which-'is the principle employer
among the several hundred islanders on Tristan da Cunha in mid-
Atlantic who were moved from their home after a volvanic eruption in
1961 and returned there later in the 1960s. (c) provide a first rate
unified extension service (d) ensure a dependable and sufficient

water transport service and pier and port facilities to connect Enewetak
to neighboring islands (including Ujeland and the relevant market
centers). (e) actively attempt to diversify the economy, always
bearing in mind local desires, interests, needs and expectations.
Especially attractive is the suggestion that the function of the Eniwetok
Marine Biological Laboratory (which apparently will continue under
AEC sponsorship) be expanded to include technical assistance to the
people. Couple this with the possibility 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 invoived and the extent to which they will actually
profit. This caution applies even more to the development of a tourist
industry which even at best is a mixed blessing on small islands.

It seems to me that the future of the people of Enewetak depends on the
extent to which the people regain their independence and the extent to
which their atoll can become economically self-sufficient., 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 nope to show below,

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

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

this stress (or transition) period does not come to an end until (a) the
people once again get back on their feet economically or at least reath
the position that they held before relocation, and (b) feel at home in
their new habitat. Since neither of these factors applies to the pecople
of Enewetak after nearly 28 years, 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 primarily to the months and years immediately preceding and
following forced removal. All I can say is that the mental and physical
health of the people should be carefully assessed before their shift
home and before they are involved in major new ventures -- ventures
which would require radical changes in their activities and life style.

I say this 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 are incremental rather
than . sudden. The insistence of the people through out all these years
that they be allowed to return '"home" is consistent with the theory
here. But once the people get home and the euphoria of having "won'"
fades, what then? What can be expected when they begin to settle

down with three times the number of people on an idealized homeland
which can be only partially 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 words, the large majority of the people will either have no
memory at all or only a vague memory of life on Enewetak, It is this
age bracket which strikes me as a major unknown. To what extent

do the Council of 12 really speak for them? To what extent do they
wish to return to the life style of their parents and grandparents? I
can not answer this question at a distance, in large part because the
Enewetak population within the three volume Impact Statement is
treated as if it was homogeneous. But I doubt very much that such

is the case, a doubt that is reinforced by the odd statement in the
reports -- for example, ""A number of people have been exposed to
education away from Enewetak and have developed strong tastes for
imported foods and other luxéries'' and the people have ''achieved a
good understanding of the behavior 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
relocatees developing a dependency relationship with the relocating
authorities. I would suspect that a strong sense of dependency
characterizes the older people from Enewetak and that this will continue
during the next decade. Even if the dependency does not already

exist, most of the people are going to be dependent on outsiders for
years to come 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 schedule only then will the people begin receiving what
Holmes and Narver hope will be an annual cash income of perhaps
$40, 000 or slightly less than $100 per capita in terms of present
population. In the meantime the people will have to use their trust
fund (which currently produces $60, 000 per annum in income or ]
somewhat less than $150 per capita) to provide for their external
needs and to depend on the U.S. government and other donors.
Reliance on both the trust fund and on further external assistance
continues and increases the risk of a dependency relationship which
can be expected to make subsequent development more difficult.
Already the people have acquired a taste for outside staples which
apparently on occasion can make up as much as 80% of the diet.

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

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

(3) Another potential problem 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 been
reduced to the extent that the 12 man council is now elected at large
from all the people, and that the large majority of the population have
been brought up as members of a '"'single community, " nonetheless the
present plan to relocate the driEnjebi on Medren and Japtan puts them
in the relationships of relocatees' to the driEnewetak '""hosts' which
raises the possibility of the type of deteriorating relationships which

all too frequently characterizes hosts and relocatees in other settlement
schemes, especially where the two communities find themselves in
competition for scarce resources, resources to which the hosts
traditionally held claims.

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

With best wishes. .

Yours sincerely,

—<- (Q
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 projects which -
may be of some use to you. No, I have not seen Tobin's thesis nor do

I have easy access to it. If you can get me a copy I would much
appreciate it.
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1. Introduction: The adequacy of the biomedical basis of standards

for occupational‘and public exposure to plutonium and other internal

alpha emitters have been widely discussed (175) and seriously questioned(ﬁ—s).
The seriogs uncertainties in the cancer risks attributable to

internal aipha emitters.must be resolved before we are irretrievably
committed to a nuclear erergy program. This is a matter of immediate
concern in the western suburbs of Denver due to plutonium and americium
contamination of surface soils in public areas around the Rocky Flats

(9). Many other localities are similar1§ affected by

Plutonium Plant
tranuranium element contamination and its attendant cancer risks.

Recent controversy regarding the adequacy of plutonium standards
has centeggd on several 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 ﬁhe 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)

for plutonium. Geesaman has discussed possible mechanisms of cancer

induction by hot ;articles and concludes that the tumorigenic risk may

be as high as 1/2000 per particle for submicron particles of plutonium

oxide., A recent examination of hot particle risks by Tamplin and Cochran(s),
based largely on the Geesaman study, led éhese authors to recommend that

the occupational MPLB (maximum permissible lung burden) be reduced by a
factor of 115,00C, to a value of 0.14 pCi. A recent study(lo) was
carrled out by Bair, Richmond and Wachholz at the request of the U.S.
Atomic Erergy Commission with the specific objective of providing an

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



nonuniform alpha radiation dose distribution in the lung. The authors

of this study take exception to the conclusions and recommendations of

(6.8)

Geesaman, Tamplin and Cochran and conclude that

"the nonuniform dose distribution of plutonium particles in
the lung is not more hazardous and may be less hazardous than
if the plutonium were uniformly distributed and that the mean
dose iung model is a radiobiologically sound basis for
establishment of plutonium standards.”

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

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

tumor risks for 233Puo2 than for 2”Puozcllz the apparently limited
biological response of mammal lung cells from ?3%Pu and 23%°Pu incorporated

(12,13)

into ceramic microspheres and the tobacco smoke radicactivity

results(la). The latter results imply that as little as a few picocuries
of insoluble alpha emitting particles in the lung may give rise to a
significant risk of 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-
actione with cells (below) it will become evident that alpha radiation
induced cancer in mammals and man must be brought about by subjecting
a large number of living cells to a limited number of alpha interactions.
Thus, in princible, the highest risk would be associated with a uniform
distribution of the alpha dose, in accordance with the conclusion of
Bair et al. However, in fact, we are almost always concerned with a highly
irregular tissue distribution of alpha emitting particles. For hot
particles, the tumor incidence must be due to the low dose irradiation
of a large number of cells by a very small fraction of the hot particle
burden. And for long term exposures, unacceptably high tumor risks

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

This serious possibility calls for a drastic downward revision of permissible



exposure standards for inhaled plutonium. It also itc possible that the
critical health effecte for inhaled alpha emitting particles are the
incidence of atherosclerosis and other degenerative diseases of the
cardiovascular system. The published evide;ce supporting these conclusions
is briefly reviewed belo&.

-

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

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

(15), Muller(l6)

with results which havg been reviewed and summarized by lLea
and others.' Whén alphas interact with the chromosome or its genes in
the nucleus of a cell, the dense ionization in the traek of the alpha par-
ticles give rise to closely spaced breaks which bring about.a wide varieﬁy
of irreversible chromosome structural changes, or mutations. X-ray and Y-ray
interactions give rise to a diffuse distribution of fons, resulting in
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 resultiﬁg from alpha interactions are directly proportional to
the number of interactions and are independent of alpha interaction rates.
Thus, with regurd$to the production of irreversible structural changes in
cells the relativ; biological effectiveness of alpha radiation, compared
to X-rays and Y-rays, increases markedly at lower dose rates and over
longer periods of exposure.

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

(17,18) (15)

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

pointed out, some cell nuclel experience only minor structural changes



(chromosome inversions, duplications, translocations, deletions, etc.)
and remain viable. However, although only a very small fraction of alpha
interactions give rise to viable mutated cells, these survive to
proliferate, whereas cells which suffer lethal changes are eliminated
from the cell population; Thus in the case of long-term exposure of
tissue to internal alph# emitters at low dése rates there is a cumulative
increase in the population of cells whicﬁ have survived one or more
chromosome structural changes. However it is equally obvious that a

cell whose.nucleus is subjected to repeated alpha interactions within

the mean life of the cell has only a negligible chance of survival,

It 1s likely that the pro&uction of a radiation—inducéd tumor begins
with the formation of & single malignant cell characterized by a combina-
tion of two or more chromosome changes and/or gene mutations. The alpha
radiation-induced bone tumor incidence in dogs 18 observed to be propor-

(19)

tional to the square oi 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 malignant cell involves a sequence of events,
as follows: (f) production of a viable mutated cell; (2) clone growth
from the mutated cell; (3) production of a second viable mutation in

one or more of the clone;vj(4) growth of a clone of doubly-mutated cells;
ete. Thus, for a two-mutation sequence, the tumor risk would be proportional
to the thz(tlrc), where R is the alpha dase rate, t is the time of
exposure, and T, is the mean life of the normal cell and singly mutated
cell. The term (t/Tc) represents the influence of the growth of the clone

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

This tumor risk relationship makes it abundantly clear that a linear



extrapolation to low dose rates is not only not conservative for alpha
radiation induced tumors, but rather that there i1s a marked inverse dose~
rate vs risk relationship. There is an increasing body of published
experimental evidence that reflects this trend.

Speisé and Mays(zz)

_observed that for 22"Ra alpha radiation induced bone
sarcoma in man, the tumor incidence per ;;d approximately doubled for a four-
fold increase in the spacing of 22"Ra injections and that the observed incidence
of bone tumors pef rad in children was nearly t&ice that for adults. Upton

(23)

et al. show a significantly higher incidence of tumors in mice for a

gilven neutron dose at more protracted periods of exposure. Moskalev and

(24) showed that fractionation of the administered **%Pu dose over

Buldakov
larger periods of time Increased bone tumor induction. The higher tumor
incidence per rad for the smaller lung burdens of crushed 2!%Pu0, micro-

2
@ seems best expléined by the limited alpha

~ spheres observed by Sanders
irradiation of large numbers of.cells by numercus very small, mobile

particles of low activity per particle (see 5elow). Hamsters subjected to
low alpha doses from 21%p5 distributed quite homogeneously in the bronchiolar-
alveolar region show a marked increase in the lung tumor incidence per rad

at very low doses and dose rates(zs). And the incidence of bronchial cancer

3
in uranium miners reflects a higher tumor risk per rad at the lower doses(za)

for this low dose rate exposure group. The tobacco radiocactivity results(la)
indicate a cignificant tumor risk for the cumulative alpha radiation dose
from 2!%o0 in insoluble particles in the b&onchi of smokers, invclving much
lower dose rates.

Based on the above considerations it 1s evident that the tumor risk is

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

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



target afforded by the cell chromosomes. This follows necessarily from

the fact that mogt alpha interactions with cell chromosomes lead to the

(17,18)

subsequent mitotic death of the cell, as Barendsen has shown The

production of a malignant cell calls for a sequence of two or more low
:cbabilit} events and tﬁus cannot be speeded up by the application of .

massive alpha doses, buf rather only by 3iject1ng o much larger number

of cells to a limited number of interactions. Additionally, assuming that
the tumor risk to the tissue subjected to alpha.irradiation is proportional

to thz(t/Tc), explained above, it is apparent that the- alpha activity
concentration or the activity per particle which is equated to a given

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

t is appreéiably longer than the mean 1life of the cell, T.e Brues(27) and

(28) both pointed out that the two-mutation theories of carcino-

(20,21)

Burch
genesis would imply an exceptionally high effectiveness of widely
spaced radiation for tumor production. It 1is proposed that just such a
dose rate relationship serves to reconcile the observed significant tumor
risk in cigaretée smékers with the presence of a persistent lung burden of
insoluble sqoke particles Involving a total of only a few picocuries of

210p (14) Co

3. "“Hot" Puo2 Particle Risks: 1If the sbove tentative conclusions are
correct, then the same considerations-must apply in the assessment of

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

Raabe et al.(zg)

report an apparent rate of dissolution of 2”Puoz
in long fluid which 1s two orders of magnitude higher than that observed

for 239Pu02 particles. Such a dramatic difference in the chemical behavior



of two isotopes of plutonium is seriously inconsistent with the negligible
influence of isotdpe effects on the chemical kinetics of heavy elements.
Thus it seems necessary to explain this appatrent solubility difference on
physical grounds. The specific activity of the 2“Puoz particles (~80%
238Pu02 and ~20% 239Puoz} was about 220 times that of 239?u02. In addition
the 238Puoz particles exhibited a very significantly lower density than the

239PuO2 particles(3o)

» indicating a highly faulted structure and weakened
intermolecular bonding for the 238PuO2 particles. Fleischer(3l) proposes
that the apparently higher dissolution rate for 238PuO2 may be explained

by the alpha recuil nucieus ablation of the surface layers of the particiles,
with a fragmentation rate proportional to the specific alpha disintegration
rate and with variable sizes of fragments ranging up to ~lG& atoms. The
poorer structural integrity of the 235Pu02 particles may give rise to an
increase in the siza range of the ejected fragments. Such small fragments,
ranging pp to tens of angstroms in diameter or more, would pass readily
through the 0.1 um diameter pores of the membrane filters used in the
ditgsolution experimen;s(zg). Also, such small ablation fragments may exhibit
a much higher mobility in tissue than that of 0.1 to 1.0 ym diameter, the
size range of particles used in wust animal inhalation experiments. This

greater mobility for very small ablation fragments in tissue may explain

the observed more rapid rate of tramslocation for 233Pu02 than for 2%%Puo
(32,33).

2
from the lung to the liver and bone
Another explanation for the apparentiy higher solubility of 239Pu02
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



case the dissolved plytonium would diffuse away from the hot particles,
However this dissolved plutonium undoubtedly would be slowly redistributed
in the lung in the same fashion as cthat reported by Moskalev(34) for

inhaled scluble compounds of plutonium, resulting in a highly non-uniform
distributi;a, with hot spots located predominantly in the sub-pleural region
of the lungs. This gradual conversion cf‘;hesoluble plutonium compounds

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

result of the self—chelating properties of tetravalent plutonium in solution.

. 11
In recent studies of rat inhalation of 2”Puoz, Sanders( ) has
demonstrated a substantially increased risk per rad for small lung burdens

of aged, "crushed" 23®Pu0, microspheres. In this case the inhaled particles

2
involve smaller particlés and a correspondingly larger surface area. The
observed mo;e rapid rate of tramnslocation to other organs can be attributed
variously to the higher mobility of the smaller ﬁarticles, or to the higher
rate of surface ablation (or diésolution) for the increased surface area,
or both. The higher tumor incidence can be attributed to the fact that

2 microspheres

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

the greater mobility and wider redistribution of the 238pyo

limited number of alpha interactionms.
The correctnéss of the above interpretation is reinforced by the
results of the Los Alamos ceramic sphere experiments reported by Richmond

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

et al.
ments 2000 zirconium oxide microspheres qf 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 microsphere
ranged from 0.07 to 1.6 pCi of 239py and from 4.3 to 59.4 pCi of 238Pu,
with identical activi:ty for each of the 2000 microspheres in each of eight

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



averaged over the small tigsue volume within 40 um from the surface of

the ceramic micr&spheres is ~17,000 rads per year for the 0.07 pCi micro-

spheres, or ~200,C00 alpha disintegrations Ser year within each microgram

of irradiated tissue. The dose rate is correspondingly higher around the

microspheres of greater activity. Less than one milligram of tissue, ogly

one millionth of the lung, is subjected to these massive radiation doses.
The limited biological response obtained in these experiments 1is

(17,18), 1o gmall

consistent with expectations based on Barendsen's results
population of cells within the alpha range arcund the m&crospheres exper-
ience so many alpha interactions that they all receive chromosome struc-
tural changes that result in their mitotic death. The 10 ym diameter
microspheres are immobile in tissue. Also their specific alpha activity
is sc low compared to pure Puoz that their surface recoil ablation and
dissolution rates are negligibly low. Thus in these experiments there

is no large population of cellslwhich are subjected to a limited number
of alpha interactions, as 1s the case for Sanders crushed 238PuO2 micro-

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

dphere experimex}ts
tumors (at 9.5 menths and 12 months in animals exposed to 2000 ceramic
microspheres of 0.42 pCi 23%py per microsphere) for a total of ~lO6 hot
particles. It is-proposed that these two tumors may be attributed to
secondary protons ejected by alpha Interactions with hydrogen atoms. The
expectod 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 thes: secondary protons irradiate 63 times as many lung
cells at correspondingly much lower doses. It is unlikely that the two
tumors observed in these experiments can be attributed to X-rays or

Y-raye fiom plutonium for reasouns discussed by Warren and Gates(39’36).



4, Critical Health Effects: It is widely recognized that inhaled inecluble

alpha emitting particles deposited in the lung are, in part, translocated
via the phagocytic action of macrophages tonthe lymph nodes and to other
sites in the reticuloendothelial system, and also via blood leucocytes to
the liver, spleen and bone marrow. Recent experiments with inhaled
plutonium meke it evident that the pattern and rate of translocation of
plutonium from the lung to other sites is highly 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 1is more
active cell division suffer the earliest and most severe radiation damage
effects, and that this includes the blood forming cells in lymphatic glands

(16’3'f8ucheffects include the destruction of rapidly

and in bone marrow
multiplying cells that produce the blood platelets which assist in the
control c¢f blood clotting, Similarly the population of leucocytes is
reduced with a ceorresponding reduction in resistance to disease. These
effects plus the accompanying chromosome structural changes can give rise

v
~

to the earlier incidence not ouly of cancers, but the whole pattern of
diseases of the cardiovascular and renzl systems(37’38)'
Let us review the mounting evidence which suggests that inhaled
insoluble alpha emitting particles may be the agent of atherosclerosis
and thus glve rise to an iIncreased risk of death by early coronaries and

strokes. Atherosclerosis {5 reported to be present in every instance of

partial or complete arterial occlusion and every case of coronary thrombosis

(39)
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(40)

Recently Benditt has showm that the human atherosclerotic plaque is

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

(41-43) . o observed anomalously high concen-

an arterial tumor. Elkeles
trations of alpha activity at the calcified plaque sites. In addition
atherosclerosis plaques gormally occur in the main and abdominal aortas-
and the coronary arteriés, but rarely in_éhe pulmonary arteries(azﬁaa).
This distribution suggests a respiratory origin for the mutagenic agent.
Attempts to reproduce arterial lesions in animais by chemical, mechanical
and nutritional means have not produced plaques similar to those of
atherosclerosis in man(ao). However atherosclerotic plaques have been
directly induced in human arteries by intensive irradiation with X-rays
and radium(45>. There is a high incidence of early coronaries among
cigarette Qﬁokers, with a mortality rate for males who smoke two packs or
more daily that is 2 to 2.5 times that of non-smokers but at a mean age
of death some 10 to 16 years eafliergae%br'all these reasons it 1s 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 éase, similar increased risk of early coronaries are to be
expected fqr other groups of individuals who are occupationally or environ-
mentally expos:d to the inhalation of insoluble alpha emitting particles
of respirable size. Attention should be addressed to industrial and combustion
product aerosols which contain uranium oxide, thorium oxide and lead-210,
as well as to plutonium oxide from nuclear industry, nuclear accidents
and fallout from atmospheric nuclear tests,

The first and most obvious place to look for such effects is Among
past and present plutonium workers., Very significant increases in the
incidence of early coronarles as winll as lung cancers and cancers at other

(46)

sites is observed among cigarette smokers with insoluble alpha emitting
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(14) and

(41-43)

particle burdens of only a few picocuries of ?!°Po in the lung
similar total alpha activity per 100 grams of arterial wall tissue
By comparison, plutonium workers exhibit plutonium organ burdens ranging

from a few plcocuries to a few manocuries or more(47’48). And although

there has £een no epidemiological study of the age-incidence of heart

disease and cancer amoné plutonium workeré, the limited published information
bearing on this question is more disturbing thaq reassuring. Most often
cited is the mediéal experience of 26 plutonium workers at Los Alamns(&g'so),
usually acéompanied by a statement to the effect that none of the medical
£indings for thils group can be attributed definitely to internally deposited
plutonium. With equal justification one may state that most of the serious
medical findings in this group can be attributed to plutonium. OCne member of
the originai group died in the early 1950's. Cause of death is not reported.
Another died of a coronary at age 38, A third suffered a coronary occlusion
but recovered and was well compensated., A fourth developed a hamartoma of
the lung and his right lower lgbe was surgically removed in May 1971. A
fifth had a melanoma of the chest wall, A sixth had a partial gastrectomy
for a bleeding ulcer. One subject suffered loss of teeth, apparently due

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

in beagles given fbxic doses of plutonium, Another subject has gout. The
full medical history of this group, now mostly in their fifties, has not yet
completely unfolded. Only 12 of these 26 plutonium workers were expocsed

to plutonium inhalation. Which of the observed effects were experlenced

by the inhalation exposure group? Regardless of the distribution, the
medical experience of this small group thus far provides no basis for
complacency about the health consequences of plutonium exposure.

Hanford employees and others whose autopsy tissue samples exhibited

plutoniuvm levels in excess of 5 fCi/g died mainly of coronary heart



disease and other cardiovascular effects and to a lesser extent of cancer
and pulmounary emphysema(47). Based on evidence reviewed above it appears
that atherosclerosis is a cancer of the artéry wall and thus that coronary
heart disgase and other diseases of the cardiovascular and renal system
are expected effects of inhaled plutonium and of other insoluble alpha‘
emitting particles. An adequate assessment of the magnitude of these risks
can only be obtained by a comprehensive medical follow-up of all past and
present plutonium workers. Until the age distribution of these effects
among plutonium workers is fully assessed, any claim bé the proponents

of nuclear energy that there is little risk associated with the MPLB
(maximum permissible lung burden), 16 nCi of plutonium, or fractions
thereof, is totally unjustified. The growing evidence suggests that as

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

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

5. Discussion: The published evidence, reviewed above, clearly indicates
that a linear extrapolation to lower doses and dose rates is not conserva-
tive for internal alpha emitters. The initial effects of alpha inter-
actions with cell chromosomes are irreversible and thus will vary linearly
with alphé dése rate. However the cumulative effects of internal alpha
emitters gives rise to an iIncrease in the populations of mutated cells
{cells with viable structural changes in their chromosomes) and in the
health consequences of such changes. Therefore the tumor incidence per
alpha disintegration must increase with decreasing dose rate. For this
reason a given cancer risk is equated with smaller 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
repairable at low dose rates. This stems from the fact that the diffuse
distribution of ion paifs produced by such radiation results ir widelr -
spaced single chromosome breéks which repéir themsgelves readily. For
these reasons the relative bilological effectiveness of alpha particles,
compared to X~-rays and y-rays increases contin&ously with decreasing dose
rate. Thus alpha radiation acquires a greatly increased bilological sig~
nificance relative to soft radiation in the production of tumors and other
health consequences of chromosomal structural changes.

There are several .other lines of evidence which reinforce the
possibilit§ that alpha interactions with cells play a unique role in human
cancer production. The distribution of cancer sites in the bronchi, in
the lymphatic system, in arterial tissue, in the liver and bone, all
involve sites at which insoluble alpha emitters are known to accumulate,
Anomalausly high concentrations of alpha activity have been observed at

(51)

the bronchial cancer sites , at cancer sites adjoining lymph glanuds

(52,53) (41-43)

in other organs in atherosclerosis plaques , at liver cancer

&

sites in thoroﬁnast patientscsa), at bone tumor sites in the radium dial

(55), etc. The difficulties of producing lung cancer by extercal

(35,36).

workers
radiation hss teen pointed out by Warren and Gates The absence
of cancers in muscular tissue, except at sites of thorotrast irjection or
plutonium injection, also is relevant to this issue. All of these obser-
vations reinforce the possibility that one or more of the chromosomal
structural changes which characterize a malignant cell must be brought

about by alpha interactions and not by low intensity X-rays or Y-rays.

Tn this connection, the determination of the nature of the structural
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differences betwaen the healthy and the malignant cells of each organ could
shed some light on this important question.
It alro is observed that the relative significance of chemical agents,
viruses and radigtion in the incidence of human cancer is not known.
Details of the mechanisms of cancer induction by chemical agents and viruses
also are poorly understood. And the proposed chem’' al carcimogens in
cigarette smoke and in polluted urban eﬁvironments have not been demonstrated
to be carcinogenic at the low concentrations involved. For all of these
reasons it is deemed likely that radiation, and alpha radiation in particular,
may be the principal agent of human cancer. In view of such a possibility,
it is very disturbing to note that the U.S. National Cancer Institute, now
spending about one-half billion dollars per year on cancer research, has
completely-neglected the field of radiation induced cancer research.
Published evidéncecsg_és) indicates that atherosclerosis 1s a tumor
of the artery wall and that the alpha activity at the calcified plaque
site 1s likely to be the mutagenic agent. If so the major causes of death
in the general population - coronary disease, other cancers, and strokes -
may in large part be attributable to internal alpha emitters from natural
and pollutant sources. If so, fallout plutonium and alpha emitting
contaminantéuﬁstzﬂxeady be contributing to increased health risks and life
shortening to the general public. igarette smoking causes increased risks
of early corcnaries, lung cancer, cancers at 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 (attributable to

-

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

of liver tissue in the general public(56). Although these levels are only
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about 10 percent of the 21%p5 organ burdens of heavy smokers, the effects
may be correspondingly greater because the total population 1s exposed, and
the inhalation exposures begin at birth,

If the health risks attributable to fallout plutonium exceed 10 percent
of the risks of heavy smoking, then inhalation exposure at ~20 times
fallout (the surface soil concentration of plutonium which corresponds
to the interim sqil standard adopted by the Coloradc Board of Health in
1973) would give rise to organ burdens more than twice that of heavy smokers.
Exposing children to such levels would be tantamount to their smoking four
packs of cigarettes per day, beginning at birth. This estimate assumes, as
I believe to be the case, that the inhaled, insoluble radioactive smoke
particles g}ve rise to the serious health effects of smoking.

For the estimation of organ burdens which may result from the inhalation
of soil contaminants, it is common practice to attempt to determine the
average surface soil concentrations, the applicable resuspension factors,
inhalation exposure patterns, particle size distributions, lung retention,
clearance and translocation patterns and rates, etc. The large cumulative
errors and uncertainties in the prediction of the ultimate organ burdens
from long-~term exposure to contaminated surface soils and urban dusts by
such a long seque;ce of complex processes serve to make this procedure an
almost useless exercicse. There 1s a more direct approach which sould give

(57) show that the adult lung burden of

more reliable estimates, Lewls et al
nitric acid-insolvble particles increases almost linearly with age, with

about 1.5 grams per kilogram of lung tissue at age 60. It seems reasonable

to assume that individuals chronically exposed to soil dust and urban dusts
will acquire just such burdens of the insoluble constituents in the respirable
size fraction of dust particles (i.e., particles less than ~35 um diameter).

It should be noted that Pu0, particles are highly insoluble and friable.

2
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Experimenis in the Rocky Flats area also have shown that about one-~third

of the airborne plutonium which has been resuspended from soil surfaces

by wind action falls within the respirable particle size range. However
only a very small fraction of the bulk surface soil is made up of insoluble
particles'of respirable size. For this reason, surface soils with one °
picocurie sf plutonium per gram (the Colorade interim soil standard)

should contain an estimated 10 to 100 pCi of plutonium per gram of insoluble
soll particles of respirable size. Such a soll level should lead to
plutonium lung burdens of 5 to 50 picocuries by age 20, or 15 to 150 pico-
curies by age 60, with correspondingly higher concentrations in the lymph
nodes, liver, and bone., Thus the Colorado interim soil standard is hardly
a safe or acceptable standard unless it can be shown that such levels of
plutonium have no serious long term health effects.

There are, of course, a number of considerations which make it inap-
propriate to equate the effects of a given burden of low specific activity
alpha emitting cigarette smoke particles with the same amount of alpha
activity in hot particles. The Los Alamos experiments(lz’la) make it
evident that most of the alpha dose from "hot" particles of Pqu is

wasted in the excessive irradiation of cells within the alpha rvaunge of

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

2
particles can be variously zattributed to (a) the mobility of the
smaller particles (b) the recoil ablation and/or dissolution rates which
increase with specific activity and with surface area of hot particles

and (c) the irradiation of larger numbers of cells with scattered protons

(an effect that may be significant for very hot particles).
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For these reasons, the insoluble.alpha emitting smoke particle,
uranium oxide, thorium oxide and other alpha emitting particles of
moderate to low specific activity may be exbected to give rise tc a higher
tumor risk per alpha disintegration or for a given cumulative dose.
Similarly plutonium-239 in mixed fallout particles may be expected to
produce more tumors per disintegration than is the casz for pure z"PuOZ
and 2”pu02. Hoyever although larger burdens of hot particles will be
required for a given tumor risk, such risks can be expected to increase with
both alpha specific activity and with particle surface.area, and the effects
should occur eariier for a given burden of smaller particles of higher
specific activity.

The akove considerations make it obvious that the present practice of
averaging the alpha dose over the whole lung or some arbitrary fraction

(10-13) is & highly questionable and grossly misleading procedure

thereof
at best.

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

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

processes are not effective.
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6. Recormendations: It is urged that the U.S. Environmental Protection

Agency consider and act upon each of the following recommendations which
are called for (a) in order to provide an improved basis for the assessment
of health risks and standards for plutonium and other actinides and (b)
to providé a higher degree of protection from the effects of internal alpha
emitters for occupational groups and the éeneral public by adopting more
conservative interim standards for plutonium exposure.

(1) Initiaté a comprehensive interagency research program to assess
the health risks of inbaled alpha emitting particles, with special attention
to both "hot" particlee and insoluble particles of low activity per particle
{(Some pertinent studies have been proposed to the EPA

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

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

(4) Adopt more conservative 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 employees and groups exposed to poesible
inhalation of finely divided and higher specific activity plutonium.

(5) Maiatain public exposure levels of plutonium and other alpha
emitters to the practical minimum. 1In my view this would limit public

exposure to airborne dusts not exceeding 0.5 picocuries of alpha activity

{about one alpha disintegration per minute) per gram of nitric acid insoluble



particulates of respirable size. This level would result ia the accumula-
tion of adult organ burdens about equal to that from fallout plutonium(SG).

On this basis the Colorado interim scandardxmay be at least 10 times too

high,

(6) Call for a full disclosure of al} past plutonium spills and accidental
releases and conduct appropriate surveys and clearnup operations.

(7) Develop standards for americium and curium, with particular attention
to their distribution in the food chain and their uptake from the gastro-
intestinal tract.

(8) Give immediate attention to current plans of the U.S. Department
of Defense and the U.S. Atomic Energy Commission to resettle Enewetak
Atoll. Th% high ievels of plutonium and americium on these islands and

in the lagoon sediments are likely to give rise to tragic health effects

on this small native population group.
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PREFACE

Four comments are attached.

Comment #1, ACCIDENTS
“/’%omment #2, ESTIMATION OF THE HEALTH EFFECTS OF
Y ~ PLUTONIUM AND OTHER ALPHA-EMITTING
TRANSURANICS

" Comment #3, DIVERSION AND SAFEGUARDS OF
FISSIONABLE MATERIALS

Comment #4, GENERAL AMD IN SUMMARY

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

in nature. For a draft statement of this physical extent, detailed
comment vould be nearly prohibited by persbna] Timitations of time
and resources. This dilemma is not encountered here since gereric

- comment seems indicated. Treatment of acne can be sensibly deferred

when the patient shows systemic failure.



Comnent £2, ESTIMATION OF THE HEALTH EFFECTS 0Or PLUTONIUM AND OTHER
ALPHA-EMITTING TRANSURANICS

The estimate of lung cancer incidence associated with the inhalation
of plutonium (or other transuranics) in particulate form is a critical
factor, along with source terms and resuspension, in defining the probable
impact of the LMFBR's plutonium based f9e1;cyc1e. T .is subject is discussed
in Secticn 4.G.5 "Particle Lung Dose Effeﬁﬁs" of WASH-1535. I quote the
first sentence from that section: '

"The estimates of lung cancer incidence associated with

the inhalation of transuranics used in this report are

based upon a calculation of the average radiation dose

delivered to the lung and application of tumor incidence

estimates for the uniformly irradiated lung as estimated

in the BEIR report."]
This cited basis, and hence the derived estimates, are indefensible.

" Section 4.G.5 acknowledges "that 'inseluble' particles of
radioisotopes, when deposited in tissue, provide focal spots of high
radiation dose rates close the the particle," so there is no presumption
that the exposure 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
particu]ate.is-depusited in this tissue some 10 to 100 alveoli will be
exposed. A crude measure of the nonuniformity 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 Tung
exposure by an alpha-eaitiing particulate, the epergy of the ionizing
radiation is depasited in a very limited voluine of tissue, and hence that

the ectual radiation doso to Tung tissue scaled roughly a miilion tiinos




larger than the dose asscciated with an averaging of the equivalent
radiation energy over the entire lung.

A multiplicative difference of a m%]lion in a significant
physicai quantity generally suggests a qualitative difference. Suppose,
for example, that the problem were to estimate the effects of small
projectiles on human organisms. Suppose that the projectiles weigh 1/2
ounce and have a velocity of 1000 ft/sec. Note that the effect of the
projectile depends oan the energy, and note that a 6 ton vehicle moving at
1 mile per hour has similar energy. There is experience with humans stopping
sTow moving vehicles by exerting strenuous counterforces. Using this
experience the effect of the projectiles on humans is inferred to be
oxidation of -the biological fuel necessary to do the work of stopping the
vehicle. But this reasoning is manifest nonsense. Even though the energies
involved are similar, a fast moving rifle bullet is quite different from
a truck weighing a miTlion times more and moving at a one-thousandth tﬁe
velocity. The former dissipates its energy in the local disruption of
tissue, the latter leads to the orderad and non injurious oxidation of
biological fuel. The end results become very different as the physical
characteristics Bf the situatidn change, and a new biological phenomenon
intercedes. Obviously the way to estimate the effects of rifle bullets 1is
either from past experience that is explicitly applicable, or alternatively,
to calculate the effects considering the physical characteristics of the
rifle bullet and knowledce of the biolcyical and physical characteristics
of the human organism.

This nronsense cxample has nuch the samz logical structure as the

~

method of estimating hot particles effects set forth in Saction £.G.5 oi
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|’ASH-1535. There, by introducing a fictitiously large mass of exposed
tissue, the calculated dose becomes cormensurately small. In passing from
the real situation in which a hot particle irradiates 10 to 100 alveoli,
to the fictional situation in which the ionizing radiation from the hot
particle is averaged over 108 aiveoli, thc dose scale has decreased by
roughly a factor of a million. .

Living tissue shows extensive intra—ce11§1ar and inter-cellular

organization. Several regimes of biological response would be expected

as physical characteristics of exposure are varied. Carcinogenic response

B
[

whole org

an exposuve by non acute doses of radiation will fall in one
of these regimes, and this will be a regime in which ihere is human
experience. From the physical characteristics of plutonium aerosols, from
the lung deposition experience with aerosols, and from the lung clearance
experience with plutonium particulates, it can be inferred that at least
one class of partic]e§ exist which subject Tung tissue to an exposure
associated with a different carcinogenic response regima. This is because
other biological phencmenon has intervened.

For hot particle exposure that phenomencn is mitotic death of
cells, i.e., Toss of the cell's ability to divide. There is an extensive
Titerature on fhe sugject. Radiologically induced mitotic death is, in
fact, the basis for treacing malignant tissue with ionizing radiation, and
is the cause of most acute symptoms consequent to radiation exposure.

Even though the intercession of extensive mitotic death of cells must
inovitably place certain particulate exposures in a different response
reqgime froa whole lung, non acute exposures, & compelling argument might

b2 made that the carcinogenic response in the foruer case is necessarily



less thar the carcinogenic response in the latter. This argument would
appear to have merit since mitotic dcath of cells, of well as reducing tha
general viability of the tissue, would also reduce the number of irradiated
cells with zarcinogenic potential. Usually implicit in this argument is a
conceptuali%atian of all radiation carcinogenesis as a single-cell, direct-
injury process.

To confirm this argument, there is a respectable literature in
_ which carcinogenesis is described as occurringafter doses of radiation
that are sufficiently local as to not be organism ]ethai, and that are
sufficientiy high for thé fraction of mitotically competent cells to be
greatly reduced, i.e., to 1% or less. Unfortunately, in at least some of
these experiments, carcinogenesis is inversely related to the fraction of
mitotically competent cells, i.e., cancer induction in the regimz where
mitotic compatence is greater than 17 is small compared with the cancer
induction in the regime where mitotic competence is much less than 1%.

There are several points to be made here. Loss of mitotic
competence and carcinpgenesis are two indices of radiatioﬁ effect in tissue.
They cannot be independent, and their relationship can tell us something
about some rddiutign carcinogenesis.

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

Mitotic comnatence of a cell perulation decrezses exponentially
vith increasing aipha-radiation dose aend is a fairly qeneral index of

radiation effect in tissue. It radiation carcinogenssis universally
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decreased with mitotic competence, then estimates of carcinogenesis based

on a fictitious averaging of a local inhomogeneous dose over a much larger
volume would be necessarily conservative. Since radiation carcinogensis

can, and in fact, doss increase to anomalously large values while the mitotic
compatence becomes vanishlingly small, the.fictitious averaging of dose

over larger volumes is not necessarily conservative. 1nstead it would
appear that an intense local dose of ionizing radiation can be a more
efficient carcinogen than a diffuse tissue exposure w1th the same type of
ionizing radiation and thn sam2 total energy. The above then implies that
averaging of dose over larger volumes may be far from conservative.

It is obvious that as a local exposure becomes more intense, a
stage must finally be reached vhere thz carcinogenic efficiency of the
exposure (on a per unit energy basis} is reduced. This is not pertinent
to previous arguments. It would, however, be important to know the
characteristics of the most carcinogenicly efficient exposures.

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

Y"Although the mechanisms of carcinogen2sis, or of

radie¢ tion carcinogenesis 1n particular, are not fully

known, available information implies that most, 1f not

all, types of cancer develop as a result of the combined

ef‘ect° of multiple factors. These causative factors

may include: prezygotic (inherited) mutations of

chromosoral aberrations, which can spiread during develop-

ment to many kinds of celis; somatic ceil mutations or

chromosomal aberrations, which can be acquirec at any

time aftier conception; changos resulting Trom the action

of v1ruse>, and changas in systemic growth facLors (e g.,

Iegressnu jmune compe t“ﬂut, hormona’ imbalance) and
in lccal tissue requlation dlso:oan1zux1an, dawage),

such as may result from diseasos other than cancer or
Tron advancing age (1).

"Althcugn point mutations. chromosomal abborations,
and cthor chenges at the cellular and mcleculer Tevel
may require Gily swall doses, tissue disorganization and
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gross disturbances in physiology are unlikely without
larger doses (2).

"0f the many types of changes which radiation can
cause in cells ¢r tissues, none is. considered to be
unigue for radiation. HMany, if not all, such changes
can presumably result from a variety of other agents.»

This summar} view on carcinogenesis is compatible with the ideas leading
to the conclusion reached earlier, that fiétitious dose averaging to
larger tissue masses need not be conservative. The possibility ot various
modes of carcinogenesis is acknowledged, and in‘particular, mention is
made of a pathway mediated by tissue disruption.

Disease prof . Cancer is no
exception. Gross characteristics are obviously highly species speéific
also. A rat and a mouse are distirct and yet incredibly similar. The
gross tissue differences are articulated out through subtly different
informational resonances amongst cell populations, - the collective behavior
béing phased ultimately, though perhaps remotely, by the yenetic controls
of the cells. HNot to belabor this point unnecessarily, - cancer profiles :
are species specific; gross characteristics and, of course, genetic material
~are also species specific. Collective detuning of tissue, by tissue
disruption seer. as acceptable an orfgin for the tissue instabilities of
cancer as does an*iso1ated single cell event.

Return now to the problem ot risk estimates associated with
radioactive particulates in human jungs. Most of what has been said earlier
in this comment has been genzral, and has been aimed at showing that ihere
was no inherent conservatism in the nz2thod of estimating cancer risks set
forth in the Tirst seatence of 4.G.5, and that roreover the method could
hoe far from conservative, The conclusion could as wail b2 anplied to

yirbhatic tissue or to bronchial tissue.
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Hiaving this background notice that human lung tissue has a well
known carcinogenic potential under a rumber of situations, including
exposure to ionizing radiaticns; and that in the HanTord dog study induction
of lung cancer was observed after exposure to plutonium aerosols. These
are a sufficient basis to establish plutonium induced lung cancer as a
legitimate concern for humans.

The fcllowing is a review of the official guidance for estimating
the carcinogenic effects from exposure to radioactive particulates.

I. "(210) The NCRP has arbitrarily used 10% of the
volume of the organ as the significant volume for
irradiation of the gonads. There are soma cases in
which choice of a significant volume or area is
virtually meaningless. For example, if a single
particle of radioactive material fixed in either lung
or lymph node may be carcinogenic, the averaging of
dose either over the lung, or one cubic centineter
may have little to do with the case. Use of significant
volumnes or areas must be looked on as one of the round
off devices wnhich in special cases nust give way to
detailed study."

s

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

’ (emphasis addad)
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40. ‘SThe probiees of hizh leeal concs
of dose ave at thelr most severe with radis
partizelate matecial in the tissue, espacially with
e-emittees. Here the Jocal dase can reach very
high values evea though the mean tissua dosc
raay be very low. Ceritzinly it cannot bz 2ssumed
that hncacity of dose and efiect will hold 2t these
hight doses aud dose rates, Or the other hand,
there may be a great deal of cell deaih, and par-
ticularly with «-emission, with its short aud well-
defined range, the nuiaber of alfecied but viable
czlls raay be small corapared with the number of

E Y

killed cells. ilowever, this ratio will dzo=dd 6n

%

thc size and activity of the pacticles, the cxtent

to which they ageregate, and their mavement
within the tissue, and ihe movement of the cells
past them. :

41. On the basis of general considerations and
of some cxperimental data and clinical cxperi-

" ence the Lesk Group were of the opinion that,

TTrY .
St e

for late cffects, the
sorption might well be less efiective when distri-
bated as a scrics of “hot spots” than when uai-
formly distributed. Thus, with particilatc radio-
active sources within a tissus, a mean tissue dose
wowld _probably introduce a factor of safuty.
However, a severs praciical problem hias now
been recognized in coansclion with the inhala-
tion of phitonium particulates, and Is now being

- difficuliics. Considering oty the ymphoid tissus

i
§
l
!
i
|

redizilon encrey ab-

tx e ————— e A .

consiclered in detail by a Task Group of Com-

mittee 1 of ICRD.

42. ¥rom dog cxpzriments being carriad out
in the United States and from limited studiss in
human subjiects it has breome clear that inhala-
tion of plutoniur particulates can lead to high
concentrations of the particulate maiteriol in the
pulmonary lymph nodes, and that the mean
radiation dose to the pulmonary lymph node
and indeed to lymphoid tissuz as a whole i3
likely to be greatly in excess of that to the lung,
which is at present regacded 23 the critical organ
for inhaled particulate matter,

43. The actual dose ratios are not yet koown
with any precision but the Task Group undszr-
stood that the meaun dose to Jymphoid tissue a3
a wholc might cxceed that to the lung by a
factor of 10 or moare, and, if the respieniory
lyznph nodes were alone tzken into considera-
tion, the factor could Lie 180 or perhaps much

_greater, The problemis whitnzr lymphnid tsue

#s o whols or respiratory lymph rede thang in
pacticular shonld bo taben a5 the ceritionl
organ, aund, if so, wihcther the dose Emit
(MPC) For phitoaivea in puticuinte Roor
shonld bosubstautinlly reduced bzlow the cor
reat veluz,

I3

44 One iz concorned bers with the relative
risks of particulate inaterial nntaly cocniitiin s,

ny cinission) Goposited o
lung and e lyinph nodes, and any ancdysis haged
oa dose doterminaiion cncovaters prefouad

~but with some sofc x-ray

s 3.

tirwre is fiest the problem of lack of kavwledqre of
the senstiivity to radiztion-induced rmatignant
change of the reticulum cclis presant, zud poss-
ibly also of lyraphocyics themsztvss, Ako zay
celeulation of dosage distribation o the various
clanents of the lymphoid tissue would roquive
information, at present unavailall:, on such
subjects a5 the degeae of nggregation of the parti-

culate material within the lymoh nodus, its
chunge with time aad the movement of the

perticles within. the lymph rodes. In adlditios

thare §s very lidile reported work on the
bution of the material within the nodes, v
could he obtained by autoradiogranhic stedy,
or on the degree of fibrosis and other I:Estolog,:ical
changes produced. Detier daia zee =10 reguired
on the residence times of the pacticulate moaterial
i the Jymph nodes avd the solubility of 331:‘-
pacticulate matcsial over 1aauy years. Auother

K3

factor to be tnkea into copsideraiion, comunon to
all particulate deposition and espacially to thoss
involving e-ereiiters, is that the nunber of cells
srradinted is, for the smne meau tissus dose, very
denendent on the pacticie size. Tinally, lympho-
cyte migeation is 2 factor that should be taken
into counstderaiion. o

45, In so far 25 mean dose caloulations can be
made the Task Croup considercd that they
should, for consistency within the recomnenaa-
tions, refer to the whole lymph tissus aad not
only to the respiratory lymph nodss. However,
vatil more juformation bocomes availabic on
some of ths subjects mentioned zbove, little
weizht con be put on dose calenlations. Data on
tamour production from animal experimaents ae
of more significauce, aud the results of preseat
work with dogs, particularly those w:i:u Tower
amouats of jAutonium, are avipited with interest.
In the sacaniime, the Task Group ave of the
opinion that any immeadiate chanze ia the dose
Jizuit for pluztonium ou the basis of visk to lyme-
phoid tissue is not warranted.

ICRP Publication 14

Radiation Sensitivity and
Spatial Distribution of Dose
(Publication 14 apy as a
report of two Task Croups,

and not as the crficial
recommendaticns of the ICRP.

arg
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(22) Within the range of the Maximum
Permissible Dosez (sce paragraph 57) specified
for occupational exposure, whea it is assumed )
that theee is no threshold and that cffects arci
linzarly related to dose, it is justifiable to con-
sider the averaze dose to the whole organ or
tissue, zlthough it is recognized that whea more:
information i3 available, it will be more |
= s e | appropriate to use the mean dose for eells of any
o ot d o W Lo gl e ey dov wen e b
lung, detormined anarcly by ;’u- 1:\:::1 (~.'~t‘ c? d:}m" rmucosd i3 ivradiated by daughier procuets
o he_yrotdust of of radon and thoron. The use of the 1acan dose
T M
t

) - :

Cand the menn abinrbed dose, mav be gecas i t i IO

s sin absorbed dowe mav bo geeatly iy practical advantages in that the significaut ;
in_enor, but our full understingding of this

R v 3 volumne can be taken 2s that of the organ or
prodiem  must - avatb  juriuoe ©
cvidence. In the auenntim: thore

I11.  (20) In the case of non-homomcncous dis-

by

;e rayreny b [ - . . - - .

\z;.,m,u,'\ A tissue under consideration. 1n fact, this prin-:

‘228 ciple has necessarily been wsed alicady in

Ty o . .0 iea) el r

: caleulating maximum permissible bhurdeas of
absorbed dase, the biolomical risk pasosinted with . et 11 1 :

N e i ol risk essoninbid i padionuclides in tissues. However, with exirene

a non-homo cocous distribulinn 13 rreale or intemaeneity of domes (for examnle

H
cvidence o sty whather, with o

I

.o

4] . - with
Jess thau the risk resadiing fuom fure il P oo A T - >
 iaTyre . i"t] sl‘:t i ,h("" arnoie difinze onentate radionative roeienzl of Tl snoetie
NItrihiiiion o iar dostr i th s e rh—— B .

& * i in the Iuue When SR G procederc oy ba tianorage iate,

irradiation results from the mbalation of thoron
or radon 2nd dawghter preducts, the relevaat
Dose Eguivalent is that in the brounclixl
mucosa which Is the tissue considered to be
most heavily ircadiated. Here the wst of the
whole Iung would be an inudequate substituie
for that of the irradiated tissue

This is @ matter upon winch further work is
needed. Also, for external ciposure of the skin, )
“espcially when the distznce to the source is |
cvery short or whea the exposed arca is very |
i small, 12 would not be appropriate to average
the dose over the entive skin. Justead, it 15
recommended that the dose be averaged over
‘ an area of a square coatimetre in the region
"+ recciving the highest dose; however, with very
‘nacrow beams of extremely high iutcnsity, such
as those used for Xe-ray analysis, the value of
. such 2n average dose may be misteading, and -

protection measures have to be based on :
qualitazive considerations. . L

ICRP Publication 9
Recommendations of the
International Committee

on Radiological Protection
(adopted September 17, 1965).
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The reconmendations of the National Council on Radiation Protection
and Measurement set forth in I, and the recommendations of the International
Commission on Radiological Protection set forth in III, are explicit in
offering nc guidance. .

II is a discussion of the hot paxt1c1e problem taken from tne
report of an ICRP Task Group. It is npt intended to give d1spos1t1ve
official guidance. The discussion is useful commentary, but inconclusive.
The very qonditioﬁa1 statement made in the first and second sentence of II
(41) is not generally convincing.

Uith regavrd to the previousiy cited method of risk estimation
described in the first sentence of 4.G.5, that section continues with +he
following sqpportive references:

"This approacih has been used by the Environmental

Protection Agency in recent reports on the potentia]

health consequences of the nuclear fuel cycle.

The approach leads to estimates COﬂPdtable to those

of Gavankar® following Thompson et al/ based on

linéar non-threshold extrapoTat1on of observat1ons

on beagle dogs administered 239u0, aerosols.'

As to the fifst, consensus in error may provide amiable agreement amongst
federal agencies, but seems hardly a desirable basis for decisions involving
the public hea] -h and safety. The observations on beagle dogs are discussed
further on 4 G 317 and deserves separate consideration.

It requires pathological optimism to find reassurance in the
results of the now completed Hanford beagle experiment. Dogs were given

239
OL By

initial aerosol burdens of approximately 1-10 microcuries of Pu
nine years post-exposure the Tung cancer response was virtually saturated
and multicentric origins were noted in some dogs. Those receiving larger
1Qng burdens greater than 10 microcuries died of pu?ﬁmnziy'insufficiency

within 4-1/2 years. Twenty-ore dogs survived for more than £-1/2 years,
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and only one of these did not exhibit lung cancer at death. A velationship
observed between initial lung burden and time to death with cancer has

been often used to infer a threshold burden below which no Tife shortening
of dogs would be gxpected. This is shown in Figure 4.G.10 on 4-G 118.

Note that the fibrotic deaths there have no bearing on cancer incidence

and inclusicn of those points in the constructing extrapolated curves is a
sense]ess exercise. MNote also that th; fesu]ts are exhibited on a log-log-
graph vhich virtually obscures all differential detail. Most important,
recognize the nature of the experiment, j.e., the lung burdens were large,
the results were saturated, and the number of animals was small. The

crude relationship observed betwesen initial Tung 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 1nterpreted as a region of saturated
carcinogenic response, that is a burden regime in which lung cancer induction
in a beagle population approachas 100% during a normal 1ife span. The point -
is that the ob§erved time to death is more likely related to the burden,
through a populatiog depletion effect, rather than through a burden
dependent 1aten} period. In the former interpretation appreciatle cancer
would be antiéipaféd at lower burdens. This is again consistent with
extensive observations of radioisotope-induced bone tumors in mice, which
‘support the interpretation that "latent period is constant and that the
apparent relationship Setween increasing dose end decreasing time ic

death with tumor is due to the effects of dose-level on survival and on
tumor expecténcy.“ (See Toxicity of Ra-226 in Mice," M. Finkel et al, in

Radiation-Induced Cancer, IAEA, Vienna, 1969.)

The domain of this comment is broadened here in order to summarize



a specific concern with plutonium, and, to a lesser extent, other transurénics.
Urder a number of circumstances-p]utonium forms aeroscls. The physical
character of these aerosols is such that on inhalation by humans they are
preferentially deposited in respirator& tiséhe. Because of slow clearaice
and because’df their insoluble character, particles may experience long
rgsidence times in tissue. An appreciable.mass fraction of the aerosol‘is
usually éssociated with particles suff%cfent]y large that sha11 but
physfo]ogica11y significant volumes of tissue will be exposed to intense
(i.e., organism lethal or greater) radiation doses within a meaningful
physiological time. Studies of the effects of infenée Tocal radiation to
skin and kidney tissue indicate that despite the near mitotic sterilization
of the involved tissue, an enhanced carcinogenic réﬁponse may occur, in the
sense that energy dissipated in a Timited volume may be far hore carcinogenic
than if the same type of radiation were to dissipate its energy over a
much larger tissue mass. The question is then: do particulates of plutonium
Tead to exposures thét have enhanced ca?cinogenic potential? If they do,
then present standards can be in error by orders of magnitude.
“Notice that the emphasis here is on the anomalous hazard

associated with a single particle; .and that if any threshold is re]evant,
it is not a ddsé threshold since local exposures are large, but rather a
possible volumetric 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 exposure problem.

In conclusion, it is indefensible to base estimates of c#ncer
risk on the method of dose averaging over fictitiously large volumes.

Similarly, estimates based on non conservative interpretations of the

Hanford beagle results are highly suspect.
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PLUTONIUM AND PUBLIC HEALTH
Donald P. Geesaman, 1972

AUTHOR'S NOTE--JUNE 1972

On May 11, 1969, a major fire occurred at the large Rocky Flats
plutonium facility located northwest of Denver, Colorado, and operated
for the Atomic Energy Commission by the Dow Chemical Company.

Consequent to this fire E. A. Martell and S. E. Poet conducted a pilot
study on the plutonium contamination of surface soils in the Rocky Flats
environs. Their results suggested an off-site contamination orders of
magnitude larger than that which would have been expected from the
measured plutonium releases in the air effluent of the facility.-

In a letter of January 13, 1973, to Glenn Seaborg, then chairman of the
Atomic Energy Commission, and in a press release of February 24, 1970,
by the Colorado Committee on Environmental Information, Martell and
co-workers called attention to this anomalous contamination and expressed
concern over its uncertain origin and over its significance to public

health. In response the Atomic Energy Commission fixed the probable
origin of the off-site contamination as wind dispersal of plutonium leaking
from rusted barrels of contaminated cutting oil, and denied that cause
existed for concern over hazards to public health.

It was my conviction that the Atomic Energy Commission response provided
a distorted and inadequate representation of the possible hazards associated
with the observed off site contamination, and that the imminent large-scale
commercial introduction of plutonium gave this situation a precedential
significance much greater than the already considerable significance of the
situation itself. :

Dr. Donald P. Geesaman is an associate professor in the School of Public
Affairs of the University of Minnesota, Minneapolis, Minnesota. His
professional interest is in the relationship between technology and political
institutions. He spent thirteen years in the Theoretical Physics Division
and the Biomedical Division of the Lawrence Radiation Laboratory,
University of California, where much of his research was concerned with
nuclear technologies and their implications concerning society.

From Underground Uses of Nuclear Energy, Part 2, Hearings before the
Subcommittee on Public Works, United States Senate, August 5, 1970, and
subsequently submitted as a working paper to the AAAS/CEA Electric
Power Study Group (1972). Reprinted by permission of the author.



In April 1970 a representative of the Division of Biology and Medicine of
the Atomic Energy Commission and I were invited to present our views at
the University of Colorado.



Attachment #1 to Comment #2

"Plutonium and Public Health," in -
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PLUTONIUM AND PUBLIC HEALTI

Donald I’. Geesaman

Author's Note--June 1972.

On May 11, 1969 a major.fire occurred ét‘ the laz:ge Rocky F'}.ats
plut.oni’um facility located northwest of Denver, Colorz;do, .and operated for
the AEC by the Dow Chemical Company. For description of this fire éee
AEé press releases ‘M—1‘21, May .25, 1969, and M-2517, November 18, 1959.

. Consequent to‘tl'}is fire E.A. Martell and S. E, Poet condﬁéted a
pilot study on the plutonium contamination of surface soils in th;a R;)cky
Flats e:nvirons. ' T};eir results Sx1ggested an off site contamination that was
orders of magnitude larger th_ain that Wh;lch would have been expected from
the measured pluténium rcleases in the air effluent of tha facility. |

I‘n ailétter of January_ 13, 1970 to Glenn Seaborg, then c‘ha.irman
of the AEC, and. in 'a press release of February 24, 1970 by the Colorado

Committee on Environmental Information, Martell el al. called attehtion

to this anomalous contaminétion ;md expressed concern ovexr its uncertain
origin and ox}er its si'gr‘lif_icance to public healih. In response the AEC fixed
the probable origin of the off site contamination as wind dispersal of pluto-
nium leaking from rusted barrels ‘of c;}nfafninatcd cutting oil, and denied
that cause existed for concern over hazards to public health {see AEC

press release N-22, February 18, 1970).

It was ray conviction that the ARC rasponse provided a distorted



and inadequa'te representation of the possible hazards associated with the
observed off site contarﬁination, and that the imminent large-scale commer~
cial introduction of plulonium gave this situation a preccedential significance
much greater than the already considerable signirficanca of the situation

itself.

.

In Apfil 1970 a repres{mtative of the AEC'S Division of Biology and
Medlcme and myself were mvxted to present our vxews at the University of
Colorado. "Plutonium and Public Health" derives from the px:eceding his~
tory and should be so intexfpre'ted. The presentation wa.s'to a lay auciience

- and was made with that expectation. Adequate rcfei'encing was added to

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

Part 2, Hearm«s before the Subcommiliee on Air and Water Pollution of the

Commilttce on Pubhc Works Umt(,d S‘iates Senate, August 5, 1970.

‘As it statlds_the paper still represents a legitimate (:.rii'ique, and
the recent emp‘na'.snis on plutonium as a major energy sox&ce in;:rgas esl the
relevance of thé discussion.\ An updating would involve «;nly incremen"&al
changes, and would generally supplgment-réther than digtur‘o the substantive

. . ) & - . 4 o -
arguments of the original paper. Hence while such an updoting is desirable,
1t is also of suffiéient marginal vz;lue that it can be proper_'ly deferred at
my discretion‘.'

‘For those \éh;u are intere_sted in reading'the traditional AEC posi-
tion on the subject I would s;uggus.t "A;Qpemlix'zfi - Safely Conslderafions in
the Operations of the Rocky Flais Pluloniumn onccmuw Planl", from

r‘\“\

Anthorizing Tecislation ¥ l“("‘l Ycar 1871 -~ ITearines helfora the Joint




Committee on Atomic Energy, Part 4, March 19, 1970.

Times have changed since May 1862, Then plutonium was regarded
as a military substance and was accordingly given little public attention.

Now it is much publicized as the encrgy source of the not too distant future.

April 1970 was a ti:ne of transition, and I felt the slrong presence of the

-

A

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

I have had no regrets. .

Plutonium and Public Ilealih ¢

'_For thg sake of completeness let me give.you some backgfound on
plutonium. | It is an element that is virtually non~¢xiétent in the earth's
natural crust. In the early 1940's it was first produced and isolated by
Dr. Seab;rg' and collcagues; --Dr. Seaborg is presently Chairman of the
Atomic Energy Commission. Plutonium has several isotopes, the most
important being piutonviixm~239, whichf because of its fissi§nable properties
and its ease of production, is potentially the best of the three fission fuels.

' ok ' : ‘
That is why it is of interest. Aside from its fissionable properties, plu-.
tonium-239 is a radioactive isotope of relatively Ioiig half-life (24, 006
years), hence its radioactivity is undimixxished }.vithin human tixﬁe scales.
When it decays, i emits a’ helium nucleus of substantial cnergy. Because
of its physical characteristies, a helium nucleus interacts strongly wilh
the material along its pathy and as a consequence deposits its cnergy in
n relatively short distance, -~ubout four-hundredths of':v mitlitneter in

selvd disswee, For comparison, a typical ccll dimension is ahout 174 to
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1/10 of that. A cell whose nucleus is intercepied by the path of such a par-
ticle suffers sufficient injury that its capacity for cell division ig usually
Josit (Bag{endsori, A.W., 1962 and Bloom, W., 1959).

The cancer inducing potential of plutonium is well known. One
millionth of a gram injected intrédermany in mice has causéé] cancex.*
(lisc;o, H., et al., iQ*i.?); a similar amount injected into the blood sfstérﬁ
of dogs has iﬁdu&:ed .a substantial incidence of bone (;ancer Mays, C.W.,
et al., 19475, be;cau_se of~ plutonijum's tendency to seek bone tissue. Fortu-
nately the body mair'ltains a relatively effective barrier‘ against the entry
of plufonium iﬁnto' the biood system. Also, bacau:qe of the éhort range of
the emitted helium nuclei, the radiation from plutonium deposited on the
surface o£ humaﬁ skin does not usually reéch any relevant tissue. Unfor-
tunately the lung is more \_rulnérable. .

ﬁefore} describe ’\Yh“.)* this fs, -.‘{’d like to sa& something about the
characteristics of an aerosol. An aerosol is physically like cigarette
smoke, or fog, or cement dust. ’ Because uf their small size, the péréicles
comprising an aerosol remé.in suspeﬁdé:f in air for long}period‘s of time.

If an aerosol is inhaled, then, depending on its physical characteristics, it:

3 - .

rnay be deposited at different sites in the reépiratéry tree (Health Physice,

1966). JY.arger aerosol sizes are usually removed by turSulence in the nose,
particles depositéé in the bronchial tfee are cleafed upward in hours by the
ciliated mucug blanket thal covers the structuce. This-clearance system
doey not panefrate into the deep respiratory structurcs, the alveoli, ‘wheare

-

e basic oxygen-carbon dioxide exchange of the lung takes place. Smaller



I-15¢

particles tend to be deposited here by gravitational settling, and if they are
insoluble they may reside in the alveoli for & considerable titne. The prob-
lern is that, under a number of conditions (Anderson, B.V., etal., 1967;
Fraser, D.C., 1967 ; Kirchner, R.A., 196; Mzmr{; J.R., et al., 1967;

Stewart, K., 1963; *Wilson, R.H. et al., 1967) plutoynium tends to form
aerosols of a eize thal are preferentially dapositea in deep .ung tissue.

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

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

throat or to the lymph nodes around the lungs (Health Physics, 1966).

‘

An aferosol is comprised of particles of many different cizes, and
their radioactivity m.ay differ by factors of thousands or e‘ven more. I will
simplify the argume;':t and say that there is a class of these particles. the
largest on-es deposited in the.deep lung tissue, that can h‘e. expected to have
a differeni potential of cancer induction than the particles of the smaller
class. 'This is because t.hey’ are sufficiently radioactive to disrupt ccll
populations in the volume of cell tissue which they expose (Geesaman,’

D.P., 19683).. An example might be a particle that emits 5000 helium

”®

) " -~

nuclei per day. | It would subjzet bétween 1 and 20 alveoli to intens;: radi-
ation, .sufficient to inflict substantial cell death and tissue disruption.
¥or reference, ithe alveoli are the basic structural units of the deep lung.
They are shaped and bunc:lﬁ:d roughly like ho]lcu.\{.gz'ezpes 0.3 millimeter
in diaineter.  Theic wally are thin, a few thousandths of o n‘xillinwuﬁr.
and they dre a highly struciuved tissue with maeny cell types. ITulense ex-

posure of focal tissus by a radionelive particls i referred to s the hol
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particle problem. The question is: docs such a particle have an enhanced
potcntial for cancer ? No one knows. One can argue that cancer cannot
evulve from dead cells, hence a depleted cell population must be legs

»

carcinogenic. This is believeable, and must be true on occasion. The
faéts are, though, t_hat' intense , locél doses of radiation ’are’extr’emely .
effective carcinogeﬁs, much mére so than if the _e’nergy weie éveraged
_over a larger tissue mass (Geesamaﬁ, D.P., 1968b). F}xrﬁiherr;'iore, this
can take placé at high ac;ses of radi'ation ivhe'r'e only one cell in ten thousand
has retained its capacity to divide. The cancer sus.ceptibi}i.t'y 'of lungr tis-
sue to radiation has been ciemonstrated in many species; one can éay in
general timt the 1ﬁpg is more susceptible to inﬁomogéneous exposures from
particles dnd implar—l_ts than it is to diffuse uniform radiation. Some very
carcful skin expgz"ir‘n’ents ;f"Dr. Albert’have‘ indicated that tissﬁe disrup-
tion is a v‘ery likely pathxvay;of radioactive i:;du;:tion of cancer after intense
exposﬁre (Albert, R.E., et al., 1967a, 1§_s7b, 1867c, 1969). The experi- N
ments show tﬁat‘tlle most se;rere tissue injury is not necessary, nor‘ even
optimal, for the induction of cancer. When these notions are applied'to a
. hot particle in the lunéf the possibiiit; of on.e cancer from 10, 000 ciisrup-
tive particles; is realistic. This is disturbing hecause an éppreciaible
portion of the tolal radioécti;'ity in a plutonium aerosol is usuvally in the
large particle component.

Let mae dernonstrate what I mean. Suppose & man receivéd a
raeximum parmissible Tung burden for p]u!nninin., and suppose roughly

ol Hhe nass of the hurden was associated with the most active eolass
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of particles deposited (that is those emitting several thousand heliuin nucici
pete .day)' Thirq is rcasonab}e. There would be soroething like a thousand of
these particles and each would chronically expose 1 to 20 alveoli to iniense
radiation. If the risk of cancer is like 1 in 16, 000 for.one disruptive par-
ticle, then the tota':t risk in thiz situation is one in ten, i.e., one man in ten
would develop lung cagncer.. .
Put another way, about 1 cubic centimeter o'f the lung is receiving
high doses of radiation. It .would not be surprising if intense exposure of
éuch a localized volume led to a_ cancef one time in ten. The guestion Is:
if the individual' volumes aré sepauara.tecl~ from each other, is substantiai
protection afforded? No _oné knows. it is ;‘duch easier to find two :':-ancers
using 50 exposures of 1 cubic centimeter carch, _thaq it is to find a couple
of cancers in 50,.000 single particle exposures. Certainly the length scales
of injury are long enough that a disruptive carcim')genic p:fthxvay canunot be
disrega;ded fo;:; isolated ho.t particles {Geesaman, :D, P., 1968b).

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

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

¥

-

“were given f1123902 iung burdens of a few hundred thousandths of a ;gzram
(Bair, W.J., et al., 1966; Ross, D.M., 1967). At 9 years post exposure,
or after roughly half of an adult beagle life span, 22 of 24 deaths involved
lung cancer, usuaily of multiple origin. Five dogs r.ezhain alive. I;‘or
compzrison, these exposures are about 100 times larger than t!;c prescal
mMaximum permissible burdens inwman.

There are bwo unsalisfactory aspects of this exporimoent. First,
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nocnuse all of the dogs are developing cancer, it is impossible to infer what
would happen at lower exposures: simple p:‘op'ortionalifty does, however,
cuggest that present human standards are too lax by.at least a Iéctor of
ten. Second, Pecause th;e radiation dose is large, with tissue injury zlmost
killing the dogs; ané because large numbers of par:ticles are involved, often
acting in .conjun.ction; ‘it is improbable that the ‘risk from'.'disruptive pax;tic],es
can be inferred. And after all, this is what we need to know, since almosti
all human exposures will involve hot.particles acting independer}tly, and if
there 1s a risk from these particies, it will be'additive throughout the po“pﬁ—
lation; ~~-there will b'e' no quesfiori of a threshold burden; and there will be
a possibility that a man with an undetectable bxxrden of a feﬂv particles will
develop a cancer as a c'onsequence. For the exposures of concern, 1000
people with 100 disfuptive particles each will suffer as many total cancers
as 10, 000 people with 10 _par’e‘iclés each, or as 100 people with 1000 parti-
cles each.

Human experience does‘nc.)t givé us the answer either. Plutoniura

_has been around for 25 rears, and people have been exposed. In 1964

b
- -

through 1986 contractors indicated an average total of 21 people per year
with over 25% of a maximum permissible burden of plutonium (Ross, D.M.,
1968). Three out of four of these exposures dérived from'i;’xhakztion. To
be reasonably useful, the documentation of exposure'niust go back x‘nore
thivn 16 yenrs, beeause of the latent pericd for radiation induced cancer.
inorecent years documentation has improixcd grentiy, Lxu? from carly days

creve e piilally little of reYevance to the hot particle problem in the lung.
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.Since I have mentioned maximumn ;wrmissiitﬁc lung burdens, you
are awarc that there is official guidance. I would like to comrmeoent on it.
The maximum permissible lung burden is cstablishied by cquilibrating the
exposure from the deposiled radioactive aerosol with that of an acceptable
uniform dose of };~raYs. The International Commission o,;: Radiological
Protection indicates ’;hi‘s may be greatly in error, and specifically states
- in its publication 9, "In the meantime there is no clear evidence to show
whether, with a kgi.ven mean absorb-ed dose, the hiological rigk associated
with a non—ﬁomogeneous distribution is greater or less than the risk re-
sulting from a more diffuse distribution of that dose in the lung. " (ICRP,
19.66). They are egfectiv'ely saying thaf there is no guidance és to the 1‘~isk
for nén«homogeneous e‘xposufe in the lung, hence the mgximum permissible
lung burden is meaningless for plutohium particles, as are the maximum
permissible air concentr:éti‘ons which derive from it.

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

the hot particle problem is not understéod, and there is no guidance as to

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

- - -

to you from Dr. K. Z Morgan's testimony in January of-this year before
the Joint Committee on Atomic Engrgy, U.S. Congress (Morgan, K.Z.,
1960)}. Dr. K.Z. Morgan is one of the United Stales' two members to the.
main Committee of the‘ International Commission on Radib‘lagical Protec-
tien: he has been a mc.mber of the commitlec longer than anyone: and he
is director of Health Physics Division al Oak Ridge National Luboratory.

. $tipey, . R : H H .
[auote: ""There are many lhings about radiation exposure we do not
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understand, and there will continue to be uncertainties until he;-!th physics
can provide a coherent theory of radiation demage. This is why some of
{he basic research studies of the USAEC are so irpportant. D:P. Geesaman
and Taraplin have poihted out recently the prcblems of plutonium-239 ‘pax -
ticles and the unc'eftginty of the risk to a man who carries sx.xch Ea particle

of high speciiic activity in his lungs. " At the same hearing, -in response

i:o the cbmmittee?s"inqui'ry about priorities in basic researcl’; f;n the biolo-
gical. effects of 'rad.iation, Dr. M. Eiser;bud, then.Director‘« of the New Y{ork
Cit.y‘E‘rxvir"onmental Protection Administratim, in part répiied, "For some
reason or other 'ghé:parti'cle problem has not come upoﬁ'us iﬁ quite a little
while, but it probably xvi:11 one of these days. We are nét much further

~

along on the basic question of whether a given amount of energy delivered

to a pfogressively emaller and smaller volume of tissue is beiter oz; w'qr‘sc: .
for the 'recipient. This is another way of asking the question o.f how you
calculate the dbsé whex;x you inhale a single particle." (Eisenbgd,i M., 1870).
ile was ;':orrect; thé prol?lem has come_up again. |

In the contex’: of his comment it is interestiné’ to refer to the
National Academy oi‘ Sciénces, NE\tic;al Ressarch Cour.xcil report of 1961
on the Effects of Inhaled Radioactive Particles (U.S. NAS.NRC.IE)(:SI).
The first sentence recads, ''"The potential hazard due t'o air.bor-ne radioactive

particulates is probably the least understood of the hazards associated o

with atomic weapons tests, production of radioelements, and the expanding

Pl

use of nuclear energy for power production. " A decade later that state-~

rieni iaostill valid.  Finally lel me quote Dreg. Sanders, Thompsoen, and
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’

yair from a paper given by them last October (Sanders, C. 1., 1970). Dr.
Bair and his colleagues have done the most relevant plutonium oxide inha-
Jation experiments. '"Nonuniform irradialion of the lung from depogited
radioactive particulates is clearly more carcinogeni.c than uwniform expo-
sure (on a total-lung dose basis), and alpha-irradiation is more carcino-
genic than beta-irradiation. The doses required‘f'or a substantial tumor
incidence, are very high, lhowcver; if measured in proximity to the par-
ticle; and, again, there are no data to establish the low-incidence end of
a dose-effect curve. And there is no general theory, or data o'n which to
base a theory, which would perrait extrapolation of the high iancidence por-
tion of the curve into the low incidence region." I agree and I suggest
that in such a circumstance it is appropriate to view thetstandar(ls with
extreme caution.

There is another hazardous aépect of the particulate p{*oblem iq
which substantial uncertainty exists. In case of an acrosol depositing on
a surface, the maferial may be resusﬁended in the air. This process is

crudely described by a quantity called a resuspznsion factor which is re-

. e,

v

markable in that it seéms. generally known only tc within a factor of bil-
lions (Kaihren, R,L. .1968). Undoubtedly it can be pinpointed somewhat
better than this for plutonium oxide, but the handiest way 10 r]ispatéh the
problem is to say there is some evidence that plutonium particles become
difnehed Lo Iarger particles and are thereforz no longer potential acrosols.
Uhitortinately there is aleo evidence that large particles generaie acro-

toizmis terbulence, and ace heaee blown abon! more readily, und on



official guidance on surface contamination by plutonium. Two years ago, in
an effort to determine some indication of the‘opinvio.;;s of knowledgeable
persons with respect to environmental contamination by plutoniuin, a brief
questiona;ire was administéred‘to 38 selected \LRL emplcyées (Kathren,
R.L., pri?ate communication). All were persons who were well aéquainted
with the hazards of plutonium. The group consisted of 16 Hazavds Control
personnel, parlimarily health physicists and senior radiation m;mitors. The
rerﬁainder were professional personnel from Biomedical Division, Chemis-
tr;)f, and Military Applications, who had extensive experience with plutonium.
I had nothing to do with the survey, ncr was I one of the members who was
queried. ' The conjectured situation wag that their neighborhood had been
con‘caminéted b)} plutonium ozxide to 1@ve15 of 0.4 fnicroctiries per square
meter. For refex"ence,' this value is roughly ten ;times the highest concen-
. {ration Dr..Mar‘teﬂ found east of the Rocky Flast Dow Chemical facility
(Martell, E,A., 1970), ~~and bear in mind .t'n'at a factor of ten is a small

? T - :
difference relative to the large uncertainties associated with the hazards
from plutonium coniamination. Several questions were asked. COnec was,

”~

would you allow your children to play in it? 88% said No. Should these
levels be decontaminated® 89% said Yes. And to what level should the
arean be cleancd?  H0% said 1o background, zero, minitmum, or hy o

reduction of al Teast a factor of 40. This has no profound scientific sig-

sificanee, but indicates that many people conversant of the hazard are not |
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blase about the levels of contawination encountered east of Rocky Flats.

¥inally I would like to dcscriﬁc the problem. in a larger context.
By the year 2000, plutonium-239 has been conject}xrgd to be a major encrgy
source: Commercial production is projected at 3;) tons per year by 1980,
in excess of 100 toné per year by 2000. Plutonium contamination is not an
academic question. Unless fusion reactor feas*il;)ility is dem.onstrated in
the near future;, .the commitmeﬁt will be made to liquid metal fast breeder
reactors fueled byplutoniu'm. Since fusion reactors are presentl},r specula-
tive, the décision for liquid metal fast breeders should be anticipated and
piutoﬁium should be considered as a major pollutant of x*emaxlkablc téxicity
a.nd p;axfsistehc;e. Considering the enormous economic inertia involved in
the commitment it 'is imperative that public h.ealth aspects be carefully and
- honestly defined prior to active promotion of the industry. ‘T'o live sanely
with pluténium one mu_s:t appreciate the potential magnitude of the risk, anci
be able to monitor'against all significant hazards.

An indeterminate amount of plutonium has gone off site at a major
facility 10 miles upwinci from a metropolitan aréa. The loss Awas un.nc!iged.
The origin is somewha‘; speculative as is the ultimate depositicn.

The health an(l-safety of public and workers are protected by a
sct of standards for plutonium acl;nowledged to hé mcaninglé'ss. |

Such things make a travesty of public hc.alth, and raise scrious

questions about a hurried scceptance of nuclear energy.
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Advisory Council
On Historic Preservation

1322 KoStreet N W, Suite 430
Washington D.C. 20005

Lt.General Warren D. Johnson, USAF
Defense Nuclear Agency

Department of Defense

Washington, D. C. 20305

My T

Dear General Johnson:

This is in response to your request of September 3, 1974 for comments
on the draft environmental statement for Clean Up, Rehabilitation,
Resettlement of Enewetak Atoll, Marshall Islands. Pursuant to its
responsibilities under Section 102(2)(C) of the National Environmental
Policy Act of 1969, the Advisory Council on Historic Preservation has
determined that while you have discussed the historical, architectural
and archeological aspects related to the undertaking, the Advisory
Council needs additional information to adequately evaluate the effects
on these cultural resources. Please furnish additional data indicating:

I. Compliance with Section 106 of the National Historic
Preservation Act of 1966 (16 U.S5.C. 470[f]). The Council
must have evidence that the most recent listing of the
National Register of Historic Places has been consulted
(see Federal Register, February 19, 1974 and monthly
supplements each first Tuesday thereafter) and that wither
of the following conditions is satisfied:

A. If no National Register property is affected by the
project, a section detailing this determination must
appear in the environmental statement.

B, If a National Register property is affected by the
project, the environmental statmment must contain an
account of steps taken in compliance with Section 106
and a comprehensive discussion of the contemplated
effects on the National Register property. (Procedures
for compliance with Section 106 are detailed in the
Federal Reglster of January 25, 1974.)

II. Compliance with Executive Order 11593, "Protection and Enhance-
ment of the Cultural Environment' of May 13, 1971.

A. TUnder Section 2(a) of the Executive Order, Federal
agencies are required to locate, inventory, and
nominate eligible historic, architectural and
archeological properties under their control or
jurisdiction to the National Register of Historic
Places. The results of this survey should be included

Deogu ot bamed of dhe Exeentive Braudhof the Federal Government charged by 1he Act of
et cadese tt Proudent and Coneress in the field of Historic Proservation,



B.

C.

in the environmental statement as evidence of
compliance with Section 2(a).

Until the inventory required by Section 2(a) is
complete, Federal agencies are required by Section
2(b) of the Order to submit proposals for the
transfer, sale, demolition, or substantial alteration
of federally owned properties eligible for inclusion
in the National Register to the Council for review
and comment. Federal agencies must continue to
comply with Section 2(b) review requirements even
after the initial inventory is complete, when they
obtain jurisdiction or control over additional
properties which are eligible for inclusion in the
National Register or when properties under their
jurisdiction or control are found to be eligible for
inclusion in the National Register subsequent to the
initial inventory.

The environmental statement should contain a deter-
mination as to whether or not the proposed undertaking
will result in the transfer, sale, demolition or
substantial alteration of eligible National Register
properties under Federal jurisdiction. If such is

the case, the nature of the effect should be clearly
indicated as well as an account of the steps taken

in compliance with Section 2(b). {(Procedures for
compliance with the Executive Order are detalled in
the Federal Register of January 25, 1974, "Procedures
for the Protection of Historic and Cultural Properties,”
pp. 3366-~3370.)

Under Section 1(3), Federal agencies are required to
establish procedures regarding the preservation and
enhancement of non-federally owned historic, archi-
tectural, and archeological properties in the execution
of theilr plans and programs.

The environmental statement should contain a determination
as to whether or not the proposed undertaking will con-
tribute to the preservation and enhancement of non-federally
owned districts, sites, buildings, structures and objects

of historical, architectural or archeological significance.

The procedures for compliance with Section 106 of the National
Historic Preservation Act of 1966 and the Executive Order
11593 require the Federal agency to consult with the appropriate



State Historic Preservation Officer. The State Historic
Preservation Officer for the Trust Territory is Mr. Neil
Chase, Chief, Land Resources, Department of Resources and
Development, Trust Territory of the Pacific Islands, Saipan,

Marianas Islands 96950.

Should you have any questions or require additional assistance, please
contact Brit Allan Storey of the Advisory Council staff at P.0O. Box 25085,
Denver, Colorado 80225, telephone number (303) 234-4946.

Sincerely yours,

MQ////CLQM’

_7dohn D. McDermott
°/Director, Office of Review
and Compliance
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SUMMARY OF COMMENTS ON DEIS

1. ENVIRONMENTAL PROTECTION BOARD, DEPARTMENT OF HEALTH SERVICES, TRUST TERRITORY OF

THE PACIFIC ISLANDS (TTPI) (KUMANGAI, OCTOBER 15, 1974)

Comment

Pgl, Par, 2

a. The DEIS satisfactorily addresses most of the
various environmental, social, and cultural
aspects of the problem.

Pgl, Par. 3

b. The DEIS represents the most practical and
realistic approach to the problem.

Pgl, Sect 1

c¢. An environmental/health education program is
required.

{l) The Enewetak people require a thorough education
and understanding of the concept of radiation
poisoning and the consequences of long-term
exposure to excessive radiation levels.

(2} The adequacy of the translation of the summary to
explain potential hazards is questionable.

{3) A comprehensive training program for Enewetak
people, their legal counsel, and TTPI governmen-
tal officials is required to ensure cooperation with
the program.

Pg 2, Sect. Z; la

d, Ashes resulting from burning of combustible non-
radioactive debris recommended for use as soil
conditioner,

Pg 3, Sect. 2; 1b

e. Nonradioactive, noncombustible debris recom-
mended to form artificial reefs in lagoon for
development of a new reef environment for
associated flora and fauna.

(1}

Reply to Comment

None required.

None required.

See below.

The ERDA has informally agreed to prepare educa-
tional documents for the Enewetak people pointing

out the radiation hazards. These will include graphic
illustrations of the types of radiological exposures
that may be encountered and the posaible effects that
could result. Graphics are based on those presented
to Enewetak people in September 1974,

The summary was written in terms which the
Enewetak people can comprehend, Criticiam of the
content was provided by English speaking Marshall.
ese people. The documents mentioned in (1) above
will be a supplement to the summary, The level of
residual radiation on Enewetak Atoll should not be
thought of as excessive when other situations are
congidered, but can be classgified as low level long-
term ionizing radiation. The summary was not
intended to provide a comprehensive discussion of
potential hazards but rather an overview.

Such a program is being planned by DOI and should be
included in the school curriculum for the Enewetak
people. Indoctrination of the counsel for the people
and the TTPI officials should be a continuing program
of employee development by the organizations con-
cerned. See Sect, 7.4.

Sect. 5.4.3.1, Pg 5-33, EIS

d.

Ashes will be stockpiled for agricultural use in
accordance with Case 3.

Sect, 5.4.3.1, Pg 5-33, EIS

e,

Location of reefs to be determined. Information
would be collected during cleanup operation.



i,

(1)

(2)

EPB TTPI (Continued)

Comment

Discusses disposal alternatives,

Shipment to CONUS would not result in 2 delay not

in the best interests of the people.

Deep ocean dumping could result in unpredictable
ecological consequences.

Disposal by burial in the craters on Runit requires
additional supportive data in the form of a feasibil-

ity study.

(2)

(3}

Reply to Comment

See below.

Considered impractical. See discussion Sect. 5.4.3,
Vol. I.

Deep ocean dumping rejected. See discusasion Sect,
5.4.3, Vol. 1.

Investigations by the U. 8. Army Corps of Engineers
show that the geological and physical conditions of the
craters are compatible with this method of disposal
and that this concept is feasible. (Tab H, Vol. II).

The EPA position on crater burial is favorable and is
shown in the EPA comments found later in this
summary.



OFFICE OF ENVIRONMENTAL AFFAIRS, DEPARTMENT OF HEALTH, EDUCATION AND WELFARE (HEW)
(CUSTARD, NOVEMBER 15, 1974)

Comment Reply to Comment

Sect. 5,3.3.1 Control of Food Sources. The a. None required.
comment summarizes the radiological findings
and recommendations concerning radiological
dose levels, the problems of external and
internal dose levels particularly the problems of
internal exposures from food grown in radio-
active soil and the problems associated with
corrective action.

Sect. 5.6.1 Dose Estimates. Clarification b. Dose estimates do not include the contribution from
required on inclusion of ground water in dose ground water. Table 5-.12 indicates this omission.
estimates. This omission is recognized in Sections 5.4.1, 3,

5.4.3.1.2 and 8.23. 6. Studies of the ground water
system, particularly the fresh water lens have been
undertaken as a part of the long range follow-up
program by ERDA.

5.6.1 Dcse Estimates. Clarification required ¢. As mentioned in the response to the AEC commaents,
regarding mortality rates of Table 5-14 (pg 5-60) the bone marrow dose is traditionally accepted to
as the rate may be effected by the dose to bone be one-third the bone dose for 90Sr bone deposition.
marrow, The exposure standards for these two target organs

are alpo different by a factor of three, Consequently
when 90Sr is the principal source of bone and bone
marrow exposure, as is the case at Enewetak, it
essentially does not make any difference relative

to the normally accepted exposure standards which
organ is used for the hazards analysis. (Table
5-12). The contributions due to sources other than
905y are not sufficient to significantly affect the
_analysis of any of the cases presented, as shown

by the AEC data. (Sect. 5.6.1)

Sect. 6.1 Selection of Case 3. Statement required d. Necessary quarantine measures will be enforced by
on control and/or quarantine measures to be the people and the TTPI as a matter of their law

implemented and enforced over a specified number enforcement agency. {(Sect. 7.1.3 and 7.4, Vol, I).
of years. An educational program by the TTPI will be used to

indoctrinate the people to the dangers of radiation.
The long-term follow on health program should
detect undue exposure and the effectiveness of the
quarantine measures.

Sect. 7.2.4 Community Center Development. e. The TTPI intends to man a dispensary with a health
Since there are significant shortages of health aid or nurse as is the case with other outer islands.
services manpower, additional information is A medical officer and dentist generally will accom-
required on the long-erm health services to be pany a field trip vessel which will call approximately
provided to the people at remote locations, once 4 month, ERDA will provide periodic monitor-

ing of the health status of the resettled people to
insure that the dose rates do not exceed FRC radia-
tion protection guides. Follow on studies of the
radio decay processes and the potential food chain
to man will be conducted. See Sect. 7.2. 4,

Sect, 7.2.4 Community Center Development. A f. The method described is that generally intended by
recommended generalized method of providing the TTPI. See Sect. 7.2.4.

health care is described,

Sect. 7.2.4 Community Center Development, g. TTPI medical authorities will institute such measures
Recommends physical examinations, immunizations] in conjunction with the follow on program to be

and preparation of individual health records prior conducted by ERDA. See Sect. 7.1.1.3 and 7. 4.

to relocation.




k.

HEW {Continued)

Comment

Sect, 7.2.+4 Community Center Development. Are
the hospitals at Majuro and Kwajalein equipped to
handle cases of radiation sickness?

Sect. 7.2.4 Community Center Development.
Clarification on location of dispensaries should be
given,

Sect. 7.2.5 Utilities. What means of augmenting
the potable water supply other than the existing
ground water lens can be used? Can the 43,000
gpd distillation plant be used? The feasibility of
other techniques for augmenting the water supply
should be investigated.

Sect. 7.2, 5 Utilities. Effluents from septic tank
drain fields rmay contaminate the fresh water lens.

Sect. 7.2.5 Utilities. Suggests definitive sani-
tation program be implemented for continual
monitoring of usable water supplies.

Sect. 7.2.5 Utilities. Recently developed small
scale aerobic digestion unit should be considered
as an alternative to septic tanks.

Sect. 8.6 Base Camp Sewage Disposal. Existing
sewage outfall lines should be relocated to flow intd
ocean rather than the lagoon.

Sect. 8. 11 Impact of Pesticides. A concern is
expressed for toxic effects to workers applying
pesticides for insect and rodent control and to
people working in general areas.
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Reply to Comment

Hospitals at Ebye and Majuro do not have that
capability. Kwajalein has the personnel but not the
equipment. Radiation sickness cases would have to
be evacuated for treatment at Tripler in Honolulu

or specialist centers on the mainland, (Sect. 7.2, 4,
Vol. I)

These locations are clearly indicated in Master Plan
(Tab D, Vol. 2 EIS, Plates 33 & 34, Pgs 4-31 & 4-32).

While a power plant exists on Enewetak Atoll only

Z small KVA generators will be available for use at
selected locations. The TTPI does not have the
resources, the capability or the expertise to maintain
and operate sufficient power sources on Enewetak
Atoll to provide electric power for a supplemental
water supply at this point in time. The study of this
problem and the application of other techniques are
factors which must be considered by responsible
staff elements of the TTPI in the long range devel-
opment of the atoll, Emergency water supplies can
always be provided by ship in the event of a severe
water famine. {Sect. 7.2.5, Vol. I).

This ia a very real concern in that the fresh water
lens has a stay time of a considerable period and
once it becomes contaminated, decontamination will
be difficult. The migration of water appears at this
time to be from the ocean toward the lagoon. How-
ever, it should be noted that ground water is very

. sparse and may not be of sufficient quantity to

provide any reliable potable supply except in emer-
gencies. Drain fields will be located carefully along
the lagoon shore to take advantage of the hydraulic
gradient of the ground water and other natural
features to obtain the most acceptable solution.

{Tab G, Vol. II).

Wells and cisterns will be monitored by the health
aid at frequently scheduled intervals. See Sect.
7.1.3, Vol. L.

Limited resources for the generation of power do

not permit the use of such equipment. Consideration
of this method of sewage disposal will be included in
future development studies. See Sect. 7.2.5, Vol. L.

A brief study of the base camp sewage disposal prob-
lem is attached at Tab G, Vol, II. Large popula-
tions have used the existing system for 25 years

with little or no reported adverse effects.

Pest control operations will comply with OSHA
Standards, Part 1910, Sub Part G, Sect. 1910. 63,
Table G-1 and Sect. 1926.55, {Sect. 8.11.1, Vol. I}.



2. HEW (Continued}

Comment Reply to Comment
p- Sect. 8 16 Impact of Blasting. Recommends p. This comment seems to have confused nuclear
extensive sampling for fission and activation explosions with minor high explosive blasting which
materials before harvesting shellfish. may be required to provide shallow channele from

the lagoon to the shore of a few of the northern
islands to provide access. This blasting is not
expected to cause significant disturbances of bottom
sediments. The controls recommended could be
implemented and integrated into the long-term follow
up studies by ERDA.

q. Sect. 8,22 Impact of Toxic Materials. Safeguards q. The residual levels of beryllium have been reported
for workers conducting cleanup of toxic materials to be very small. A cleanup operation by the USAF
{beryllium) not mentioned. has already been conducted and natural processes

have been working to further reduce the problem.
Protective clothing and breathing equipment will be
required to protect workers in accordance with
OSHA Standards, Part 1910, Sub Part G, Table G-2,

r. Sect. 9.26 Impact of Noise. No mention made of r. OSHA Standards for noise control and protection of
the impact of noise levels which may affect personnel will be observed, Sub Part D, Sect.
workers and people residing on the atoll. 1926, 52.
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3. DEPARTMENT OF TRANSPORTATION, U.§. COAST GUARD (CALDWELL, DECEMBER 13, 1974)

Comment

12/13/74, Par. 3

a. Concern over termination of DNA Contractor
support services for LORAN Station to December
31, 1977.

12/13/74. Par. 4

b. LORAN Station on Enewetak Island should be
mentioned on text and in summary.

12/13/74. Par. 5

c. Should review basis for calling atell and island
"Enewetak' versus "Eniwetok™.

12/13/74, Pg 2, Par. 1

d. In Vol. 3, "Phase 3 - Resettlement' use of ''that
the living patterns of the people conform to the
limitations recommended' could be offensive if
taken out of context.

12/13/74, Pg 2, Par, 2

e. The elements of sewage disposal and ocean-lagoon
water quality should be commented on by EPA.

12/13/74, Pg 2, Par, 3

f. Should mention that transport of radicactive
material by vessel will be done in compliance with
current regulations.

Reply to Comment

DNA will operate Enewetak as Host-Manager until
cleanup is completed and approved. Support for the
LORAN Station will be available until the cleanup
operation is completed, now estimated to be about
mid-1979. (Sect. 3.3.4.1, Vol. I}).

See Par, 3.3.4.1, Vol. I, EIS. Mention of USCG
LORAN Station in Summary is not considered
necessary.

It was a DNA decision to use Marshallese names so
the Enewetak people would understand them.

Have prefaced sentence with "For the safety of the
people concerned ...". (Pg 3, Vol. III}.

EPA was given opportunity to comment on entire DEIS.
See No. 6 following.

Normal transport of radiological material expected to
be within the confines of Enewetak lagoon. In the
event that radioactive material would require trans-
port to the U.S. by vessel, 46CFR 146. 19 will be used.
Sects. 5.4.3.2.1, 5.4.3.2,.4, 8.23.4, Vol. ).



4. U,5, ATOMIC ENERGY COMMISSION BIOMEDICAL AND ENVIRONMENTAL RESEARCH AND SAFETY PROGRAM
(LIVERMAN, DECEMBER 9, 1974)

Comment Reply to Comment

Pg 1, Par, 1, Comments

a. DEIS presents a careful and thorough study of a, None required.
problem, Agree that Case 3 is reasonable,
feasible and assures the health and safety of the
people insofar as is practical.

Pg 1, Par. 2, Comments

b. Presentation of AEC radiation exposure criteria b. The term ''standards’ has been replaced by the term
is satisfactory, but the word ''standards’ should "guidelines® in EIS. (Sects. 5 and 6, Vol. I},
be replaced by ''guidelines'. Those criteria are
based on current, recognized national and inter-
national standards.

Pg 2, Par. 1, Comments

¢. Estimates for maximum annual exposures for ¢. The AEC Task Group Report (Tab B, Vol. 2 of the
individuals considering the most sensitive EIS) shows that calculations based on the most
members of the population presented in the Task sensitive individual do not result in dose estimates
Group Report should be used rather than material significantly different than those for adults,
fron NVO.140. especially when reporting doses to one significant

number only. (Sect. 5.6.1)

Pg2, Par 1
d. Tables 5-11, 5-.12 and 5-.13 should be deleted. d. Table 5-11 is a simplification of Table 240 in
Appendix II of the Task Group Report. As noted on
page II-1 of the AEC Task Group Report, Tab B, all
.three methods of measuring external gamma doses,
including the method referenced in Table 5.12, agree
within 10%. Also, Table 5-12 is retained as it
provides a basis for estimating relative amounts of
land areas involved in various cleanup actions,
{Table 5-11 now 5-9, 5-12 now 5-10)
Table 5-13 provides full disclosure of the methods
used to develop maximurm annual doses from 30-year
integrated doses. These methods are consistent
with 30-year and annual dose relations in the AEC
Task Group Report and are completely satisfactory
when considering doses to one significant number.
(Table 5-13 now 5-11)
Pg 2, Par. 1
e. Sects. 5.6.1.1, 5.6.1.2 and 5.6.1.3 and Tables e. Sects. 5.6.1.1, 5.6.1,2and 5,6.1.3 and Tables
5.8, 5.9 and 5-10 should be revised using infor- 5-8 and 5-9 were developed from the AEC Task
mation from Appendix 4, Task Group Report Group Report using adaptations of Task Group Report
(Tab B, Vol. II, EIS). results which are appropriate to habitation plans and
cleanup actions in the EIS. Use of Appendix 4 of the
Task Group Report to obtain bone marrow dose would
not change conclusions with regard to acceptability of
any plan of action since guideline-to-dose estimate
ratios for bone and bone marrow are the same on
Enewetak, New Tables 5.6, 5.7, 5-8, Vol. I, EIS.
(See Sect. 5,6.1 also)
Pg 2, Par. 1
£, Dases for bone marrow, not bone, should be used f. See Item e,
in all tables presenting maximum annual marrow
criteria.




4. AEC {Continued)

Comment
Pg 2, Par. 1

g. AEC estimates of 30 years and maximum annual
doses for Belle, the island with the highest pre-
dicted doses, be used for Case | wherever appear.-
ing instead of exposure estimates for an average
individual for the entire atell. Estimates of
averaged exposures over the entire atoll are
meaningless and should be deleted.

Pg2, Par. 1, Lines 3-5

h. Recommend revising Table 5-14 to present
estimated risks as upper limits and add footnote
to show that at low dose rates, risk may be zero.

Pg 2, Par, 2, Lines 6, 7

i. Risk estimates should be recalculated to account
for revisions needed for estimates presented in
Table 5-8 in calculation of 30-year dose,

Pg 2, Par. 2, Lines 8-10

j. Based on suggested revisions to 30.year and
maximum annual dose estimates, revise Table
5-16 to reflect these changes.

Pg 2, Par, 3

k. Further discussions of the reasons for rejecting
ocean dumping means of disposal is necessary.

Pg 3, Par. 1, Lines 1-8

1. Ocean dumping opticn is believed to be the least
costly method of disposal, the safest, and hence
this option should be left open.

Pg 3, Par, 1, Lines 8-9

m. Return of Pu contaminated soil to CONUS for
burial would be unacceptable.

Pg 3, Par. 1, Lines 9-11

n, Burial of material on an island would required
periodic follow up.

Pg 3, Par 2

o. Clarify the requirement for blasting operations
in Sect. 8. 16.

Reply to Comment

The Belle Island case is considered an extremely
remote possibility in view of historic living patterns
and stated preferences of Enewetak people for return
atoll. Furthermore, the doses as calculated for

Case | are already so high that this case is unaccept-
able. Thus, use of Belle Island would only make an
already unacceptable situation even more unacceptable,

These comments have been incorporated by revising
table and text to reflect range of risk. (Table 5-12,
Sect. 5.6.2, Vol. ).

No recalculation is required since as noted in Item g -
unacceptable cases become more unacceptable.
Furthermore, acceptable cases would remain
acceptable.

No change required. See Item i,

Sect. 5.4.3.2.1, Vol. I, EIS, includes these
discussions.

Ocean dumping and the reascons for its rejection are
discussed in detail in Sect, 5,4.3.2.1, Vol, I, EIS,
Federal law requires a complete study of the ocean

community around the proposed dump site, and that
does not guarantee approval after that requirement

has been satisfied. Costs and delay incurred would
probably lead to abandonment of the entire program.

This is recognized as discussed in Sect. 5.4.3,2. 4,
Vol, I, EIS.

This is recognized in Sect. 5. 4.3.2.3, Vol. I, EIS.

Blasting operations are required to clear channels
of coral heads so that marine craft can land equip-
ment and personnel to conduct cleanup operations on
some northern islands. Channels are for approach
from the lagoon side only and will not be cut through
the reef to the ocean in any instance. Sect. 8. 16,
Vol. I, EIS, revised to clarify this.



4. AEC {Continued)

Comment

Pg 3, Par, 3

p- Delineation of responsibilities for future studies
is not germane and should be deleted.

Pg 3, Par. 4

q. Confusion over temporary storage of contaminated
material on Runit as an intermediate stop pending
additional study by AEC. Disposal is DNA
responsibility. AEC not committed to provide
additional recommendations except possibility of
reduction in volume of plutonium contaminated
material,

Pg 4

r. A discussion of the views of AEC and others
concerning the early return to Japtan Island should
be included.

Letter 12/23/74, Pg 1

8. The disposal of alpha activity into the oceans under
the management of the European Nuclear Energy
Agency has totalled 3633 Ci during the period
1967-1974. It is evident that the disposal of a
few hundred grams of Pu from Enewetak Atoll
would not materially add to the existing burden.

Staff, Pgs 2 & 3, 5-11, 12, 13, 5-54, 57, 59, Par. 1

t. The use of isopleths as defined by the EG&G
aerial survey as an approach to radioclogical clean-
up alternatives is deficient in that it does not treat
the more significant exposures from internal
emitters in the food chain.

Staff, Pg 3, Sect.2, Par, 1

u. No mention of environmental impacts of alternate
methods for contaminated debris and soil disposal.
It is not clear which disposal method is recem-
mended for specific wastes.
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Reply to Comment

Statement has been deleted. However, responsibil-
ities for various aspects of the operations have been
rewritten, DNA has always considered that ERDA,
as the certifying agency, must monitor such actions
to insure that acceptable procedures were followed
and that guidelines have reasonably been achieved.

The ERDA has accepted full responsibility, including
funding, for future periodic follow up radiological
surveys as necessary; and the maintenance of peri-
odic monitoring of the health status of the resettled
people and of the radioactivity in the environment
subsequent to rehabilitation. (Sect. 1.4, Vol. I;
Tab K1, Vol. II.)

This alternative was shown to comply with the require.
ments of the CEQ guidelines. The intent was to pro-
vide temporary storage during the period of time
required for ERDA/AEC to perform the necessary
research on processing the contaminated goil in

order to separate and/or recover the plutonium to
reduce the volume of contaminated material. This
alternative has been deleted as crater entombment is
considered to provide retrievability of the material.

A more complete discussion of early return is given

in Sect. 7.1.1.1, Vol. I, EIS, (Tabs E and J,

Vol. II also.)

This is recognized. However, U.S. law demands
compliance with more stringent requirements than
those of the international body. See Sect. 5.4.3.2.1,
Vol., I, EIS.

The use of isopleths was only intended as an engi-
neering means of determining the cost effectiveness
of the various cleanup alternatives for the external
radiation exposure pathway. (Table 5-4, Vol. IJ.

Impacts of disposal of contaminated material by crater
entombment are discussed in Sect. 8.19 as a part of
of the proposed cleanup plan. Impacts of alternate
methods are not included since they are not pertinent
to the program. Discussions of various disposal
methods are in Sect, 5.4.3,2, Nonradioactive debris
disposal is discussed in Sect. 5.2.2, Vol. I, EIS.



4. AEC (Continued)
Comment

Staff, Pg 3, Sect. 2, Par, 2

v. There are two radicactive waste disposal areas
near Richland, WA, Should differentiate between
them as one is privately owned.

Staff, Pg 3, Sect. 2, Par, 3, Lines 1,2,3,4,5 & 6

w. Conflict between rejection of ocean dumping in
Sect, 5.5.2.1 and Sect. 11,

Staff, Pg 3, Sect, 2, Par, 3, Lines 6,7,8,9,10 & 11

x. Radioactive sea dumping not discussed in Environ-
mental Impact Section (8) while disposal of non.
contaminated debris at seas was included (8, 18).

Staff, Pg 3, Sect, 1, Par, 4

y. What agency will be responsible for long-term
surveillance and maintenance of the craters
containing radioactive material?

Staff, Pg 3, Sect. 2, Par, 5

z. Proposed method of disposal of Pu contaminated
material assumes that Lacrosse Crater can be
pumped out. DNA should establish whether craters]
require pumping for this operation and if so
whether it can be done.

Staff, Pg 4, Sect. 2, Par. 1

aa. Suggest removal and disposal of all Pu bearing
soil in excess of 400 pCi/g at all locations and
40 pCi/g on islands where housing may someday
be located,

Staff, Pg 4, Sect, 2, Par., 2, 3, & 4

bb. Recommend deletion of crater entombment and
substitution of storage for eventual disposal in its
place as regards treatment of radiocactive debris
and Pu bearing soil.

Staff, Pg 4, Sect. 3, Par. 6, 3-49

cc. Change Upatrilineal™ to "matrilineal’ in reference
to succession to Iroij. (chief).

Staff, Pg 5, Sect. 3, Par, 3, 3-63

dd. DEIS minimized danger from ingestion of Pu,

10-10

aa.

bb.

cc.

dd,

Reply to Comment

AEC letter of December 23, 1974, clarified disposal
sites. BSee Sect. 5.4.3.2.4, Vol, I, EIS,

Ocean dumping has been rejected. Statement in
Sect. 11 was in error. (Sect. 5.2.2.3, Vol. I, EIS).

Radicactive waste disposal by dumping at sea was not
adopted as part of plan. Therefore it had no impact
as part of the plan. Digposal of nonradioactive debris
at sea had been the planned method for that type of
waste. (Sects. 5.2.2.3 and 8,18,1)

ERDA as part of follow up responsibilities. See

Sect. 1.4, Vol, 1, EIS,

Crater feasibility study {Tab H, Vol. 1I, EIS) shows
it feasible to conduct operation without pumping.
{Also see Sect, 5.4,3.2.3, Veol. I, EIS.)

Cleanup and disposal of Pu bearing soil will be in
accordance with AEC guidelines. Housing planned

only for Enewetak, Medren and Japtan islands. Any
additional cleanup of Pu contamination would be on a
speculative bagis for future housing and could increase
costs to a point where the program would be econom-
ically unfeasible, (Sect. 5,7 Vol. I; also Tab D, Vol. II)

Crater entombment is method selected by DNA for
disposal of those materials. See Sect. 5.4.3.2.3,
Vol. I, EIS, also Tab H, Vol. II, EIS.

See '"Resettlement of Enewetak People: A Study of a
Displaced Community in the Marshall Islands",
pgs 125-126, Tobin, 1967, (Sect. 3.5.1, Vol, I},

Sect. 3.8,1,1.3, Vol. I, EIS, revised,



4. AEC (Continued)

Comment

Staff, Pg 5, Sect. 3, Par. 4, 3-63

ee., DEIS does not consider airborne concentrations of
Pu as a result of resident activities,

Staff, Pg 5, Sect, 3, Par. 5, 3-84

ff. Locations of beryllium contaminated areas not
clear.

Staff, Pg. 5, Sect. 3, Par, 7, 5-.13

gg. Text and Table 5.6 inconsistent as to food growing
restrictions on Enjebi.

Staff, Pg 5, Sect, 3, Par. 9 & 10, 5-25 & 5-32

hh, Figures 5-2 and 5.3 inconsistent with text on
limite of southern islands.
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ee,

f.

gg.

hh.

Reply to Comment

Sect. 3.8.1.2, Vol. I, EIS, revised,

Sect. 3.8.2, Vol. I, EIS, revised to specifically
show the location of beryllium contamination.

Table 5.6 deleted. Data now contained in Table 5.5,
Vol. I, EIS.

Figures 5-2 and 5-3, Vol. I, EIS, revised.



5. ASSISTANT SECRETARY OF DEFENSE FOR HEALTH & ENVIRONMENT CATEGORICAL PROGRAMS

(MEADE, NOVEMEBER 13, 1974)

Comment

11/13/74, Pg 1, Par. 2, #I

a. Estimated time frame of phases of operation
should be specified; especially completion of
Phases 3 and 4.

11/13/74, Pg 1, Par. 3, #2

b. Relative hazard level to personnel relocated to

islands should be tabulated instead of generalized.

11/13/74, Pg 1, Par. 4, #3

c. Enforcement of Runit quarantine must be enlarged
upon. Educational program required to insure
anderstanding of risks to Enewetak people.

11/13/74, Pg 1, Par. 5, #4

d. Long-term continuous monitoring program
required until hazard is removed.

11/13/74, Pg 1, Par. b6, #5

e. Consideration should be given to the possibility
of more adequate disposal techniques becoming
available in the future,
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Reply to Comment

While inclusion of the specific times for the phases
would be desirable, it must be remembered that

this is a continuing program and appropriations
authorized and appropriated by Congress will govern
the specific time phasing of the operation,

Terms used in describing risks from radiation are

not translatable into Marshallese language in under-
standable form. A primer ie being prepared by ERDA
to provide a better understanding of the health hazards,
(Sect. 7.4, Vol. I}.

See Sect. 7.4, Vol. I, EIS. Long-term monitoring
program to be conducted by ERDA will agsist in
determining effectiveness of quarantine enforcement.
Data produced by this program would show degree of
exposure to radicactivity for individuals.

ERDA is responsible for conduct of monitoring pro-
gram for inhabitants' health status and atoll environ-

ment (See Sect. 1. 4, Vol, I, EIS).

Some means is required to remove platonium from
being immediately available to the biosphere. If the
plutonium were stockpiled and left in the open policing
would be difficult and costly and the hazard would
remain, Crater burial renders the plutonium
inaccessible but retrievable in accordance with the
concept considered viable by EPA. Minute amounts
of Pu are expected to be released through the geo-
logical formation. These, however, will be small
and insignificant compared to the amounts already

in the lagoon. The concrete matrix, surrounding
coral and the concrete cap will provide a shield from
external exposure. Monitoring can be accomplished.
If more adequate disposal techniques become avail-
able in the future and further action is determined
necessary, the material could be retrieved and the
techniques applied, {Sect. 5.4.3.2.3, Vol. I, EIS.)



6.

U, S. ENVIRONMENTAL PROTECTION AGENCY, REGION 1X, SAN FRANCISCO, CALIFORNIA

(FALCO, DECEMBER 12, 1974)

Comment

Pg 1, Sect. 1, Par, a

Radiological, bacteriological and chemical
quality tests should be conducted for a
minimum of 12 months to determine water
quality of brackish water lens.

a.

Pg 1, Sect. 1, Par. b

b. There is a need for a 12-month, minimum,
air sampling program on all islands to

be inhabited, on heavily contaminated islands
after cleanup and before lifting of quarantine.
Actual conditions should be determined, not

calculated,

Were air samples taken during AEC survey
analyzed for uranium?

Pgl, Sect, 2, Par., 1

d. Follow on monitoring of air, water, food
and body burdens of Enewetak people is needed.
This requires some agency to be responsible

for implementation and funding.

Pg 2, Sect, 3, Par. 1

Application of Pu cleanup criteria too
uncertain., Criteria given should be considered
upper limits and cleanup levels and population
doses should be maintained as low as
practicable.

e,

Pg 2, Sect, 3, Par. 2, Lines 1, 2, & 3

f. Crater entombment should be recognized as a
semi-permanent solution.

Pg 2, Sect. 3, Par. 2, Item 1

Discussion of ocean disposal should contain
technical advantages and disadvantages and
not be rejected on only legal and international
problem basis,

-8

Pg 2, Sect. 3, Par, 2, Item 2

If volume of two craters is insufficient to
contain all contarminated soil, what remedial
action will be taken?

h.
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Reply to Comment

{See ERDA letter of February 6, 1975, Tab Kl, Vol. II,
for amplification).

A ground water sampling program has been ini-
tiated under ERDA which includes 15 drilled
wells on 7 major islands in the atoll. Program
objectives are the determination of radionuclides
and stable element concentrations, cycling
mechanisms, recharge rates, etc. (See Sect.
5.5.3.3, VollI, EIS).

Item #11, Sects. 5.5.3.3 and 5.7, Vol, I, EIS,
comment on air sampling program, It should be
performed by those providing health physics
support for cleanup and be under direction of
agency responsible for cleanup (pgs 27 and 31,
Tab B, Vol II, EIS). Results of air sampling
would be documented in final report of cleanup
agency and samples could be analyzed for all
radionuclides including uranium.

Apparently samples were not analyzed for
uranium,

ERDA will be responsible for implementation
and funding (Sect. 1.4, Vol I, EIS).

We believe that recommendation Nos., 6, 7, & 8§,
pages 27-29, Tab B, Vol, II, EIS and associated
material in Appendix 3, Tab B, Vol II, EIS are
specific enough to guide the actions and decisions
of a qualified group who are tasked with carrying
out cleanup actions at Enewetak Atoll,

It is, as solidified material is retrievable (Sect.
5.4.3.2.3, Vol. I, EIS). However, we believe
that crater entombment will be a permanent
solution,

See Sect. 5.4.3.2.1, Vol, I, EIS.

Calculations indicate more than sufficient volume
in both craters to contain all contarminated soil
collected in Case 3. (Sect. 5.4.3.2.3, Vol. I;
Tab G, Vol. II, EIS.}



6.

EPA (Continued)

Comment

Pg 2, Sect. 3, Par, 2, Item 3

i,

What action will be taken if people of
Enewetak reject entombment option?

Pg 2, Sect, 4, Par, 2

Ja

The decision to permit subsistence coconut
production in northeastern islands not
justified in DEIS. Virtually all predicted
dose received by the Enewetak people under
this proposed plan is due to this decision.
Use of "as low as practicable’ dose concept
should be deferred unless it can be shown
there is no practicable alternative for an
adequate diet or that radionuclide contamina-
ation is much lower than predicted.

Pg, Sect., 4, Par,1

k.

Marketing of copra should be on 'as low as
practicable' basis to determine if the economic
benefits to Enewetak people outweigh radio-
logical cost of population dose to off-island
people.

Pg 3, Sect, 4, Par, 2

1.

No discussion in DEIS of short and long

range implications of radionuclides in lagoon
sediments. No indication in DEIS of feasibility
of minimizing future radiation dose from
seafood pathway.

Pg 3, Sect. 4, Par, 3

m.

No discussion of decision to permit
unrestricted fishing in lagoon.
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is

1.

Reply to Comment

Crater disposal is considered permanent, How-
ever, if other more suitable disposal methods
were found and the need for redisposal was
determined, the contaminated soil and debris
could be recovered from the crater. This is not
anticipated.

Justification for recommended actions is in
Tab B, Vol. II, EIS. Use of northeast islands
was recommended for growing coconuts as a
cash crop {copra) not as food source. Coconuts
grown in southern islands will provide ample
food source. It is recognized that wherever
coconuts are grown, regardless of purpose,
some will be eaten. Also northeast islands’
use increases agricultural land areas by about
50% {Table 3-1, Vol. I, EIS), a large factor
where usable land is at a premium,. Review of
predicted doses does not support EPA comment
that virtually all of predicted dose received by
Enewetak people is due to this decision. Com~
parisons of 30-year doses can be made using
Living patterns A&B, Table 1-4, Tab B, Vol. II,
EIS, Maximum annual dose comparisons are
made using Tables 3, 4, 5, 8, 9, & 10,
Appendix IV, Tab B, Vol. II, EIS. Predicted
doses assumed all coconuts for food came from

northeast islands, Mijikaidrek-Billae (Kate-Wilma),

while it is expected that coconuts eaten by southern
island inhabitants will be a mixture with the
majority coming from southern village islands,
Expected doses will fall between Living Patterns
A&B, and Patterns 1 & 2.

This concept would not guarantee acceptability of
product outside atoll, AEC Task Group could not
determine unquestionably acceptable level of
radioactivity. Detectable levels of radionuclides
from nuclear testing will be found in copra from
other atolls too. (See Section 8.36, Vol. I, also
Tab K, Vol. II, EIS)

Dose estimates in EIS include contributions of
239py and 90gr coming through seafood pathway
and thus are directly related to radicactivity in
lagoon sediments. Evaluation efforts were
directed to reasonable number of options for
exposure reduction and control against primary
pathways for radiological doses to humans, (See
Sect. 5.3.1, Vol. I, EIS).

Seafood at Enewetak is among lowest of all
contributors to radiation dose to inhabitants,
Both annual and up to 70-year doses are
presented in EIS, {See reply above.)

(See Tab K1, Vol. II, EIS)



6. EPA {Continued)

Comment

Pg 3, Sect, 4, Par, 4

n., Can restrictions on coconut crabs on northern
islands be enforced? Also, no samples from
northern islands taken to back up decision
on restriction.

Pg 3, Sect. 5, Par, 1

o. Constant health physics support required to
monitor possible inhalation exposure to
workers and transport of radicactive material
from greater to lesser contaminated areas.

Pg 4, Sewage Disposal during Cleanup

p. Recommends that some form of sewage treat-
ment be provided for waste waters generated
by cleanup personnel and subsequent visitors.

Pg 4, Garbage and Trash Digposal during Cleanup

q. Garbage and trash residue should not be
dumped into the lagoon. Burial or some other
disposal method should be used.

Pg 4, Water Supply and Waste Disposal

r. A careful evaluation of plans to use septic tanks,

leach fields and burial of garbage as they may
affect the possible contamination of the supple-~
mental water supply for the community.

Pg 4, Water Supply and Waste Disposal

s. A discussion of the potential problem should be
presented with evidence that the supplemental
water supply will not be degraded.

Pg 4, Water Supply and Waste Disposal

t. The TTPI Department of Environmental
Health should have a fundamental role in the
decision process on the selection of water
supply and waste disposal system.
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Reply to Comment

An effort was made to sample crabs throughout
the atoll, Samples only found on Ananij {Bruce),
lkuren (Glenn), Ribewon (James), Kidrenen
(Keith), and Biken {Leroy), Environment on
Northern islands does not now support this form
of terrestrial fauna. {(Enewetak Radioclogical
Survey, Vol. I, NV(-140; also Tab K, Vol. II, EIS.}

See Sect. 5.7, Item 7a; also Sect. 6.2.4, Vol. I,
EILS.

Historically there has been no treatment of
sanitary waste at Enewetak, even during nuclear
testing when the atoll population was in the
thousands. There is no recorded evidence of ill
effects from discharging raw sewage into the
lagoon during that period, or since. For the short
period of camp operation and relatively small
population in residence, DNA will utilize the

existing system. {Sect. 6.2.2, Vol. I; Tab G, Vol. II.}

Edible garbage will be dumped from the garbage
pier on Enewetak for the benefit of the fish, Com-
bustible trash will be burned in the islend burn pit
(near the garbage pier) and the ashes stockpiled for
soil conditioner, noncombustible trash will be
compacted and buried in the vicinity of the garbage

pier, It should be noted that the available land for
this type of disposal is limited. (Sect. 8.5.1,
Vol, 1),

Ground water lens is supplemental water supply for
emergency use only. Quality and quantity of lens
water restricts use to this category only., Waste
water study (Tab G, Vol. II, EIS) indicates that
locating the septic tanks, leach fields and garbage
pits along the lagoon shore will take advantage

of the ocean-to-lagoon migration of ground water
flow and the natural hydraulic gradient, Also this
location would remove the potential source of
contamination from proximity to the center of
any water lens.

This is discussed in Sect. 8.29.6, 8.30.1 and
8. 30.6, Vol. I, EIS.

The Master Plan for Enewetak Atoll (Tab D,
Veol. I, EIS) was commissioned by the TTPI
Government and approved by the TTPI
Government.



7.

NATURAL RESOURCES DEFENSE COUNCIL,

INC. (NRDC) (THOMAS B. COCHRAN, SEPTEMBER 24, 1974)

Comment

DEIS fails to address hot particle theory as
proposed in "Radiation Standards for Hot
Particles', A. R. Tamplin, T. B. Cochran,
February 14, 1974,
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Reply to Comment

Until this theory is substantiated and accepted by
national authorities we have no recourse but to
comply with the radiation standards promulgated by
the Federal Radiation Council. Discussion of the
problem is included in Sect. 5,8, Vol, I, EIS. A
letter from the Energy Research and Development
Administration, dated January 29, 1975, with
attachments, WASH-1320, and LA 5810-MS, are
included in Tab I, Vol. II, EIS. Further informae-
tion is contained in the "'The Toxicity of Plutonium',
The Medical Research Council, published by Her
Majesty's Stationery Office, London, 1975, Accep-
tance of the standards proposed by Tamplin and
Cochran would result in either the prevention of

the Enewetak people from returning to their atoll,
or make the cost of the project so prohibitive that
it could not be accomplished.



2}

MICRONESIAN LEGAL SERVICES CORPORATION (MLSC} (THEODORE R. MITCHELL,

FEBRUARY 1, 1975)

General.

Comment

The people left the atoll in a radio-
logical safe state, it should be returned to them
in the same state., The U.8., as trustee, has a
humanitarian obligation due to the dangerous
materials left from the nuclear weapons testing
on the atoll. Such responsibility exists both to
return the people to their home and to eliminate
the likelihood of so much as a single radiation
induced illness or anomaly without respect to
cost or consequences.

Social and Economic Problems

More attention is needed for adequate plans to
meet the future needs of the people so economic
self sufficiency can be achieved.

The Enewetak Planning Council must be relied
upon to make plans with more assistance from
government provided specialists.
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{2)

General,

Reply to Comment

From a technical point of view, the
concept that is presented is not considered to be

a feasible solution within the lifetime of the people,
their grandchildren or their grandchildren's
grandchildren. If this proposed program is to be done
now, the monetary and other costs for the solution
proposed by the counsel for the Enewetak people
are estimated to be prohibitively high, The com-
mitment of such large quantities of the national
economic resources to the solution of this one
problem may be considered unreasonable by

prudent men when due account is taken of other
national priorities. The accomplishment of the

goal stated by the counsel for the people when
compared to the given goal for the proposed project
is idealistic to the extreme and could be considered
technically, ecologically, and economically
infeasible. For example, background radiation
alone on Enewetak and in most other parts of the
world contributes to risks of induced cancers which
are indistinguishable from those occurring naturally.
If the counsel for the Enewetak people persists in
the most ideal solution, the DNA position will be to
recommend that the proposed project be abandoned
or postponed,

See below.

While the EIS outlines several proposed methods
of economic development for Enewetak Atoll, it
will be the responsibility of the TTPI and the
Enewetak people themselves to see that one or
more of these is implemented. Sufficient techni-
cal specialists are available in the TTPI staff or
could be obtained on a consulting basis to provide
the degree of technical advice required. Itis
acknowledged that some copra producing land
had been lost due to residual radiation, but this
does not restrict the people in initiating some of
the other means of strengthening their economy,
such as drying fish, shark fins and promoting
handicrafts for sale elsewhere in the Marshalls.
See Sects, 7.2 and 7.3, Vol. I, EIS.

The TTPI government has worked and will con-
tinue to work with the Enewetak Planning Council,
It is recognized that the council would have the
last word in selecting the method best suited to
the people for enhancing the economy of the atoll.
Specialists in these fields selected by the council
could be provided by the TTPL. See Tab D,

Vol, II, EIS.



(4)

(1)

(2)

MLSC (Continued)

Comment

The physical and emotional stresses

caused by the relocation and resettlement
of the people which affect the individual and
group processes are not addressed in the
DEIS., The objective of such a study would
be to make the people aware of these
stresses and how to adjust to them and
survive with their society intact. Drs.
Scudder and Kiste should participate in this
study.

The Planning Council, its advisors and
government decision makers should work
together in a more formal manner.

Radiological Considerations

More survey work is required to provide
follow.up data and assessment of the data
for all long life radionuclides, especially
the alpha emitting radionuclides known as
hot particles. Experimental plantings and
other long range research on the marine
and terrestrial pathways to man should be
conducted to ensure scientific advancements
and new remedial measures are applied on
Enewetak, The governmental task group
which directs such follow-up studies should
be enlarged to include scientific personnel
known to take the most conservative
approach to radiation protection, Messrs.
Martell, Tamplin, and Geesaman are
recommended.

A basic inadequacy exists in that the DEIS
does not address the hot particle theory
and other associated risks of uptake of
alpha emitting radionuclides through the
foodchain into organs other than the lungs.
All the questions raised by Tamplin,
Cochran, Geesaman, and Martell should be
answered,
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(3)

(4)

(1)

Reply to Comment

It is expected that the entire Ujelang popula-
tion will have lived for a period of time on
Japtan Island starting with the early return
program and the anticipated periodic rotation
of families. This will give the people an
opportunity to gradually acclimate them-
selves to Enewetak, as well as an opportunity
to advance their economic status by working
on the Japtan temporary camp and through
the other occupations contained in the Early
Return Operational Plan (Tab E, Vol. II,
EIS). The U.8. Department of Interior has
ample resources and will adequately handle
any problems arising from the Ujelang-
Enewetak transition. See Sect., 8.35,1,

Vol. I, EIS,

If the TTPI considers it to be a requirement in
the interest of obtaining the proper planning
decisions, the technical advisors would be
organized into an advisory council. However,
the procedures required to accomplish a
formalized council should be worked out
between the Distad and the council.

Radiological Considerations

The AEC Radiological Survey is the most
extensive compilation of data known to exist
on the radiological conditions of the atoll,

An additional program is now in progress

to provide added information on the chemical,
bacteriological and other natural processes
which quicken the reduction of radioactivity,
the processes by which plants assimilate
radionuclides and other related processes.
Practical and cost effective scientific
methods which appear in the future will be
applied to the solution of acute problems of
radioactive contamination on Enewetak, The
Ad Hoc Task Group for establishment of
guidelines has been disbanded and the necessary
research programs to accomplish the objec~
tives of the Task Group recommendations
will be pursued by the established ERDA
staff organization. SeeSects. 1.4, 5.5.3.3
and 7.4, Vol, I; Tab K2, Vol. I, EIS.

It is recognized that the DEIS did not address
the hot particle theory espoused by Tamplin,
Cochran and others. This problem is a relatively
controversial subject at present. Adequate
material explaining the pros and cons of the
theory is now included and referenced in the
EIS. Since this theory has not yet been
accepted in the national or international
standards for radiation protection, only

existing guidance from the FRC, NRPC, and
ICRP were considered. National authorities
and scientific bodies are now considering

the proposals made by Tamplin, Cochran,

and others. A resolution of the controversy
cannot be expected for several years., It is
interesting to note that this proposed standard
is so restrictive that the effects of worldwide
fallout would be found unacceptable over
extensive areas. See Sect. 5.8, Vol. I; Tab K2,
Vol. II. Also WASH-1535.



(3)

(4}

%)

(6)

(8)

MLSC {Continued)
Comment

The AEC guidelines for 239py and their
application to the specific Enewetak
problem are questionable in light of the
hot particle theory and standards set

by the State of Colorado, Before final
guideline for Enewetak are adopted,
international and national bodies should
review, hold public hearings and
establish numerical standards for allowable
concentrations of 239 +240Pu and other
transuranic wastes in soil, air, water and
food. Once such standards are set they
should govern the planning and cleanup
activities on Enewetak.

The objective of the program, regardless
of other consequences, requires the
complete removal and off-island disposal
of all contaminated soil.

Studies must be made of the relationships
between soil removal and dose reduction
{including risk from airborne hot
particles) and the ecological effects of soil
removal and replacement,

A team of experts must be formed to
monitor the cleanup and disposal of all
radicactive materials and soil. This
team should include scientific personnel
known to have the most conservative
approach to radiological problems {see
para. (1) above).

Studies of test plantings, lens water and
air sampling should be undertaken
immediately and should include the best
scientists and technicians available., The
work would be under the overall guidance
of the enlarged task group.

A full radiological health follow-up program
must be instituted. It should include the
Bikini people, the Enewetak people and

the Rangelap and Utirik peoples as well.

Since all of the problems cannot be
anticipated, the U.S8. Government should be
prepared to give its best and careful
attention to all situations which may occur
in the future.
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5)

(6)

]

(8)

(9}

Reply to Comment

The current status of consideration of the
hot particle theory is given in ERDA letters
of January 29, 1975 (Tab I, Vol, II, EIS,
The research on other aspects of this
problem particularly the food pathways to
man and the potential problem concerning
other organs will require many years of
research. Accordingly, if one subscribes
to the theory, the people of Enewetak should
not be permitted to return to any part of
the atell until the results of the research
are known and necessary cleanup activities
accomplished. (Also Tab K2, Vol. IIL.)

To disregard all consequences and make a
clean sweep type of operation, subsequently
disposing of contaminated soil in an off-
atoll location would be irresponsible. This
would result in many delays and long-term
damage to the land and completely defeat
the purpose of returning the Enewetak people
to their atoll where they could benefit from
the present resources (Tab K2, Vol. II).

The ERDA plans to conduct these studies as
a part of their follow on program. See
Sects. 1,4, 5.5.3.3, and 7.4, Vol, I, EIS.

The cleanup operation will be conducted in
accordance with the established ERDA
guidelines. When required, a team of experts
will be selected; however it is too early
to determine the staffing, Consideration
will be given to the recommended persons
at that time.

Studies of test plantings and lens water are
currently in progress on Enewetak Atoll
under the sponsorship of the ERDA, (Sect.
5.5.3.3, Vol. I}, Air sampling studies
are planned by ERDA when the cleanup
operation commences, as the conditions at
that time would be more representative of
an inhabited atoll. To pursue an air
sampling program at present would produce
results comparable to an uninhabited atoll,

The ERDA accepts the responsibility for
the conduct of a follow on radiobiological
health program for the Enewetak people
(see Sect. 1.4, Vol. I, EIS). Whether
this is done in conjunction with the people
from other atolls will be determined by the
ERDA. This latter problem is not a
subject of this EIS,

The intent of this comment appears to be a
catch-all or "hold harmless'' clause bound
in many contracts. It is intended that this
project be accomplished to provide a
reasonable degree of safety from both
radiological and physical hazards and to
resettle the people in adequate homes and to
provide stimulation for the future

(See Tab K1, Vol. II, EIS.)



8., MLSC {Continued)

Comment

d. Considerations Relating to Cost

(1} Since the nuclear testing program resulted
in significant benefits to the U. S. defense
posture, the cost of this program repre-
sents a small fraction of the estimated
testing cost.

{(2) The U.S5. has an obligation under the UN
trusteeship to protect the people, their
health, and promote the economic and
social advancement of the Enewetak
people. In determining what must be done,
the cost of the program should not be a
consideration.
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(1}

(2}

Reply to Comment

development of the islands.
as a result of use of the atoll by the United States
be found to exist after the completion of cleanup,
such conditions will most certainly be dealt with
when the situation is fully known and a reasonable
cost effective golution is available.

See below.

DNA plans to use this approach in the hearings
before the congressional committees.

It is agreed that the U.S. has an obligation
toward the people of Enewetak under the terms
of the U. S, trusteeship. However, when the
judgment of prudent officials indicates that
actions proposed would be uncertain of achieving
the stated goals or that such actions would
result in more harm than good, the trustee
would be derelict in permitting those actions to
be accomplished. In the situation under
consideration, the idealistic solution proposed
is not only uncertain of success but if accom-
plished could most certainly devastate the
meager land resources available to the people.

Should acute situations



9.

(1)

(2)

(3)

ADVISORY COUNCIL ON HISTORIC PRESERVATION (MC DERMOTT, 19 NOVEMBER 1974)

Comment

Show evidence that the most recent listing of the
National Register of Historic Places has been
consulted and that either of the following conditions
are satisfied.

No National Register property is affected.

If National Register property is affected show
compliance with Sect. 106 of National Historic
Preservation Act of 1966.

Executive Order 11593 Protection and Enhancement]
of The Cultural Environment requires:

Conduct survey of atoll and report results in EIS.

Review of properties is continuous procedure to
propose properties for inclusion in the National
Register. EIS should contain a determination
whether the proposed action will result in the
transfer sale, demolition or alteration of
properties.

EIS should contain a determination whether or not
the project will contribute to the preservation and
enhancement of nonfederally owned facilities of
significance,

Consultation with the appropriate State historic
preservation officer is required.
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(1)

(2)

(1)

(2)

(3)

Reply to Comment
(Sect. 3.6, Vo. I, EIS)

The latest edition of the National Register of Historic
Places published in the Federal Register of Tuesday,
4 February 1975 (Vol. 40, No. 24, Part II) has been
consulted. No properties or other facilities are
shown on Enewetak Atoll, Marshall Islands.

The above review indicates that no National Register
property is affected by the proposed property.

None required in view of (1) above.

The DNA Engineering Survey while not done specifically
in compliance with Executive Order 11593 shows the
major features of the atoll.

The survey shows no features which fall within the
criteriaestablished for the National Register.

No significant property meeting the criteria exists.

Not applicable.

The TTPI Historic Preservation Officer was contacted
for assistance.
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