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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.



Page 5

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



Warren D. Johnson -3 ~

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






<€D 81y
X s

; A 3
im 8 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
¥y, " REGION IX
4¢ pacitt

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
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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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- 25 -

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
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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.
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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.



- 46 -

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



- 49 -

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