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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 avplicable to the internal exposure of
man to insoluble alcha-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 Zollowing section the gravity of the public
health concarn as olutonium becomes a principal article of

cormerce in the nuclear power industry.

1/ 'while much of this report focuses narrowly on plutonium-239,
thas discussion is, neverthelass, germaine to all radionuclides
in insolublz particles with a high specific activity. (The
definition of sopecific activity and other technical tarms

in zais regort are given in the Glossary). The justification
for focusinj on plutonium has been aptly stated by the Inter-
nazional Cormissicn on Radiological Protection (ICRP):

t2 amphasis on plutonium is clearly a reflection of the gener-
1l ~onsensus that, in terms of amount available, projected

uszze2, extant of anticipated accidental human exposure, and
rziiszoxicizy, olutonium is the most formicdable radionuclicde
in <he pericdis ¢ahla." (ICRP Publication 19, "The Metabolism
o7 Corpounds of Plutonium and Other Actnides,” Pergamon Press,
1272, ».1.]

\
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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 quidelines for Pu-239, but it
is to be understood that, in this and subsequent sections,
it should be appolied to all alpha-emitting radionuclides that
meet the hot particle criteria developed in this report.
Before readinz Section III, those unfamiliar with the
national anZ international organizations which have prinmary
responsibility er recommending or establishing radiation
protection standards, may find it useful to read Apperdix
&, where th2se organizations and their ;uthority are reviewed.
Section IV presents assunétions inherent in the existing
radiation protection standarés and identifies those assump-

inappropriate when applied to insoluble
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alpha-emittinc particulates. The biological data which
Zemonstrate thzt these assumptions are inappropriate wnen applied .
to hot carticlss are discussed in.Section v.
Utilizing the data preéented in Section V, the
criteria that define a hot particle are developed in Section
I, Recomnmeniztions for exposure standards for hot particles

hen deavelored in Section VII and summarized in
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Saction VIII.
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II. Plutonium Use and Public Health .

Plutonium occurs in nature, although in such small
amounts that it does not constitute a practical source of the
L2 . . .
element . Plutonium is bred in nuclear reactors by the
capture of reutrons 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

2
[
r
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he next two decades. 1In today's_commércial reactors
plutoniunm is zroduced as a by-product in the production of
ele:::ici:f.

As 2z result of the growth of the nuclear power industry,
the AIC estimates that the total cumulative production of
plutenium in the cemmercial sector of the United States will
be scrme 4.5 =illion kilograms by the vear 20003. Since
plutsonium, liXe uranium, can serve as a reactor fuel, both
are recoveraZ from spent reactor fuel in anticipation that

ther will be recvcled. The reactor together with the variety

“io of the concentrations of plutonium-239 to

2/ The2 ra

Sranivo in cres varies from 4x10-13 to 1.5x10-1l, Katz, J.J.,
Chagter VI, The Chemistrv of Actinide Elements, Methuen and
Cs., Ltd., London, 1937, pp. 239-330.

ement, Licguid Metal Fast Breeder Reactor
oC, WASH-1509, april 1972, p. 149,




of support activities required both to prpvide 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
plutoniun throuzh the nuclear fuel cycle.

In today's commercial reactors the plutoniuvm is .in
oxide form, Puozs. At various facilities in the nuclear Zuel
cvcle, a=2rosols ol Puo2 are released to the eavironment on
a routine basis. In addition, there are numerous points in

the fuel cvcle where accidents, par:icularly those associated

+h
(=

vith fire or 2xplosions, can release significant amounts of

LV

10, as 28rosols that can be inhaled by man.
These small aerosol particles of Pu0j are highly radio-
active. 2n apprzciable fraction of the inhalad Pul,

oarticles are travoped in the deep respiratory tissue of the

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

Uodated (12373 Cost-Benefit Analvsis of the U. S. Bresier
chor a ZC, WUA3H-1184, January 1372, p. 3:. Tour
lion corrasponds to 4000 ronminal-size
lear 00 v each.

1

Some adrranga2i rzactors of the future may use fuel in
arsjide and nisrile, rather than oxide, form.

o
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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
acents 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
vear perioé before it»was excized, it produced a nodule which
Gisplzved grecancerous changess. There is little doubt from

xrarizental animal studies that inhaled plutonium is one of

<=2 Test pctent rasypiratory carcinogens known. There is
guzarizental and cbserved evidence that plutonium concentra-
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tn2 luncs of dogs as low as 0.2 microcuries (3 micro-
- : 7 :
¢rams oI plutenium-239) produce cancer . Hence, the flow of

220 =miliisn kilograms of plutonium represents a flow of over

sl z - . . 5
1517 cancer <cses, a staggering number which, as will be
daronstrated subsscuently, may be an underestimate oi the

ancer ézszs Dy sa2veral orders of magnitucde.
he rarsistance of this toxic material, once lost to

<n2 environment, is measured in terms of thousands of years.

2 L:snovizh, ©.2. and J. Langham, "A Dermal Lesion from

.C351 curies per gram of plutonium-239.
~izrocurie of plutonium-238 would have a
.31 microaramsSsince olutonizn-238 has a
szaciiic activity, 17.47 curies per gram.




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

isolated from the environment in perpetuity.

I1I. Existinc Standards for Plutonium Exdosure

Radiation exposure standards have been established
because raciation is known to produce cancer and genetic
mutations in individuals irradiated. The mutations can
in turn cause geretic defects in subsequent generations.
The intent of the exposure standards is to limit this biological
danace. The nagnitude of thg biological effect has bsen
show2 to be related to the raéiation dose. 'The highe: the

dose the greaiar the effect. Therefors, the primarv radia-

uY

tion exposure standard is one that limits the radiation

fu

cse. This orimary standard is generallv referred to as the

maxinum permissible dose and is given in units of rem/vr.

Wz snz2ll discuss the nature of this unit subseguently.
indi-vidual can be exposed to raﬁiation Zrom sources
that are ext2rnal to his body as, for exanmple, an X-ray
nagiiine or Zrom radionuclides which emit X-ray like radiation
dopnsited on the ground (this occurred with fallout from

:3r waapon tests). Alternately, an individual can be

e . - PRSI



irradiated by internal sources; that is, by radionuclides
incorporated in body tissues. These radionuclides gain
2ntrance into the body through innalation or through con-
taminated food or water. Once inside they behave 1like their
non-radiocactive counterparts. Radioactive iédine, for example,
accumulates in the thyroid gland in the same fashion as
stable iodine, and radioactive strontium or calcium accunulate
in the bone similar to their naturally occurring non-radio-
ctive counterparts. The radioactive iodine will thus deliver
a dosage to the thyroid gland that is many times larger than
hat to the other organs or to the whole body, and the
radicactive strontium and calcium will mainly irradiate the
bone.

Because of the uneven distribution of radionuclices
in the body organs, radiation exposure standards have been
develozed not just for the whole body, but also for individual
orzans. In this report we will be referring to the maximum

ernigsible whole body and lung doses.

‘U

Largely as a matter of convenience, secondary or derived
raZ:azion standards have been developed. These secondary
s-2n<zards, which limit radionuclide concantrations or organ

burdens, are often more easily employed than the primary dose

standiards, We shall examine two secondary standards in this

P . - B T



report; the maximum permissible lung burden (MPLB) and the
raximum 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

orimary standard; it applies to all radionuclidss and

and are specific for a radionuclide. These darived standards

are relatsd to the biological properties of a radicnuzlide
and to the Zcrm of radiation it emits.

Table 1 lists the existing exposure standards for em-
vlovees of the nuclear industry that apply to Pu-239 in insoluble
form. The PLD o 15 rem/vr is included in the recommendations
oZ <he International Commission on Radiological Protection
the Yazional Council on Radiation Protection and

Meza2surerments (ICR?)Q, and the Federal Radiation Council

ion 9, Rezommendations of tha Intern:
inoloqgical Protaction (Adooted Septermbar
s, lew York, 1966, p. 14.

a
7, 1965},

0

2/ XNCRP P=2port No. 39, Basic PRadiation Protection Criteria,
: “izns, washington, 0. C., Jan. 13, 1971, ». 10o.



(FRC)lO. The MPC, is included in the ICRP recommendations11

ard is also an AEC radiation standardlz. Of the standards

in Table I only the MPC, is desiqnated in the AEC regulations.
However, this MPC, corresponds to that tabulated in ICRP -
513

Publication which is derived on the basis of the MPLD

listed in Table I. The MPLB is also derived on the basis of
tae HPLDl4. The MPLB is not included in either the recommenda-
tions oI ICRP?, NCRP, the guidelines of FRC, or the A=C
rezulations. In sumimary, in Table I the MPC, (designated

in AZC regulations) is consistant with the MPLD and MPL3. In
Tadle I the MPLD applies to all forms of ionizing radiation.

Th2 MPLB and MPC4y avpply specifically to Pu-239 in insoluble

’

¥o. 1, Op. cit., p. 38. The FRC has been
s duties transferred to EPA.

Puslicazion 2, Recert of Cormmitise II on Permissible
i Radiation, Pergamon Press, New York, 1260.

¥2alth Phvsics, Yol. '3, Pergamon Press, June 1950.)

127 10 CFR 20, Appendix B.

137 IC22 Publication 2, Opb. cit.

[#]

|

Lung Burden

u0o," Health

and A.R. Kirchner, "Evaluation o
Inhalation of Highly Insoludblie P
, 1967, op. B877-882.
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TABLE I
Existing Occupational Exposure Guidelines
that Apply to Pu-239 in Insoluble Form*
MPLD (ICRP, NCRP, FRC) 15 rem/vr
MPLB 0.016 uCi
MPCa (ICR®, AEC) ax10711 wci/mi

*Note: See Glossary for definitions of symbols.

The exsosure guidelines for Pu-239 that apply to non-
occupaticrnil excosure of the general public are tabulated in
Table II. Two guidelines are applied nere. One is for the
limitinc expesure to an individual and ths other is for the
average 2vposur2 of a pooulation sample. These two guidelines
differ bv a factor of 3. The ICRP recommendations include only
the quiéelines for individuals. The MPLD values within the
parentheses in Table II correspond to the latest recommendatién
oI the NCRP . These latest recommendations of the NCRP
nave not, at this time, been incorporated into either the

AZC or EPA reculations.

15/ NCR? Rerort YNo. 39, Op. cit., p. 95.



TABLE II

Existing Exposure Guidelines for Non-Occupational Exposure

that Aoply to Pu-239 in Insoluble Form*

Individual

MPLD

(ICRP, NCRP, FRC)

MPL3 0.0016 (0.0005) uCi
BEL 10712 (3x10-13) uci/mi
(ICRP, A=Q)

in parentheses
the NCRP,

The

corraspond to the new

1.5 (0.5) rem/yr

Population Averace

0.5 (0.17) rem/yr

0.0005 {0.00017) ucCi

3x10713 (10713) uci/ml

refer to the latest
MPLB and MPCa; values in

NCRP dose rezcommesndations.

. Calzcuzlatinz the Dose Dus to

Insoluble Alpha-Zoitters

of this section

is to examine the assumotions

in *he radiation standards above that are inappropriate when

apolied to insoluble alpha-emitting particulates such as

aerosols of Puls.

pasic d=2finitions of

The Dose Eqguivalent

radiation dose and

The assumptions are introduced through a

the factors

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

X

za332s through tissue it transfers energy to the cells in
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these tissues. This energy produces chemical changes in

the molecul2

chance couild

of the cells; for example, such a chemical

be a mutation in a gene. The radiation dose

is actually a measure of the energy transferred to or

absorbed

rad (one

energy

In

—_
[

per

by the tissue. The basic unit of dose is the
rzd represents the absorption of 100 ergs of
sram of material).

acdiition to X-rays, radionuclides emit gamma rays

ich energw X-ravs), beta particles (electrons), and alpha

(n2iium nuclei). In radiobiological experiments,
red that, while these various types of radiation
sarme biological effects, such as cancer, the
effect was not the same per rad.. For

was found that 100 rad of alpha radiation would
lv 10 times as many cancers as 100 rad
the

, it was found that because of

?2~239 deposits in the bone, its alpha

PN

Tore effective in producing bone cancer

Irom radiuml7. To account for these

Rl el

0f the observed effects at thz same
maximum permissible dose limits are
razhzr *han

rad.

DR

The MILD 1s civen in rem in Tables I and II. Ths

-~
T
'

che Radiosansi i
York, M. Y., 19

11, "™\ Review of
Pergamon Press,

N
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rem is the unit of Dose Equivalent (DE} . The DE is obtained
o multiplving the absorbed dose in rad by modifying factors
s correct IZor these observed differences in the magnitude
‘0f the effect. As a consequence, the magnitude of the
elZect will be the same for a given DE regardless of the

zure of the radiation or the manner of radiation.

3. Modifvine Tactors .

At the present time, two modifying factors are employed.

One is the Quality Tactor (QF) which accounts for differences
in oprzducing niclocical effecis among various forms of

-

rafization. Th2 other is the Distribution Factor (DF)

b

wrizh accounts Zeor th2 modification of the biological effects
f ;

wien 2 radicnuclicde is nonuniformly distributed in an organ.
For example, the DE Zor X-ray to bone tissue is cdetermined

=3 and DT=1,while that for Pu~239 in the bone is

using a Qr=10 (to account for the greater

oI algha particla irradiation) and a DF=5

- . . .s . - - . 19
(== zccount Zor the seculiar distribution of Pu in the bone) .
% 2Z=30 rem Zrom X-rays or Pu-239 would thus induce the same
nuzser  of cancers in bone but the absorbed dose Zrom the X-rays

212 ze 30 rad whila that from Pu-239 would be only 1 rad.

L: ICR? Pepori YNo. 39, Op. cit., p. 8l.
s IZ2P Publizazicn 1l 93} 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
inplies, 25 mentioned above, that the particles of Pu-239,
waich enit alpha particle radiation, are 10 times more effective
in inducing cancer than X-rays. Although the irradiation of
tissue by insoluble plutoniwn particles is highly nonuniform,
no DF valus has been assigned to these particles and hence, a
DF=1 was empléyed in determining the derived values in Tables I
and II. 1Ideally, the DF should be determined by the ratio
of the cbsarved efiects in an organ following uniform and
nonunilorm radiation of the tissue with the same radionuclide;
Zor exanmzlia:

Nurmbar of cancers (nonuniiorm ir
Number of cancers (uniform irradia
; ¥

experimental data are not available, it is

<o derive the DF for insolubles Pu-239 parcicles from
teral Zata. In a subsaguent saction, we shall present
the bioicgical evidence that strongly suggests that a DF=1
grossly zndesrestimates the DE for insoluble particulates of
Pu-239 and, conseguently, that the derived standards, MPLB

ana MPC, fzr this radionuclide, are greatly in erro:.20

In f;ct, iz will he shown that the biological data strongly

suggsests tnhat Ior such parcticles one should use a DF=115,000.

ies as well to other alvha-emitting actinides
rticulate Iorm.
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Beéore turning to the biological data it is appropriate to
discuss first the radiation field around a particle of Pu02
and thereby d=2fine the fundamental questions that need to be
answered by the collateral data from radiobiological studies.
The unicue form of tissue irradiation displayed by
insoluble particles of Pu-239 occurs beéause, when Pu-239
dacavs, it enits ;n alpha particle with an energy of 5.1 MeV,
~is zarticls has a range (producés biological damage) of only

szme 40-45 2 {0.%04 cm) in human tissue. In other words,

1w
'Y
[
i
to
w
0
‘g
v
1
+
s
)
N

______ e in tissue will only irradiate a volume of

5 u radius. As one moves in-

s

in 2 sphere of

.

ward Zreom the surlace of this sphere, the radiation intensit:

4.

incrazses ga2cmetrically.  About half.of the alpha particle
ernerc is Zissizczted at 20 u (tﬁat is, with a voluxe ﬁhat

is 1/3 tie to;al wolume). This means that the average dose
delivarad in the Zirst 20 u is 8 times that delivered in the

irst column .of Table I1II describes

rn

he
tne radiaticn Zield around such a particle in soft tissue;

., the skin. Since the lunc is a spongv tissuve with a large

air wolume, :he rancgs of alpha varticles is longer in the

yor

the mass of irradiated tissue is larger.

33cv Conalld Zeasanan made a detailed analysis of plutonium
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particle irradiation of deep respiratory tissue21. The
last two columns in Table III describe the radiation field
around such a particle in the lung using Geesaman's lung
model”™ . 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 Qith an assumed DF=1, the lung
dose from the same particle varies by more than 8 orders of
magnitude degending on whether one averages the dose over
the entire lung or calculates it on the basis of the tissue

exposead.

TABLE ,III
Radiation Dose Rate Due to a Pu-23% Particls

(1l u in diameter, 0.28 pCi23)

Soft Lung
. Tissue 24 Entire Tissue 25 Clcsest 2
Irradiated Orcan Irradiated 20 3Alveoli
Mass of 29
Tissue 0.4 ug 1000 g 65 ug 19 ug
Dose Rate
(rea/vr) 739,000 0.0003 4000 11,000

21/ Geesaman, Donald P., ~: Analvsis of the Carcinogenic Risk
om an Iasoludla Alpna-Exnizting Aorosol Denosited in Deeon
rasorw Tissue, UCRL-50337 and UCRL-50387 Addendun,

ance Livermore Laborxtory, Livermore, Calitf., 1963.
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It would take 53,000 particles of the size illustraged
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
1000 rem/yrza. Thus, as Table III indicates, these particles
result in an intense but highly localized irradiation. &
Zfundamental question is, then: 1is this intense but localized
irradiation more or less carcinogenic than uniform

£y
O™

irradiation? Alternatively, is the DF for this particular
oI ir:adiation 2gual to, greater than, or less than one? 1In
the remainder of this section, we review the guidance, or
~ore apgropriatzly lack of guidance, for dealing with this

hot particle prcolen.

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

22/ Langham, ‘right H., The 2roblem of Large Araa Plutoniux
Contamination, U. 3. Dept. of H. E. W., Public Health
Sarvices, Seminar Pager No. 002, Dec. 6, 1963, p. 7.

"Plutonium Inhalation: The Burden of

1 .B.,
LWanlizible Consscuence," MNuclear Mews, June 1971, o. 71.
25/ CGCe=saman, Donald P., UCRL-50387, pp. 8, 15. Based on
Zsesaman’s modal for a lung at ore-half nmaxinum inflation.
Za22szman estimatss a totial of 58 alveoli at risk, each

l-

s

s

#10-6 cm3 in volume, and deep respiratory zone tissue density
0.12 g/cn?,

24/ See footnote 23.
27/ 3ased on 1 lung mass of a standard man = 1000 g.

23/ This assures that the éadiation field of the 53,000
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C. The Hot Particle Problem

\\\\\ It is important to recognize that the ICRP has given

no guldance 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 clesar evidence to show
whether, with a given mean absorbed dose, the biological
riskx associated with a non-homogeneous distribution is
craater or less than the risk resulting from a more
difiuse distribution of that dose in the lung.29

In eif=ct, thes ICRP is saying that there is no guidance as

£5 the risX Zor non-homogeneous exposure in the lung, hence

3 @nd the MPLB are neaningless for insoluble plutoniun

with reszect to these particles:

(210) The NCRP has arbitrarily used 10 perceni of
the voliume of the organ as the siznificant volume ZIor
irradiation of the conads. There are some casas in

ich choice of a significant volume or area is

l1iv mezningless. For example, ii a single
cartizla of radioactive material Zived in either lung
or 1. 2 may be carcinogenic, tae averaging

over tha lung or even over one . c

ni
have little to do with this case.30

is hot garticle problem is also well recognized in

the biologizal ccrmunity. The following is extracted from a

23/ I1c2? P:blication 9, Op. cit., p. 4.
/

“C?2? 2a2port No. 39, Oo. cit., pp. 79-30.

\
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paper by Professor Donald P. Geesaman: ¢

So there is a hot particle problem with pluton-
iur in the lung, and the hot particle problem is not
understood, and there is no guidance as to the risk.
I don't thinX there is any controversy about that,
Let me Guote to vou from Dr. K. Z. Morgan's testimony
in January of this year before the Joint Committee on
Atomic Enerzy, U.S. Congress. f{a] Dr. K. 2. Morgan
is one of the United States' two members to the main

.Committee oI the Internztional Commission on Radio-

logical Protection; he has been a member of the com-
mittee 1 than anvone; and he is dirsctor of

Health Physi Division at Oak Ridge National Labora-
tory. I cuo "There are many things about radiation
exzosure w2 <o not understand, and thsra will continue
to be uncarzainties until health phvysics can proviés

a coherent thaory of radiation damage. This is whyv
some of the Dbasic research studies of the USAEC are so

imzo Geesaman and Tamplin have pointed
cuz of plutoniun-239 particlss
and risk to a3 man who carries
such pacific activity in his lungs.
At 2sponse2 to the commitiae's
i:q; ‘n basic research on the zio-
lezi on, Dr. M. Elsenbud, then
Dire +y Environmantal Prozection
Admi reolied, "Vor some reascn Or
oth lem has not come upon us in

g t probably will one oi thessa
d

it

ther along on the basic

n amount oI =2nersy delivared
and smaller volume oI tissue
recipient. This is ancthear
asxing the guestion of how you calculate the dose
Wi l-~=le a2 single particle.” [b] He was

come up acgain.

{o]

@

tion Standards Zor Reactor Sitirng,
cts of Producinc Zlectrical Power
resented at Hearings belore tne Jaint
rergy, 91st Congress, 1970.

Morgan, K. ., "R
in Environmen<al
Phase 2. Ta2stirsc
Commitcee 2on At

rh Q.
(41 add
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Washirgtsn, D. C., y. s. Government Printing Oflice.

Zisenbud, M, Panel Diagcussion. 1In Environnmental
O Produtinz Zlectrical Power, Phasa 2, Tas5timony
at Mearings oazore the Joint Comnitice on )
91st Conzre 1970. ‘Wwashington, D. C.,

Printing OI .
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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
sentance reads, "The potential hazard due to air-
borne radiocactive particulates is probably the least
understood of the hazards associated with atomic
weapcns tests, production of radioelements, and the
expaniing use of nuclear energy for power production.”
A decale later that statement is still wvalid. Finally
let me guote 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
inhalation experiments. "Nonuniform irradiation
2 lurg from deposited radiocactive particulates is
_ more carcinogenic than uniform exposurs {(on a .
2ng dose basis), and alpha-irradiation is more
inzszenic than beta-irradiation. The doses recuired
wbstantial tumor incidence, are very high, how-
I measured in proximity to the partic’e; and
there are no data to establisn the low-incid
a cdose-efiect curve. And ther= is no genera
theor, or data on which to base a ecry, which would
cernic extrapolation of the high incidence portion oI

:xr2 into the low incidence region.” I agree and
that in such a circumstance it is appropriate
the standards with extreme caution.3l

nce

H(D~

AS~-NRC Subcommitt ffects of Inhaled Radiocactive
Report of the Subcommit:ee on Inhalation

Committee on Pathologic EZfects of Atonic

.. National Academy of Scisnces - Naticnal

Resea::i Council, Wasnington, D. C. 1951. Publication

nivw o
wn
‘Ll

848, NiS-IRC/PUB-848, 1961.

anZsrz, C.L., R.C. Thompson, and %.J. Bair, "Lung
Cancer >cse Response 3tudies with Radionuclides.”

In: Inhalation Carcinoaenesis. Proceedings of a Biology
Divisizn, Oak Ridge National Laboratorv, coniference held
in Zazlinburg, Tannasse2, October 3-11, 1969. IL.G.
*anna, Zr., P. Nettesheim, and J.R. Gilbert, eds.,
Z. 5. :uzmic Eneray Comnission Svmposium Series 13, 1970.
T5. 233-333.  (CONF-691001).

1, Donald P.,, "Plutonium and Puihlic Health,

~nra Laboratory, Calif., A7T-121-70, acril 19, 1970,
Umdararound Use2s of ducloaz Enervyy, Part 2, earing:
szmmitooo on Alr o and Wacter Polluvtion of tha

slic Works, C. 3. Sanate, 91lst Congress, 2nd Sessic
, o, 1530-1332.
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To ti:ase comments, referenced by Geesaman, can be added

2 commer~3 of Dr. A. B. Long:
", . . there is an urgent need to dispell the sense of

security and certainty that the present limits for

the ~aximum permissible lung burden and the maximum

perm.isible air concentration bring . . . the public

shouli be informed of the uncertainties that exist

in thase limits."32

Biolz-ical Data Related to Cancer Risk from Insoluble

Plu+:-~ium Particles

We h:xve shown that insoluble alpha-enitiing particles
21t in _ntense but localized radiation. They can irradizze

wary nlon doses without being organism~ or organ fatal.

said th:: the available biological data stirongly suggastis

nzt 2 DF=. srossly underestimates the DE for insoluble

r<iculat . : of Pu-239, and consequently, the dsrived stand:z-ds
23 and M=, for this radionuclide are greztly in error.

now turr to the experiments involving cancer induction
intense .dcal exposure, since these are especially

zvant - judging whother or not insoluble alpha-emitting

I

sk. Geesaman collected

[

zles <:institute a unigua r

3 analyze: the teriinant experiments, and what follows




: . . . , 33 .
is essentially a recview of his analysis =, which has becore
krnown as the "Geesaman hypothesis."

A The Geesaman Hyoothesis

Dr. Roy E. Albert and co-workers performed a number of

experiments ca the induction of cancer in rat skin34736,

Albert's study of radiation-induced carcinoma in rat skin
gives some cuzntitative description of a high-dose car-
cincgenic si*uvation. A skin area of 24 cn? was exposed

iation with various depths of maximum penatra-

£

Lo electron ra

tion. <he dcse response curves are reproduced in Ficurs 1.
In 211 zasa2s zhe response at sufficiently high doses (1C00-

3009 rexm) was large, ~1-5 turmors per rat by 80 weeks post

’

o
%

"0
0
[7]]
[
"
o
i3]

t was noted by Albert that when the dose was

normalizaed ¢ a2 skin depth of 0.27 milimeters, the threse

r2szons2 curves decame continuous {(See Figure 2). Since this

>, D.P., UCRL-50387 Addendum, Oo. cit.

Z., F.J. Burns, and R.D. Heimbach, "The
tration depth of electron radiation on skin
== in the rat," Padiation R2s. 30, 1967, op. 515-524

., F.J. Burns, and R.D. Heimbach, "Skin cdamage
ion from grid and sisve onatterns of elect:on
-ion in the rat," Radiation Res. 30, 1967, pp. 525--

35/ Als2rz, X.Z., F.J. Burns, and R.D. Heimbach, "The
Isscciation Detween chronic radiation damage of thz2 hair
fnllicles ind =wumor formation in the rat,” Radiation Zes. 30,
1357, oo, 130G-3393.



depth is near the base of the hair follicle which comprises
the deepest reservoir of epithelial cells of the qerminalv
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 (1/2000-1/4300) with the nurker of atropnhied hair

(B 1)

O
4oe
V—
b

icles. Thus the carcinogenesis in this experiment
w25 ramarkably correlated with the dose to and specific

of a particular skin structure. When exposures ware

mz3e with stripe and sieve patterns of rcughly 1 mm scale,
ometrical effects were cobserved: most notadbly the cancer

induction in the sieve geometry was supopress=d at dosas of

—
~)
(&)
o
It
W
o,
o
[ =4
[
o’

at doses of 2300 rad. The reduction, however,

cr

]

w23 acain censistent with the reduction in damage as characterized

z- atrophied hair Iollicles.

To summarize this important experimenc, a high incidence
0f cz2ncer was cbs=2rvad after intense local Zosas of radiation,

arcinogenesis was proportional to the damage or

W
3!
1%
(r
W
1]
0

2:.zoriaring of 3 gritical architectural urit of the tissue,
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Oo. cit., Tz. 513-524, Figures S and 7; reproduced in

Ceesarnar., TCPL-50387 Addendum, Op. c¢it., p. 2.
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Others have observed carcinomas and sarcomas in rats

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

tion37 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 sarcomas/100 cm? in rats37.

A few results for rabbits, sheep, and swine were

cotained at Hanfcrd3s-4l. Despite the small number of animals .

H.R., "The dose-survival relationship for
2sithelial cells of mouse skin," Brit. J.
7, oo. 187-194.

Z.Yv., "Tumours of the skin of mice and oth
ects cf axternal beta irradiation of micea using
né 2," 3z-i«. J. Canc=r 16, 19562, pp. 72-86.

Glucksmann, "Production of cancers in

ication of Beta-rays and of chemical’

o in Radicbiologv, J.S. Mitchell,

- C.L. Smith, eds., Proceedings of the Fourth

varnzzional Conierence on Radiobiology held in Cambricdge
35

"Ly

a -

Yo m o
t1y 1

’
3. Edinburgh, Oliver and Boyd, 19538, pp. 476-479.

L.X. Bustad, "“Gross effects of beta rays
, o Atomic Products Operation, Biology
nnual 2esport for 1956, HW-47500, 1957, pp. 135-141.

Pers hlnq S. Marks, and L.K.

Atonic P:oduct Operation, Biolozv
t for 1959, HW-63500, 1960, po. 63-63.

wW.J. Clarka and L.K. Bustad, "Late efiects
a," Battelle-Northwest Laboratory Annual
the Biological Sciences, BMWL-280, 15338,pp. 13-14

*.7., E.p4 Howard and J.L. Palotay, Ba ttella
:==rv Annual feport for 1967 to the USAEC Divis
icine, Vol. I, Blological Scionces, BNWL-T14,
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involved, surface doses of 16,000 rad from a p32 plaque
induéed an average of 1 cancer/animal whicﬁ is indicative
that larcer ~mammals are similarly susceptible to skin cancer
aiter intense radiation insult. Again, these gross obser-
vations demonstrate that enhanced tumor incidence does occur
after very hica doses.

Intensz localized radiatioq of the subcutaneous and
intraperitcnesal tissue of animals by Pu-239 has also been
shown to cause a high freguency of cancer inductioﬁ43‘45.

Now what are these exvperiments trying to tell us?

Caertainlv a rsasonable interpretation of these experimental

s: whan a critical architectural unit of a tissue

-

results

(e.2., a hair Zollicle) is irradiatasd at a sufficiently high

(35

Zosage, the chance of it becoming cancerous is approximately

’
.

103 £o 107%. This has becomz known as the "Geesaman

hvgothesis.”

3 2223zs< Human Exoerience
- Since =iz 2bove experiments relate to cancer induction
in =ninmals, it Is pertinent to ask whether man is more or less

and T.A. Jackson, "Induction of Mesotheliomas
= 'Hot Spots' of Pulz Actiwity," Health Phvsics,
June 1972, nn. 755-759.

., 2t al, "Carcinoaenic Properties of
n Produzts and of Plutonium,” Radinlngv,
ot. 1947, gn. 361-363.
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sensitive to such intense localized radiation. C. C.
Lushbaugh feoorted on a lesion that developed as the result
ci residual Pu-239 from a puncture wounddG. The particle
contained 0.08 ug (0.005 uCi) of Pu-239, Commenting on

the histological exanination of the lesion, the authors
st-ate, "The autoradiographs showed precise confinement of

alrha-tracks to the area of maximum damage and their

eczithelial changes <rrical of ionizing radiation exposuras were
cra2sent. The cause and effect relationship of these findings,
t~2reiore, seened cdvious. Although the lesion was minute,

2z changes in it were severe. Their similarity to known

Trzcancerous esnidarmal cytologic changes, of course, raised

}e
rt

~lzimnate fate of such a lesion shouléd
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wilthout surgical intervention... In

zn 9.1 ug of Pu-239 producad precancersus

. The Zose to the surrounding tissce
wzs very intense, There is every reason to believe that a
smaller guantity oI P2-239 would have produced similar chances.

nis pracancerous la2sion indicates that a single Pu-239
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ficant (critical) volume oI tissus

ari is capable of inducing cancer. The Lushbaugh study was

Lusnpbaugi, C.C. and J. Langham, Oo. cit., pp. 461-454.

vy
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published in 1962, At that time the total number of puncture
wounds in r - was less than 1,00047. The treatment of such
wounds was -<..:zision so that the total number of wounds dis-
playing res:i . ual contamination by plutonium particles was
certainly 12:5 than 1,000. Therefore, this wound data would
suggest tha: insoluble plutonium particles could offer a risk

of cancer iniuction in man that is even qgreater than 1/1000

per particl:. In other words, when a critical unit of tissue
is irradiat:z:, man mav be more susceptible to cancer than the

Albert daxz

w

analyzéd by Geesaman would sucgest.

A s2z -3 case of plutenium particle induced cancar is
that of Mr. Zdward Gleason. He was not asscciated with
the nucla2zr adustry but was a Zreight handler who unloaded,

rotated and -zloaded a crate that was contaminated by the

leaking car.:v of Pu-239 solution which it contained. He

supseguenzl - ieveloped'an infiltrating soit tissue sarcoma

on the l2I: -2lm which eventually resulted in his deati.
Althcugzn =i case is not as clzar cut as the case of the
plutoéiu: - ier, there is an overwhelming medical propability
that 2is cuo . 2r was induczed by olﬁtoniuu. Mr. Gleason's

unfortunazz -ontact witih Pu-239 lead to a lawsuit,

i

47/ Vanger.  k, J.W., "Pluvonium in Puncture Younds," HW-66172,
Hanford L.. -atories Operation, July 25, 1969.
\



Edward Gleason, et al v. NUMEC. This suit was eventually

settled out-of-eourt. A discussion of the évidence in this
casc by one of the authors is presented in the Appendix B
of this revort. N 2 |
These two cases, drawn from the relatively small number
of individuals so contaminated, strongly suggest that Pu-239
varticles oZfer a unigue carcinogeanic risg. They indicate
that a single particle is capable of delivering an intense
radiation dose to a critical volume of tissue and that this
disruptivelv irrﬁdiated tissue, like an atrophied nair follicle,
has a high prodability (maybe as hich as 1/1000) of becoming

cancerous, .

C. Related Lung Exveriments

The sxin experiments with animals are remarkzble in that
a highly disructive dose of radiation to a small portion of
repairable zazmalian tissue produczd fregquent carcinogenesis.
The chance of oroducing one cancer per animal is essentially
unity. It is reasonable to expect that a comparabdle

developmernt could occur in lung tissue.,  Wnile a number of

radioactive substances have been usad to induce lung cancers

.

N

$o
i

in mice and rats”, it is &ifficult to derive any character

“ion oI cercinccenesis from these :xperiments.

8/ Cemder, H,, "Radiogenic lung =ancer," Procress in
iparimental Tumor Ressarch, T, ivrosurger, 23, New York,
Hafner Puslishiaz Company, Inc., “Vol. 4, 1954, sSp. 251-303.
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The work of-Laskin, et al, though not specifically
inwolwving deep respiratory tissue, does demonstrate a source
. = . . 49 <
lty-response curve for lung tissue ", A Ru-106

ted in the bronchi of rats, and

cylindrical source was impla
ancars were observed to arise from the bronchial epitheliun.

a

rasponse curve indicates a substantial resvonse (7 percent)

he

3

s of mazsnitude

s2r

even at 0.008 uCi burden, and a slow, aporoximately logarithnic

increase of tumor incidence over three or

apsroximataly two-=

(0.3 u dianeter) wiiha saveral

e g v a e,



a burden range of 0.5 uCi to 50 uCi the observed tumor incidence

fluctuated betwez2n 0.04 and 0. 351
All of these lung experiments involYed intense exposures

and a significant level of carcinogenesis. Severe damage

and disruption of tissue were associated with the exposures.
The most relevant lung exveriment is Bair's Pu23902

.. . . 32—
inhalation study with beagles>27%4,

Exp05u_e was to
particulates of 0.25 u or 0.5 u median diamet2r; burdens were
in the uCi rance. Twenty oI the 21 dogs that survived more
than 1500 davs post exposure had luﬂé cancar., Many of these

cancars were nmualticentric in oricin. The cancers again

acoeared in ccnjunciion with ssvere lung indory

L3
i
]
<
n
r
3
O
1
t
o8
[

nat:ural incifenc2 oI the disease is small, i+ z2ppears *hat
at this lewvel oI sxoosure the induction oI l:ng cancer is a

certainty tBurinc “h= normal beagle life span At the same

1/ Cember, H., Cz. cit.

52’ 3air, W.J., 5.T. Park, ard W.J. Clarke, "Long-term
inhaled zlutonium in dsgs," Battells Memorial Institate
d) , TWL-TR-33-214, 1955 (AD-631 o6273:.

52/ ®vark, J.7., ¥.J. Clarke and W.J. Bair, "Chroni

o innaled 2399:33 in beagles,” Battelle-NcrIhw

Annu2l Report Zoxr 1357 to tha USAZC Divisizn

HMedicing, Vol, I, 3iological Sciances, 3NWl-T714

pp. 3.3-3.4.

51 DPark, J.T., =2t al, "Proaress in Beagle Dog Studies wi
Transuranium Elar2ncs at Battalla-Northawes<," Health Phvsi .
ved. 22, Mo, 6, Zuna 1372, pp. 303-810.



tirme, since the pathological response is saturated in this
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< is inaoorocriate to draw any inference about
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zI the resocnse at smaller burcens. The smallest
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ourden {at d22:3) in a dog showing lung cancer was 0.2 uCi.
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orrescond to a particle burden of

Burdens which are smaller by orders of

I incidence of cancer.

iniead, the czancar risk nay, as for skin and soifi tissues,
sorreszoni T oz risk gper parzicie in the nmeighborhood cof
1715290 2o 1AL ,320.
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lantly small particle
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Laskin, et al, indicate a significant carcinocenic response
in the lung at 1400 rem, sucgesting a comparable sensitivity

of lung tissuess. Geesaman irndicates that the tissue repair
time in the 1ung is of the order of one year57. It therefore
seems approgriate, but not necessarily conservative, to accept
as guidance that this enhanced cancer risk occurs when particles

irradiate the surrcurnding lung tissue at a dose rate of 1000

ren/yr or more.

Particle Particle Diaxszer (1)
qf:?él;lt 23959, 2383un,

3/4 max {138 alveoli) 0.14 0.8 0.12

1/2 max inZlzz2Z ( 63 alveoli} 0.07 0.5 0.0%

Ciosest 20 al—acli 0.02 0.4 0.06

£ Laskin, e 2L, °3. Cit.

57/ Geesanan, Den:=ll 2., rc2.-59387, Co. ciz., D. 11.

33/ 1bid

3%/ 3ased upon scacific activity given by Laninam, W.H.,

Dz, zis., z. 7. \

i




As szen from Table IV, using Gees§man‘s lung medel, a
particle with an alpha activity between 0.02 pCi and 0.4 pCi
is recuirai to give a dose of iOOO ren/yr to irradiated lung
tissue. For purposes of establishing a maximum permissible
lung particle burden we will use 0.07 pCi £from long halfi-
lived (great2r than one year) isotopes as the limiting
aloha activity to qualiiy as a hot particle. Thus, throughout
the remainder of this rezort, hot particle will imply a particle

with at lezs: this limiting alpha activitv which is insoluble

AL Ziipesures at Rsciav Tlats
The AXIZ nhas a plutonium facility associated with its

at Rocky Flats, Cclorado. Tais

facilicy is cgeratad undar zontract to the AZC by the Dow
Casznical CTorzany. The emploveas, the environment and undoubtedl.

the surrcuniing vovulation have been ccntaminated with plutoniuz
60-52

Tarticlas z: =z result of the soperation of #his plant.

Dartinsnt nere to examinz the inlormation

ard 4.3, Yirzanev, Oo. cit.
Yp. Tz

" Ha len
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available on the exposurc of employees of the Rocky Flats
facility and to relate this to the hot particle problemn.

J. R. Mann and R. A. Kircchner discuss the exposures that
resulted from a plutonium £fire at Rocky Flats on 15 October
1965.63 Some 400 emplovees were working in the room at the
time the Iire occurred. These employees weie subseguently

olaceé in a whole body counter to determine their lung burdens

of Pu-239. ©dowever, Mann and Kirchner reporzei only on those

25 emzloyvees who were exrcosa2d above the MPL3 of 0.016 uCi.

sy Mann and XKirchnsr, we have also estimated in Table V

represents.

iif Mann, J.2. and




Number of

Cases

1

TABLE V

Pocky Tlats

Total Lung
Burden (uCi)

Exposure*

Hot Particles
Lung Burden (uCi)

Number of
Ho* Particles

0.033
0.019
0.013
0.008

0.003

137,000
79,000
54,000
33,000

12,500

ted the lun ns as
onverted to colu
r the grouzs and 19 ses,
= o) I the regpor: .} The not
oarticl olu three was esti b multioslyin
“he %otal 0.17, © . fraction o activity on
zarticles v, 2n 70, the fracticn oI initizal
d2vositad nvolvad in long tarm ratsn<ticn in
tne lunz. size Zata resorzad by Mann and
Hirchrner, race hot pa:%i:le activisv is
asout J.24 of hot particles in the last column
wars2 obta hot particle bdurdens in column
thre2 bv icle activity {2.24 pCi).
%llowin: 2 rizk 0f cancer ecual to 1/299% per hot

that

n Tatla Y ostand
-~ Tne Dvoozbil
£ - i3 sizniii

tie individuals

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

luhg 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

ordar 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 indiwviduals has develepad

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

and there is good reason to suggest that the latent period

{the

rt

ine between esuposure and the develconment o cancer)

is much longer than this. In the beagle dog expariments,

[o])

che lowest lung durdan was associated with a lazent perio

b
fu

of 11 vears. The tent period may be longer in nan and
particularly at thess lower dosages andé the snall number oI
cases involved. ThersZore, while these exposed individuals
will be expected to supply pertinent data relative to this
not particle cancer risk over the next 10 to 20 vears,

these exposures give us no information at this time that wouléd

warrant modifyinz tha risk per particle or the critical

Darticla activitr.
54/ 2ark, J.F., 2t al, Health Phvsics, Op. cit. p. 805.

65/ Richmond, Chz2t, 0. cit., o. 320.

\
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B. Manhattan Project Workers

Another study of human respiratory exvosure to plutcaium

-

(1]

lates to 25 youns men exgosed to plutonium during the

X 66 . . .
Manhattan Project. The latest examination of this groun’

found then to be free of lung cancer although the report.

states, "The bronchial cells of several subjects showed

moderate to marked metaplastic changes, but the significznce

of these chances is not clsar."” Such wetaplastic chances ars

a possible indicator for detecting incizient or actual lung

cancer. In one casa the reoort indicazas that the subject

tributed to the changss. Naveritheless, these findings
s2zgest tha2t lung cancer mav becorme manilest in some of
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Positive counts were obtained for 14 of 21 persons
reasured, These counts suggested chest burdens ranging
from 3 to adbout 10 nCi. However, in no case did the
estinated chast burden exceed the MDA at the 95% con-
Zidence 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
coniidence) to have statistically significant chest
burdens of Zrom 7 to 10 nCi.68

Since the plutonium is still in the lung cavity, 27 vears

sost-exrzcsure, it is correct to assume that it was initially

. . . - ; 69 :
in trne insolubla Zorm and hence pertinent here. At the time
oI this mesasurament, however, most of the material would be

exgected tc be in th2 lymph nodes. Nevarthelass, wa could

#stimata tha inizial particle burden in these stubjects Zron

2% cgontaminaticn. This particle size data is unavailable.
The nature oI the contaminating events suggast that the

parzicla size mizht have been somewhat largsr “han those thnat

ragult Srom oluiznium fires where most of the respirable

zctiviiy resiles on particles in the size rance of 0.1 u to

2.5 u in diametar. Much oI the coantaminaticn oI the

Comoounés of
ss, Lew York, 1372, p. 7.
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Manhattan workers resulted from aspiration of droplets of
ticuid sol:uzions of plutonium into the air wherein much larger

article

g4}
7]

izes would result. At the same time, the activity
of the plutonium in the particle would be considerably less
than that Zor a particle of Pulp. For example, it is stated
t2zat 14 of tne 25 subjects with measuradle body burdens of
olutcnium wocrked in the recoveryvoperation and that this
occurrad when working with scluti&né containing 1-40 g/liter
cnrl mitrata to which Hy0,; was being added with
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surrounding tissue (roughly 10 rem/yr). .

s

C Weazens Test Fallout

Another scurce of human contamination that is suggested
as being pertinent to this oroblem is the plutonium in the
fallout from nuclear weapon tests. The plutoniunm from

weapon t2sts is incorsorated in or devosited on particles

b

that contz2in other materials and, like that for the Manhattzan

iec activityv in these particies is nuch

smaller than <That in hot particles.

between 171220 and 1/10,000. 2Prudent public health practices

with environmental plu-

on the bzasis of

[
"

e avme
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man was performed by the NAS-MRC Advisory Committee on the

Biological EfZfects of Radiation. Their report, published in
7

1972, is r=farred to as the BIIR Report. 3

A. Occuzational Exposure

The existing occupational exposure standard for uniform

whole body irradiation is 5 rem/yr ané Zor the lung, 15 rem/yr.

+he BEIR Rasor: estimates that exposure of the whole body

oI an indiviiuzl to 5 rem/vr would lead Lo a cancer risk

; .. -3 74 . ) .

oatween 4.5+10 and 2,3x10 “/yr. Their best estimate is
2

estimat2 of the risk cI cancer to the

AN . £ s - . -3
Irdividual Zr¥om o2 lung exposura of the 1S ram/yr is 3x10 “/yr.

Allowing & z.sk of cancer ingduction befwesn 1/1000 and
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727 Ibid, =. Zi.
T3 Ibid, z. L.
T=:iZ, . L36.
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TABLE V
Occupational Exrosure Guidance for Insoluble Alpha Emitters,
Maximum Permissible Lung Parcicle Burden (M?LPB)77

Cancer risk due to 5 rem/vr Assumed Risk in Particle
wnole ooc., excosure /8

1/1000 1/2000 1/10,000

4.5x1071 0.45 0.9 4.5
1073 (best esti:aﬁe) 1. 2. 10.

2.3x10"3 2.3 4.6 23.

largest MPLEB in Table V, 23

articles, regpressnc a

M}

the cest estimate oI

uniform exposurs by the 3EIR2 Committes bz used

-

inducticn of 1/2300 per not
insoiuble alztha-

ignuclides in hot particles. This is a scmewhat

the mos:t ccnservative valua

~

Ta2s, the recommendad MPLP3

for 2ccupaziosnal 2xzosure from hot particles of alpna-

.

to 15 ram/yr
0.03, 0.06
1/2300 and

TN el
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emitting radionuclides in the decp rcsgiratory zone 1s 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 :o
a value of 3.35x10716 uci/ml unless it is determined that

the plutonium is not in hot particles.

B. Exoosure of the Ganeral Public

As indicated in Table II, the MPL3 Zor non-octupationzl

exposure ![members of the pudblic) is tenfold less than that
Zor occuzaticznal anuesure.  Such an exsosure limit Zor a hot
sarticle would be 2.2 particles. Exposure at this level

disproscrzionate Zraction of the risk. 1In fact, sincsz an

ommenda<ions and adronitions
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average and maximum doses. The Federal Radiation
Council suggyests the use of the arbitrary assumption
that the majority of individuals do not vary from the
average kv a factor greater than three. Thus, we
recommenc tne use of 0.17 ram for yearly whole-hbody
exposure <:I average podulation groues. (It is noted
that this c¢uide is also in essential agreement with
current racomnmendations of the NCRP and -the ICRP.)

It is critical that this guide be apolied 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 ccnca2rning the distribution of %he dose within
the population included in the average. e

Strict adharence to these guidelines implies that

the ambient air standard should be zero particles.so

While a varie<: ©of suggestions could be proososad, we recommend

a slight deviazicn from these guidelines and the acceptzance
of <he disproccrziornate risk implicit in the 0.2 particls

starndard. This 13 a workabla sclution since best estixates

¢ lung burdans zan be fractional guantitiss. Thus, we

raccmmend thas T-:= MPLP3 for membars of tha public ke 0.2
hot vparticles, znZ the average lung burden for members of thz

publiic be 0.07 =ot particles, a factor of 3 less than the

~a 1/10,002 risk per
would have ka2n on2

noT 2xist.




The MPLPB=0.2 particles implies that the existing MPCa
for non-occupational exres:ire to Pu-239 should als; bé reduced
by a factor of 115,000 to a value of 9x10718 uCi/ml unless it
is determined that the plutcnium is not in hot particles.

C. Exoosure from Accidental Peleasss

There are no direct s=zatements by standard-setting organi-

zations regarding an "acceztable" exposure associated with

release of raiioactivity In an acciden<. For purposes of

evaluatins 2si2blishing site

alvsis reports, howevar,

the AZC * Th2 rsactor sits
boundarv arzz) must meet the Ioliowin

(L} An e o i tha<t an
indiv al o o ts boundary
for tuo hours v foll onset oI ths
pelel- 24 Zission zrziuct release weould not
raec 2 tctal readi ose 2 2
in 55 =7 23 remi o
in s oI 330 ~r
exoc .

31/ S.D. Swisher,
Chap 2l, "Calcu-
la:; nium froa an
LNE3 chapter was
i2le AET-2ivisicn
»
n :

= O O
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2The whole body dos2 of 25 rem referred to
above corresvonds 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 N8S Handbook
69 dated Jure 5, 1959). However, neither its use
nor that oI the 300 rem value for thyroid exposure
as set forth in thess site criteria guides are
intended to imply that these numbers constitute
'accnsyanla limits for emergency doses to the public
under accifant conditions. PRather, this 25 rem
wnole bodv a2l »zid ralue
an .

o}
s reference
u

reactor sic “s with re

Fish, et 2!, made the following comments regarding the

anplicabilicy o thess criteriz to the casz of plutornium
release. Thes2 comments are also zpplicablzs fo hot particle
case.

<

)

First, the wording 2I sections 102.11(ea) (1)
clearly 1izmits *nz a2sslication to the irradiaticn of
the whoi2 dody and the :hvroid; no otha2r crgan or tissue
is menticned or implied. Turthermore, only Zission
oreducts in canaral and lodine in particular are
idantifi2d as refersnce substances. Tinallv, footnote (2)
stites unecui-rocally = the guides arz not to be
considered 35 accaptaln ‘mits Zor em=rzancy doses
to Zhe public under accidant conéitinns.32
Withcus adurissing whatlizr the guilelina wvalues,
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be considered as acceptable limits, or
accidents that are currently evaluated

"

are "of exceedinzly low probability of

whether desién basis

under these criteria

occurrence," we

recommenc that 19 CFR 100.11(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 cn its boundary
for two hours immediately following onset of the

ssion ctroduct or othar radionuclide

)
culd not receive a total
ol2 bocv in excess oI 25

el b3
radiazicn dose in excass of 300 rem? to the
tavroil Irem lodine exposure, or receive a luncg
vartizla furien in 2xcess of 19 not carticles.d

Wotow
a0 mo s

'y n

&2.sc ra2comrmend that similar critaria be established

limi<ins not wariicle releases for nuclsar facilities not

now co2ver=Z under 10 CFR 190.

-

R P S L

2s Zepositz2d on land surfaces can be

cZ means, including

ile .raffic, huran or nimal movements, Folleowing
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an accident wherein surfacgs are contaminated with hot
particles, it is necessary to have a standafd to apply to
dacontamination measures.

The number of particles that can be resuspended from
surfaces has been the subject of a number o experiments.
These experiments have usually resulted in the datermination

of a resuspension factor (RF). The RF is deiined by:

concentraticn in air (uCi/=3)
: - . bl
concentration on surface (=Ci/m<)

RF (m~ %) =

R. L. Kathran has revi
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values. He indicates that, "rgported ([RT! valuss for plutoniun
and its compounds range over 1! orders of magnitude." This
) ;

11 orders corresconds to values between 107- to 10°11 -1,

Kathran indicates that, "an RF oZ 10-4 m'l, although
L . .84 . .. .
consarvativa is appropriate. * Langhan indicates that a

member of the Danish sciantific <zam used an 27=10"3 =-1

L., "Towards inuarim accectad
=

23/ Langham, Wrizat H., Op. zit., o. 3. Tha Thule Delibera-
tions refer to the delibaraticns Zollowing the accidental
crash of a 5-52 bowber carrvins nuclear w2apons near Thuls
Alr Forca Base in Greenland. The high explcsives in the
weazons detonated and dispgrsad the plutoniun.
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the value selected by Kathren be used when.the RF is unXnown
to detefmine the ambient ground contamination standard.
Applying an RF=10-4 m~! to the ambient MPC, standard
recommended in the previous section, we obtain a maximum per-
missible surface contamination (MPSC) level for hot pa:ticle§
of 9x10-8 uCi/nz.B6 This is roughly 1 hot particle/m2.

In areas where an RF greater or less than 1074 n~1 could

bz shown to apoly, the MPSC couid be altered aporopriately.

E, As Low as Practicablz Hearincs

It is to bz understcod that the abova reccmmendaitions

S
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o not reprasent endorsement on our part of the ri

t

innerant

(0
b

e
1=
e

n th2 existing radiation protecticn guidelines
upon which thase'recommendations are bpased.
the admonition that the expcsures should be kept as far
oelgw these guidelines as is pfacticablg.
Zurther reccmmend that these guidelines be incorporated

into the existin
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approoriate azency or agenciles convens ha2arings tec defaxzmine

23/ This valu2 is derived as Zollows: The recommendad M?Cp
Zsr not particzles is 9:19-13 uli/ml which corressenis to
3:19-12 uCismd.  The maxisum ground concamination lzvel, using
2F=10"4 m7Y, is 9x10712/10-% = 0xi0-? uTi/xl,

por qremeet

.
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VIII Summarvy of Recommendations .
The following recommendations .apply to alvha-emitting
hot particles whare a hot particle is defined as a particle
that contains suificient activity to deliver at least 1000
rem/yr to the surrounding lung tissue. For isotopes having
halfi-lives greater than one year, this would correspond to
. - : . - 87
varticles contairing at least 0.07 pCi of alpha activity.
t is recommended that:
1. TFor occupational exposure
MPL?3 = 2 hot particles
MPCa Zor Pu-239 = 3.3x10-16 uci/=1%%
--2. TFor non-occupational exposure
MPLP3 = 9.2 hot particles
MPCa Zor Pu-239 = 9x20-18 uci/m18?
87/ Thes2 particulates would consist of compcunds of Pu and
the other actniias which Zall into Class Y matsrial in the ICRP
Task CGroup Lung Modeal. These materials wouil be retained Ior
weaars in tha 1 ole, ICPP Publication 19, 0. cit.,
9. 6. Since only particles in the size ranc2 of 53 u and dbalow in
diamezer would be deposited in the deep respiritory tissue, this
n ellIz2ckt s213 an upper limit £or the particls size of interestc
nEre,  I£ 4he nz2li-liZe is less than or closa to 1 year the lizi:t
2I 0.907 oCi can be adjusted uowzrd through.azpropriate calculations.
azoliss for particlss conzzining 0.07 oCi of
articles containing more than 0.07 oCi the
a inzreased zroperzicnatelwy. For particles
zoataining l2s5s5 than 0.07 oCi the existingz :'.?C31=4:410"l-L sCi/=}
w3uld apolv., The MPCy for hot pa:-ticlaes ol otner isotop=2s
and mixturaes 27 isotopes should he establishad on a similarz
barsis with considaration given to the nhali-life of the isotope.
, ! \
33/ Ibid

L e g
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MPLPB (2 hours exposure) =
4. For unrestricted areas

MPSC = 1 hot particle/m2 90

practicable requlations.

aluz is meant for guidance wish
docontamination of an unrestricted area th
taninated with nhot particles. 1In areas
less thaa 1077 a~l could b2 shown to aoole
alumerad agorosriately.,

= 10 hot particles

Al N A,
.

For accidental releases exposure (10 CFR 100.11(a) (1))

Hearings should be convened to determine as low as

T A S Ty | Y @ VR TI

aca AR



AN

APPENDIX A : .
Padiatien 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 Pro*tection (ICRP).
It was established in 1928 under the ausvices of the Second
International Congress of Radiology. During the early
period and until 1950, the ICRP was concerned primarily wita
recomrendations designed to provide protecticn to membders
of the medical profession in their diagnostic and thera-

peetic use of X-ravs and gamma radiation Zrscm radiunm.
However, since the advent cf atomic energy, 2nd radiation
‘uses on a le, it has extenZed i:s Zorts to include
studies of 1 protection metters co ng the whola
gamut of radi olications. It works cecher with its
sister commi 2 Irnternational Cocmmission on Radiation
Units Meas CRU) , and relies on the ICRU for back-
ground Kknos adiation neasurements.

The XN and
Measuramen after the
ICRP, as a otection
committaes ir
scattered t meetings
of the IC s whose
recommenda

roe
15+
grar i
éffe:t fetolst
of aonzst 2
ciut to a 4
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In 1949, the maximum permissible dose for radiation
was lowered to 0.3 roentqgen per week. It was lowered again
in 1937 to 5 rem/yr as the permissible dose for radiation

.worrers. This standard is still in effect.

The AEC has also plaved a significant role in setting
radiation standards. However, the AEC's requlatory 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. Hefore the Federal Radiation Council
(FRC) was formed, the AEC, when setting radiation standards,
generally followed closely the recommendations of the XNCRP,
which in turn paralleled the ICRP recommendations.

In 1952, after the advent of the atomic age had aroused
oublic fears <ver [zllout from nuclear weavons, the U. S.

Jovernment, vacause of uncartainty of government iniliuence
over radiation protectio d t :
od by Con h
diati
ncl

ith respect to
with Zhe Presidaen
r had to

commendacions concerning

Cratactine

C., Mav 12,
\
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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 AEZC., The Oifice of Management and Budget (OM3)
in a recent letter to EPA and AEC clarified the delegation
of responsibility between these agencies for promulgatin
regulations to limit the radiocactivity that mav 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 receivad fronm all
sources, including EPA; that ZPA should dis-
continue its preparations for issuing, now
: future, any standards Zor tyces of
2nd that EPA should continue,

:rrent authority, to have res-
Zor settinz standards for the total
diztion in the g2nerzal environment
ilities combined in the uraniun
i.e., a2n ambient standard which
to reflsct REC's Zindings as o
2bilitv of emission controls.3
There are cthar agencies and groups whizh are concerned
with racdiation standards and in some cases have regulatorw
autherity. Thesa include, but are not limited to, the
Department ol Health, tducation ané Welfare, Department of
Labor, 3Burszau cf Mines, tha American MNational Standards
Instizute, 2nd state agencies. The radiaticn standards ol
rganizati ot at issue here. Tor the meost part
o 2, or where agolicadle, follow tha
2 AEC.

ator Train and Cihairman Ray
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PRIVACY ACT MATERIAL REMOVED

APPENDIX B

Statement Submitted to Attorneys for

\ Re: et al vs. NUMEC

by: Arthur R. Tamplin

The following is my analysis of the origin of
soft tissue sarcoma that ultimatelv resulted in his
death and of the Consultation Recort, submitted by Dr. Niel
wald, dated Jan. 29, 1973.

unioaded, rotated, and loaded a crate con-
taining a leaking carbov of olutonium-239 (Pu-239) solution.
Thais cculd not nave occured without contaminating the palmar
surZace of his left hand, wnich was bare. The cu=sstion is:
did this Pu-239 contanmination cause 2 develop a2
A .

sarcona? Since radlation induced cancers arz idancical with
those that occur spentaneously, 1t 1s necessars o consider
the relative chancas that the cancer was spontanzous or Pu-239

tad
for ~t =
the uccer extr i lass tha ol
syncwvial s5arconia is z rars form that O
nenc: n23 3 ZQOr DTYSInssSiia, Lis zurrse
les r
oer :
e

actuall-s

droo wouli Lz expected o <
rams of Fu-23%. One-onz2 suni

3
mall amounzt of iiguid}) would

" PRIVACY ACT MATERIAL REMOVED
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oroduce sarcomas in animals. There is little reason to doubt
that this snall amount of liquid (0.701 milliliter) or even more
found its way below the surface of palm. In this
event, his chance of develooing cancer would be one in twenty.
This is at least 50,000 times hizher than his chances of developi-
the cancer spontaneously. In other words, the evidence is over-
whelming in favor of the turor resulting from Pu-239 contaminatic

The above relative probability is based upon data- from
animals. It is quite possible that man is more sensitive than
animals to cancer induction bv P1-239. In fact, the biological
evidence strongly suggests that man is more sensitive. Exhibit 2
is a case raport of a nodule removed from a man. This nodule
contain2d only 2.08 vg of Pu-239. Commenting on the histological
exzamination of the lesion, %22 autihors states,”The autoradio-

t s to the area of
maximun damace and their gensiraticn into the basal arszas of
the evidarmis, where epithelial chances tvpical of ionizing

2 and efZ=ct relation-
ship of these findincs, theraiors, seemed obvious. Although ths

lasion wvas nminucte, the chanzas in it ware savara., Their
similarity to Xnown precancarous epidarmal cvtoleogic changes,

oI cours2, razised the cuestion o the ulzimase Zate oI such a
lesion shoulé it be allowad *o exist withcout surgizal inter-
vantion..." In this case, lass than 0.1 ug of Pu-239 produced
Tr2cancercus changes in human tissue. The dose to the surroundis
tissue was vervy inteansa. There is sverw reason to belisve

that e smallar guantity of Pu-233 would nave produced similar
changas.

When I ccnsider the a2Zova human and animal data togsther wit
the relative propability ¢Z 59,000, I can come to no other
conelusizn than that this sarccma was a Zirect rasuli of the
ccntamination of i2ft oalm by Pu-239.

Turninc now to Dr. Wald's Coasultation Rapori, it can be
sz2t2d tnz2z me 125 prassnied no evidence tc disprova the clain
a2t this sarzoma was caused by Pu-233 contamination. I shall

o or 's reonort in the order that it was written,

Accordins to tha Divisizn of Inspection Peport submitted
iy Anson M. Bastia=ts on April 11, 1363, Ddacaes 29-30, the
January 19 2xamination w#as conductad nst on ~__but on
Nis homi, slsthing and aussmebdile,  The singla urine and faces

PRIVACY ACT MATERIAL REMOVED
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samples collected subsequent to January 20 vave 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 intos the skin and
muscle of animals, the Pu-239 is slowly absorbed and appreciable
fractions, up to 70%, remain at the site of injectioca. More-
over, of the guantitv absorbed oniy a small fraction appears
in the urine or feces (sce vage 3, Exhibit 3 and Etxhibit 4).
In case we are concernad with only a vary small
volume of solution and hence we should not be surprisad if we
obtain nagative results in an individual urinz or Za2ces
sample. (See also Exhibit 5)

The physical examination performed by 3., Rov
on Januarv 23, 1953, has no relevancz. On2 would
overt signs of raiZiation injury at this earlv Zz2:
small guentity of .Pu~239 which is 2
here with the lon:z tara eZfects, no

[
-~
[

1970 a

January 1253 sannlss.
limit o0f 0.3 u Ci of
below 0.06 u Ci ang,

Thars 2ns for ssc:
findings Zissua re-cve
sinze the ort indiczaz2
or malignant is quit=z oo

unrelatad ] Recall neare
the small L zninit 2 shewad
precanaer Third, the sic
not necessari with the mass
froi tho o ciuction =%
slidzs. at the ncéul
1/12 ~¢ a iama2ter. =i
dave ioned soft tissue

tissue roemove atynical chan

\
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assumsing that the origin of the sarcoma was included in this
tissue mass.

The neqative resulits on the clavicle specimen are also
equivocal. The issuz here is a small quantity of Pu-239
that remained localized in the palmar area of the left hand.
This hone specimen indicates only that the amount of system-
ic2lly absorbed Pu-23% was toco small to be detected in this bone
sp2cimen. '

None of these clinical fZinZings are able to set aside the
strong possibility that sarcoma was a direct
result of the piutonium contaninz n. Thes most likely course
of events is thz2t a small quanzit £ the Pu-239 solution
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Absorbed Dose:

Curie:

Dose Equivalent:

- —— e

GLOSSARY

The absorbed dose of anv ionitzing radia-
tion is the energy imparted to matter

by ionizing radiation oper unit mass of
irradiated material at the place of
interest. The unit of absorbed dose is
the rad. One rad is 100 ergs/gram.

Atomic Energy Cormmission.

Abbreviation for curie.

The quantity of a radiocactive nuclide
disintegrating at the rats cf 3.7x1010
atoms par sacond.

Abbreviaiicn for Absorba< Dose.

Abbreviation for Doses Eguivalent.

Abbreviation Zor Dose Distribution Factor.
, ;

factor used in calculating
dose egulvalant which accounis Zor non-

uniform tribution of radiacion.
The produc: o absorbed cose D, guality
factor {(47), dose distribution factor (DT},
ané other necassary modilving factors (The
dose eguivalznt is numericzlily ecual to
the absorbed ol iltinlied by

ne approprl T The

)

Fedaral Paiization Council. Th2 FRC has
been abolisnhed, and its funczions taken over
bv ZPA.

Tir z2ctive substance to
1o of its activicy by radicactiva
da racdionuclidz2 =as a unigue hali-
1i




micron:
ml:
MPC,:

MPCw :

MPL3:

MPLD:

Pad:

International Commission on Radiological
Protcction. :

Abbreviation for meter.

One-millionth of a meter.

Milliliter = 0,001 liters.

Maximum permissible concentration {of a
radionuclide) in air The average con-
centration above background of a specific

radicnuclide to which an individual can
be exposed without exceeding the guidelines.

Maximum permissibls concentration (of a
radicnuclide) in water. (See definition
above.)

Nationz2l Council con Rziiation Protection

and Measursments.

Abbreviation for narocurie, which is one-
billionth -0f a curie, or 1079 curia.

Abbraviation for picocurie, whicid is one-

v Factor, which is
I 2 nurber oi con-
s ity factor is a

factc: usei in calculation of

oo
Q ct

a2
ng oiole‘ﬁal eZfects anong

in pro:u:i
various Zc , algha,
and N-radi
2 {D), which iz 120
: measure o ihe
v lonizing
irradiaced
tor .

ccounts Zfor diZiferences



Rem:

Roen

cr
[

[19]

n:

- Gl - ,

Unit of dosec cquivalent. When the
appropriate modifying factors are used to
calculate dose equivalent one rem is the
quantity of any tyoe of ionizinc radiation
which when absorbed in man produces an
effect equivalent to the absorbtion of

one rad of X- or gamma-radiation at the
place of interest.

The guantity of X- or gamma-radiation such
that the associated corpuscular emission
per 0.001293 grams of air produces, in

air ions carrying one electrostatic unit:
of electricity of either sign. For the
purposes hers, the roentszsn is roughly
equivalent to the rad.

Total radioactivity of a given material
(isotope, el=2m2nt, or cowseound) var gr
P s C

of the material -- curies/gram.

Abpreviation Zor micron, which is cne-
millionth oZ a meter

Abbreviaticn Io
one-millionth ©

Abbreviation for microgram, which i1s one-
millionth of a gram.

- e
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I. Introduction

This Report is written in support ofva petition by
the Natural Resources Defense Council (MRDC) to the Nuclear
Regulatory Comnission (IIRC) requesting a reduction in the
maxinun permissible occupational whole body radiation exposure.
The present standerds for occupational exposure are based on
still current reccrmendations.of the Wational Council on
Padiation Prctection znd Measureaents (NCRP) and the Inter-

national Comnission cn Radiological Protection (ICRP) acdopted

mation indicates that the biological eiffects are greater the
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recomnended.
‘'The latest data have bzen reviewed by a committse

of the ICR2P and by the BIZIR Comaittce of the U.S. National
1,2/ '

Acedemy of Sciencas (NAS). The BEIR Committes was prin-

cipally concerrned with the exposure of the general population

1/ ICR? 2udblication 14, Radiosensitivity and Snatial Digtr:
bution of Doz:, Rapozts Prepared by Two Task Crouds ol Connittee
1 of tne Intorrational Conmissien on Radiological Protecticn,
Yerganon Presz, Ouxiord, 1969,

surn o row

conund t e on
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and, in this rcegard, indicated that the existing exposure

3/
standard was unnzcessarily high. The ICR? Comnittee,
while declininy to make any recommendations, presented a
calculation to decmonstrate how the new data on the biological
effects of radiation could be used to lower the existing

4/

whole body expcsure standards by a factor of ten. The
reduction reguasted in this Report corresponds closely to
this factor of %en in the ICRP Committee analysis.

In January, 1971, while not recommending an overall

change, the UCR? recommended that the occupatlonal exrosure

of pregnant wecrman be limited to one tenth the present exposure
limit. The reduction reguzsted in this Razor:t weuld also

fulfill this NC2? racommendation.
In the following secticn of this Razort, we shall

riskx of somatic and ganetic injury

at the current maxinum fermissible exposure limit and compare

o+
o3
=
[
H
-
m‘-
P
=
o
oy
r

hose encountered in other occupations. This
analysts will serve to indicate that the exdosure limit is too

high. In Section III, we shall present our reguested nodifi-

1/ ICR2 - Puhlicaticon 14, on. cit., Anderndin IV.

tion rvotection o

5/ 1UCR? Rowmorit Yo.33, Basic Radiation Protoction Critoriz,
dational Council con Radi: Lrnsurenmenc,
Washington, D. C., 1971,
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cations of the exposure limits and an analysis of the reduced
risk associaked with these new limits. In the final section,
we shall indicate how these requested reductions relate

to the recommendation and suggestions of the ICRP?, NCRP, and

the NAS Committee on the Genetic Effects éf Atomic Radiation.

II. Radiation Inducad Risk at the Existing Occunational
VWhole Bodv Dose Limit i '

The latest and most comprehensive review of the
biological effects of radiation on man is tha2 NaS's 1972 BZIR
Report. The BZIR Committee reviewed boitn th2 somatic and
genetic risk associated with exgosure to low levels of ionizing
radiation., e shall discuss first the somatic and then the

cenetic effacts.

Table 1 summarizes ths 3EIR Report estimate of the excess
annual cancer and leukenie deaths par million psople assuning
whole vody expgsure to 5 rem/y=2er (:the current occugaticnal

6/

- standard) .,

6/ NAS~3ZIR Revort, on. cit., p.170.
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Table ) -

Calculation of the excess annual number of
cancer deaths for individuals cxposecd
from 20 to 65 years of age

ABSOLUTE RISK MODEL

Exposure Condiitions

Excess Deaths Due to:

il

RELATIVE RISK MOD

.

Excess Deaths Due to

All Other All Other
Leulemia Cancer Leukenia Cancer
10° peodls: 3 rem/vr. 81 (a) 300 181 (a) 601
(b) 336 (b) 745
(a) ~ 30 y=ar platesau
(b)) lifetims plateau
(Plztean region = interval following latest period
during which the risk remains estimated).
Source: 33-3ZIR R2eport, ©.170.
Teble 1 incorporate the assumpiion that
have an age and sex distribution identical:
wzals 20 years and older in the U.S. population

The

se figures do not represen

t a 20 yeer

o dual's chance of eventually dving of radiation induced
carcer{asauning exrosure at the 5 rem/year limit). This

chance cé:, nowerer, be calculated by using the overall
mor+tniise rzie fcr individuals over 20 years of age. This

deazn rats in 1972 was 1500 deaths ver 100,000 »nopulation.
tiza, 12 ewhis vate is divided intg the freaguency of cancer
Gorvhs sivon in o Lanle 1, the thance of a worler, cuposed at
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5 rem/ycaf from age 20, dying from radiatioa induced cancer
"is calculated to be from 1 in 16 to 1 in 40. We believe
this level of risk is excessive.

A means o illustrating the excessiveness of the
radiation risk to workers exposed at the maximum permissible
dose rate is to compare this risx with the fatality rate

associazted with other occupations. This comsarison is

given in Table 2.

Table 2

Fatality Rate by Occuvpation

Qacunation Yezrlyv FPatality, Pats
Racdiation 'orker - excosed
at the current maxinuz !
pernissible cossz rate &
from Table 1) .1 in 1009 tc 1 in 2600

United Statas (1973)b
A1) Industries B 1 in 6090
Mining and Quarrving 1 in 9090
England and Tlalas ©
All Occupaticons (males) 1 in 5000 to 1 in 10,000

& Due to cancer xniuced by occugzational whola body exposure
(at 5 ren/rz.) only.

b  Xational Safezy Council, Facis, 1974 editicn, 1974,

.23,

Doc




In making the above comparison, we believe that

the upper limit of the radiation induced risk should be used,
The BEIR Committee cautioned that its estimate may be too

2/
high or too low. One reason for sugycsting that it is
too low is that the linear hypothesis is used as a basis for
extrapolating from high dose-~high dose rate data to low
QOse—low rate situations. Recent evidence sugcests that
the linear hypbthesis may underestimate the effect of low
dose-low doszs rate irradiation. The latest inZormation has

been summarized by Dr. Karl 2. Morgan who concluled:

Fraguently in the literature it
is stated thz:i the linaar hypoihs

is a very conservative oasun:-'Oﬂ.
Durlrt‘J the past fewy years, rowever,
many studies have indicated that this
probably is not true in general and

that at low doses and ¢os= ratas

somatic damage 2er rad (and esgsecially
that from a-irradiation) probably is
usually greater than would be assumed

on the linear hypothesis.8/
Thus, there is little justification for relying cn
the lower estimate of the radiction induced risk and prudant
health practice would indicate that the upper limit should be

used. When *1is is done, inspection of Table 2 indicatas that

7/ 1bid., ».90.

%Z., Suggosted Poduction of Fermissible Exposure
Other Transuranium Elements, Journal of American
e, August, 1975,

g/ Morgan, Harl
to Plutoniun !
Indastrial

2
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the cstimated radiation czposure risk corrcsponds to that
associated.with mining and quarrying, a risk that is acknowl-
edged to be far too high. The rediation exposure risk excceds
the average occupational risk by six fSld. In this report,

we arc proposing a reduction in the risk of radiaticn induced

cancer at the maxinmun allowable whole body exposure by a

factor of 6 together with the regusst that the exposures be
keot as far below the preposed new limits as is practicable.

]

In making the abova comparison and propeosing this reduction,

w2 do not mean to imdly that all radiaticn workers are

expozad to the maxinmum lavel of the current stardarlds., e

only m=zen to in

inaprnrepriate guidaline against which to apply the as-louw-

U
—
(]
t
[
o
("

as-practical

we ntust be cornceoerncd, znd we se3 no reason

industry should subject its workers to an abova-average risk,

cecrtainly not wihzn that to that in the

nirning and guozroiag we bhellieve this

aporaaeh g oaunryororiatn



subject to narmal non-radioclogical occupational hazards,
and hence the average risk in the industry wi%l still be
above the average for all occupations even with the adoption
of our probo“ed changes. Thus, it would even be reasonable
to argue that the risk of radiation induced cancer should
Consequently, we see no justification

be further reduced.
particularly since the above cstimate of

<

for a higher ris:?
the cancer and leukemia risk does not include the additicnal

risX associated with radiation induced genetic damage.

enerscion to a population
to 7,500 per vear et equilibriu - In addition,
Report estimeted that this same exposure at eguilibrium
4 eventwrally lead to an increazse of between
ill health of the population.

The apcsroach for estimating the genetically

ignificant dos= (GSD) is to use that exposure accunulated

s
The existing exposure limit would allow a worxer

by age 30.
from aga 18 to accumulate a dose of

exrosod at 5 rony/vear
GO rem by age 30. iHence, basad on the REIR Report estinates
forace, on. cit., p.51.

JALS-BEIR

G/
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above, if one million workers wcrcﬂéxposcd from age 18

at the current 5 rem/year limit, bcﬁwcen 3,600 and 90,000
identifiecd secrious genetic discese and a significant
increase of ill-health would show up in the progeny 6f

these workers, assuning an averaye of 2 children per worker.
The inc:eésed incidance in ill-health would be eguivalent to
between 6% and 60% of the incidsnce in a vopulation of 1
rillion, e.g., the first genefation. This genetic risk can
be comparad with the somatic risk to the workars themselves.
Thus, an individual worksr excoszd at S5 rem/year from 18 to
65 vears of aze would incur an zadditional risk of fatal cancer

and an additional

.

The gansiic risk is different in that the eff2ct is

suffcred rot bs the workers but by their offzsring and by
fusurs generations. AS a consgyuence, onz can argue that the
conostic risk should be given more welcht becnuse it is not
assumald by ths o w -or but inveluntarily by their ofispring

qu. Nirceszholeoss, the biclegizal daua
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indicates that the risk of genctic domage is comparable to
the leukemia and cancer risk and, therefore, is also too high
regardless of any special weighting that it deserves.

Again, we strongly suggest that the upper limig
estimate of the genetic risk be used in this comparison.
The BEIR Committee suggested caution in the use of these

estimates and began its Discussion secition by stating:
A major concern of the Subcoanittee

is the possible existzsnce of a class
of radiation-incduced gensetic damage
that has been left out of the estimates.
By relying so hesavily on eixzerimental
data in the mouse w2 may have overlooked
inportant effects that are not readily
detected in mice, or the mouse nay not
be a proper lazboratory mcdel for the
study of man.10/

As if to reemphasirze this, the Committee corncluded this

’

We remind all wh

O may us2 our
estinates as basis Zor wolicy
decisions th hesz estimates

a
ac
are an attemdt
only kxnown tangible eif
4 th

radiation, and that there may well
be intangible effects in addition
whose cumulative impact mzy be

=
appreciable, althcocugh not novel.ll/
There is reason to suggest that the BEIR Committee

should have implied an even nore cautious aprroach to their




estimates.  In the experiments of Dr. William L. Russell at

the Oak Ridge Mational Laboratory, it was observed that the
induced mutation freguency at low dose rates was about_l/3

that obzerved at high cdose rates. The factor of 1/3 was used
by the EEIR Committece. However, Dr. Mary F. Lyon, et al., have

analyzed the Russ2ll data along with additional data from
12/
experirents at low dose rates. - Their analysis shows that

as the dose rate dross bza2low some 0.01 r./min., the incduced

s

rutation freguency begins to increase They conrclude:

®

In future estimates of thes geonetic
hazzards of envircrnmzntal radiation,
thereiore, it would b2 prudent to
increzse this last Zigure to =z value
abcve that seen i ice at 0.01 r./min.,
for which the maximum likelihood
estimate given by the data considered
here is 10 X 107°%.13/

Thus, once a

ication fer

relving on the lowar estimate and pruvdent health

practicss indicaz2 that the upper limit imate should ke

tandarcés.,

"

employed in establizning radiation nroiection

Zhe genetic risk (1/10) is comparable

Papworth and Rita J. 5. Phillips,

v, Vol.238, July 26, 1972,
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to the upper limit estimate of the somatic risk of 1/16, and
this gcnctic.risk, like the somatic risk, is excessive. When
somatic risk and genetic risk are combined {on an equal weight
basis), the combination suggests that the existing exposure
standard is at least 10 times too high. 1In this Report we are
proposing a factor of 10 reduction in the genetic risk ;nd a
factcr of 6 reduction in *he somatic risk with ﬁhe additional
requast as stated previously éhat the exposures be kept as far

below the provosed naw limits as is practicable.

III. Proonosed Action

The NRC rezulations governing permicss

-
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exoosure levels to radiation are embodied in the Code of Tederal
Pegulations at 20 CFR 25.101. At present these 10 CFR 23.121
regulations limit the whole body dose to 1-1/4 ram per cazlendar

guarter (5 rem/year), exceot a licensee mav permit an individual

"

to receive up to 3 rem/quarter whole body ¢éose as long as ths

dose to th2 whole bcdy when added to the accumulated cccupational

-

dose to the whole bedy, shall not excead 5 (N-18) rem where

.

"N" eguals the indivicual's age in vears.

The objective of the proposed action is to reducs the
genotic risk associated with radiation exposure at the current
occup;tiéngl ecunozura level by a factor of 10 and reduce the
scexmatic risk by a facror of 6. To mect tha objoctive relative

* : : : N i) M
to the econoetic rish, 1t is progosed that the current yegulations

bo amanled an rollzowa:
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l. For individuals under the age of M, where M
is not less than 45, the whole body radiation
exposure limit shall not exceed 0.5 rem in any
calendar year and 0.3 rem in any calendar quarter.

To meet the objective relative to the somatic riszkx, it

is prooosed, in addition to the abeove, that:

ot

2. For individuals egual to or greater than X
years of ags, a licenses mzy pernmit ap individual

to receivz uo to 3 rem/cuarter whole body dose

scmatic risk by a factor of 6 balow ths

cumulative somatic risk associated with
exzosure zt 5 rew/vear from age 18. It is

siod durinc
otoior Blan 1o
e rolacive il

TANVGR ko U




It is further reguested that:

3. The

IRC institute hearings to determine
the as-low-as-practicable extent to which
the excosure can be maintained below the

proposed new regulations.

The eZfect of these proposed changes will be to
reduce the cenetic risX from occupational radiation exposure
at the limiting value by a factor of 10 to-about 1 in 2100
and ;educe the risk associated with the induction of fatal

cancars to akhout the same level. Again, it should be

recognizad that the ordinary occupational risks and the

th other than whole body irradiation
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theless, the whole boly rediation risk is still quite large

and therefor=a, i: is essential to maintain the actual
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The ZEI2 Ceormnittee of the NAS revicwed the more
recant dzta on zhe bilological effects of radiation. They

‘were concerncd mainly with the. exposure of the general public.

Irn <hig reswnact tiie Comaittee concluded that the current
15/
Radiation Protoecilion Guide was unnoceasarily high, 4 conclusion

A

nu. ocit., pul
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which in our judgment should be cgually applicable to
occupational.exposurc standards.

\\\\\ A Comittee of the ICRP in 1969 reviewed the
same material that formed the basis for the BEIR.Repért and
indiéated that the somatic effects of radiaticn were 5 to 6
times worse fhan was estimated previously. The ICRP made
no recommendations relative to the exposure standards;

rather, it stated:

The choice bastwaen no e and

a partial anda tentative sion will
depend, So it s=za2ms to ot onlwy

on a scientific assessnant i evidenca,
but also on practical ferations,
such as the gan iad ity of
stability in €= or cns over

a period of vyears. Ti c2 batuz2n
practical considsrati incomplsate
scientific evidanca i ar Zox

idz the !

[ e
[Ce]
6]
b
]
n 3
o
Q
g}
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in Appendix IV, the Committce analysis indicated that,
wnen the somatic and genetic effects are combined, tﬁe whole
body exposure limit should be reduced by a factor of 10. Thus,

the chan¢es proposed here are in accord with this ICRP Committee

analysis.

Both the ICRP and NCR? have recommended that special

consideration should be given to pregnant and fertile females.

In fact, in Januarwv, 1971, the NCRP recomunended:

During the entire gestation period
rais

o
the mavimun pe

nissible dose equivalent
to the fetus Ifrom occupational e:iposure
of the expectant mother should not exczad

0.5 rem.17/

mn

The changes proposad in this Rerort would in effect acconoia

U

this reccrmendation of tinie NCRP.
,

The AEC, while acknowledging the creater seasitivity
of the fetus, did not amend the dose limiting sections of th2
Comnmission's regulations (10 CFR 20).. So far as pregnant or
fertile women are concernad, the AEC noted difficulties in
sex discrinination, right-to-work and righit-to-privacy ac

18/
reasons for not changing the limits. The change proposad
here, since it avplies to botli men and women below the agza
oi 45 eliminates these difficulties.

In further justification for not changing the dose
linits for pregrnant and fertile women, the AEC stated in its

17/ neRP dzport No.3%, on. cit., p.92.

I8,/ FoAdceal Roaartae w40, No.2, Friday, Janaary 3, 1

[Se)
~1
(93]
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Federal Reqister notice:

Reduction of the dose linmits for
all radiation workers in oxder to
avoid discrimination againz: women
does not appear vracticable. Such
a reduction in the dose linits would
cost the nuclcar industry large sums
of money in the application of design

and engineering changes and, in sone
cases, the emzloyment of ditional
wvorkers in order to accomzlish essential
work within thz reduced o
limits. The latt -

2 net increase in

Reduction of the
viould aggravat

radiation standards imslicit in Ih

money it would cost ths in

iy

sums o
changes prososed izre ¢do noi causse
to 0.5 ren/vear. Turtharmore, the

retained Zor ollar workers. Hence

should not place 2 large burden on the

exanple, the AEC shated in the

19/ 1vid., 5.799.



Data on roesults of personnel
monitoring reported to the
Commission pursuant to §20.407,

10 Crk part 20, for calendar ycar
1973, indicate that 67,862
individuals were monitored, 29,169
received measurable exposures
averaging 0.73 rem for thas year,
and 3,425 individuals (11.8 per-
cent of those receiving measurable
exposures) had estimated exposures
in excess of 2 rems.203/

.If M in the preoposed regulations were set at 55 years
and X at 3 rem/vear, the necessary reduction in cancer fatalities
wvould be achieved._ If the work force has tha same distribhution
as the population, then some 16% would be over 55 years old
and the above guoniztion indicates that only 12% are fresent;y

exposed akove 2 rem/year. If M were set at 45 and X at 1.5

I3

rem/year, the cancer

[ o

eduction would be achieved, and somz2 37%

of the work forcz cculd bes expected to be above 45. 1In this
latter case, by liniting the exposure of workers over 45 to

1

0.5 rem for 2 years, these same workers (12% of th= work force

[

in any one vear) could receive 3.5 rem in the third veacr. Moreover,
since there is gocd reason to believe that the present
excosures are not as low as poacticable, the industrvy sheould

not have great é¢ifIiculty in conforming to these proposed

reculations.

20/ fbid., 5.739.
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In conclusion, we note tﬁat our proposal for
limiting the exposure of younger workers while allowing a
nighzr exposure to older workers is not now. It is, in fact,
sinilar to a 1955 recomnendation of the NAS Committee on the
Genetic Effects of Atomic Radiation in the BEAR Report:

F) That every effort be made to
assign to tasks involving higher ra-
diation exposures individuals who, for
age or other recasons, are unlikely there-
after to have additional ofifspring. 2gain
it is recognizezd that such a procadure wil
introduce ccmrplications and difficulties,
but this committes is convinced that sociasty
should begin to modiZy 5 procedures to
meet inevitable new conditions.2l/

}-

.
e
di
i 3

¥

ie submit that this recommendation is even more

aporozriate today. Its justification on genetic grounds is

[ES

undinminished while, at the same tim2, the cancer inducing
potential of radiation is now recognized to be much greater
and the hizh radiosensitivity of the develcping embryo and
fetus is 2152 now recog;ized. In the vresence of an

exzznding ruaclzar industry, the time to imzlement this

recommandation has arrived.

1/ 13 BEAR Reworo, hational Acadeny of Scisnces, The 2iclocical
f Atonic Rzxdiation, Summary Reports, Report of tho
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Estisated numbers of deaths per year to te USS, population atteibutable to continual exposure st aeateof |
0.1 rem per year, based on mortality from leademia and fromall other maliznancies combined.

po—

Jreadiation ABSOLUTE Risi NoDEL® RELATIVE RISK MODEL"
puring Perlod Excess Deaihs Due to: Excess Deatns Due to:
Leukemia ail other Chncer Leukenia All other tancer N
in Utero 75 75 56 56
In LECCO
0-9 y=ats 164 (2) 73 93 (a) 715
(h 122 (b) 5,859
» |
10 + years 277 (a)1,052 589 (a) 1,665
(b)1,283 (b) 2,415
" lsubtotal 516 (2)1,210 738 (a) 2,438
(b)1,585 (b) 8,320
TCTAL (ay 1,725 = 0.2". incr. (a) 3,174 - 1.0% incr.
() 2,001 = ¢.%%. incr., (b) 9,078 - 2.9% incr.
2 The figures shown are base? o the following aszumptions:
(1) 1957 U.S. vital star ¢35 can be usad for aze specific Jeath
: rates from laukenia =il other cancer, and fer total U.S.
: population .
: (2) ~ (3 or b) f the latent period (the

.deaths cceur),

Values Iotr the Jurat!
lenzth of tize af iation bz2for aay excess of cancer

2
cisk ("plateau regiea™), and

magniiudz of & zse ia annual wortality fer each
group 2r2 as showna i- e 3-2.
.
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Preface

This report of the National Acadeny of Sci-
ences - National Research Council Advisory
Committee on the Biological Effeets of lanizing
Radiations (BEIR Committee) deals with the sci-
entific basis for the extablishiment of radiation
protection staudards awl encompasses a re-
view and re-evaluaiion of existing scientific
knowledge concerning radiation exposure of
human populations. The present basis of ralia-

- tign protection is exsentiaily the establizshment

of simuzle upper limits for individual and popu-
lation average exposures with the understand-
ing that any biotuxical risks shouid be offset by
commensurate bLenefits and thal these risks
should be kept as low as practicable. Tt has
become apparen: that thase current concepts
of radiation protection may rot he adequate in

a future azenila le use of ny rener-
s the po-

gy. Inudejuacy beculise th
tential for radiation exposure of entire vopuia-
tions and such exposure mayv be an alternative
to other tyvpes of hozards az. Jor cxample, the
subsiitution of radivactive cor inunts from
nuclear power siorthee i<tion prod-
ucts from fossil { plants. Thus there is a
isans of hiologl-
cal risks and beneits not oniv for radiation but
for the alternative gotions. Inthis raportit has
not been pussible for us to deal with eritient
interactine factars sueh az zocic-veononics,
eneryry needs, and comparative cifects of other

toxicological agrents: nor have we attempted to
explore in detail technolngical matters such as
sustained engineering performance of power
reactors, large-scale waste disposal, or the
problem of catastrophic accidents. Neverthe-
Jess, we have felt it urzent to call attention to
these issues because ultimately, decisions will
have to be made involving them, and public
acceptance gained on the basis of providing
socictyv with the services that it needs at a mini-
mumrisk to health and the environinent.

The BEIR Cowmmiitee has endeavored to en-
sure that no sources of relevant knowledge or
expertisc were overlonked in its study ard to-
ward this end has blished and maintained
iaizon with appropriate national and interna-
tional crganiza and has solicited the
opiniens and counse: of individual seieatists.
The Committee wishes to express appreciztion
to ihose who served on th
1o the many organization
have ceoperatad by pro g
infermation. The members o
and Subcommitizes acred as individuals, now 25
representatives of theirorgarizations.

Chapters IV through VII repr t the re-
vorts of the respective Subcomnitiess but nay
have been modified by the Committee. All mem-
bers of the Comnmittes 2pprove the substance
of the report if not necessarily each specific

deraii,

uions,
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ACTIDAVIT ' .
' _ PRIVACY ACT MATERIAL REMOVED

mnyST TERRITORY OF THE
PACIFIC ISLANDS

)

)

) Ss
MAMSHALL ISLANDS DISTRICT )
)

, being duly sworn, states: He is
‘a member of the Peoole of Bikinl and one of the named plaintiffs
in this action.
He was born on s at Bikini Atoll, Marshall
Islands, and resided at Bikini until the removal oé hisVPeople
Srom Bikini on March 7, 1946, when he was nine years of ace.
Therzafter he lived with his people at Rongerik ltcli

Ior approxizately two vears whera h2 exparienced arthizitis zt
a: 19-11 from eating toxic fish.
Thereaftar he lived at Kwajalein Atoll for saverai

mcntns and then togeiner with the People of Bikini, was novad w0

w

111 Tsland where he lived until he came to Majuro 2=oll, tha

i :i=rict Center of the Marshall Islands to attend Intermediatz
Schocl in 1333.  2After completion oI Intsrmediate Schcel, L2 was
“rainad as a Fealth 3idz2 at the hospital at Majuro., His traiaing
28 a =alith Ride was completed in 1938.

Zfiant speaks and rzads both ths Inglish and

. From 1933 to 19539 affiant was employed as a Haalth
Midzoa-n Xili,
In 1959 affiant moved to Ujelang Atoll as a Heal:h
*ily Jor thne Peonle of Enawetak who wers removad to U 2lang.
“y rrracznad at Ulelarng eigat vears., Then, aftar sarvice 2¢alin at
v 1 llaiure ha moved to Rikiai Atoll to serve as a Health Aida
_ev2 1972, He romained as 1 Faalzh Aide ac Bikiai until July,
.oenne reoemnraaed to Majuro.

Affianc is presantly emoloyed at the hos»ital at

PRIVACY ACT. MATERIAL REMOVED



For apu..gimately 30 months affian., togethar with hia
wife and seven children lived in the interior of Bikini Island
at the place mar¥ed in the aerial photograph attached herato
with a red "x" in Janal Weto, where external gamma radiatlion is
botw2en 65 and 75 mic¢roroentgezns per hour.

Affiant and his family consumed well water and ate locally
available foods as well as imported foods.

Affiant arnd his family consumed bananas, potatoes, papayas,
pandanus, coconut, and fish, all from Bikini Island.

Dr. Conard, when he made studies at Bikini in 1974, took
urine samples frem affiant and his wife, but not from any of their
children.

Aside from the urine samples, no other tests were adminis-
tered to aifiant or his family.

Affianc now knows that he and his family, like others
who have lived or are living at Bikini, has been placed at risk

by 2xposure to radiation and that to understand the extent of ax-

<new, whan urins samples were taksn from

By tnhat time (late 1974) Dr. Conard reasonably must have
znown of the probability of extremely high radiation risk to affiant
and his family.

‘Neverthslass neoither Dr. Corard nor any other ZRDA or
AZT physician furnished affiant or his family with appropriate
exanination 5: care.

Affiant has no confidance in Dr. Coaard or othar ENDA-

AT health care parsonncel.  Affiant belicves ne and his family

and othors who have baon placed at risk on Bikini Island should

-2-



b
.“')

have a right to scloct their own physicians for the examination
and possible treatwent they now require. ‘

By rcason of ERDA's having aliowcd.affiant aﬁd his fanmily
to have been placed at risk to high radiation (external gamma

dosage approximately 20 times ércater than in American cities

aad 35 times greater than elsewhere in the Western Pacific Islands)
tZiant believas FEPDA-AEC should bear the entire expense of v

exanmination of himself, his family and others similarly situated, as

11 as the expense of treatment if remedial treatment should be

a
wa
indicated or possible,
Affiant is willing to have physicians he chooses relsase
results of examinztion of himself and his famnily to Dr. Conard and
£ is not willing to entrust his or his familv's

ariian

ZROA-AEC as affiant has a reasonaile

Conazd or

Z2DA-AZC but
to Dr.

2asons set forth above, that Dr. Conard

N
[vhes )

healtn care
for
paysicians =2mploved by EZRDA-AZC arz concernad with

basis to beliave,

and

=25

Sukscribed and swora to
D2ior2 ma this 7th dav of Octobzr, 1375.

Jotarv Public
ULUAN)LASDHEW.Nmuv?wﬁc
rncsrTswanoxf.n‘raz?acu1E15LAxas
MA#SEALL I31LANDS DISTRICT
my nmmiagion 2xplses on tae

0

S Adager

PRIVACY ACT MATERIAL REMOVED
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