S e )‘ . T
' 405441 b1 '
~ : Exhibit A

- e : (ﬂFﬁdno\\ of Tharms B, \
Cachran

-~

RADIATION STANDARDS FOR HOT PARTICLES ' - ’

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

FEBRUARY 14, 1974

,

REPOSITOAY — FDOE / PAso |
COLLECTION ’DOE/ /A/ V a
BOX No. / 0? 3 ¢

/(l/ﬂ/ - naqsr/od Fort
FOLDER N d T erd

Cﬂ/’/’ﬁ D,ﬂ// 7 oF 7° /f/_)

ARTHUR R. TAMPLIN

THOMAS B. COCHRAN

Natural Resources Defense Council
1710 N Street, N.W.
Washington, D, C.

20036

BEST COPY AVAILABLE



TABLE OF CONTENTS

.\\\\ I INtroduCtion + o s 4 e 4 s 4 e s e s s e e e e e s

11 Plutonium Use and Public Health . . . . . . « « ¢«

III Existing Standards for Plutonium Exposure , . . , . .

v ‘Calculating the Dose Due to Insoluble Alpha;Bﬁitéérs
A The Dose Equivalent. . . . . . . . . « « . .+ . .
B Modifying Factérs e e e e e e e e e e e e
¢ The Hot Particle Problem .'. e e e e e e e e
v Biological Data Related to the Cancer Risk from

Insoluble Plutonium Exposure . . ., « « « + « « .

A The Gaesaman Hypothesis . . . . . . . « . « . .
B Related Human Experience . . . . . . . . . « . .
C Related Lung Experiments . . . . . . « « . . . .

Sk Critical Pa:tic;e Activity . . . L. . . o e e e e e
A Exposure at Rocky Flats . . . . . « « « + « « .
B Manhattan Préject WOLrKErS o o o o o o o o o s
c ‘Weapons Test Fallouf e e e e e e e e e e e e
VII Exposure Standards for Hot Particles . . . . . . . .
A Occupational EXpOSUI€ . . . .« ¢« & « & « » o =+ =
B~ Exposure of the General Public . . . . . . . . .
C Exposure from Accidental Releases . . . . . . .
D Surface Contamination - - « « « o « o + o « + =
E As Low as Practicable Hearings - . .« - « « « +» -
III Summary of Pecormmendations . . - . e s e e e e 00 e

~

ii.sendix A Radiation Standards Setting Organizations and
Their Roles

('
v

Lemendix B Statament Submitted to Attorneys for Mr., Edward ER

Glossary



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 Enérqy Commission
{AEC) reguesting (1) a reduction of the existing radiation
protection standards applicable to the internal exposure of
man to insoluble algha-emitting hét particles and (2) the
establishment; with respect to such materials, of standards
governing the maximum pefmissible concgntrations in air and
naximum permissible surface contamination levels in un-
restricted areszs.

Bafore proposing modifications to existing radiation
protection standards related to plutonium exposurel,‘we
review in the Zollowing section the gravity of the public
health concesrn as plutonium becomes a principal article of

commerce in the nuclear power industry.

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

in zhis regort are given in the Glossary). The justification
for focusing on pluteonium has been aptly stated by the Inter-

"<tz emphasis on plutonium is clearly a reflection of the gener-

21 ~onsensus that, in terms of amount available, projectecd

uz x: extent of anticipated accidental human exposure, and

¥z oxiciszy, plutonium is the most formidable radionuclicde
in narizdiz %abla." ([ICRP Publication 19, "The Metabolism
o34 mpounds of Plutonium and Other Actnides," Pergamon Press,
1972, ».1.)
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This is folléwed in Section III by a review of the
specific radiation protection regulations that are in force
in the United States today and which are at issue. This
section focuses on the existing guidelines for Pu-239; but it
is to be understood that, in this and subsequent sections,
it should be avplied to all alpha-emitting radionuclides that'
meet the hot particle criteria developed in this report.
Before reading Section III, those unfamiliar with the
national and international organizations which have primary
responsibility f;t recommeﬁding or establishing radiation
protection standards, may find it useful to read Appendix
&, where these organizations and their authority are reviewed.
Section IV.presents assuﬁétioﬁs inherent in‘the existing
radiation protection standards and identifies those assump-
tions that are inappropriate when applied.to insoluble
alpha-emittinc particulates.  The biological data which
dzmonstrate thz: these assumptions are inaporopriate wnen applied.
to hot carticles are discussed in'Section V.

tilizing the data presented in Section V, the-

e

criteria that define a hot particle are developed in Section
7I, Recommeniations for exposure standards for hot particles

ar2 then dzvelorzed in Section VII and summarized in

Sa2ction VIII,
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I1. Plutonium Use and Public Health

Plutonium occurs in nature, although in such small
amounts that it does not constitute a practical source of the
elementz. Plutonium is bred in nuclear reactors by the:
capture of 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
incdustry will become the principal source of‘this material
within the next two decades. In today's commercial reactors
pluteniunm is sroduced as a by-product in £he production of
ele:::icitf.

As a result of the growth of the nuclear power industry,
the LZIC estimates that the total cumulative production of

plutenium in the cemmercial sector of the United States will

‘be scme 4.5 million kilograms by the vear 20002, Ssince

plutonium, liXke uranium, can serve as a reactor fuel, both
are reccvereld from spent reactor fuel in anticipation that

ther will de recvcled, The reactor together with the variety

. cres varies from 4x10-13 to 1.5x10-11, Katz, J.J.,
VI, The Chemistry of Actinide Elements, Methuen and
., Lendon, 19537, pp. 239-330.

0 oi the concentrations of plutonium-239 to

t, Liguid Metal Fast Breeder Reactor

aen
, USAEC, WUASH-1509, April 1972, p. 149,
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of support activities required both to provide réw 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 megawatis of nuclear»capacity
will be installed between 1970 and 20204. Over fheﬁlifetimes
£ these plants this installed capacity could result in a
cumulative flow oI approximately 200 million kilograms of
vlutoniun throﬁ;h the nuclear fuel cycle.

In today's commercial reactors the plutoniuvm is .in
oxide form, Puozs. At various facilities in the nuclear fuel
cvcle, azrosols of Pu02 are released to the envifonment'on

“a routi:e basis. 1In_ addition, thére are numerous points in
the fuel cycle where accidents, particularly those associated

with fire or explosions, can release significant amounts of

"W

205, as =2erosols that can be inhaled by man.

These small aerosol particles of Pu0j are highly radio-
active. 2n appreciable fraction of the inhalad éuoz
particles are trapped in the deep respiratory tissue of the

D

dezczause they are insoluble in human tissug,

(37

— .

st-Beneiit Analvsis of the U. S. Brae

C, WA3H-1184, January 1372, p. 3+4. 7

Mw) corrasponds to 4000 nominal-size
1000 Mw each.

er
our

reactors of the future may use fuel in
ride, rather than oxide, form.

o
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they can rermain for long periods of time and deliver a very

T intense radiation dose to the surrounding lung tissue.

Plutonium is one of the most potent cancer producing
agents known to man. A machinist of plutonium métal‘Chrricd
0.08 micrograms of plutonium-239 imbedded at the site of
the puncture wound in the palm of his hand. Within the four

v2ar period bsfore it was excized, it produced a nodule which

.2 TCst potent respiratory carcinogens known. There is
gxgarirental and cbserved evidence that plutonium concentra-

tions in the lungs of dogs as low as 0.2 microcuries (3 micro-

ium-239) produce cancer7. Hence, tﬁe flow of
230 millinn kilogzrams of plutonium represents a flow of over
cancer deses, d staggering number which, as will be
¢emonstrzted subsecuently, may be an underestimate of the
dcses by several orders of fagnitude.

The rersistance of this toxic material, once lost to

=22 environment, is measured in terms of thousands of years.

XY

.22ghly wwe-thirds of the plutonium flowing in the nuclear

*=>2h, C.2. and J. Langham, "A Dermal Lesion from
Pluteniuvn," Archives of Dermatologv, 86, October

., oz. l21-224,

curies per gram of plutonium-239.
izrocurie of plutonium-238 would have a
meroarams since plutonium-238 has a
ic activity, 17.47 curies per gram.
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fuel cycle willvbe plut;nium-239 which ha§ a 24,400 year half-
life. In other words, in 240,000 years the‘inventory pf this
hazardous material would be reduced by only a factor of 1000
due to natural radioactive décay. This material must be

isolated from the environment in perpetuity.

III. Existing Standards for Plutonium Exposure

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

The intent of the exposure standards is to limit this biological

foN)

anaga. The nagnitude of the biological effect has bsen

’ .
saown to be related to the radiation dose. The higher the
dose the greater the effect. Therefore, the primarv radia-

tion exposure standard is one that limits the radiation

dose. Tais orimary standard is generally referred to as the’
maxinum permissible dose and is given in units of rem/vr.

W2 shz2ll discuss the nature of this unit subseguently.

An indivilual can be exposed to radiation “rom sources

that are extezrnal to his body as, for example, an X-ray

b}
fu
Q)
s
o8
5]
e
o

r Irom radionuclides which emit X-ray like radiation
deposited on the ground (this occurred with fallout from

natlear weapon tests). Alternately, an individual can be

e —— . im0 ey



irradiated by internal sources; that is, by radionuclides
incorporated in body tissues. These radionuclides gain
2ntrance into the bgdy through inhalaéion or through con-
taninated food or water. Once inside they behave like?their
non-radiocactive counterparts. Radioactive iOAine, for example,
accumulates in the thyroid gland in the same fashion as

stable iodine, and. radicactive strontium or calcium accumulate

in the bone similar to their naturally occurring non-radio-

active counterparts. The radioactive iodine will thus deliver
a dosage to the thyroid gland that is many times larger than

hat to the other organs or to the whole body, and the

racdicactive strontium and calcium will mainly irradiate the

Because of the uneven distribution of radionuclides
in the body organs, radiation exposure standards haye beeﬁ
develored not just for the whole body, but also for individual
orzans. In this report we will be referring to the maximum
permigsible whole body and lung doses.

Largely as a matter of convenience, secondary or.derived
railazion standards have been developed. These secondary
stzindzrds, which limit radionuclicde concentrations or organ
b:rﬂazs,‘are often nore easily employed than the primary dose

tzndards., We shall examine two secondary standards in this

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

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

radiation sources. The MPLB and the MPCa are derived standards

and are specific for a radionuclide. These derived standards
are relatsd to the biological properties of a radionuc_ide
and to the Zcrm of radiation it emits.

Teble I lists the existing exposure standards for em-
plovees of the nuclear industry that apply to Pu-239 in insoluble
form., The MPLD of 15 rem/vr is included in the recommendations
0 the International Commission on Radiological Protection
8 el L ., s
y the National Council on Radiation Protection and

(ICRrP)

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

ion 9, Rectommendations of tha Intern

na
17, 1965),

in aci
iological Protoeciion (Adooted Septerbar
+ fork, 1966, p. 14.

9/ KCRP Pa2port No. 39, Basic Radiation Protection Criteria,
2IP2 Publicacicons, Washington, D. C., Jan. 13, 1971, u. l0s.
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ard is also an AEC radiation standard

-9

-

The MPC, is included in the ICRP recommendations

12

11

Of the standards

in Table I only the MPC, is designated in the AEC rcguldtiohs.

However, this MPC, corresponds to that tabulated in ICRP

Publication 213

—

M

ne MPLD

rt

which is derived on the basis of the

MPLD

isted in Table I. The MPLB is also derived on the basis of

14 . . . .
. The MPLB is not included in either the recommenla-

tions of ICR?, NCRP, the gquidelines of FRC, or the AZC

rezulations.

’

The MPLB and MPCy v
15
fora™".
}g/ FRC =
aoolished and its duties transferred to EPA.

is consistant with the MPLD and MPL3.

In summary, in Table I the MPCy (designated

In

applies to all forms of ionizing radiation.

avply specifically to Pu-239 in insoluble

Regort Mo. 1, Op. cit., p. 38, The FRC has been

11 on Permissibla

11 ICR? Publicazion 2, Reveort of Committee
ocse Icr Inmztarnal Radiation, Pergamon Press, New York, 1280.
(Rppeared in H2alth Phvsics, Wol. '3, Pergamon Press, June 1960.]
127 19 Crr 20, Appendix B.

.
13/ ICR2? Pudblication 2, Ob. ci
=2 Y. it
1:i/ Mann, J.R. and A.R. Kirchner, "Evaluation of Lung 3urden
Fillowing Acute Inhalation of Highly Insoluble Pulp, Health
?hnvsizs, Yol. 13, 19567, op. 877-882.




TABLE I
Existing Occupational Exposure Guidelines

that Apply to Pu-239 in Inscluble Form*

MPLD (ICRP, NCRP, FRC) 15 rem/yr
MPLB 0.016 uCi.
MPCa (ICRP, AEC) 4x10”11 yci/ml

*Note: See Glossary for definitions of symbols.

The exposure guidelines for Pu-239 that apply to non-

occupaticnal exvosure of the general public aée tabulated in
Table II. Two guidelines are applied here. One is for the
limiting expesurs to an individual and fhe other is for the
average 2xposurs of a populatibn sample. These two guidelines
differ by a factor of 3. The ICRP recommnendations include only
the quidelines for individuals. The MPLD values within the

parentheses in Table II correspond to the latest recommendation

3

0Z the NCRP D. These latest recommendations of the NCRP

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

AZC or EPA raculations.

16/ WNCRP Report YNo. 39, Op. cit., p. 95.



TABLE II .
Existing Exposure Guidelines for Non-Occupational Exposure

that Apply to Pu-239% in Insoluble Form*

Individual ' Population Averace
MPLD 1.5 (0.5) rem/yr 0.5 (0.17) rem/yr
(ICRP, NCRP, FRC) R
MPL3 0.0016 (0.0005) uCi 0.0005 (0.00017) uci

10712 (3x20-13) uci/m1  3x10713 (10713) uci/ml
P, AZC)

*  The MPLD values in parentheses refer to the latest
recenmendations ¢f the NCRP., The MPLB and MPCa values in

parenthesas corresvond to the new NCRP dose recomnmendations.

I, Calculating the Dose Due to Insoluble Alpha-Zmitters

The purpose of this section is to examine the assumptions
in the radiation standards above that are inappropriate when
apzlied to insoluble alpha-emitting particuletes such as

aerosols of Puly. The assumptions are introduced through a

—_—
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these tissues. This energy produces chémical changes in
thé moleculs ofnthe cells; for example, such a chemical
change coulld be a mutation in a gene. The radiation dose
is actuall§ a neasure of the energy transferred to or
absorped by the tissue. The basic unit of dose is the

rad (one rad represents the absorption of 100 ergs of

H

energy per éram of material).

In adZition to X-rays, radionuclides emit gamma rays
¥~-rays), beta particles (electrons), and alpha
sarticles (hzlium nuclei). 1In radiobiological experiments,

* was detsrmined that, while these various types of radiation
produced the same biological effects, such as cancer, the
magnitude ¢ the effect was.not the same per rad. For
exanple, it was Zound that 100 rad of alpha radiation would

» 10 times as many cancers as 100 rad of

X-rzys. Morsover, it was found that because of the special
way in which P2-239 deposits in the bone, its alphe particles
were 5> tinzz more eflective in producing bone cancer than the
algha sarticlss from radiuml7. To account for these differences
uie of the observed effects at ths same absorbad
$2 In rald, he maximum permissible dose limits are given

in rexm rathsary than rad.

ne X¥12 1s civen in rem in Tables I and II. The

B ICRP Punlizaticn 11, "A Review of the Radiosensitivity of
Tissurs in 3ine," Pergamon Press, MNew York, . Y., 1987, p.
R Y v

B P I PRI
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rem is the unit of Dose Equivalent (DE)IB. fhe DE is obtained
bf multiplving the absorbed dose in rad by.modifying factors
tc correct Zor these observed differences in the magnitude

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

eZZect will be the same for a given DE feqardless of'the

ture of the radiation or the manner of radiation.

fu

-
4o

B. Modifvineg Factors

At the present time, two modifying factors are employed.

Or2 is the Qua2lity Tactor (QF) which accounts for dififerences

in prsducing biclocical effects among various forms of

raiiation. The other is the Distribution Factor (DF)
wihizh accounts for the modification of the biological effects
. . 4 -

when a radiconuclide is nonuniformly distributed in an organ.
For example, the DE Zor X-ray to bone tissue is determined
by using QF=1 and DT=l,while that for Pu-239 in the bone is

QF=10 (to account £for the greéter

20
11}
«F
[¢1]
ty
3
i
191
[{]

[o%)
8]
13
n
[
o
Q
v

na particls irradiation) and a DF=5

[§

)

]

(i

(

¢

t

O

1h

fu

1~
"

. - . 19
{2 zzocount Zor the peculiar distribution of Pu in the bone) .

2Z=30 rexm Iron X-rays or Pu-239 would thus induce the same

nunzer ol cancers in bone but the absorbed dose Ifrom the X-rays
w213 De 530 rad whila that from Pu-239 would be only 1 rad.

Ll iCR2? Pesort No. 39, Op. cit., p. 8l.

=z s et &4
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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, 2s mentioned above, that the particles of Pu-239,
which enit alpha particle radiation, are 10 times more effective
in inducing cancer than X-rays. Although the irradfation of
tissue by insoluble plutonium particles is highly nonuniform,
ro DF value has been assigned to these particles and hence, a
DF¥=]1 was empléyad in determining the derived values in Tables I
and II., ' Ideally, the DF should be determined by the ratio
of the observed effects in an organ following uniform and
nonunifa:; radiation of the tissue with the same radionuclide;
Ior sxamzlia:

adiation)
ation)

- . Numdsr of cancers (nonuniform ir
: Number of cancers (uniform irrad
; X

r
3
Since dirsct experimental data are not available, it is

necessary to derive the DF for insoluble Pu-239 particles f£rom

csllaterzl data. In a subsesguent section, we shall dresent

the biolocgical evidence that strongly suggests that a DF=1

In Zact, iz will be shown that the biological data strongly

suzgests that Ior such parcicles one should use a DF=115,000.

as well to other alvha-emitting actinides
iculate Zorm.

..... . . S P T TR LXUIR LT T
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Beéore turning to the biological data it is appropriate to
discuss £irst the radiation field around a particle of Pu03 -
and thereby define the fundamental guestions that need%to be
answered by the collateral data from radiobiological skudies.
The unicue form of tissue irradiation displayed by

insoluble pariticles of Pu-239 occurs beéause, when Pu-239
decars, it emits %n alpha particle with aﬁ energy of S.l'MeV.
This particle has a range (produces biological damage) of only

szme <0-43 ¢ {0.004 ¢r) in human tissue. In other words,

tissue englosed in 2 sphere of 45 u radits. As one moves in-

ward Irom the surlace oI this sphere, the radiation intensity

ircreszses gacmetrically.  About half of the alpha particle
energy is dissigated at 20 u (that is, with a volume that

the radiatisn field around such a particle in soft tissue;
2.7., the sxin. Since the lung is a spongy tissue with a larcge
air walume, the rangs of alpha particles is longer in the

and censazuently the mass of irradiated tissue is larcger.

Con2ld Geesaman made a detailed analysis of plutonium
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particle irradiation of deep respiratory tissue21. The
last two colurnns in Table III describe the radiation field
around such a particle in the lung using Geesaman's lung
modelzz. The dose rate to the entire organ is‘giveq in
column 2 of Table III for comparison. From Table IfI it is
significant to note that with an assumed DF=1, the lung
dose from the same particle varies by more than 8 orders of

magnitude depending on whether one averages the dose over

the entire lung or calculaces it on the basis of the tlssue

exposead.
TABLE ,III
Radiation Dose Rate Due to a Pu-239 Particle
23
(1L u in dlamet-~, 0.28 pCi™ ")
Soft : Lung
~ Tissue '24 Entire Tissue 25 Clcsest 2
Irradiated Orcan Irradiated 20 Alveoli
Mass of g
Tissue 0.4 ug ‘1000 g 65 ug 19 ug
Dose Rate
(rem/vr) 732,000 0.0003 4000 11,000

[£8)
1=

/  Geesaman, Donald P., ~- Analysis of the Ca ciﬂocenic Risk
om an Insoluble Alpha-Emizting Aorosol Denosited in Deen

S asory Tissue, UCRL-50337 and UCRL-50387 Addendum,

nce Livermore Laboratarw, Livermore, Calif., 1963.

l

U
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It would take 53,000 particles of the 3ize illustraéed
in Table IIIito reach the MPLB of 0.016 uCi which results
in"15 rem/yr to the entire (1000 g) lung. However, as
Table IIT indicates, these particles would irradia;e iny
3.4 g of this 1000 g to the lung, buf at a dose rate §f
1000 rem/yrze. Thus, as Table III indicates, these particles
result in an intense but highly localized irradiation. A
Zundamental question is, then:  is this intense but localized
irradiation more or less carcinogenic than uniform
irradiation? Alternatively, is the DF for this particular férm
ci ; rradiation eqgual to, grezter than, or less than one? 1In
the remainder of this section, we review the guidance, or
Tore appropriately lack of quidance, for dealing with this

hot particle prcblen.

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

tamination, U. 5. Dept. of H#. E. W., Public Health
vices, Seminar Paper No. 002, Dec. 6, 1963, p. 7.

/  Langham, %Wright H., The Problem of Larce Arsa Plutonium
n

24/ Long, A.B., "Plutonium Inhalation: The Burden of

Nazlizidle Cons=azuence,” MNuclear Mews, June 1971, . 71.

23/ Geasaman, Donald P., UCRL-50387, pp. 8, 15. Based on
G2esaman’s model for a lung at one-~half maxinum inflation.
Z23s:zmnan estimates a total of 58 alveoli at risk, each

22306 cm3 in volune, and deeo respiratory zone tissue densitw
I 0.12 j/an

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

Thls assures that the radiation field of the 53,000
ticles do rot overlap.

!

13
w
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C. The Hot Particle Problem

It is important to recognize that the ICRP has given
no guitance with respect to nonuniform irradiation of the lung
by insoluble alpha-emitters such as insoluble plu}onium
particles. In its Publication 9, the ICRP states:

«..In the reantime thefe is no clear evidence to show

whether, with a given mean absorbed dose, the biological
risk associated with a non-homogeneous distribution is

T
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The NCR? offers the following and similar statement

with ressect to these particles:

(210) The MNCRP has arbitrarily used 10 percen: of
the volume of the organ as the significant volume for
irrzdiation of the cgonads. There are some casas in
wrich choice of a sigrnificant volume or area is
virzually mezningless, For exemole, if a single
perticle of radioactive material Zixed in either lung
or Irmdh node may be carcinogenic, the averaging
¢l dcse either over the lung or even over one cubdic

. centizeter nay have little to do with this case.30
This ot gzarticle problem is also well recognized in

the diologiczal community. The following is extracted from a

/
30/ NC22 Report No. 39, On, cit., pp. 79-80.

o osem e
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paper by Professor Donald.P. Geesaman: ¢

So there is a hot particle problem with pluton-
iurm 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 you from Dr. K. Z. Morgan's testimony

in January of this year before the Joint Committee on

Atomic Enerzy, U.S. Congress. {a] Dr. K. 2. Morgan

is one of the United States' two merbers to the main

.Committee oI the International Commission on Radio-

logical ““ot:ct on; he has been a member of the com—

mittee lonzar than anvone; and he is director of

Health Dﬂvsi s Division at Oak Ridge lNational Labora-

tory. I cuote: "There are many things about radiation

exgosure w2 €0 not understand, and thers will continue

to be uncsa:: 1nties until health phvsics can provide

a coherent zheory of radiation damaga. This is why

some of the basic research studies of the USAEC are so
S. P. Geesaman and Tamplin have point

2

imzoeortant. . ted

cuz © ok rcdlams of plutonium-239 particles

and y ¢I the risk to a man who carries

sug nigh specific activity in his lungs."
At o 3, in response to the commitize's
inguiry =2bout priorities in basic research on the dio-
lecgical effzcts of radiation, Dr. M. Eisenbud, then
Director ¢f the New York City Environmental Protection
Administrazisn, in part replied, "For some rea ason or
other the particle problem has not come upon us in

guite a littls while, bet it provably will one of thess
dzws. We are not much Zurther along on the basic
gusstion ¢f whether a given amount ol snergy delivered
to 2 prograssively smaller and smaller volume o tissue
is beiter or worse for the recipient. This is another
way of asking the guestion of how vou calculate the dose
when you inhale a single particle.” [b] He was
ccrract; th:z problem has come up again.

{a) Morgan, K. I., "Radiation Standards ZIor Reactor Siting,”
in Environmental Effscts of Producing Zlectrical Power
Phase 2., Te2stimony presented at Hearings vefore tihe Joint
Conmitree on Atomic Energy, 91lst Congress, 1370.

Washingtsn, D. C., y. s. Government Printi ing Office.

(5] Zisenbud, M. Panel Discussion. In: Environmental Sffacts
oI Produci Zlectrical Power, Phass 2, Tascimony presantoed
at He2arings baiore the Joint Committee on Atomic Energy,
91lst Conzrass, 1970, Washington, D, C., U. S. Govarrmont
Printing QiZice.
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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 radioactive particulates is probably: the least
unéerstood of the hazards associated with atbmic
weapsns tests, production of radioelements, and the
expanding use of nuclear energy for power production.”
A decale later that statement is still valid. Finally
let me quote Drs. Sanders, Thompson, and Bair from a
paper given by them last October. {d) Dr. Bair and
his colleagues have done the most relevant plutonium
oxide inhalatidbn experiments. “Nonuniform irradiation
oZ tha lung from deposited radioactive particulates is

clearly more carcinogenic than uniform exposure {on a

"

total-ilung dose basis), and alpha-irradiation is more
carcinoranic than beta-irradiation. The doses recuired
for a2 substantial tumor incidence, are very high, how-
ever, iI reasured in proximity to the particle; and,
again, there are no data to establish the low-incidence
end ci a cose-effect curve. And thers is no general

theorr, or data on which to base a thecry, which would
pernit extrapolation of the high incidence portion of

L

the curve into the low incidence region." I agres and

I suzzs that in such a circumstance it is apgropriate

to v the standards with extreme caution.

fcl U BAS-NRC Subcommittee, Effects of Inhaled Radioactive

e Report of the Subcommitzee on Inhalation

= Committee on Pathologic Effects of Atoaic

R, National Academy of Sciences - National
Reseszrch Council, Washington, D. C. 1951. Publication

g48. ES-URC/PUB-848, 1961.

SanZsr:, C.L., R.C. Thompson, and %.J. Bair, “Lung
Ca: > Response Studies with Radjonuclides."
in lation Carcinoaenesis. Proceedings of a Biology
Sic Ridge National Laboratorv, conference held
in Tennassea, October 3-11, 1969. M.G.
¥an Nettesheim, and J.R. Gilbert, eds.,

nergy Cormission Simposium Series 18, 1970.
(CONF-691001).

Donald P., "Plutonium and Public Health,"
Laboratory, Calif., AT-121-70, April 19, 1970

nre

scmmittae on Air and Wacer Pollution of Lhe
ic YWorks, U. 5. Senate, 9lst Congress, 2nd Sess
so, 1330-1332.

Vedoravound Uses nd Nuclaaz Ernerav, Part 2, iearing
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To thase comments, réferenced by Geesaman, can be added

the commenzi of Dr. A. B. Long:
". . . there is an urgent nced to dispell the sense oz

secur’ty and certainty that the present limits. for‘

the =2ximum permissible lung burden and the umaximum

1s5sible air concentration bring . . . the public

be informed of the uncertainties that exist

in these limits."

v, Biolzzical Data Related to Cancer Risk from Insoluble

Plut:~ium Particles

We h:xve shewn that insoluble alpha-enitiing particles
@lt in “n<tense but localized radiation, They can irradiz:e

2z vary hl:t dosss without being organism— or organ fatal.

"N

2 said thit the available biological éata stronglv suggests

.

=nzt a Dr=} crossly underestimates the DE for insoluble
rarticulat .y of Pu-239, and consequently, the derived stancz-d

¥PL3 and MrI; for this radionuclide are greatly in error.
We now turr to the experiments involving cancer induction
2 intense local exposure, since these are especially
relzvant 1o judging whether or not insoluble alpha-emitting

zarziczles cronstitute a unigue risk. Geesaman collected

iri analvzes the

“ws

eriinent experiments, and what follows
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is essentially a review of his analysis™ , which has become
krown as the "Geesaman hypothesis."

A The Geesaman Hypothesis

%

Dr. Roy E. Albert and co-workers per formed a number of
experiments cn ihe induction of cancer in rat skin>34736,
Albert's study of radiation-induced carcinoma in rat skin

gives some ¢uantitative description of a high-dose car-

cincganic situation. A skin area of 24 cm? was exposed

to electron r?iiation with various depths of maximum penetra-
tion. The dcée response curves are reproduced in Ficure 1.
In 211 vases the response at sufficiently high doses (1000~
3000 rem} was large,~1-5 tumors per rat by 80 weeks post

2 .
expesure. It was noted by Albert that when the dose was

normalized =g a skin depth of 0.27 milimeters, the thrse

r2spons2 curves became continuous (See Figure 2). Since this

33/ ';eesa:an, D.P., UCRL-50387 Addendum, Op. cit.

., F.J. Burns, and R.D. Heimbach, "The
ration depth of electron radiation on skin
2% in the rat," Radiation Rss. 30, 1967, pp. 515-52¢.

o

F.J. Burns, and R.D. Heimbach, "Skin camage
n from grid and sieve patterns of electron ’
=ion in the rat," Radiation Res. 30, 1967, pp. 525--

j=
o -~

z2rz, X.2., F.J. Burns, and R.D. ieirbach, "The
ciatior 2etween chronic radiation damage of the hair
icies :nd Tumor formaticn in the rat," Radiation Res. 30,
, DT. 230-339,
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depth is near the base of the hair follicle which comprises
the deepest reservoir of epithelial cells of the germinal
layer, it was suggestive that this miglit be a criticaL

region in the observed carcinogenesis. The suggesﬁionfgained
sionificance from the observations that most of the tumors

are similar to hair follicles, and fhat in the non-ulcerogenic
dose range the number of tumors per.rat was in nearly constant

ratio {1/2000-1/4000) with the nurber of atrophied hair

fcllicles. Thus the carcinogenesis in this experiment
w23 ramarkadly correlated with the dose to and specific

~age oi a particular skin.structure. When exposures were
made with stripe and sieve patterns of rcughly 1 mm scale,

geometrical eflects were observed: most notably the cancer
induction in the sieve geometry was suppressed ét dosas of -

1700 rad but not at doses of 2300 rad. The reduction, however,

was again consistent with the reduction in camage as characterized

T atrovhied hair Zsllicles.
7o summarite this important experiment, a high incidence
of czancer was observed after intense local doses of radiation,

ogeénesis was proportional to the damage or

(V1]
41
{r
)
1D
0
o
o]
s}
N
o3

Jizoviariang of a1 gritical architectural unit of the tissue,

i
o
s
.
1
(]
o}
—
b=
¢-
i
g
{v
D]



8 | ] I ] ] i T
21 A 0.36 mm N
B 0,75 mm
&= ® 1.40 mm —
o 1.65 mm {supp!. dota)
. 5k —
g
pe /s -
“w L]
5 S —
£ Al
[+
[t o ° ~
A
) ‘// _
T S R N
0 ] 2 3 o 5 6 7 8
Surface dose ~ kred
Fig. 1. Tumor incidence with respect to
suriace dose al o) weess o1 three
penciration depins of elcetrens,
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O2. cit., To. 315-524, Figures 5 and 7;

Albert, R. E.

Tumors per rat

rTr——r—

7 A 0.36 mm -~
® 0.75 mm .

6~ * 1.40 mm -
0 1.65mm (suppl . doto)

5-—- ——
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A
2} . -
>
1 _l: \\. -
o-o_l}! —
l ! | ! ! ! 1

0 v 2 3 4 5 6 7 8
Dose ot 0,27 mm — kred

Fig..2. Tumor incidence with respect to

the dose at a depth 0f 0.27 mm in
the skin at 90 veeks for three
penetration depths of electrons,

+ et al,, Radiation Res. 30,

reproduced in

- Gessarman, TCrL-30387 Addendunm, Op. cit., p. 2.
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Others have observed carcinomas and satcomas in rats

.

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

tion?7-43. Cancer induction is generally a frequent event

in these experiments. Even at elevated doses, such. asg

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

5 sarcomas/100 cm2 in rats>’.

A few results for rabbits, sheep, and swine were

. . - 38- . :
coutained at Hanfoxd 8 41. Despite the small nurber of animals

37/ Withers, H.R., "The dose-survival relationship for
Tvrndiation of 2picthelial cells of mouse skin," Brit. J.
Eﬁ.iol =0, 19867, oo~ 187-194.

337 Halse, E.V., "Tumours of the skin of mice and other
'Eglayed effects o external betd irradiation of mice usin

Psr and 3%Z2," 3rie. J. Cancer 16, 1962, pp. 72-86.

3 Glucksmann, "Production of cancers in
1 ication of Beta-rays and of chemical’

¢ in Radiobioclogv, J.S. Mitchell,

B Smith, eds. Proceedings of the Fourth

i ce on Radiobiology held in Cambridge,

N inburgh, Oliver and Boyd, 1958, pp. 476-479.
a. Gecrge, L.A, a2né L.K. Bustad; "Gross effects of beta rays
Sn the skin," Hanford Atomic Products Operation, Biology
Rasgarch Annual Report for 1956, HW-47500, 1957, pp. 135-141.
- Gecrge, L.A. II, R.L. Pershing, S. Marks, and L.K.

Suszad, “Cutaneous Zibrosarcoma in a rabbit following beta
crrafiazion,” Hanford Atomic Products Operation, Biology
F2s2arch Annual -Report for 1959, HW-65500, 1960, pp. 68-63.

wW.J. Clarke and L.K. Bustad, "Late efiects
n," Battelle-Northwest Laboratory Annual
the Biological Sciences, BMWL-280, 1336,pp. 13-14

“.2?., E.p. Howard and J.L. Palotay, Battella-
crv Annual Report for 1967 to the USAEC Division

cine, Vol. I, Biological Sciences, BNWL-714,
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involved, surface doses of 16,000 rad from a P32 plaque
induéed an average of 1 cancer/animal whiéh is indicative

) .
that larger mammals are similarly susceptible to skin cancer
after intense radiation insult. Aqain, these ¢gross obser-
vations deronstirate that enhanced tumor incidence does ochr
after very hich doses,

Intens2 localized radiation of the subcutaneous and
intraperitcreal tissue of animals Ly Pu-239 has also been
shown to causa a high frequency of cancer inductioﬁ43'45.

Now what are these experiments trying to tell us?
Certainly a reasonable interpretation of these experimental
results is: whsn a critical architectural unit of a tissue

{e.g., a halr Zollicle) is irradiated at a sufficiently high

dosage, the ch

it

nce of it becoming cancerous is approximately
' :

4 —— Y
1073 to 107+, Tais has become known as the "Geesaman

3 Pa’zazzd Human Exzerience

- Since the above experiments relate to cancer induction

M
b
v
3
9
13
v
-
ur

, 1% Is pertinent to ask whether man is more or less

.Z. and T.A. Jackson, "Induction of Mesotheliomas
on 'Hot Spots' of Pu0p Actiwity," Health Phvsics,
. pPp. 755-759.

. "Carcinogenic Properties of
zts and of Plutonium," Radiologv,
7, pp. 361-383.
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sensitive to such intense localized radiation. C. C,
Lyshbaugh éeoortcd on a lesion that developed as the result

¢ residual Pu-239 from a puncéure woundqs. The particle
"contained 0.08 ug (0.005 uCi) of Pu-239. Commenting on

tne histological examination of the lesion, the authors

state, "The autoradiographs showed precise confinewent of
alctha-tracks to the area of maximum damaée and their
c2netration into the basal arecas of the epidermis, where
erithelial changes %yzical of ionizing radiation exposures were
oresent. The cause and effect relationship of these findings,
“he2refore, seemed cbviogs. Although the lesion was minuﬁe,“
~2 changes in it were severe. Their similarity to known
oracancerous epidarmal cytologic changes, of course, raised

z guestion oI the ultimate fate of such a lesion shoulé it
=z allowed to exist without surgical intervention..." 1In

tnis case, less thzn 0.1 ug of Pu-239 prqduced precancerous
crhznges in humzn tissuve, The dose to the surrounding tissue
w23 very intense., Thare is every reason to believe that a
sraller guantity = Pu-239 would have produced similar chances.

This oprecarcerous Lesion indicates that a single Pu-239

¢
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ignificant (critical) volume oI tissus

ar? is capadble of inducing cancer. The Lushbaugh study was

Lusnbaugh, C.C. and J. Langham, Ob. cit., pp. 461-454.
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1962. At that time the total nurber of puncture
was less than 1,00047. The treatment of such
:.:zision so that the total number of wounds dié-
ual contamination by élutonium particlés Qas

:3 than 1,000. Therefore, this wound data would
insoluble plutonium particles could offer a risk
uétion in man that is even greater than 1/1000
.In other words, when a critical unit of tissue
:1, man mav be more susceptible to cancer than the-

analyzed by Geesaman would suggest.

U

.3 case of plutenium particle induced cancer is
.dward Gleason. He was not asscciated with
;iéustry but was a Ireight handler who unloaded,
2loaded a crate that was contaminated by the
v of Pu-239 solution‘wbich it contained. He
ieveloped an infiltrating soit tissue sarcoma
s2lm which evesntually resulted in his death.

case is not as clesar cut as the case of the
'kér, there is an overwhelming medical probability
J2r was induced by olﬁtonium. Mr. Gleason's

montact with 2u2-239 lead to a lawsult,

zk, J.W., "Plutonium in Puncture “ounds," HW-66172,
ratories Operation, July 23, 1969,



A

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

settled out-of-éourt. A discussion of the evidence in this
casc by one of the authors is presented in the Appendix B
of this revort. Dk |
These two cases, drawn from the relatively small number
of individuals so contaminated, strongly suggest that Pu-239
particles offer a unique carcinogenic risk. They indicate
that a single particle is capable of delivering an intense
radiation dose to a critical volume of tissue and that this
disruptively irrﬁdiated tissue, like an atrophied nair follicle,
nas a high grobability (meybe as high as 1/1000) oI beconing

cancerous, .

C. Related Lung Exveriments

The sxin experiments with animals are remarkable in that
a highly disruciive dose of radiation to a small portion of
repairabie mammalian tissue produczd fregquent carcinogenesis.

The chance cof zroducing one cancer per animal is essentially

[+
]
-
53
<
=
el
1
w

reasonable to expect that a comparable
develoznmert could occur in lung tissue.  Wnile a number of
radioactive sutstances have been usad to induce lung cancers

in mice and zass ~, it is éifficult to derive aﬁy characteriz:z-

tion oI cercinccanesis from these :xperiments.

i3/ Cember, H#.,, "Radiogenic lung uancer," Procress in
Zuonrimental Tumor Reszarcsh, T.oiivrourger, 23, 2w York,

Hainer Puslisnizsz Companv, Inc., Yol. 4, 1954, sp. 251-303.
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The work of- Laskin, e 1, though not specifically

involwing deep respiratory tissue, does demonstrate a source

’
. ; ; 49 -
intensity-response curve for lung tissue . A Ru-106

.

cylindrical source was implanted in the bronchi of-rats, and

o]

ancers were observed to arise from the bronchial epithelium.

he rzsponse curve indicates a substantial response (7 percent)

2!

even at 0.008 uCi burden, and a slow, apvroximately logaritianic

increase of turor incidence over three orlers oi maznitude

2% Sr-32, and single beads were implanted in the luncgs of
razz. Tumors wara cbserved in 7 of 23 aninals. In a sacond
exzerimant Carsasr exnosed rat lungs *o Ce-li4 particles. TFor

uschnar, ¥. Nelson, 3. :ltsnuler, J.H.
"Carcincma of 2 lunw in rats exposad
incra-nronshial ruthaniuni®® nellaczs.

cnastizs,” J. tacl., Tancer Inst. 31,

PERTT R . e N N R BT
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a burden range of 0.5 uCi to 50 uCi the observed tumor incidence -
fluctuated between 0.04 and 0.351.

All of these lung experiments involYed intense exposures
and a significant level of ca:cinégenesis. Severe d;mé;e
and disruption of tissue were associated with the exposures.

The most relevant lung exveriment is Bair's Pu23902

inhalation study with beag;ess”-54. Exposure was to
particulatés cf 0.25 u or 0.5 u median diameter; burdens wefé
in the uCi range. Twenty oZ the 21 dogs thaz sur&ived rore
than 1600 davs ©ost eXxposure had luné cancar. Many of these
cancers were multicentric in origin. The cancers again
appeared in ceanjunciion with severe lung iniury. Since the
natural incifence of the disease is small; it appears <that

at this level oI exposure the induction oZ lung cancer is a

normal beagle life span, At the sane

't
&
1)

certainty durinc

51/ Cember, H., Co. cit.

3air, W.J., J5.T. Park, and %.J. Clarke, “Long-term
- 0% dnhaled zlutonium in dogs," Battells Memorial Institute
2land) , ATVWL-TR-33-214, 1965 (AD-631 637,

"Proaress in Beagle Dog Studies wich
Battella-Northwes+," Health Phvsics,
2, p». 303-810.
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time, since the pathological response is saturated in this

axpariment, it Is inaporopriate to draw any inference about

te,

(24
)

©

[¥]

resocnse at smaller burdens. The smallest
burden {at ¢22:h) in a dog showing lung cancer was 0.2 uCi.

r this would corresgond to a particle burden of

abcut 10/ parziclies. Burdens which are smaller by orders of

magnitude mar still induce 2 substantial incidence of cancer.
Indead, the canmcer risk mav, as for skin and soft tissues,
cocrresgond T 3 risX per particle in the neighborhood cf
171300 2o 147,320,
I Cricizzl Farticle AcTivisy |
Not 2ll zzrticles weuwil b2 expacta2d ko result in thesa
niczh cancer tritazbilities. As the parcticle size or specific
aztivity ger rzrticle is reducad so ig the <oszze to tha
surrouniing zTissce., Indsad, a2t sufficiantly small particle
5228 Cr sp2ciiic a2ctiviiy, cne would exgesci the radiaticn
ingilt To Tenzvs similar to uniform irrziiaxicn., The study
©I AlZert onoiniuction of cancer in rat skin indicates a
srecizizcous chinT2 in the Zos2 rasponss curv2 as the dosaze
oz
znzesds 1,000 rz=”7.  {Z22 Fizure 2)., This sugzests that 2
articular Zaoxl S cczur boicre this
nlzia cavooLosrenic resyvinss Sofurs.,  The 2xperiments ol
L3 Lltere, LI . 51Z-
TLiuuze T orecoc . cis.

wr
=)
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Laskin, et al, .indicate a significant carcinogenic response

in the lung at 1400

of

time in the lung is of the order of one year

57

ram, suucgesting a comparable sensitivity

. 5 Coas : .
lung tissue 6. Geesaman irdicates that the tissue repair

. It tﬁerefore

seems approgriate, but not necessarily conservative, %o accept

as guildance that this enhanced

-~
papipe)

irradiate the su

urding lung

tissue at a dos

e rate of 1000

ren/yr or more.
TABLI IV .
Particis Aciivity and Size to Give a Dosez of
e m . . 58
1000 rem/wvear to the Surrounding Lung Tissue
Particle Particle Diamezer {n)
Activity
. 239,.. 2385,
(oCi) D04 Puly
3/4 max inZlazed (138 alveoli) 0,14 0.8 0.12
1/2 max inflzz22 ( 83 alveol: 0.07 0.5 0.09
Closest 20 alwacgli 0.02 0.4 0.06
Z<Y Laskin, et 2. 22. cit.
57/ Geesaman, Dan:zld ?,, UC2L-30387, Co. ci<., 3. 11.
53/ 1bid
33/ 3Based ugon sza2cific activity given by Langham, W.H.,
Do, ciet,, 5. 7

cancer risk occurs when particles’
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As ssen from Table IV, using Geesaman's lung model, a
particle with an alpha activity between 0.02 pCi and 0.14 pCi
is requirad to give a dose of 1000 rem/yr to irradiated lung

tissue. TFor purposes of establishing a maximum permissible

pe

lung particle burden we will use 0.07 pCi from long hali-
lived (greater than one year) isotopes as the limiting
alpha activity to qualify as a hot particle. Thus, throughout

the remainder of this report, hot particle will imply a particle

this limiting alpha activiiv which is insoluble

v
rt
[y
v
ot
—
[t
H
w
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The RIC has a plutonium facility associated with its
nuclear w22Ions odrogram as nocky_Fléts, Cclorado. This
is 5;eratgd unéar contract to the AZC by the Dow
Chzmical CTomzany. The employees, the environment and undoubtedl
the surrouniing population have been contaminated with plutoniux

rarticies 2z 2 result of the speration of tnis plant.
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the exposurc of employees of the Rocky Flats

to relate this to the hot particle problem.

J. R. Mann and R. A. Kirchner discuss the exposures that

resulted from a plutonium fire at Rocky Flats ohWIS October

1965.63 Some 400 emplovees were working in the room-at the

time the Zire occurred.

placed in a whole body counter to determine

of Pu-239. GHowever,

repressnts.

These employees were subseguently

Mann
Wno were exzosed

sents the i

net particles and the numberx

an

-
e~

——
rxa

tion on th2

s

their lung burdens

apove the MPL3 o0Z 0.016

Xirchner repor:ted only on those

ucCi.
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Number of
Cases

1

TABLE V

\!

Pock

Total Lung
Burden (uCi)

Flats Exposure*

Hbt Particles

. Number of

Lung Burden (uCi)w +Ho* Particles

0.033
0.019
"0.013

0.008

0.003

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

12,500

*
of
usi 3 r g es,
we selected ths I the regorted rance.) The not
particle burds wt three was estimated by multiplving
the +otal bur: 7, the fraction of the activity on .
martizles akor and 0.70, the fraction of initial
deposited acti was -involved in long tearm ratenticn in
the luncg. Baz:l on particle size ¢ata resorzad by Mann and
Xirchner, we estimate the average hot particle activisiy is
asout 0.24 pCi. The nurbers of hot particles in the last colum
wera obtained v dividing the not particle burdens in column
three by the zvarags hot particle activity (0.24 pCi).

allowinc z rizz of cancer aguzl to 1/2990 per hot
sirticle, susze3ts that the individuals wacss exposuras ara
srasented in Txtl2 Y stand a verv nizh chanca of develcsoing
lung cancer -- he probability is ossentially unitw., In
thls respect, I I5 sizniZicant to note that in the asxperiments

L LT
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reported by Park, et al, the beagle dog with the smallest
lung burden, i.e., 0.2 uCi, developed lung cancer.64 The
highest burden in Table V is comparable to the lowest
beagle exposure; the lowest exposure in Table V, the 19
cases with lung burdens in the 0.024 uCi range are only an
order of magnitude less than the lowest beagle exposure.

P

We would suggest t

As of this time, none of these individuals has develepad

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

and tnere is good ra2z2son to suggest that the latent period

{the time betwean

[}

xzosure and the develcoment of cancer)

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

[$])

[H

the lowest lung burdan was associated with a latent perio

g

of 11 years. The latent period may be longer in man and
particularly at thsse lower dosages and the snall number of
cases involved. Theresfore, while these exposed individuals

will be expected to supply pertinent data relative to this

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

these exposures give us no information at this time that would

warrant modifying tha risk per particle or the critical

wartzicle activity.

54/ Parkx, J.F,, et al, Health Phwsics, On. cit. o. 805,

N

3/ Richmond, Chat, Oo. ¢it., o. 320.

nat this is potentially a serious situation.

Sesomawn !
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B. Manhattan Project Workers

\\\\\ Another study of human resviratory exposure to plutenium
relates to 25 younrng men exgosed to plutonium during the.
) 66 . . .
Manhattan Project. The latest examination of this group
.found them to be free of lung cancer although the report.
states, "The bronchial cells of several subjects sﬁowed
moderate to markecd metaplastic chenges, but the significzance
of these chanéss is not clear." Such metaplastic changes are
a possible.indicatof for detecting incipient or actual lung

cancer. In one case the report indicates that the subjact

3

tributed to the changas. XMNavertheless, these findings

suggest that lung cancer may become manilest in some of
these sudjects in the future. 1Indeed, one would not e

suroprisad to Zind one lung cancer even in such a group of

[#9)

¢7/ MDA raders to the minimunm detectadle anount,



Positive counts were obtained for. 14 of 21 persons
preasured. These counts suggested chest burdens ranging
from 3 to about 10 nCi. However, in no case did the
estimated zhast burden exceed the MDA at the 95% con-
£idence level. .Seven of the 14 subjects with positive
chest counts had estimated chest burdens of 7 nCi or
greater and may be considered (at the 68% level of
confidence) to have statistically significant chest
burdens of Zrom 7 to 10 nci.68 ‘

©

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

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

63 At the time

in tne insoluble Zoram and hence pertinent here.
0% this measurament, however, most of the material would be

expected ¢ be in the lymph nodes. Nevertheless, we coulad

[
"
ot
14
1
[+
ot
4]
f
5
W
[
3
Ve
of
1.
7]
—
Mej

article burden in thase subjects Irom

these daza if we Xnaw the initial particle size at the time

5% contamination, This particle size data is unavailable.
The nature of the contaminating events suggest that the

sarzicla size nizht have been somewhat larger than those that
rzsult from plutcnium fires where most of the respirable
schivity residas -on particles in the size range of 0.1 u to

.3 u in diametar. Much of the contamination oI the

&3/ Hamslemann, L.H., Oo. cit., o. 474.
z Op. ci:., ¢

237 10322 Publicazion 19, Tha lletabolism of Comoounds of
Asvm ané N-mar Actnides, Psrgamon Press, lew York, 1372,

"3/ Mana, J.R. 224 A.R. Kirchner, Op. cit., p. 880.

p.

7.
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Manhattan workers resulted from aspiration of droplets of
ticuid solutions of plutonium into the air wherein nmuch larger
particle sizes would result. At the same time; the activity
of the plutenium in the particle would be considerably less
than that Zfor a particle of Pulp. For example, it is stated
that 14 of the 25 subjects with measuradle body burdens of
pluteniunm w:fkad in the recovery‘operation and that this
occurred whean working with solutiéné containing 1-40 ¢/liter
¢ pliutenyl nitrate to which Hy0, was being added with

vigorous stirring in an open hocod. This resulted in con-

[t
t

igwar Dy a fazztsr of 100). In other woris, the parzicles
invelved in chis study do not gualify as not particles,
Thevoars Zglivzring dosages lower than 1009 ram/yr to the

are depesited
1w all.a:e
Oo. ciz., o.
correscond
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surrounding tissue (roughly 10 rem/yr). ,

N

C weazcens Test Fallouh )

Another scurce of human contamination that is suggestéd
as being pertinent to this vroblem is the plutonium in the
fallout from nuclear weapon tests. The plutoniun from
weapon tests is incorporated in or deposited on particles

that contain other materials and, like that for the Manhattan

workers, tha sgecific activity in these sarticles is nwueh
s=aller than =hat in hot particles.
771 Exoosur2 3rzandards for Het Particles

£=2+ an insolus

secween 171202 ané 1/10,000. Prudent public health practices

t2l plu-

should ass2ss =he risk associazed with anvironte

ium and szszzhlish exposura suidelihes on the Dasis ol

O
"
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man was performed by the NAS-MRC Advisory Committee on the
Biological Effects of Radiation. Their report, published in
1972, is refarrad to as the BEIR Report.73

A. Oczusational Exocsuze

The existing occuvational exposure standard for uniform
whole body irradiation is 5 rem/yr ané Zor the lung, 15 rem/yr.
the BEIR Repert estimates that exposure of the whole pody

to 5 rem/vr would lead o a cancer risk

zetveen 4.5x1) and 2.3x19 “/yr. Their best estimate is

.73 LR . . CoL e '

e Jyr. Tmeir estimatz of the risk cf cancer to the .
s . £ o s . -5 76
irdividreal Z¥om a2 lung exsosurs of the 13 ram/yr is 3x10 “/yr.

Allowing a z.3sk of cancer induction betwesn 1/1000 and
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=< these uniiocrm radiation standards Zeor cccupational exzosure.
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TABLE V
Occupational Exposure Guidance for Insoluble Alpha Emitters,
Maximum Permissible Lung Parcicle Burden (M?LPB)77

Cancer risk dus to 5 rem/vr Assumed Ris!
wnole bocc' s excosure

1/1000 1/

1~
o
o
o
f
~
—
(e}
o
(o]
o

4.5%x1073 0.45
10”3 (best estimaée) 1.

2.3x1073 2.3 4.6 23,

largest MPLP3 in Table V, 23 carticles, represant a

(o9

sztion of Tme existing MPL3 and MPC, by 2 Zactor oil

o~

[t}

that the best estimate of

"

i0,000. It is raccmmended

[t

the effects of uniform exposurz by the 3ZI2 Cocrmittee be used
together with =2 risk of carcer induction of 1/2000 per nhot

carticle in dztermining the M2L23 for insciuble algha-~

emitting radiconuclides in hot sarticles. This is a somewhat
arbitrary ccmpronise and is not the most ccnservative value
trat could be racommendad.  Thus, the recommended MPLP3

77/ The numger oI particles razguired to give 2 cancer risk
z7ual =p that from uniform radliazion.

T2/ Source: 2IIR Raport, 0o. zit., ». 91. 7.2 MPLP3
:zrrassonding Tl 2 lung cancer risk of 3x10-3 dna to 13 ran/yr
lung Zose [BEIR Peuporz, Op. ci:t., p. 155] are 0.03, 0.06

vad 6.3 for assumed particle risks of 1/1003, 1/2300 an<
110,200 rescactively,
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emittineg radionuclides in thé decp rcsgiratory zone is 2
particles, This corresponds to a MPLB of 0.14 pCi and reprc-
sents a reduction of 115,000 in thé existing MPLB. This
implies that the DF for hot particles is 115,000. Moreover,
it requires a reduction of the MPCa for Pu-239 by 115,000 to
a value of 3.5x10716 uCi/ml unless it is determined that

the plutonium is not in hot particles.

B. Exoosure of the General Public

As inéicated in Table II, the MPL3 Zor non-occupationzl

old less than that

tn

exposure {(members of the public} is ten

for occuzaticnal aiuesure.  Such an exgosure limit for a hot
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average and maximum doses. The Federal Radiation
Council suggests the use of the arbitrary assumption’
that the nmajority of individuals do not vary from the
average bv a factor greater than three. Thus, we
recommend the use of 0,17 rem for yearly whole-hbody
exposure <I average podulation grouos. (It is noted
that this c¢uide is also in essential agreement with
current rocommendations 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 aovpreciable homo-
geneity ccncerning the distribution of the dose within
the population included in the average.7g

trict adh2rence to these guidelines implies that

the ambient alr standard should be zero pa:ticles.80

Whils a varie<y of suggestions could be proposasd, we recommen

slight deviazicn from these guidelines and the accesptance

£ <he disproccrocionate risk implicit in the 0.2 particle
standard. This is a workables solution since best estimates

m

el iung burdens can be fractioral quantities. Thus, we
d that thz MPLPB for members oI thz public be 0.2
not oarticles, zni the averages lung burxden Zor merbers of

pubiic be 0.07 -ot particles, a factor of 3 less than the
; P i

o

maximunm,
7%/ TRC Repcrt Uz. 1, Oo. cit., o. 27.

Had na 1/10,002 risk per
wicla 3 would have kba2n one
“izle noT axist.

i

d



The MPLPB=0.2 par
for non-occupational e

by a factor of 115,000

ticles implies that the existing
vs to Pu-239 should also be

-

+o a value of 9

MPCa
reduced

:410'18 uCi/ml unless it

is determined that the plutonium is not in hot particles.

C. Exvosure from

dental Pelezases

o

There are no déirec

~atements by standard-setting organi-
le" exposure associated with

For purposes of

reports, however,
~re reactor site
—~ust meest the followin
ze that an
éi 1 s boundary
for Ltwo Q0uUrs 1Tmetiztes Y 1owing onset oI the
postulzied Iission ct releass wcuald not
recaiwva 2 tczal T ~ dose =5 zhs whole hocy
in =xzess i 23 a toral rziiatzion ¢ose
in sxcgess ol 3030 the thyrsid Zrom iodins
a2xpesare.
51/. Fish . G.w. Kalilhalte, W.5.
Chapter 7 oI z sion of 3
lation oi antal P=l
LMTBR," O 572), D.
ialeted I sn o at the
<Z Rea Tach 2 it
ne nct 2 of the stlally
PRIEE B4 ‘zloged was alr=ady
avallal irchar stated chat it
JA3 T The wWork.
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2The whole body dosz of 25 rem referred to
above corresponds numerically to the once in a
lifetime accidental or emergency dose for radia-
tion workers which, according to NCRP recommenda-
tions may be disregarded in the determination of
their radiation exposure status (see ¥BS Handbook
69 dated June 5, 1959). However, neither its use
nor that of the 300 rem wvalue for thyroid exposure
as set forth in these site criteria guides are
intended to imply that these numders constitute
‘acceptable limits for emergency doses to the public
under accident conditions. Rather, this 25 rem
whole body value and the 300 rem thyroid wrzlue
have been sst £ these guides as reference
: sed in the evaluation of
vect to potentizl resactor
low probadilitw ol

1.
o]

release. Thesa comments are 2iso applicabla to hot particle
case.
First, the wording of sections 100.11(2) (1)
clearly limits +the application to the irradiation of
the whola Dody 2nd the =thwroid; no othar crgan or tissue
is menticred o- implied. Turthermore, only IZission
oroducts in canaral ané Iodine in pariticular are
identifiad as refer bsta . Tinallv, footnote (2)
stites unegui-rocall < ides are not to be
considersd zs accagptad R for emerzancy doses
to *he public under accidant conditions.32
Witheur adursssing whathsr the guilelins wzlues,

75 ram to the whols nedv ani 339 rem to the thwroid, should
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be considered as acceptable limits, or whether design basis
accidents that are currently evaluated under these criteria
o0f exceedingly low probability of occurrence,” we
recomnend that 10 CFR 100.11(a) (1) be wmodified as follows in
order to establish a hot particle standard that is equivalent

to the risk associated with 25 rem whole body irradiation:

An exclusion area of such size that an

individual located a:t any point ca its boundary

for two hours immediztely following onset of the
postulzted Zission troduct or other radionuclide .
rel would receive a total radiation dose

to snole bodv in excess of 25 rem? or a total
radiaticn in excass of 300 rem? to the

thvroid Irem ilodine exposure, Or receive a lung
sarzizls burisn in excess of 10 hot carticlies.3

2,.. -

{Unchanged from original texi)

32 not particle is a particle that contains
sufficient zctivity to deliver at least 1000 ren/yr
to the surrounding lung tissue. Tor isotopes
hWaving hali-lives greater than cns vear, this would
correszoné to particles containing at least 0.07
oCi ©f a2lzha activity.

we alsc recommend that similar critaeria be established

limi=inz hot varisicle releazses for nuclear facilities not

Hot garticzles deposifed on land surfaces can bs
vasuspended into the air Dy any number of means, including

ile &rafiic, nuran or aniral novements, rollewing

- s -
, e oo e - R ISR LE L LA R
BT PR AN R .
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an accident whercin surfaces are contaminated with hot
particles, it is necessary to have a standafd to apply to
d;co:tamination measures.

The number of particles that cén be resuspended from
surfaces has been the subject of a number ol experiments.
These experiments have usually resulted in the destermination

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

ir (uCi/=3)
urface (2Ci/m?)

-3 concentraticn in =2
RF (m~%) = - -
concentration on s

values.83

He indicates that, "rgported [RF] values for plutoniun
and its compounds range over ll orders of magnitude." This
ks N B

11 orders corresgonds to values detween 1071 to 1011 =i,

Kathran indicates that, "an BT of 10”4 m‘l, althouzgh
L . X , ..
consarvative 1s apgpropriate. * Langhan indicates that a

member of the Danish scientific team used an 27=10"3 =1
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83/ Xathren, R.L., "Towards interin accegtadle suriace con-
tazination levels for environmental Puldp," ZNWL-S2-1510, Battelle
Norzhawest Laboratery, Richland, Wasningtecn, 3sril 19868, . 3-4.

25/ Langhan, Wright H., Op. cit., p. 3. The Thule Dalibera-

tions refer to the delib2raticns followiny the accidental

crash of a 5-52 boxber carryinz nuclear w2apons rear Thule

Air Force Base in he nigh exp n the
nazed
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the value selected by Kathren be used when.the RF is unknown
to detefmine the arbient ground contamination standard.
Apolying an RF=10-4 m~1 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/mz.86 This is roughly 1 hot particle/mz.

In areas where an RF greater or less than 1074 m™l could

be shown to apply, the MPSC coﬁld pe altered appropriately.

E As Low as Practicabls Hearincs

Tt is to bs understcod that the abova reccmmencations

orsement on our part of the risk

o
@)
3
Q
(a2
[
(13
‘g
L
[tV
0
[t
)
cr
17
3
[l

[y

inherent in th2 existing radiation protecticn guidelines

uoon which thess recommendations are basgad. Rathexr, we oifer

the admonition that the exposures should be kept as far

oelcgw these guideline racticadblg., Thereiors, we

tn
Qo

as i

w0

A

joh)
ct.
(24
[t

I-d.

further reccmmen

these guidelines e incorporated

appropriate azency or agencles convens hesarings te deisrmine
.

fzr the regulations what constitutes =zs low as cracticsble
1izmits for exnssurs to hot particles.

22/ This valua is derived as follows: The recommended M2Ca
Zor not partizlas is 9:10-18 uCi/ml wnhich corressenis to
3x13-12 gCism3.  The mawimum ground concamination lsvel, uSing

— -d - (R - - — -

pr=30-4 m~i, 15 9:10712/10-% = 0x19-% uli/nl.

| PO . . armrager Ar T
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VIII Summarv of Recommendations )
The following recommendations .apply to alpha-emitting
hot particlas where a hot particle is defined as a particle’
that contains sufficient activity to deliver at least 1000
rem/vyr to the surrounding lung tissue. For isotopes having
half-lives greater than one year, this would correspond to
particles containing at least 0.07 pCi of alpha act1v1ty.8
t 1s recommendad that:
1.  For occupational exposure
MPLP3 = 2 hot particles
MPCa for Pu-239 = 3.5x10716 uci/m188
-2.. Tor noa-~occupational exposure
MPLP3 = 9.2 hot particles
MPCa Zor Pu-239 = 9x10-18 uci/m1%°
particulates would consist of compounds of Pu and
actnides which fall into Class Y naterial in the ICRP
Lung Model. These materials would be retained Ior
a2 lung. Ssze for example, ICRP Publication 19, Op. cis.,
c2 onlyv particles in the size range of 53 u and dbalow in
ould be deposited in the deep respiratory tissue, this
s2:3 an upover limit for the particle size of interest
ha nhalf-life is less than or closs to 1 year the limit
i can be adjusted uvpward through.appropriate calculations.
gx/ 7Tn MPCy 2tplies for particles conzzining 0.07 sCi of
P1-233, Tor garticles containing more <than 0.07 pCi the
NPT, could ba increoased properticonately. For particles
contz2ining less than 0,07 oCi the existing M9C,=4%10" 11 cCi/m)
would apoply., The MPCa for hot particles of other isotopa2s
and mixturas 27 isotopes shouvld he establishad on a similax
basis with considaration given to the nhali-life of the isotope.
3%/ Ibid,

[RRN s
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3. For accidental releases exposure (10 CFR lOb.ll(a)(l))
MPLPB (2 hours exposure) = 10 hot particles

4. For unrestricted areas
MPSC = 1 hot particle/m?

5. Hearings should be convened to cdetermine as low as

practicable regulations.

90/ TRhis value is meant for guidance with respect to
Foconramination of an unrastricted area nat has bazn con-
taminated with not particles. In areas wigre an RT gresatar oOr
lass than 10-% m~1 could be shown to aoply, the MPST could be
alzaerad agpropriately.
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APPENDIX A : .
radiaticn Standards Setting Organizations

and Their Roles

"The organization which recommends basic radiation cri-
teria and standards at the international level is the
International Commission on Radiological Protection (ICRP).
It was established in 1928 under the auspices of the Second
International Congress of Radiology. During the early
period and until 1950, the ICRP was concerned primarily wita
recommendations designed to provide protecticn to members

of the madical profession in their diagnosctic and thera-
psutic use of X-rays and gamma radiation Zrcn radium.
However, since the advent cf atomic energy, 2and radiation
‘uses on a larze scale, it has extended iits eilorts to include
studies of rafiszticn protection *at:era covaring the whola
gamut of radiaci ol tion ogether with its
sis commi e rn o n Radiation
mets Me as: c I for back-
ground kno a

The National Ccuncil on Ra

to consoli
a unified voice
are private gro

Measurzments (NCRP) was orga vear alfter the
ICRP, as a cordbined effort of veral radiaticn protection
i : ! a daze their
t

e simple leval of 0.1
r a3 the &tolerance dose. In
le body burdien of 0.1 micro-
atter standard, still in
average cos2 to tha skeleton
the critizal anicsteal tissue
s of apbout 13 ren/vr,

1/ Initially =he NCRP was known as the Advisory Committee

s d-vavs and Padium Protection; in 1346 tha name was changed

to tme Mazicnal Commlttce con Radiation Froweszion and Measure-

m2nzs, and in 1J)54 1c received a Fedaral cnarzer 2nd tooX

Lt mroesoent hame

e ey e -



. - A2 -

In 1949, the maxiwmum permissible dose for radiation
was lowered to 0,3 roentgen per week. It was lowered again
in 1957 to 3 rem/yr as the permic'ible dosv for radiation

.workers. This standard is still in effect.

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

In 1959, after the advent of the atomic age had aroused
oublic fears over [al

fallout from nuclear weapons, the U. S.
government, because of uncertainty of government inIZluence
over radiation protection starndards, organized the IRT.
it was authorized by Congress to "...advise the Presifent
with respect to radietisn matters directly or indireczly
affecting hsalth, including guidance for all federal agencies
in the formulation cf radiacion standards and in establishment
and execution of programs in cooperation with the states..."?
The final authority with respect to radiaticn standards rested
~ot with the TR but with the President, Such a suZoriinate
agency as the AEC, for exanple, had to make its rules, e.g.,
those goverrning licensed rsactors, compatible with the cverall
z2ides develcped by the FRC.

Tnrouzhcout the 1950's the ICRP and HCRP continued to
ravise and rvefine th2 basic recommendations ¢oncerning
permissiltle radiation ewposure standards. St andards wers
reccmmendad Ior scme non-occypational sroups and Icr the whole

o t im ermissi
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il aginsn oI JEfics.
wa o, S

J P D P I LR AR DLV L



N R L et ad bt

- A3 - .

in this case, mean exposure to persons "outside the fence”
of an AEC {(or AEC-licensed) facility. Criteria, reqguired
to meet these standards, for plant operation and design
remained with the AEC. Hence, present responsibility for
assessmwent of health effects resides in EPA, while the
responsibility for developing technology to control emissions
resides in AEC. The Office of Management and Budget (OM3)
in a recent letter to EPA and AEC clarified the delegation
of responsibility between these agencies for promulgating
regulations to limit the radioactivity that may be emitted
from facilities in the nuclear power industry. OMB stated:

AEC should proceed with its plans for
issuing uranium fuvel cycle standards, taking
into account the cormments received from all
sources, including EPA; that EPA should 2is-
e its preparations for issuing, now
or in the future, any standards Zor types of

ilisies; and that EPA should continue

hME=]

under its current authori:ty, to have r
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APPEMDIX B -~

statement Submitted to Attorneys for Mr. Edward Gleason

\\\\\ Re: Edward Gleason, ot al vs. NUMEC

by: Arthur R. Tamplin

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

Mr. Gleason unloaded, rotated, and loaded a crate con-~
taining a leaking carbov of plutonium-239 (Pu-239) solution.
This could not have occured without contaminating the palmar
suriace of his left hand, which was bare. The guastion is:
did this Pu-239 contamination cause Mr. Gleascn to develop 2

o h

sarcoma? Since diation induced cancers are idesntical with
thosa that occur spontaneously, it 1s necessary to consider
the relative chancss that the cancer was spontanzous or Pu-239
induced.

The United States Vital Statistics, reccrd a dzath rate
for malicnant neoclasms (other than melanoma) o the skin in
the upger extremity o lass than one per millicn zer vear. Since
synovial sarcoma is & rave form that often metastasizes and
nencs n23 2 £oOr prognosis, its occurrence rate s certainly
lass than the total skin cancer cdeath rate of one zer millicn
per year. Thus it is highly unlikely that enycne who handled
this zxr would stontansously develop tihis sarczcra on the
contaninzted nhand (less than one chance in 2 millicn).

Now, lat us consifer what the chances ara cf the develog-
ment of cancer as 2 rezsult of plutenium contaminatlion of the
skin. Experimantal dazta {rom plutonium contaminatad aninals
demonsirate that iniection of 1 microgram o Pu-223 into the skin
of rats orompily produced cancer in up to 5% ol tha aninmals
(Zxninis 1),  The particulay tumors are fibrosarcomas.

Yo she analvtsis done by LASL indicated that the Pu-~299

6 crog T liter
c 2 vo
< 2

- o A



oroduce sarcomas in animals. There is little rcason to doubt

that this small amount of liquid (0.91 milliliter) or even more
found its way below the surface of Mr. Gleason's palm. In this
event, his chance of develooing cancer would be one in twenty.

This is at least 50,000 times higher than his chances of developing
the cancer spontan;ously. in o;her words, the evidence is over-
whelming in favor of the turor resulting from Pu-239 contamination.

The above relative probability is based upon data- from
animals. It is guite possible that man is more sensitive than
animals to cancer induction bv Pu-239. 1In fact, the biological
evidence strongly suggests that man is more sensitive. Exhibit 2

is a case report of a nodule removed from a man. This nodule

contained onlv 9.08 ug of Pu-239, Commenting on the histological

examination of the lesion, the au‘wo*s statas,”"The autoradio-

graghs showed precise confinement of «-tracks to the area of

imu amage and their penstraticn into the basal arsas of
rmis, whare epithalial changes tvpical of ionizing
Dosure were prasent. - The cause and effect relation-
2 findings, theraiors, seemed odvious. Although ths
25io0n wa inute, the changes in it were sevare. Theilr

similarity to xnown precancsrous epidermal cvtologic chances,

oI coursa, raised the cuesiion of the uliimate Zate of such a

lesion should it be allowes to exist withou:t surgical inter-

ventioa..." 1In this case, lzss than J.1 ug of Pu-239 nrcduced

crecancercus changes in human tissue. The dose to the surrounding

tissue was very intense. There is evesry raason te belleve

that a2 smaller guantiitv of Pu-239 would have produced similer

changes. )

When I cconsider the abSove human and 2nimal data together with
the relative provability of 39,000, I can come to no other
conclusisn than that this sargoma was a direct resulit of the
ccntanination of Mr. Gleasca's l2ft oalm Dy Pu-239.

Turninz now to Dr. wald's Consultation Paport, it can be

: < 2 vidance zc¢ disprove the clain
Py-233 contamination. I snall
order that it was written,

According to the Divisicn of Inspection Repor: submitted
e Anson M, Bastigtst on April 11, 1963, sacges 29-30, the
January 19 2xarination was conducted not on Mr. Gleason, but on
iz 5ome, zlothing and auzcmohlile,  The singlae uring and foces

. e i 4
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samples collected subsequent to January 20 vave negative
results. The only thing that this demonstrates is that no
deteoctable level of Pu-239 was found. Even following the in-
jection of large volumes Jf Pu-239 solution into the skin and
muscle of animals, the Pu-239 is slowly absorbed and appreciadle
fractions, up to 70%, remain at the site of injection. More-
over, of the guantitv absorbed only a small fraction appears
in the urine or feces (sce page 3, Exhibit 3 and Exhibit 4).
In Mr. Gleason's case we are concernzd with only a very small
volume of solution and hence we should not be surprisad if we
.obtain negative results in an individual urine or Zezces

sample. (See also Exhibit 5)
The physical examination performed by Dr, Roy Z. Albert
on January 23, 1953, has no relevanca. One would sxpact no
overt signs of radiation injury at this early Zzate Iron the
small guantity of Pu-239 which is 2t issue hers. e are concernad
ere with the lonz term effacts, not the acute 2ffs2cis.

=)
(_)'rrO
v

ngs 4
Za2TecTion
tities

2 limit.

s ative

ne the inisi sug r . Tirsz,
since the patholozist resort ind atyopical
or maligrant changss,” it Is gul 2255 W25
unrelatad to the sarcoma., Receal :
the small nodule in Zxaibit 2 sh
precancarous changes, Third, =
not necessarily reroved with the
from the mass prisr zo srziuction
slidz2s. Consider hars that the n
1/1C <% a millimatar in dlametar.
daveionped an infiltrazing sofit ti
tissue romoved show2i no atypical
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assuming that the origin of the sarcoma was ‘included in this
tiszsue mass.

The neqative results on the clavicle specimen are also
equivocal. The issuz here is a small quantity of Pu-239
that remainecd localized in the palmar areca of the left hand,
This bone spacimen indicates only that the eamount of systewm-

ically absorbed Pu-239 was too small to be detected in this bone

spa2cimen.

None of these clinical find
str01g possibili“y that Mr. Glez
result ‘'of the pilutonium contanination. The most likely course

2

5
2
tv of the Pu-239 solution
-]

of events is that a small guantity
0.01 milliliter) was Jeposited in the tissue below
Gleason's palm. This may have occursd through a sm all cut
ia a sliver. The body than reactad tc this material as a
ané encapsulated ic., 3Iventuzlly, a 1931on
t Ziscussed in Zxhibit 2 developed. This nocdule
oni the precancersus stage D bacome an in-
¢+ =issuz sarcoma. Tha chancss are some 50,000
thzt the sarcomz daveloped in this fashion than
d sgontanaously.

i
o 1
1: T e
t i n
s T 1 Jould D azly treatzd him more ¢
and the tradegv could have bean substantially mitigated.

[P o e . T be e atewe Rawe et el s e g v
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Absorbed Dose:

Curie:

O
tay

Dose Eguivalent:

GLOSSARY

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

Atomic Energy Commmssxo1.
Abbreviation for curie.

The quantity radicactive nuclide

o
disintegrating
atoms per saco

Abbreviaticen for Absorbed Dose.
Abbreviation Zor Dose Eguiwvalent.

Abbreviaiion for Dose

’

o
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P
]
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fa:to* used in calculating
sunts Zor non-
radiation.

The produc= of absorbed cose D, cuality
factor (), dose distribution factor (DF),
and other necsssary modifving factors (The
dose equivaient is numericzlly ecual to

the abso oed dose in rads multinlied by

the aporooriate modifying Zac:ors). The
unit of dcse eqguivalent is ths 'rem.'
Environmenta2l Protection Agency.

Fecderal PRadliazion Council. The FRC has
been abolishesd, and 1ts functions taken over
by ZPA,

Tim2 required Zor a radicactive substance to
los2 50 ;2:;:1: of 1ts activicy by radiocactiva
decav., Each radionuclidz has a unigue h2ali-
life, B
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micron:
ml:

MPC,:

O
Ny

g2 -

International Commission on Radiological
Protection.

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
radionuclids to which an individual can

be exposed without exceeding the guidelines.
Maximum permissible concentration (of a
radicnuclide) in watar. (See definition
above.)

Maximum permissible lung burden.

Abbreviation for rnanocurie, wnich is one-
billionth -0f a curie, or 1079 curia.
Abbreviation for »nic

T curie, whicit is one-
millionth of a micre

urie, or 10-12 curies.

a0

or, which is
Ther oI con-

£

ulakion o

A nuclida of an 2lemsnt that is radicactive.
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Unit of dosc cquivalent. When the
appropriate modifying factors are used to
calculate douse cquivalent one rem is the
quantity of any type of ionlzing 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 intercst.

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

“air ions carrying one eclectrostatic unit

of electricity of either sign. For the
purposes here, the roantzsn is roughly
equivalent to the rad.

Total radioactivity of a given material
(isotope, element, or compound) par gram
of the material -~ curies/gram.

Abbreviatior for ricron, which is cne-
millionth oI a meter.

Abbreviaticn Io
one-millionth o

(ST a1
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Abbreviation for microgram, which is one-
millionth of a gran.
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I. Introlu txon

This Report is written in support of.a petition by
the Natural Resources Defensce Council (NRDC) to the Nuclear
Regulatory Commission (IIRC) requesting a reduction in the
paximum permissible occupational whole body radiation exposure.

The present standards for occupational exposure are based on

n

til)l current recommendations-of the Wational Council on
Padiation Protection and Measuremsnts (NCRP) and the Inter-
national Commission cn Radiological Protection (ICRP) adopted
in 1958 and 19539, respectively. The NRDC petition and this

Report were wromscted by consideration of the latest infor-

was assumed in 193§ and 1959 when the existing standards weare
recomnended,

‘The latest data have been reviewed by a committee

of the IZ2P and by the BZIR Comnittee of the U.S. National
1.2/
Acedeny of Sciencaes (NAS). The BEIR Committes was prin-

cipally concerned with the exposure of the general population

e

i\gl

/ ICR® Publication 14, Radjosensitivity and Smatial Distri-
bution of Dox2, Raports Prepared by Two Yaskx Crouns of Comnitt
of thz Intirracional Coamission on Radiological Protectien,
erganon Presz, Oxiord, 1969.

uc 1—

'/ WAS-UZIR Roapovi, dational Acadeny of
s to Tow Lovels

Potulations on TNoo3ure

nﬂort QL taw adviaory Conmitltas on t.o Bi
sroon (Bl opoct), Washingre
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and, in this regard, indicated that the czisting exposure
3/
standard was unnzcessarily high, The ICRP Comnittee,
while declininy to make any recommendations, »resented a
calculation to demonstrate now 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 recuested in this Report corresponés closely to
this factor of +en in the ICRP Committee analysis.

In January, 1971, while not recommending an overall
change, the NCR? recommended that the occupztlonal excosure
of pregnant womaen be limited to one tenth the present exposure

limit, The rcduction reguested in th

e

s Ra2port weuld also

In the following secticon of this Razort, we shall
present an analysis of the risX of somatic ani genetic injury

at the current maxinum permissible exposure limit and compare

this riskx with tho

1]

e encountered in other occupations. This
analyss’s will serve to indicate that the exposure limit is too

high. 1In Section ILI, we shall dresent our reguested modifi-

3/ Ibid., p.2.

4/ ICR? - Publication 14, on. it., Appendix IV.

5/ UCR? Ragori ¥o.39, Basic Radintion Proteoction Critoriza,
Hational Councll con Radiaction Protection and 'rasurenenc,

1 ’
Washingroa, D. €., 1971, »p».92-93,
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cations of the exposure limits and an analysis of the reduced
risk associated with these new limits. In the final section,
we shall indicate how these requested reductions rclate

to the recommendation and suggestions of tne ICR?, NCRP,. and’

the MNAS Committee on the Genetic Effects of Atomic Radiation.

IX. Radiation Induced Risk at the Existino Occuvational
Vhole Bodv Dose Limit '

The latest and most comprehensive review of the
biological effacts of radiation on man is tha NAS's 1972 BEI§
Report. The BEIR Committee reviewed both thz somatic and
genatic risk associated with exposure to lovw levels of ionizing
radiation., We shall discuss first the scmatic and then the

cenetic effsctis.

Table 1 summarizes the 3EIR Report estimate of the excess

1

annual cancer and leukeni

W
[ol)
O
v
t

>y
w
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7]

~

0

-

-
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1~

o}

o

people assuning

whole Dody expgsure to 5 rem/year (the current occupational
6/

- standard} .,

6/ NAS-3EIR Renort, on. cit., p.1l70.
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Table 1 -

.Calceulation of the excess annual number of
cancer deaths for individuals exposecd
from 20 to 65 years of aga

ABSOLUTE RISK MODEL

Exposure Conditions

Excess Deaths Due to:

All Other
Leukenia Cancer
10° peovla: 3 rem/vr. 81 (a) 300
(b) 336

)
cr
oy
o |
[a T

isk remains estinmated).

y pecple have an age and sex distribution ide

RELATIVE RISK MODEL

Excess Decaths Due to

All Other

Leukenia Cancer
181 (a) 601
(b) 746

nterval following latest period

ates in Table 1 incorporate the assumpiion that

ntical

to that ¢f individuals 20 years &nd older in the U.S. population
(1967 statistics). These figures do not represent a 20 yeer

s

caance

rcer{zszauning exposure at the 5 rem/year limit).

of eventually dving of radiation induced

This

wever, be calculated by using the overall

This

rate Zor individuals over 20 years of ace.
deoznl zaty in 1973 wan 1500 deaths per 100,000 population.

the chancee of a warhker,

is divided intg the freguency of cancer

cxposad at
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5 rem/year fLom age 26, dying from radiation induced cancer
‘1g calculated to be from 1l in 16 to 1 in 40. We believe
this level of risk is cuxcessive.

A means o illustrating the excessiveness of the
radiation risk to workers cxposed at the maximum permissible
dosc rate is to compare this riskx with the fatality rate |
associated with other occupations. Thisicomparison is

given in Table 2.

Table 2

Fatality Rate by Occupation

Oacuoation Yearly Patality Rate
Racdiation Vorker - exposed .

at the current naxinum ’

permissible doss zate @

(from Table 1) X in 1000 tc 1 in 2600

3 4 L “07 b
United States (1573)

All Industries 1 in 6000

Mining and Quarrwving 1l in 900

c

England and %ales

All Occupaticns (males) 1l in 5000 to 1 in 10,000

& Due to cancer induced by occuzational whola body exrosure
(at 5 ren/ve.) only.

b Xational Safeuwy Council, Accideont Facis, 1974 editicn, 1974,
.23, ’

C

Dowiatrar

2art TII,
2P Publication
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In making the above comparison, we bhelicve that

the upper limit of the radiatlion induced risk: should be used.

The BEIR Committee cautioned that its estimatce may be too
1/

high or too low.  One reason for suggesting that it is

too low is that the linear hypothesis is used as a basis for
extrapolating from high dosq—high dose rate data to low
dose-low xate situations. Kecent. evidence suggests that
the linear hypdthcsis may underestimate the effect of low
dose-low dosz rate irradiation. The latest infozmatiorn has
been summarized by Dr. Karl Z. Morgan ﬁho concluded:

Freguently in the literature
is stated thai the linsar hypothe
is a very conservative assumviion.
During the past few years, however,
nany studies have indicated that this
probably is not true in general and
that at low doses and cos~ ratas
somatic damage per rad (and esgecially
that from a-irradiation) probably is
usually greater than would be assumed
on the linear hypothesis.8/

Thus, there is little justification for relving on
the lower estimate of the radiz+tion induced risk and prudent
health practice would indicate that the upper limit should be

used. When this is done, inspection of Table 2 indicates that

8/ Morgan, Rarl 2., Suggested Roduction of Fermissible Exposure
to Plutoniunm Other Transuranium Elements, Journal of Awerican
Industrial livalene, August, 1975,
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the cstimated rodiation exzposure risk corresponds Lo that
associated.with mining and quarrying, a risk that is acknowl-
edged to be far too high. The radiation euposure risk exceeds
the average occupati§nal risk by six fold. In this report,

we are proposing a reduction in the risk of radiation induced
cancer at the maximun allowable vwhole body exposure by a
factor of 6 togatb;: with the regusst that the exposures be
keot as far below the proposad new limits as 1is practicable.

In making the abova comparison and »roposin
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It couléd bs arcued that it is not approzriate to
set the maximum exzosura limit at a level that correstonds

.
-

1]
L

to the average occupatiocnal fatality rate becauss the lin
applies in practice only to the most exposed individuzls.
But it is:preciselr thece nost exsosed workars zadbout whon
we must~be concernad, a2ad we se3 n0o reason W
industry should subject its workers to an abova-average risk,
certainly not when that risk is conparabla to that in the

mining and guarring industr

', Moreover, we believe thls

aporaach 3s oaunyossiaty Decauze vadration weUinrs are also
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subject to normal non-radiological occupational hazards,

and hence the average risk in the industry wi%l still be
abévo the average for all occupations even with the adoption
of our pro§osed changes. Thus, it would even be reasonable
to argue that the risk of radiation induced cancer should

be further reduced. Consequently, we see no justification

for a higher risk, particularly since the above ecstimate of

the cancer and leukemia risk does not include the additional

risX associated with radiation induced genetic damage.

B. Genetic Effects
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genarsiion to a population of 1 million would be between 300
9/

to 7,500 per year at equilibrium, In addition, the BEIR

[£)

Report estimeated that this sanme exposure at eguilibrium

e
{
|~
[&2]

eventually lead to an increase of between 0.5

W

and

Ut
o
[UN
5

.

the 111 health of the population.

The apzroach for estimating the genetically
significadt dose (GSD) is to use that exposure accunulated
by age 30. Thae existing exposufe limit would allow a workxer

exsosad at 5 ren/vear from age 18 to accunulate a dose of

60 rom by age 30. ilence, based on the BEIR Report estimates

e, or. cit., v.51l.

&

T S S = 20
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7/
exposed from age 18

‘above, 1f onc million workers were
at the curreit 5 rem/year limit, between 3,600 and 90,000

s

ident

[ %

fied serious genztic disease and a significant

increase of ill-health would show up in the progeny of
these workers, assuning an average of 2 children per worker.

The increase

o))

incidence in ill-health would be eqguivalent to

between 6% and 60% of the incidance in a population of 1

million, e.g., the first generation. This genetic ris

be compared with the somatic risk to the workars themselves.

tha raw numbers, the

a single worker's lifetime exposure assunes egual welghting of

The ganetic risk is different in that the effact is
suffersd rot by the vworkers but by their offsoring and by

future generations., AS a consuuence, ont can argue that the

Gonotic risk shnuld be given more weight beczuse it is not

G L Suture s ovavions.  ecestheless, thia biological daun



indicates that the risk of genctic damage is comparable to

the leukcmia.and cancer risk aﬁd, therefore, is also too high
regardless of any special weighting that it deserves.

Again, we stronqu suggest that the upper limit
estimate of the gencetic risk be used in this comparison.
The BEIR Committece suggested caution in the use of these

estimates and begen its Discussion section by stating:
A major concern of the Subconmittee

is the possible existence of a2 class
of radiation-induced genctic damage
that has been left out of the estimates.
By relying so heavily on exzerimenta
data in the mouse wa may have overlooked
important effects -that are not readily
detected in mice, or the mouse nay not
be a prcoer lzboratory model Zor the
study of man.10/

As if to reemphasize this, the Committee corcluded this
.

section by stating:

(8]

We remind all who may uss our

estimates as a basig 2

decisions that thess e

are an attemdt to take int

only known tangible eiffects
e

e}
radiation, and that there mav well
be intangible effects ip addition
whose cumulative. impact nay be

4
appreciable, although not novel.ll/
There is reason to suggest that the BEIR Comnittee

should have implied an even more cautious apzroach to their
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estimataes. In the cﬁpcrimcnts of Dr. William L. Russcll at

the Oak Ridge Mational Laboratory, it was observed that the

induced mutation freguency at low dose rates was about 1/3

that observed at high dose rates. The factor of 1/3 was used

by the EEIR Committes. However, Dr. Mary F. Lyon, t al., have

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

as the dose rate drozs below some 0.01 r./min., the induced

mutation fregquency begins to increase. They conclude:

In futurec estimates of the genetic
hazards of environmzntal radiestion,
therelore, it wouid he prudsnt ¢
increass this last Zigure to =z velue
above that seen in mice at 0.01 r./min.,
for which the nmaximum likelihood :
estimate given by the data considered
here is 10 % 107%,13/

The value adooted in tae BEIR Repgort was 2.5 X 107° mutations
per locus per ren or 3 factor of ¢ lower,

Thus, once azain there is little justification fer
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to the upper limit cstimate of the somatic risk of 1/16, and

this yenctic risk, like the somatic risk, is ¢xcessive. When
somatic risk and genctic risk are combined (on an cqual weight
basis), the combination suggests that the existing exposure
standard is at least 10 times too high. In this Report we are
proposing a factor of 10 reduction in the genetic risk gnd a

L )

factcr of 6 reduction in +he somatic risk with the additional

request as stated previously that the exposures be kept as far

below the provosed naw limits as is practicable.

III. Prooosed Action

The NRC regulations
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exposure levels to radiation are embodied in the Code of Federal
Peculations at 20 CFR 20.101. At present these 10 CFR 20.191
regulations limit the whole body dose to 1-1/4 rem per calendar
guarter (5 rem/year), except a licensee may permit an individual
to receive up to 3 rem/quarter vhole body dose as long as the
dose to the whole bcdy when added to the accumulated cccupaticral
dose to the whole bedy, shall not excead 5 (N-18) rem where

.

“N" eauals the individual's age in vears.

The objective of the proposed action is to reducs the
genetic risk associated with radiation ewposurc at the current
occup;tiéapl cumosure level by a fuactor of 10 and reduca the
scmatie risk by a factor of G. 7To mect tha objoctive relative
to the ¢onebtic rish, it iz progeoscd that the curvont regulations

Dooanonded s rfollows:



To meet the objective relative to the somatic ri

is propos

w] 3~

] [y

1, 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.

1G]

%, it

23

adéition to the
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bove, that:

~

scmatic risk by a factor of 6 bealow the

exzosure zt 5 rem/vear from age 18. It is

proposed that the value of X be calculated:

paeriod durine
than lawt.
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It is further reguested that:

3. The URC institute hzarings to determine
the as-low-as-practicable extent to which,
the exposure can be maintained below the

proposed new regulations.

The e“fect of these proposed changes will be to

)

reduce the genectic risk from occupational radiation exposure

at the limiting value by a factor of 10 to about 1 in 100

and reduce the risk associated with the induction of fatal

recognizad that the ordinary occupational risks and the
risk asscciated with other than whole body irradiation
must be added to these whole body radiaticn risks
theless, the whole body radiation riskx is still guite l;rge
and therefors, it is essential to maintain the actual

exposures as far belcow these proposed new limits as is

The 2EIR Comnittee of the NAS reviewed the more

-
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~cts of radiation. They
‘were concerned mainly with the. exposure of the general public.

Irn <his respact the Committec concluded tuat the currant
15/

Raiiation Protoction Guide vas wnnacessarily bhigiy, a conclusion
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Yo,/ nno-lnle Wapori, obn. cit., P2
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which in our judgment should be eqgually applicable to
occupntional'exposurc standards.

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

rather, it stated:

The choice bestween no chznge and
a partial and tentative revision will
depend, so it sza2ms to us, nct only
on a sclentific assassment of evidence,
but also on practical ferations,
such as the genzzal d ty of
stability in the recom ns over
a period of yez2rs. 2 batuszan
practical considara ncomplate
scientific evidanca r foxr
judgement outside t oun's
frame of reference. ! les
it seemed useiul to give an examsle
in Appendix IV of how our ccnclusions
about relative tissu : T
cancer inducticn Dy
used as a basis for
for individual tissu
rerhaps for the whol
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in Appendix IV, the Comaittee analysis indicated that,
when the somatic’ and genetic effects are combined, the whole
body exposure limit should be reducced by a factor of 10. Thus,

the changes proposced here are in accord with this ICRP Committee

analysis.
"Both the ICRP and NCRP have recommended that special

consideration should be given to pregnant and fertile females.

In fact, in January, 1971, the NCRP recommended:

During the entire gestation pariod
the maximum permissible dose eqguivalent
to the fetus Irom occupational exposure
Of the expectant motner should not excead
0.5 rem.l7/ ‘ :

The change3 proposad in this Report would in effect accomodats

this reccmmendation of the NCRP.
- ,‘

The AEC, while acknowledging tha greater sensitivity

of the fe

ot

us, did not amend the ébse limiting sections of ths
Cormission's regulations (10 CFR 20).. So far as pregnant o
fertile women are concerned, the ATC noted difficulties in
sex discrimination, right-to-work and right-to-privacy ac
. 18/

reasons for not changing the limits.  The change proposad
here, sincé it applies to botl. men and women below the age
of 45 elininates these difficulties.

In further justification for not chagging the-dose

limits for pregrnant and fertile women, the AEC stated in its

7/ LeRY pzpurt No.39, on. cit., p.92.
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Fodoeral Registor noﬁicc:

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

and engineecripy changes and, in sone

cases, the emzloyment of z=dditional

workers in order to accomzlish essential
work within the reduced individual dose
limits. The latiter could even resul: in

a net increase in total man-rems of exposure.
‘ReductiOW of the dose linmit for all workers
hoqu a gravate an existing shoriagse ofF

While we disagree with the philosczhy for setting
radiation standards implicit in zh

swas of money it would cost the indusiry, we rote that the

jo7

changes progose
to 0.5 rem/yvear.
retained for oldar

should not nlace

exanple, the AZC

19/ 1Ibid., ».799.




Data on results of personnel
monitoring reported to the |
Commissicon pursuant to $20.407,

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

If M in the proposed regulations were set at 55 years
and X at 3 rem/year, the necessary reduction in cancer fatalitiss
would be achieved. If the work force has tha same distribution

as th
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and the ahove guoiation indicates that only 12% are presently

t

ct.

1.5

7

exvosed above 2 rem/vear. If M were set at 45 and X a

rem/year, the cancer reduvciion would be achieved, and soma 37%
I3

t

of the work forcs could be expeéﬁed to be above 45. In this

latter case, by limiting the exposure of workers over 45 to

0.5 rem for 2 years, these same workers {12% of.the work force

in any one vear) could receive 3.5 rem in the third year. horeover,
since there is gocd reason to believe that the present
expOSurcs'ara not as low as p;acticable,.the industry shoﬁld

not have great difficulty in conforming to these proposed

recgulations.

ZE‘!.7 :Ef’.’.ﬂ. » 227397,



 -19- .

In conclusion, we note that our proposal for

limiting the exposure of younyger workers while allowing a

nighzr exposure to older workers is not now, It is, in fact,

sinmilar to a 1955 recommendation of the HNAS 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 resasons, are unlikely the
after to have additional ofispring. Again
it is recognized that such a procedure will

introduce comnlications a:a difficulties,
but this committee is convinced that scciety
should begin to modify lts procedures to
meet inevitable new conditions.2l/

submit that this cecommendation is even nore

approzriate today. Its justification on genetic grounds is
undiminished while, at the same tims, the cancer inducing

£ radiation is now recognized to be much greatexr
radiosensitivity of the developing embryo and
fetus is also now recognized. In the presence of an

exzanding ruclear industry, the time to imzlement this

Rewvore, Lational Acadeny of Sciances, The 2iolosical
of Atonmic Rndiatien, Suvmmary Reports, Report of the
Corriitoza on Guneric Effccts of Atomic Radiation, Wasnington, D. C.,

2
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' Table 3 Cochrom

Estimated numbers of deaths peryear fo the UL S, pepulation atteibatable toeontinual exposure ataeate ul |
0.1 rem per year, hased anmartality feam teuhemia and franadl ather madiznancies combined,

—
Irradiation ABSOLUTE RISX MooeL”. RELATIVE RISK MODEL"
puring Perlod Excess Deatzs Due to: Excess Deatns Due to:
Lengemia Al other Cancer Leakenia All ather Cancerx B
in Utoro 75 75 56 56
0-9 y2arcs 16% (a) 73 93 (a) 715
fh) 122 (L) 5,859
, !
10 + years 277 (2)1,052 589 (a) 1,665
(1,253 ) (b) 2,415
Subtotal 516 (a)1,210 738 (a) 2,436
1 (531,485 (b) 8,350
T0TAL (a) 1,725 = 0.27 incr. (a) 3,174 - 1.0% incr.
(b) 2,001 = 0.%% incr. ) (b) 9,078 - 2.9% incr.
2 The figures shown are bas following aszumptions: :
(1) 1997 U.§. vital sta v be used for azge specific death
rates from leuxenia 2! &il other cancer, and fer total U.S.
population - i
(2) Velyes for the . (a or b) «f the latent period (the

deaths cceur),

length of tizme diation bafor any excess of cancer
. cisk ("plateau regica"), and
magnitude of awverage i: se in annual wortality for each
group 2re as showa in 3-2.
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Preface

This report of the National Academy of Sui-
ences - National Researeh Council Advisory
Committee on the Biolagical Eff eets of Tonizing
Radiations (BEIR Committee) deals with the sci-
entific basis fur the extablishment of radiation
protection standards aml encompasses a re-
view and re-evaluation of existing scientific
knowledee concerning radiation exposure of
human populations. The present hasis of radia-

- tion protection is essentiaily the establishment
of single upper limits for individual and popu-
lation average exposures with the understand-
ing that any bicolurical risks should be offset by
cormensurate Lenefits and thal these risks
should be kept as low as practicable. It has
become apparent that these current concepts
of radiation proieciion may rot be aldeguate in

cafut uze of nuclear ener-
gy, Indequacy ari is the po-
tential for radiation entire popuia-
tions and such exposure may be an aiternative
to other es 6 hazards o v example, the
substitation of radivactive contaminants from
nuclear power piants Jfor the combustion prod-
ucts from fossii fual plants. Thus Lnue is a
‘need somenaw to make comparizans of hinlogi-
cal risks and baneiits not only for radiazion but
for the alternative gprions. Inthiz reportit has
not been possible for us to Jea! with critical
interactiing fact such as socio-ceonomics,
energy neads, and comparative ¢ifvets of other

ge-zeale

UTe pIe 0o

N ONDD ‘u"‘c or

toxicological agents: nor have we attempted to
explore in detail technolagical matters such as
sustained engincering performance of power
reactors, large-scale waste disposal, or the
problem of catastrophic accidents. Neverthe-
less, we have felt it urgent 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
socicty with the services that it needs at a mini-
mumrizk to health and the environinent.

The BEIR Committee has endeavored to en-
sure that no sources oi relevant knowledge or
expertise were overlovked in its study ard to-
ward this end has established and maintained
Latson with appropriate nationa] and interna-
tional organizations, and hes solicited the
opinicns and com\u- of individual scientists.
Th € Comumittee wizshes to express zppreciation
tn those who served on the Subcammiitees, and
to the many organizations und individuals who
have cooperatad by providing viewpoints and
information. The members of the Commitice
and Subcommitizes acted as individuals, not 23
representatives of their oxgu..'.zut‘.ons.

Chapters IV through VII represent the re-
ports of the respective Subcomniitiess but may
have been modified by the Committea. All mem-
bers of the Comumittes approve the substan
o7 the report if not necessarily each spec .hc
deraii

.
v
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AFFIDAVIT !

moUST TEDRITORY OF THE
PACIFIC 1SLANDS

7’

)

)

) sS
MARSUALL ISLANDS DISTRICT )
)

Jormea Leviticus, being duly sworn, states: He is.

a member of the Peogle of Bikini and one of the named plaintiffs

He was born on July 7, 1936 at Bikini Atoll, Marshall
Tslands, and resided at Bikini until the removal of his Pcople
from Bikini on March 7, 1946, when he was nine years of ace.

Thereafter he lived with his people at Rongerik ltoli
Iov ;pproiimately two years where he exparienced arthritis at
ae: 19-1) from eating toxic fisnh.

Thereafter he lived at Kwajalein atoll for saverai

months and then togethar with the People of Bikini, was novad w0
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In 1932 affiant moved to Ujelang Atoll as a Heal:th

'
i
.,
&)
(81

the Peonle 0f Enswetak who were remova

o
53

o Ujeslang.

e

samainad at Ujelarg eight vears., Then, afta2r sarvice zgala at

-} ajuro ha movad to Bikinil Atoll to serve as a Health Aide
S, _ava 1972, He remained as a Eealth Alde ac Bikiail until July,
‘nan hé returnzd to Majuro.

Affilanc is presentlw emoloyed at the hosnital at



]
For apy..<imately 30 months affiian., togethoer with his
wife and seven childrea lived in the interior of Bikinl Island

at the place marked in the aerial photograph attached hereto
with a red "x" in Janai Weto, whqre external gamma radiation is
botween 65 and 73 microroentgens per hour. ' -

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

| Affiant ard his family consumed bananas, potatoes, pﬁpayas,
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 fzom‘the urine sanples, ﬁo other tests were adminis-
tered to affiant or his family. : .

Affiant now knows that he and his family, like others

who have lived or are living at Bikini, has been placed at risk

by exposure to radiation and that to understand the extent of ex-

St

oosure and, if necessary tresat results of that exposurs, extansive
examination will be necsassaxry.

Affiant, as a trazinsd and experisaced Hesalth Aide, knows
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thac he and his Zamily reguire immadiate and
exanmination and possible treatment.
Br. Conard kxnew, when urins samples wers taksn from

affiant and his wifz, that they were living in the interior of

ime (late 1974) Dr. Conard reasonably must have

xnown of the proSability of extremely high radiation risk to affiant

’
e

and hisz family.

Yeverthalass ncither Dr, Corard nor any octher ERDA or
AIT physician furnished affiant or his family with appropriate
cxanination 6: care.

Affiant has no confidance in Dr. Conard or other LERDA-

ADC fiealth care personnel.  Arfflant believas he and his family

and othuzs who have been placed at risk on Bikinl Island should
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9
have a right to scloct thelr own physiclans for the cxamination
and poussible treatment they now require. .
Dy reason of ERDA's having aliowcd affiant aﬁd his family
to have been placed at risk to high radiation (external gamma
dosage approximately 20 times grcater than in American cities }
and 35 times greater than elsewhere in the Western Pacific Islands)
s¢<iant believas E2DA-AEC should bear the entire expense of
examination of himself, his family and others similarly situated, as
well as the expense of treatment if remedial treatment should be
indicated or possibla.

‘Affiant is willing to have physicians he chooses relsase
results of examination of himself and his family to Dr. Conaxd and
£203-23C but affiant is not willing to entrust his or his family's
he%lth care to Dr. Conard §r ERDA-AEC as affiant has a reasonzdle
basis to beliave, for tho reasons set forth above, that Dr. Cocnard

and othar phvsicians emploved by ERDA-AEC are concarnzd with
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