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I. Introduction

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

Before proovosing modifications to existing radiation
protection standards related to plutonium exposurel,'we
review in the Zollowing section the gravity of the public

health concarn as plutonium becomes a principal article of

cormerce in the nuclear power industry.

1/ while much gf this report focuses narrowly on plutonium-239,
tha discussion is, neverthelsss, germaine to all radionuclides
in insolubla particles with a high specific activity. (The
dafinition of specific activity and other technical tarms

in =his regort are given in the Glossary). The justification
for focusinjg oa plutonium has been aptly stated by the Inter-
nazional Cormissicr on Radiclogical Protection (ICRP):

“ti2 emphasis on plutonium is clearly a reflection of the gener-
1l ~onsensus that, in terms of amount available, projected

usz extant of anticipated accidental human exposure, and

r xicizy, olutonium is the most formicdable radionuclice

LT porisdis =ahla." ([ICRP Publication 19, "The Metabolism
0 ppounds of Plutonium and Other Actnides," Pergamon Prass,

1 n.1l.]
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This is followed in Section III by a review of the
specific radiation protection regulations that are in force
in the United States today and which are at issue. This
section focuses on the existing quidelines for Pu-239, but it
is to be understood that, in this and subsequent sections,
it should be appolied to all alpha-emitting radionuclides that
meet the hot particle criteria developed in this report.
Before readinz Section III, those unfamiliar with the
national anZ international organizations which have prinmary
responsibility er recommending or establishing radiation
protection standards, may find it useful to read Apperdix
&, where th2se organizations and their authority are reviewed.

Section IV presents assunétions inherent in the existing
radiation protection standarés and identifies those assump-
tions that are inappropriate when applied.to insoluble

articulates. The biological data which
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Zemonstrate thzt these assumptions are inappropriate wnen applied .
to hot carticlss are discussed in.Section v.
Utilizing the data preéented in Section V, the
criteria that define a hot particle are developed in Section
I, Recomnmaniztions for exposure standards for hot particles
are then davelored in Section VII and summarized in

Saction VIII.
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II. Plutonium Use and Public Health .

Plutonium occurs in nature, although in such small
amounts that it does not constitute a practical source of the

L2 . . .
element . Plutonium is bred in nuclear reactors by the
capture of reutrons in uranium-238. To date, the nuclear
weapons program has been the principal source of plutonium.
However, it is anticipated that the commercial nuclear power
industrv will become the principal source of this material

within the next two decades. In today's commercial reactors
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roduced as a by-product in the production of
ele:::ici:f.

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

ther will be recvcled. The reactor together with the variety

ratio of the concentrations of plutonium-239 to

2/ The

“ranivo in cres varies from 4x10-13 to 1.5x10-1l. Kkatz, J.J.,
Chagzter VI, The Chemistrv of Actinide Elements, Methuen and
Cs., Ltd., London, 19537, pp. 239-330.

3/ ZIZnwironmen

al Statement, Liguid Metal Fast Breeder Reactor
- £C, WASY-1509, april 1972, p. 149,

(]
12
1
0
3
4]
0t
ty
v
o




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

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

the fuel cvcle wnere accidents, particularly those associated

t
(=N

with fire or esxplosions, can release significant amounts of
210, as 2erosols that can be inhaled by man.

These smail aerosol particles of PuQ3 are highly radio-
active. Anlappre:iable fraction of the inhaled Pul,

oarticles are travpped in the deep respiratory tissue of the

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

3/ Uzdated (12373} Cost-Benefit Analvsis of the U. S. Bresfer
Ssactor Prozram, USAZIC, WABH-1184, January 1372, p. 3i. Four
million mezawazts (Mw) corrasponds to 4000 rominal-sice
~naclear w=2acters -- 1000 w each.

i

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

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

" intense radiation dose to the surrounding lung tissue.

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

wvaar cerio€ belfore it was excized, it produced a nodule which

. . 6
Cisplzved grecancerous changes .

There is little doubt from

aniral studies that inhaled plutonium is one of

z=2 mest pctent raspiratory carcinogens known. There is

guparizental and cbserved evidence that plutonium concentra-

tions in th2 luncs of dogs as low as 0.2 microcuries (3 micro-

Hence, the flow cf

- . 7
crams oI pluzenium-239) produce cancer .

223 miliisan kilograms of plutonium represents a flow of over

13 cancer Zcses, a staggering number which, as will be

Eazonstrzt2d subsacuently, may be an underestimate oi the
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weral orders of magnitude.
The raersistance of this toxic material, once lost to
tn2 environnment, is measured in terms of thousands of years.

<wo-thirds of the plutonium flowing in the nuclear

2. and J. Langham, "A Dermal Lesion from
ium," Archives of Dermatology, 86, October
121-224.

51 curies per gram of plutonium-239.
~izrocurie of plutonium-238 would have a
i microcramsSsince olutonium-238 has a

¢ activity, 17.47 curies per gram.



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

isolated from the environment in perpetuity.

I1I. Existinc Standards for Plutonium Exposure
Radiation exposure standards have been established
because raciation is known to produce cancer and genetic
mutations in individuals irradiated. The mutations can
in turn cause geretic defects in subsequent generations.
The intent of the exposure standards is to limit this biological
danace. The nagnitude of thg biological effect has bsen
show2 to be related to the raéiation dose. 'The highe: the
dose the greatar the effect;' Therefore, the primery radia-

tion exposure standard is one that limits the radiation

fu

cse. This orimary standard is generallv referred to as the

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

Wz snz2ll discuss the nature of this unit subseguently.
An indi-iiual can be exposed to radiation Irom sources

that are ext2rnal to his body as, for exanmple, an X-ray
nagiiine or Zrom radionuclides which emit X-ray like radiation
dopnsited on the ground (this occurred with fallout from

naTlaar weapon tests). Alternately, an individual can be



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

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

ernigsible whole body and lung doses.

‘U

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

urdens, are often more easily employed than the primary dose

ol

ds. We shall examine two secondary standards in this

P . - B T



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

It is important to recognize that the MPLD is the
brimary standard; it applies to all radionuclidss and

radiation scurces. The MPLB and the MPC, are derived standards

ané are soeciiic for a radionuclide. These darived standards

I3

are relatsd to thes biological properties of a radionuclide
and to the ZIcrm of radiation it emits.

Table I lists the existing exposure standards for en-
plovees of the nuclear industry that apply to Pu-239 in insoluble
form. The MPLD o 13 rem/vr is included in the recommendations

0% the International Commission on Radiological Protection

the Yazional Council on Radiation Protection and

ion 9, Re~-ommendations of tha Interna:zioral
inlogical Protection (Adooted Sevptembar 17, 19658),

llew fork, 1966, p. 14.

No. 39, Basic Radiation Protection Criteria,
~s, Washington, D. C., Jan. 13, 1971, . l0s.
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(FRC) 1%, The MPC, is included in the ICRP recommendationsl

ard is also an AEC radiation standardlz.. Of the standards

in Table I only the MPCL, is desiqnated in the AEC regulations.
However, this MPC, corresponds to that tabulated in ICR? -
Publication 213 which is derived on the basis of the MPLD
listed in Table I. The MPLB is also derived on the basis of
14

the MPLD The MPLB is not included in either the recommenda-

tions oI ICRP?, NCRP, the guidelines of FRC, or the A=C

’

Recort of Cormmiitse II on Permissible
Radization, Pergamon Press, New York, 1280.
gamon Press, June 19¢0.)

Appearad in H=2alth Phvysics, Yol., '3, Per

12/ 10 CFR 20, Appendix B.

13/ IC22 Publication 2, Ob.

=3 cit.
. 2n@ A.R. Kirchner, "Evaluation of Lung Burden
@ Inhalation of Highly Insoluble Pulp," Health
1

3, 1967, op. 877-882.




TABLE I
Existing Occupational Exposure Guidelines
that Apply to Pu-239 in Insoluble Form*
MPLD (ICRP, NCRP, FRC) 15 rem/vr
MPLB 0.016 uCi
MPC; (ICRP, AEC) ax10711 wci/mi

*Note: See Glossary for definitions of symbols.

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

AEC or EPA reculations.

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



TABLE II -

Existing Exposure Guidelines for Non-Occupational Exposure

that Aoply to Pu-239 in Insoluble Form*

Individual ‘ Population Averace
MPLD 1.5 (0.5) rem/yr 0.5 (0.17) rem/yr
(ICRP, NCRP, FRC) .
MPL3 0.0016 (0.0005) uCi 0.0005 {0.00017) ucCi
Brte 10712 (3x10-13) uci/mi  3x10°13 (10-13) uCVi/ml

* The MPLD valuss in parentheses refer to the latest
receonmendations ¢ the NCRP, The MPLB and MPCa values in

parentha2sas corrasovond to the new NCRP dose recommendations.

v, Calculatine the Dose Dus to Insoluble Alpha-Zmitters

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

asrosols of Pulp. The assumptions are introduced through a

AL The Dose Egquivalent

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

1
m

as through tissue it transfers enerqgy to the cells in
AN

13

-

i
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these tissues. This energy produces chemical changes in

thé nolecul2 ol the cells; for example, such a chemical

chance could be a mutation in a gene. The radiation dose

is actuall? a measure of the energy transferred to or

adsorped by the tissue. The basic unit of dose is the

rad (one rac represents the absorption of 100 ergs of

energy per é:am of material). : ) .
In acdiition to X-rays, radionuclides emit gamma rays

.

(hicgh enerz: X-ravs), beta particles {electrons), and alpha
particles (h2iium nuclei). In radiobiological experiments,

it was cdetazrrined that, while these various types of radiation
oroduced tha sarme biological effects, such as cancer, the
magznitude o the effect was not the same per rad. For

example, it was found that 100 rad of alpha radiation would

1w 10 times as many cancers as 100 rad of

, it was found that because of the special

way in which Pu-239 deposits in the bone, its alpha paxzticles

ware > times ~ore effective in producing bone cancer than the
. .. - : 7 i
alpha particlz:z Irom radxuml . To account for these differences

in +the maznizule of the observed effects at ths same absorbad

fcs3z in rai, =h2 maximum permissible dose limits are given

pihe] rad.
The MELD is civen in rem in Tables I and II. The
T 11, ™\ Review of the Radiosaensitivity of
oD Pergamon Press, MNew York, M. v., 1967,.p. 21
- ) - N b A

L e
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rea is the unit of Dose Equivalent (DE} . The DE is obtained
2w multiplying the absorbed dose in rad by modifying factors
ts correct Ior these observed differences in the magnitude

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

eZlect will be the same for a given DE regardless of the

nzture ofi the radiation or the manner of radiation.

3. Modifvinc factors o .

At the present time, two modifying factors are employed.
One is the Qua2lity Factor (QF) which accounts for differences
in oprzduczing niclogical gffects among various forms of
raiiation. Ths other is the Distribution Factor (DF)

tHh

wiizh accounts Zor the modification of the biological effects
; ;

wien 2 radicnuclicde is nonuniformly distributed in an organ.
For axample, tha DI Zor X-ray to bone tissue is determinead

b using Q=i and DT=1,while that for Pu~239 in the bone is
Geternined zv using 2 Q§=10 (to account for the g:eéter
giZszctiveness of alsha particlz irradiation) and a DF=3

(22 account Ior the seculiar distribution of Pu in the bone)lg-
% ZZ=30 rem Zrom X-rays or Pu-239 would thus induce the same
nizser  of cancers in bone but the absorbed dose Zrom the X-rays

that from Pu-239 would be only 1 rad.

.
PR
s
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In obtaining the derived values in Tables I and II,
MPLB and MPC, for Pu-239, a QF=10 was employed. This QF
inplies, 25 mentioned above, that the particles of Pu-239,
waich enit alpha particle radiation, are 10 times more effective
in inducing cancer than X-rays. Although the irradiation of
tissue by insoluble plutoniwn particles is highly nonuniform,
no DF valus has been assigned to these particles and hence, a
DF=1 was empléyed in determining the derived values in Tables I
and II. 1Ideally, the DF should be determined by the ratio
of the obsarved effects in an organ following uniform and
nonuniZorm radiation of the tissue with the same radionuclide;
Zor exanmzlia:

Numbzar of cancars (nonuniiorm

i
DT = = 7 — -
Number of cancers (uniform irradia
5 -

or insoluble Pu-239 particles from

rh

<o derive the DF
teral Zata. In a subsaguent sa2ction, we shall present
the bioicgical evidence that strongly suggests that a DF=1

¢rossly =zndesrestimates the DE for insoluble particulates of

Pu-239 and, conseguently, that the derived standards, MPLB

. - . . . . 2
and MPC, f£zr this radionuclide, are greatly in error.
2

ies as well to other alvha-emitting actinides
rticulate Zorm.
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Beéore turning to the biological data it is appropriate to

discuss first the radiation field around a particle of Pu02

and thereby d=fine the fundamental questions that need to be

answered by the collateral data from radiobiological studies.
The unicue form of tissue irradiation displayed by

insoluble particles of Pu-239 occurs because, when Pu-239

[N
|

scavs, it enits an alpha particle with an energy of 5.1 MeV.
This particls has a range (produces biological damage) of only

szme 40-45 2 {0.%04 cm) in human tissue. In other words,
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5 u radius. As one moves in-

v
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ward Zrom ithe suriace ol this sphere, the radiation intensity
incra2zses ga2cmetrically.  About half of the alpha particle
ernerc is Zissizczted at 20 u (tﬁat is, with a voluxe ﬁhat

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

e

irst column .of Table I1II describes

t

tne radiaticn Zield around such a particle in soft tissue;
., <he skin. Since the lunc is a spongy tissue with a large

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

the mass of irradiated tissue is larger.

e2asaman made a detailed analysis of plutonium
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particle irradiation of deep respiratory tissue21. The
last two columns in Table III describe the radiation field
around such a particle in the lung using Geesaman's lung
model” . The dose rate to the entire organ is given in
column 2 of Table III for comparison. From Table III it is
significant to note that Qith an assumed DF=1, the lung
dose fromn the same particle varies by more than 8 orders of
magnitude degending on whether one averages the dose over
the entire lung or calculates it on the basis of the tissue

exposad.

TABLE ,III

Radiation Dose Rate Due to a Pu-239% Particls

(1 u in dlamet,‘, 0.28 oC123)

Soft Lung

- Tissue 24 Entire Tissue 5 Clcsest 26

Irradiated Orcan Irradiated 20 3Alveoli
Mass of 29

Tissue 0.4 ug 1000 g 65 ug 19 ug

Dose Rate
(rem/vr) 730,000 0.0003 4000 11,000
21/ Geesaman, Donald P., ~: Analvsis of the Carcinogenic Risk

rom an Insolunla Aloha-Enicting Aarosol Danosited in Deeo
aspirasory Tissuz, UCRL-50337 and UCRL-50387 Addendunm,
awrence Livermore Laborxtory, Livermore, Calit., 1963.

',J [R%

-
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It would take 53,000 particles of the size illustraéed
in Table III to reach the MPLB of 0.016 uCi which results
in’15 rem/yr to the entire (1000 g) lung. However, as
Table III indicates, these particles would irradiate only
3.4 g of this 1000 g to the lung, but at a dose rate of
1000 rem/yrze. Thus, as Table III indicates, these particles
result in an intense but highly localized irradiation. A
fundamental question is, then: 1is this intense but localized
irradiation more or less carcinogenic than uniform
irradiation? Alternatively, is the DF for this particular form
of i::adiation 2gual to, greater than, or less than one? In
the remainder of this section, we review the guidance, or
~ore apcropriataly lack of guidance, for dealing with this

hot particle prodblem.

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

23/ Langham, Wright H., The Problem of Large Area Plutonium
Contamination, U. 5. Dept. of H. E. W., Public Health
Sarvizces, Seminar Paper No. 002, Dec. 6, 1983, p. 7.

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

=xlizible Consszuence,” MNuclear Mews, June 1971, p. 71.

23/ CGCeasaman, Donald P., UCRL-50387, pp. 8, 15. Based on
Caesaman’s modzl for a lung at ore-half maxinum inflation.
2agzman estimatss a total of 58 alveoli at risk, each

O o )

s
s
%1975 em3 in volume, and deep respiratory zone tissue density
9.12 g/em’.

</ See footnate 23.

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

to

w e oL . . - -
3/ This assumes that the radiation field of the 53,000
articles Qo rot overlap.

'
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C. The Hot Particle Problem

\\\\\ It is important to recognize that the ICRP has given
no guldance with respect to nonuniform irradiation of the lung
by insoluble alpha-emitters such as insoluble plutonium
particles. In its Publication 9, the ICRP states:
...In the meantime there is no clesar evidence to show
whether, with a given mean absorbed dose, the biological
riskx associated with a non-homogeneous distribution is
cra2ater or less than the risk resulting from a more
difiuse distribution of that dose in the lung.29

in eif=ct, ths ICRP is saying that there is no guidance as

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

the MPLB are rmeaningless for insoluble pluzoniunm

The NCR? off=rs the Icllowing ang similar statemant

with reszect to these particles:

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

‘ch chodl £ a significant volume or area is

1 ningless. For example, if a singls
L adioactive material Zixed in either lung

may be carcinocenic, the averaging
r over tha lung or ewvan over one cu

: nic
—~av have little to do with this case.30

nis hot particle problem is also well recognized in

the biologizal cocrmunity. The following is extracted from a

23/ IC2? P:blication 9, Op. cit., p. 4.
/

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

IR
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paper by Professor Donald P. Geesaman: ¢

.Conmmnittee o

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 qguote to vou from Dr. K. Z. Morgan's testimony
in January of this year before the Joint Committee on
Atomic Enerzy, U.S. Congress. f{a] Dr. K. Z. Morgan
is one of the United States' two members to the main
I the Intern=ational Commission on Radio-

logical Protection:; he has been a member of the com-
mittee lonz than anvone; and he is dirsctor of
Health Phwsics Division at Oak Ridge National Labora-
toryv. I guote: "There 2are many things about radiation
exzosure w2 <o not understand, and thsra will continue
to be uncartainties until health phvsics can proviés
a coherent ga. This is whv
some of the research studies of the USAEC are so
imzort = Geesaman and Tamplin have pointed
rcblams of plutonium-239 particles

! to a man who carr
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and swmaller volume oI tissue
recipient. This is ancther
tion of how you calculate the dose
le particle.” [b] He was

as come up again.
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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
senta2nce reads, "The potential hazard due to air-
borne radioactive particulates is probably the least
understood of the hazards associated with atomic
weapcns tests, production of radioelements, and the
expaniing use of nuclear enerqgy for power production.”
A dec2ale later that statement is still wvalid. Finally
let me guote Drs. Sanders, Thompson, and Bair from a
paper given by them last October. [d) Dr. Bair and
his colleagues have done the most relevant plutonium
oxide inhalation experiments. "Nonuniform irradiation
o the luna from deposited radicactive particulatzs is
clear’l: more carcinogenic than uniform exposure {(on a .
total-Iung dose basis), and alpha-irradiation is nore
ca:ci:::a:ic than bsta-irradiaticn. The doses recguirad
for 2 substantial tumor incidence, are very high, how-

ever, iI measured in proximity to the particle; and,
again, there are no data to establish the low-irncidence
end ¢ a cdose-effact curve. And ther2 is no general
theor, sr data on wnich to base a thecry, which would
pernic exirapolation of the high incidence portion oI
tha o into the low incidence reqgion." I agres and
I

that in such a circumstance it is appropriate
the standards with extreme caution.31

el U. §. WAS-NRC Subcommittee, Effects of Inhaled Radicactive
Pgrziclss. Report of the Subcommitiee on Inhalation
Zazariz., Conmmittee on Pathologic EZfects of Atonic
Radlztizn. National Academy of Sciences - Naticnal
Rasea::i Council, Wasnington, D. C. 1951. Publication
948, NAS-URC/PUB-848, 1961.

{21 Sandis-=, C.L., R.C. Thompson, and W.J. Bair, " unq
Cancer: Icse Response 5Studies with Radionuclides.
In: Znnhalation Carcinocenesis. Proceedings of a Blology
Divisizn, Ozak Ridge National Laboratorv, conference held
im Zazlinburg, Tennasse2, October 3-11, 1969. IL.G.
tanna, Zr., P. Nettesheim, and J.R. Gilbert, eds.,

. hzznmic Eneray Comnission Svmposium Series 13, 1970.
To. 233-353.  (COMF-691001).

27, Donald P.,, "Plutonium and Public Health,"
avmare wanrntor&, Calif., nT=-121-70,

{A\ =

.
AT duclaazr Znocay,

zer Pollution na
Senate, 91lsc Congress, 2nd Sesslc
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To tia:se comments, referenced by Geesaman, can be added

th2 commer.~3 of Dr, A. B. Long:
". . . there is an urgert nced to dispell the sense of

security and certainty that the present limits for

the ~aximum permissible lung burden and the maximum

perm.ssible air concentration bring . . . the public

shouli be informed of the uncertainties that exist

in these limits."32

V. Biolzrical Data Related to Cancer Risk from Insoluble

Plu<:-iun Particles

We h:ve shown that insoluble alpha-enitiing particles
21t in Lntense but localized radiation. They can irradizce
27 wery hl:n doses without being organism~ or organ fatal.

2 sa2id th:t the available biological data strongly suggesis

or insoluble

rh

<nz: 2 DF=! zrossly underestimates the DE

derived stanczzds

0]

Tarsiculat . : of Pu-239, and consequently, th
MPL3 and MFI, for this radionuclide are greatly in error.

Wa now turr to the experiments involving cancer induction
=+ intense .dcal exposure, since these ares especially
tlevant i Jjudging whother or not insoluble alpha-emitting

=zr=icles ~<:nstituta a unigus risk. Geesanan collected

[N

3=3 analyze? the partinant experiments, and what follows
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is essentizlly a review of his analysis which has become
known as the "Geesaman hypothesis."

A The Geesaman Hyoothesis

Dr. Roy E. Albert and co-workers performed a number of
. { @b - i ; ; . 34-36
experirents cn ithe induction of cancer in rat skin .

Albert's study of radiation-induced carcinoma in rat skin

gives some cuantitative description of a high-dose car-

cincganiz si*uvation. A skin arsa of 24 cn? was exposed
to electron radiation with various depths of maximum penstra-

tipn. fThe icée response curves are reproduced in Figure 1.
In 211 za2s2s the response at sufficiently high doses (1C00-
3009 rexm) wa2s large,—1-5 tumors per rat by 80 weeks post

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

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

r2soons2 curtes Decame continuous {See Figure 2). Since this
g

33/ Geesazzn, D.P., UCRL-50387 Addendum, Ooa. cit.

u

, ®%.2., F.J. Burns, and R.D. iHeimbach, "The
cenziration depth of electron radiation on skin
= in the rat," Radiation Ras. 30, 1967, po. 515-524

B

.2., F.J. Burns, and R.D. Heimbach, "Skin camage
“ion freom grid and sieve opatterns of elactizon
z-ion in the rat," Radiation Res. 30, 1967, pp. 525--

35/ Alzarz, X.E., F.J. Buras, and R.D. Heimbach, "The
isscciation between chronic radiation damage of tihz hair
fnllicles ans tumor Sormaticn in the rat," Radiation Zes. 30,
1357, op. 130-339.



depth is near the base of the hair follicle which comprises

the deepest reservoir of epithelial cells of the germinal

layer, it was suggestive that this might be a critical

region in the observed carcinogenesis.

significance from the observations that
are similar to hair follicles, and that
dose range the number of tumors per rat

ratio

w235 ramarkadbly correlated with the dose

of a particular skin structure.

gesometrical effects were cobserved:

induction in the sieve geometry was supopress=2d at dosas of

cr

1790 rad but not at doses of 2300 rad.

w23 acain cecnsistant with the reduction
z- atrophied hair Iollicles.

To summa2

'y
te
1]

The suggestion gained
most of the tumors
in the non-ulcerogenic

was in nearly constant

(1/2000-1/4000) with the nurber of atropnied hair

Thus the carcinogenesis in this experiment

to and specific

Whan exposures wars

stripe and sieve patterns of rcughly 1 mm scale,

most notably the cancer

The reduction, however,

in damage as characterized

this important experimsnc, a high incidence

0f cz2ncer was cbs=2rvad after intense local Zosas of radiation,

w
o3
:
(r
L
o
n

arcinogenesis was proportional

itical architectural

to the damage or

cnit of the tissue,
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Others have observed carcinomas and sarcomas in rats

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

tion37 43. Cancer induction is generally a frequent event

in these experiments. Even at elevated doses, such as

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

«5 sarcomas/100 cm? in rats37.

A few results for rabbits, sheep, and swine were

chtained at Hanfcrd3s-4l. Despite the small number of aninals

H.2., "The dose-survival relationsaip for
2sithelial cells of mouse skin," Brit. J.
7, =o. 187-194.

313’ Hualse, Z.V., "Tumours of the skin of mice and other

-Zataved effects cf axternal beta irradiation of mice using

?)s- ang 322," 3:zis. J. Cancer 16, 1962, pp. 72-86.

2/ A. Glucksmann, "Production of cancers in

vaz z2zplication of Beta-rays and oi chemical’
a ss _in Radicbiology, J.S. Mitchell,

. Smith, eco. Procecd'ngs o- Lne Pourth
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;dlnburgh, Oliver and Bovd, L9ao, pp. 476'479i

22 Cezrge, L.A. ané L.K. Bustad, “Gross effects of beta rays
cn the skin,” nio Atomic Products Operation, Biology
Ressarcsh Annuval 2soort for 1956, HW-47500, 1957, pp. 135-141.

<2 Jezrze, L.A. II, R.L. Pershing, S. Marks, and L.K.

Suszad, “Cutaneous Zibrosarcoma in a rabbit following beta

s rradiazion,"” Hanford Atomic Products Operation, Biolosvy

f2s2arsh Annual -keoort for 1959, HW-65500, 1960, po. 63-63.

22’ Razan, H.A., W.J. Clarkas and L.K. Bustad, "Late effects

T s%in irradiacicn,” Battelle-Northwest Laboratory Annual

asors for 1953 in the Biological Sciences, BNWL-280, 1335,pp. 13-1¢

LT, E.B‘\Howard and J.L. Palotay, Battella
:ry Annual feport for 1957 to the USAEC Division
BLWL-T714d,

ne, Vol. I, Blological Scionces,
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involved, surface doses of 16,000 rad from a p32 plaque

induéed an average of 1 cancer/animal which is indicative
that larcer ~manmals are similarly susceptible to skin cancer
aiter intense radiation insult. Again, these gross obser-
vations dermonstrate that enhanced tumor incidence does occur
after very hig¢a doses.

Intens2 localized radiation of the subcutaneous and
intraperitcnszl tissue of animals by Pu-239 has also been
shown to cause a high frequency of cancer inductioﬁ43‘45.

Now what are these experiments trying to tell us?

Certainly a razasonable interpretation of these experimental

results is: +whan a critical architectural unit of a tissue

(2.g., a hair Zollicle) is irradiated at a sufficiently high

e

Zosage, th2 changce of it becoming cancerous is approximately
’

10-3 to 107<%. This has becoms known as the “"Geesaman

N

hvgothesis.”

3 2a2l2xs< Human Exoerience
- Sincs <z a2bove experiments relate to cancer induction
in zninals, it is pertinent to ask whsther man is more or less

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

"Carcinocenic Properties of
3 and of Plutonium,” Radiologv,
£p. 361-363.



0
- .27 -

sensitive to such intense localized radiation. C. C.

Lushbaugh feaorted on a lesion that developed as the result
¢ residual Pu-239 from a puncture woundde. The particle
contained 0.08 ug (0.005 uci) of Pu-239, Commenting on

th2 histological examination of the lesion, the authors

state, "The autorzdiocraphs showed precise confinement of

alrha-tracks to the area of maximum damage and their

ecithelial changes tyrvical of ionizing radiation exposures were
crasent. The cause and effect relationship of these findings,
th2reiore, seemed cdvious. Although the lesion was minute,

ths changes in it were severe. Their similarity to known

sidarmal cytologic changes, of course, raised

J
rt

ci the ulzimate fate of such a lesion should

==z allowed to exist without surgical intervention..." In
tnis case, less thzn 9.1 ug of Pu-239 producad precancezsus

chzanzes in human sissue,  The Zose to the surrounding tissuce

it
in

“wrerv intsnse. Thare is every reason to believe that a
smaller guantity oI P2-239 would have produced similar chances.
This pracancerous _a2sion indicates that a single Pu-239
zvarticle irradiatss a significant (critical) volume of tissu=

is capadble oI Induzing cancar. The Lushbaugh study was

]
s
th

[

Lusnbaugih, C.Z. and J. Langham, Op. cit., pp. 461-454.
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published in 1962. At that time the total number of puncture
wounds in r:: was less than 1,00047. The treatment of such
wounds was -<..:zision so that the total number of wounds dis-
playing res:i . ual contamination by plutonium particles was
certainly 12:53 than 1,000, Therefore, this wound data would
suggest tha:- insoluble plutonium particles could offer a risk

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

ver particlz. In other words, when a critical unit of tissue

[vh

is irradiat:zi, man mav be more susceptible to cancer than the

Albert da analyzed by Geesaman would sucgest.

(R
{5}

w

A s=2z -3 case of plutenium particle induced cancar is

h

that of Mr. Zdward Gleason. He was not asscciated with
the nucla2zr adustry but was a Zreight handler who unloaded,
rotated ani -zloaded a crate that was contaminated by the

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

supseguenzl ieveloped'an infiltrating soit tissue sarcoma

on the l=2I: -21lm which eventually resultecd in his death.
Althcugznh =i:: case is not as clzar cut as the case of the
plutoéiu: - ier, there is an overwhelming medical propability
that 2is cuo.2r was induczed by olﬁtoniuu. Mr. Gleason's

unfortunaz

i

“ontact wita Pu-239 lead to a lawsuit,

47/ Vanger. =k, J.W., "Pluonium in Puncture Younds," HW-66172,
Hanford Lu.. -atories Operation, July 25, 1969.
\
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Edward Gleason, et al v, NUMEC. This suit was eventually

settled out—of—eourt. A discussion of the évidence in this
casc by one of the authors is presented in the Appendix B
of this revort, NPT

These two cases, drawn from the relatively small number

of

individuals so contaminated, strongly suggest that Pu-239
particles offer a unigue carcinogenic risg. They indicate

that a singie particle is capable of delivering an intense
radiation dose to a critical volume of tissue and that this
édisruptively irr#diated tissue, lixes an atrophied nair follicle,
ha2s a high grobability (meybe as high as 1/1000) oI becoming

cancerous, .

C. Related Lung Exveriments

The sxin experiments with animals are remarkazble in that
a highly disructive dose of radiation to a small portion of
repairadie marmzlian tissue produczd freguent carcinogenesis.

The chance of oroducing one cancer per animal is essentially

o
o
o
154
<
H
ot
e

is reasonable to expect that a comparadle
development could occur in lung tissue.  'Wnile a number of
radioactive suzstances have been usad to induce lung cancers

":5'8, it is difficult to derive any characteriza-

1a

in mice and

15

tion oI carcinceanesis from these zxperiments.

18/ Cember, H#,, "Radiogenic lung wancer," Procress in
lwoarimental Tumor Ressarch, T.odivrourger, 23, 2w York,

Zinz Company, Iac,, “ol. 4, 1954, sp. 251-303.

Halner Publis:
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The work of- Laskin, et al, though not specifically

inwolving deep respiratory tissue, does demonstrate a source
e ~ . . 49 .
intensity-response curve for lung tissue ”. A Ru-106

cylindrical source was implanted in the bronchi of rats, and

anca2rs were observed to arise from the bronchial epitheliun.

o]

The r2sponse curve indicates a substantizl response (7 percent)

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

increase of tumor incidence over three orders of macnitude

cancar was 1400 rad. For an zccunulazad cosz2 of the orier of

ment C2rsz2r exposed ra:t lungs *o Ca-12! sarticles. TFor

M. Yuschner, N, Nelson

izis, "Carcincma

. o e e s,



N

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

fluctuated betwea2n 0.04 and 0.351.

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

The most relevant lung exveriment is Bair's Pu23902

52-54

inhalation study with beagles Exposure was to

articulates of 0.25 u or 0.5 u median diame:2r; burdens were

g

ot

in the uCi rance. Twenty oI the 21 dogs tha:i survived more

than 15600 davs zost exposure had lung cancar. Many of these

cancars were nmulticentric in origin. The canzers again
acpeared in ccnjunciion with

sevare lung infury.

natural inciienc2 o the disease is small, i< appears

th

at this lewvel oI =x2osure the induction ol

certainty turinc %h2 normal beagle life span. At the same

51/ Cember, H., Co. cit.

52’ 3air, W.J., J.T7. Park, ard W.J. Clarke, "Long-ternm
stulv of dnhaled zlutonium in dogs,” Batt2lils Memorial Institute
(Pi=zhland), 2TWL-TR-33-214, 1955 (AD-631 o237 .

"Proaress in Beacle Dog Studies wich
Rattella~Northwes+t," Health Phvsics,
2, pp. 303-310.

3+, Park, J.
Transuranium
Vel 22, Mo,




tirme, since the pathological response is saturated in this
axpariment, it Is inaoorocriate to draw any inference about

uia2 I the resocnse at smaller burdens. The smallest

cuzden (at <22:2) in a dog showing lung cancer was 0.2 uCi,

{

t
w
<
0
1.
oo
o
0

orreszcond to a particle burden of

Burdens which are smaller by orders of

incidence of cancer.

vairtizculzr Laozl oI otiszua damaze Tust Cooir dalcre this
nLlIZliz TZSYINsE Ton2 2MpariTents c:
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Laskin, et al, indicate a significant carcinocenic response

in the lunc at 1400 rem, suvgesting a comparable sensitivity

; 56 s . :
of lung tissue”™ . Geesaman irdicates that the tissue repair

. . . 5
time in the lunc is of the order of one year 7. It therefore

seems approgriate, but not necessarily conservative, to accept

as guidance that this enhanced cancer risk occurs when particles

irradiate the surrzurnding lung tissue at a dose rate of 1000

ren/yr or more.

TABLZ IV

ivv and Size to Give a Dos=2 ol

1003 ra2m/r=22x to the 3urrounding Lung T;ssue53

Particle Particle Diazazer (1)
qizé‘nlt 23959, 238340,

3/4 max inZflaz=d {138 alveoli} 0.4 0.8 0.12

1/2 max ( 63 alveoli} 0.07 0.5 0.93

Closest i 0.02 0.: 0.06

57/ Geessanan, Danzli 2., LCRPL-50387, Co. Eii" o. 11.

53/ 1bid

& uson szacific activity given by Lanshanm, W.H.,
e D. T \

O]t
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As sz2en from Table IV, using Geesgman's lung model, a
particle with an alpha activity between 0.02 pCi and 0.14 pCi
is reguirai to give a dose of iOOO ren/yr to irradiated lung
tissue. TFor purposes of establishing a maximum permissible
lung particle burden we will use 0.07 pCi £from long hali-
lived (great2r than one year) isotopes as the limiting
aloha activity to gualily as a hot particle. Thus, throughout
the renmainder of this report, hot particle will imply a particle

this limiting alpha activity which is insoluble

.
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ciated with its

lorado. Thais

Sazilicy is cgeratad under zontract to the AZC by the Dow
Casmical CTsrzany. The emplovess, the environment and undoudbtedl.

tha surrcuniing pooulation hawve been ccntaminated with plutoniuz

60-52

sarticias 2z 2 result of the sparation of +his plant.

I= iz, zharziore, varitinsnt nhere tgo examine tha inlormation
.
Mamn, (... ard A.Z. Firchnev, Oo. cit.
<l Poaz, 2.0, and Z.A. Mzze2ll, "Pluconiem-=239 and
lmericium-=Iil L tha Tenver Arza,'" Health Z2avsics, Vol. 23,
1372, so. 3I7-3493.
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available on the exposurc of employees of the Rocky Flats
facility and to relate this to the hot particle problem.

J. R. Mann and R. A. Kirzchaner discuss the exposures that
resulted from a plutonium fire at Rocky Flats on 15 October

1965.63 Some 400 emvloyees were working in the room at the

time the Iire occurred. These employees were subseguently
olaced in a whole body counter to cdetermine their lung burdens
of Pu-239. dowever, Mann and Kircaner reporzed only on those

25 emzloyses wno were exzosa< adove the MPL3 ol 0.016 uCi.

Table V presents the inicrxation on tha axposure ol

=

witha hcot particlas and the nuzber of hot particiss that this

represents.

<27 Mann, J.R. and BLAL HE



TABLE V
Packy Flats Exposuro*

Number of Total Lung Hot Particles Nuxber of
Cases Burden (uCi) Lung Burden (uCi) Ho* Particles

1 0.272 0.033 137,000
1 0.160 0.019 79,000
1 o 0.111 0.013 54,000
3 0.064 0.008 _ 33,000

19 . 2.024 0.003 12,500

r the grous an
=X o] I the repor ) o}

rticl oly three wes esti: b 1y
“ne +total bur 0.17, < tion of ac on
carticles abo v, 2 ne fracticn of in 1
dsposited act 23 in long term ratenticn ixn
tnhe2 lunz. Bz 2ata resorta2<d by Mann and
Xirchner, we not particla activisvy is
azout 9.24 pl t particles in the last column
wara obtained particle burdens in column
threg by the activity (J3.24 pCi).

Allowinzg 2z rizk of cancer ecgual to 1/2390 per hot
.

sirticle, suzsTosti that the individuals wacssz enpcsurss ars
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reported by Park, et al, the beagle dog with the smallest

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

highest burden in Table V is comparable to the lowest

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

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

order of magnitude less than the lowest beagle exposure.

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

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

and there is good reason to suggest that the latent perind

(the time between zxzosure and the davelconment of cancer

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

h

the lowest lung dDurdan was associated with a lazent perio

J
fu
r

t

of 11 vears. The lztent period may bes longer in nan and

particularly at thess lower dosages and the small number o=
cases involved. ThersZore, while these exposed individuals
will be expected to supply pertinent data relative to this

not particle cancer risk over the next 10 to 20 vears,
these exposures cive us no information at this time that would

warrant modifyinz tha risk per particle or the critical

icla activitr.

54/ ?Park, J.F., et al, Health Phvsics, Op. cit. o. 805.

65/ Richmond, Chz2t, On. cit., o. 320.
\
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B. Manhattan Project Workers

Another study of human respiratory exvosure to plutcaium
relates to 25 young men exgosed to plutonium during the

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

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

states, "The bronchial cells of several subjects showed

of these chances is not clsar.” Such wmetaplastic chancas ars

rh

a possible indicator for detecting incizient or actual lung

cancer. In one case the reoort indicaiss that the subjsct

&7/ MDA rafers to the minisem datectallz anount.
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Positive counts were obtained for 14 of 21 persons
reasured. These counts suggested chest burdens ranging
from 3 to about 10 nCi. However, in no case did the
estinated chast burden exceed the MDA at the 95% con-
Zidence level. Seven of the 14 subjects with positive
chest counts had estimated chest burdens of 7 nCi or
greater and may be considered (at the 68% level of
coniidence) to have statistically significant chest
burdens of Zrom 7 to 10 nCi.68

Since the plutonium is still in the lung cavity, 27 vears
sost-exgosure, it is correct to assume that it was initially

. = ; 69
nsolubla Zorm and hence pertinent here.

(%

in the At the time
oI this msasurament, however, most of the material would ba
exgected tc be in th2 lymph nodes. Nevarthelass, wa could

#stimate tha inizial particle burden in these stbjects Zron

“hese daza if w2 Xnaw the initial particle size at the time

4=

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

parzicla size mizht have been somewhat largsr “han those that

ragult Zrom oluszaium fires where most of the respirable

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

.3 u in Zdiaretar. Much oZ the contaminaticn oI the

Comoounds of
ss, Lew York, 1372, p. 7.
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Manhattan workers resulted from aspiration of droplets of
licuid soluzions of plutonium into the air wherein much larger
particle sizes would result. At the same time, the activity
of the plutonium in the particle would be considerably less
than that Zor a particle of Pulj. vFor example, it is stated
t2zt 14 of tne 25 subjects with measuradble body burdens oi
plutenium worked in the recoveryvoperation and that this
occuerred when working with sclutiﬁné containing 1-40 ¢/liter

cnvl =mitrata to which H50, was being addad wi<h
K : 2492 z

‘ng in an open hcod. This resulted in con-

Zizzing and tha discharge of Z-oplasts into ths

7]

that ara desesited

retualiy 21l are

127, O, ci=., o. 3].
1z nd

limiting Aakivics of
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-
surrounding tissue (roughly 10 rem/yr). .

ot Yeazsens Tesk Fallout

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

weapon t2sts is incorsorated in or devosited on particles

other materials and, like that Zor the Manhattzan

o]
rt
18]
ta

that co

workars, tn2 szecific activiiv in these particles is nuch

smaller than <That in hot particles.

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

associaza2d with environmental plu-

W
9]

[
"

e avme
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rman was performed by the MAS-MRC Advisory Committee on the

Biological EfZects of Radiation. Their report, published in

1972, is r=farrad to as the BIIR Report.73

o
-

A. Q tional Expcsure

0
O

£J

The existing occupational exposure st
whole body irradiation is 53 rem/yr and Zor
the BEIR Rascort estimates that exposure of
oI an inédividuzl to 5 rem/vr would lead o
. Y -3 74 .
zatween 4.5x1) and 2.3x195 “/yr. Their

7

~z2ir estimata of the risk ci

(¢1)

individueal Sram oa lung exzosura of the 1

The MPL2Z -raiues in Takle V repressnt
rzduction in Tha MPL3. A not oparticle ci
limit activizyr contains only 0.07 pCi whil

. < v zeipd .
ccousaetionzal sxposure  is  1.Ex10 oCi.

- TEF - -- -~ - 9
T, "The Zifects <o icn
P R = " aTTD
cI Iznizing Rad 3ZI2
-~ T Z LI
- ~ . FEEENE® R -

3. Ibig, £. L.

- I=izZ, . L6,

andard for uniform
the lung, 15 rem/yr.
the whole body

a cancer risk

best estimate is
cancer to the

ren/yr is 3x10_5/yr.7

n 1/1000 ané

Exposuire to
rt), NAS-NRC,
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TABLE V
Occupational Exposure Guidance for Insoluble Alpha Emitters,
Maximum Permissible Lung Particle Burden (M?L?B)77

Cancer risk due to 5 rem/vr Assumed Risk in Particle
wnole boc, excosura /8

1/1000 1/2000 1/10,000

4.5x107% 0.45 0.9 4.5

10”3 (best eshi:aﬁe) 1. 2. 10.

2.3x10"3 2.3 4.6 23.

rzéisnuclilides in hot particles. This is a scmewhat
arbitrary cocmzronisa and is not the most conservative valus
that could be rzccmmendsd. Thus, the recommendadé MPLP3

Zor osccupational exzosure from hot particlss of alpha-

.

BEVAREEE: MPLP3
SSTT2550 dua to 15 ram/ur
lang Zdos 0.03, 0.06

1/2300 and
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emitting radionuclides in the decp rcsgiratory zone 1s 2
particles. This corresponds to a MPLB of 0.14 pCi and repre-
sents a reduction of 115,000 in the existing MPLB. This
implies that the DF for hot particles is 115,000. Moreover,
it requires a reduction of the MPCy for Pu-239 by 115,000 :o
a value of 3.35x10716 uci/ml unless it is determined that

the plutonium is not in hot particles.

B. Exoosure of the Ganeral Public

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

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

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

ommenda<ions and adronitions

O
(8]
1o}
4%
™
ck
¥
0
3
In
O
i
v
[
{
D
(]
ot
oF
]
1]
-
1]
0




. e s [ T UL PSRN BT PPN B L T O e

- 45 -

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

It is critical that this guide be apolied with reason
and judgment. Especially, it is noted that the use
of the average figure, as a substitute for evidence
concerning the dose to individuals, is permissible
only when :there is a probability of aopreciable homo-
geneity ccnca2rning the distribution of %he dose within
the population included in the average. e

Strict adharence to these guidelines implies that

thes ambient air standard should be zero particles.so

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

a slight deviazicn from these guidelines and the acceptzance

of =he disproccrziornate risk implicit in the 0.2 particls

sté:iard.. This 15 a workables sclution since best estimates
¢l iung buréars zan be fractioral guantitiss. Thus, we
raccrmend thas Ths MPLP3 for membars of tha public ke 0.2

hot varticles, znZ the average lung burden for members of thz

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

~a 1/10,002 risk per
2 roould have kaa2n on2

noT 2xist.
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The MPLP3=0.2 particles implies that the existing MPCa
for non-occuvational exctosura to Pu-239 should als; bé reduced
by a factor of 115,000 to a value of 9x10'1? uCi/ml unless it
is determined that the plutecnium is not in hot particles.

C. Exvosure from Accidental Peleasges

cr

There are no direct szatements by standard-setting organi-

zations regarding an "accagstable" exposure associated with

release ol For purposes of

evaluating t2b5lishing site

boundaries,
tn2 AZC na2s zdopta2i scecliiic criteriz. Thz reactor sits
boundary a aust mest the Iolliowil

exclusi = size that an
locsa ‘ boundary
s 1 1set oI the
Zissi 1ld not
tctal whole bocy
s - 23 ion cdcse
in 2xc2ss of 32 et K nu Zrom iodin2
exovcsura.

31/. Fisa, = .D. Swisher,
Egapter 7 1, "Zalcu-
lation of
LMEBR," O
ialetad I zzisn ak thz AEC-Tivisicn
<Z Reacztor Tacanolio fo!
Sa ngs 21 =2 the ¢35 :
e iafZorm wolohodt
lazla . 3. AEC-D2
noT o rere Tn2 guall
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2The whole body d2s2 of 25 rem referred to
above correswvonds 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 N8BS Handbook
69 dated Jure 5, 1959). However, neither its use
nor that oI the 300 rem value for thyroid exposure
as set forth in these sita criteria guides are
intended to imply that these numbers constitute

acceptable linits for emergency doses to the public

under accidant conditions. Rather, this 25 rem
wnole bedv wva2lue and the 200 ram thyroid ralue
have been se2t forth in thase guides as reference
values, which can be usad in the evaluzation of
reactor sites with respect to potantial raactor
z 2 ng 23113 =
i e

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

applicability oI these criteriz to the casz of slutonium

release. Thes2 comments are also applicablz Zo hot pariicle

First, the wording 2I sections 102.11(e) (1)
clearly 1:iz tnes apslication to the Irradiaticn ol
the whoiz2 body 2and the 'roid; no otha2r crgan or tissue
is menticned or implied. TFurthermore, only fission
orofuctes 1 Z Zine in par: i3
idantifi - nsta B 1 (2)
std 1 =
co o]
to by

>

I .‘.‘-i
~
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be considered as acceptable limits, or
accidents that are currently evaluated

"

are "of euceedinzly low probability of

whether desién basis

under these criteria

occurrence," we

recommenc that 10 CFR 100.11(a) (1) be modified as follows in

order to establish a hot particle standard that is equivalent

to the risk associated with 25 rem whole body irradiation:

{1) An exclusion area of such size that an
individual located at any point cn its boundary
for two hours immediately following onset of the

ssion ctroduct or othar radionuclide

h)
culd not receive a total
Ol2 bocCv in excess oI 25

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

Wotow
0o mo

'y n

&2l3c ra2comrmend that similar critaria be established

limi<cing nhoz wvariicle releases for nuclsar facilities not

now co2ver=Z under 10 CFR 190.

-

R P S L I

2s deposi:iz2d on land surfaces can be

cZ means, including

ile .raffic, huran or nimal movements, Following

PR T RS
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an accident wherecin surfacqs are contaminated with hot
particles, it is necessary to have a standard to apply to
dacontamination measures,

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

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

air (uCi/=3)
y surface (uCi/m<)

concentraticn
concentration

1
o]

RF (m~¥) =

0

R. L. Kathran has reviewad the data obzz2ined on RS

values. He indicates that, "rgported (RT! valuss for plutoniun
and its compounds range over 11 orders of magnitude." This
) :

11 orders corrasconds to values between 1072 to 10711 np-l.

an BRF of 1074 m7L, aithouszh

=
w
t
Ly
H
(b
3
[
o
L

icatas that,

-

fu
F
w
w
+
o
i1}
ot
\]

consarvative is apgro

‘g

iate, Langhan indic

member of the Danish sciantific +2am used an R7F=10"3 =~}

[$3)

3

_we would recommend that

3/ Zathren, R.L., "Towards
taminazion levels Ifor envsiropnzent

torthwest Laboratcry, Richland,

g4/ Ibid, p. 4.

25/ Langhan, Wrizht H., Op. zist., 9. 3. Tha Thule Delibara-
tions refer to the delibaraticns Zollowing the accidental
crash of a 5-32 bowber carrvinz nuclear w2anons rnear Thuls
Alr Forca Base in Greenland. ne high explcsives in the

&

azons detonated and disparsad the nlutoniunm.

i
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the value selected by Kathren be used

when. the RF is unknown

to determine the arbient ground contamination standard.

Applying an RF=10-4 m~l to the ambien

t MPC,h standard

recommended in the previous section, we obtain a maximum per-

missible surface contamination (MPSC)

- -8 " 2 8¢ . .
of 9x10 uci/ne. This is roughly
In areas where an RF greater or less
bz shown to appoly, the MPSC could be

E

level for hot particles
1 hot particle/m2.
than 1074 n~1 could

alterad aporopriately.

. As Low as Practicabls Hearincs

It is to bz understcod that the
do not reprasent encorsement on our
innerent in the existing radiation pr
upon which these.recommendations are
the admonition that the expcsures sho
Delow these guidelines as is

D

her reccrmend that these guidelin

th

-

(¢

into the existing ragulations without

aporooriate zzancy or agencies convern

Sz the regulations what constitutes

22/ This valuz is derived as Iollows
f3r not partizles is 9x10-13 uli/ml w
3:19-12 uCisald.  The maxirmnm ground c
5r=10-4 m™i, is 9x10-12/19-4 = 9x19-?

B (I ST R R TR ST B N T TP PR NSRRI
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ct
[ odd
9]
&
1
S0

™
v
ct
yoo
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]
W

abova reccmran
art of the risk

otecticn guidelines

bazed, Rather, we offer

uld be kxapt as far

: Trhe recaommendad M?Cs
nich correscenis to
ancarnination lzwel, using
uli/ /=2,
f
- B I S LR LS A it S "_""



e e e e g N

- 5] -

VIII Summary of Recommendations

The following recommendations apply to alvha-emitting
hot particles whare a hot particle is defined as a particle
that contains suificient activity to deliver at least 10€0
rem/yr to the surrounding lung tissue. For isotopes having
half-lives greater than one year, this would correspond to
varticles contairing at least 0.07 pCi of alpha activity.87

t is recommended that:

1. For occupational exposure

Ol

1PL?3 = 2 hot particles
MPCa Zor Pu-239 = 3.5#10'15 uCi/ml88
--2. TFor non~occupational exposure
MPL?3 = 0.2 hot particles

MPCay for Pu-239 = 9x10-18 uCi/ml89

culates would consist of compounds of Pu and

2s which Zall into Class Y naterial in ths ICRP

g Model. These materials woull be retained ZIor

ung. S=ze for example, ICPP Publication 19, On.
n

3
T2 of

< iv zarticles in the size ran £ 5 u and balow in
iamazer would se deposited in irztory tissue, this
IZa s an upper limit for the particls size of interest
ek iZe is less than or closa to 1 year the lizit
i djusted uowzrd through.aszpropriate calculations.
Ci of
he
s
L zci/m1
o025
milar
iszotope.

\
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3. For accidental releases exposure (10 CFR 100.11(a) (1))
MPLPB (2 hours exposure) = 10 hot particles
4. For unrestricted areas
. 2 90
MPSC = 1 hot particle/m
5. Hearings should be convened to deternine as low as
practicable requlations.
90/ This valu2 is meant for guidance wiin raspect to
c2contanination of an unrestricted area that has beza con-
taminated with not particles. In areas wnere an RT grzatar or
lass than 1074 @1l could b2 shown to aovnlw, the MP2SC could be
atmarad azoprozriately. S
.G‘W\n S e e e ey ) e\ YT vy . For adans Tl
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APPENDIX A : .
Padiatien Standards Setting Organizations

and Their Roles

The organization which recommends basic radiation cri-
teria and standards at the international level is the
International Commission on Radiological Pro*tection (ICRP).
It was established in 1928 under tne ausvices of the Second
International Congress of Radiology. During the early
period and until 1950, the ICRP was concerned primarily wita
recomrendations designed to provide protecticn to memders
of the medical profession in their diagnostic and thera-

peutic use of X-ravs and gamma radiation Zrcn radiunm.
However, since th2 advent cf atomic energy, 2nd radiation
‘uses on a le, it has extenZed i=:s Zorts to include
studies of 1 protection matters co ng the whola
gamut of radi olications. It works cether with its
sister commi e Irnternational Cocmmission on Radiation
Units Meas CRU), and relies on the ICRU for back-
ground Kknos adiation neasurements.

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

roe
15+
grars i
éffe:t petolst
of aonzst 2
ciot to a 4

[ . . on e .. —— e oy e

Eye——
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In 1949, the maxinum permissible dose for radiation
was lowered to 0.3 roentqgen per week. It was lowered again
in 1937 to 5 rem/yr as the permissible dose for radiation

.workers. This standard i3 s3till in effect.

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

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

Jovernment, vacause of uncartainty of government inliliuence
over radiation protection standards, organized the IRC.

it 2d by Concrass to "...acvise the PresiZent

w1l diatisn nmatters directly or ipdireczly

at clucding guidance for 21l federal agencies
in £ radiazion stendards and in establishment
an Srams in cooperatiocn with the stazas..."2
Th with resSpect to radiaticn standzards rested
no with %the President. Such a suZoriinate
ag r had to maks its rules, e.g.,
th rs, compatiblie with the cverall
2

ICRP and NCR? continued to

commendacions concernin
r¢ stancdards. Szancards wors

1]
V-
Q
&}
9
19
s
"

'
t
<
.
by
»
¥
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in this case, mean exposure to persons "outside the fence"
of an AEC (or AEC-licensed) facility. Criteria, required
to meet these standards, for plant operation and design
remained with the AEC. Hence, present responsibility for
assessment of health effects resides in EPA, while the
responsibility for developing technology to control emissions
resides in AZC. The Oifice of Management and Budget (OM3)
in a recent letter to EPA and AEC clarified the delegation
of responsibility between these agencies for promulgatin
regulations to limit the radiocactivity that mav be emitted
from facilities in the nuclear power industry. OMB stated:

AEC should proceed with its plans for
issuing uranium fuel cycle stancdards, taking
into account the comments receivad fronm all
sources, including EPA; that EZPA should dis-
continue its preparations for issuing, now
i future, any standaréds Zor tyces of
2nd that EPA should continue,

:rrent authority, to have res-
Zor settinz standards for the total
diztion in the g2neral environment
ilities combined in the uraniun
i.e., a2n ambient standard which
to reflsct REC's Zindings as o
abilitv of emission controls.3
There are cthar agencies and groups whizh are concerned
with racdiaticn standards and in some cases have regulatorw
autherity. Thesa include, but are not limited to, the
Department ol Healcth, tducation ané Welfare, Department of
Labor, 3Bur=zau cf Mines, tha American MNational Stzandards
Instizute, a2nd state agencies. The radiaticn standards of
rganizati ot at issue hare. Tor the meost part
o 2, or where agolicadle, follow tha
2 AEC.

ator Train and Chairman Ray
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PRIVACY ACT MATERIAL REMOVED

APPENDIX B

Statement Submitted to Attorneys for

\ Re: et al vs. NUMEC

by: Arthur R. Tamplin

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

unioaded, rotated, and loaded a crate con-
taining a leaking carsov of olutonium-239 (Pu-239) solution.
Thais cculd not nave occured without contaminating the palmar
surZace of his leit Rand, wnich was bare. The z
did this Pu-239 contanmination cause
sarcona? Since radjlation induca2d
thosa that occur szentaneously, it
.

us2stion is:
to develop 2

for mzlicnant
the uzg2r ext
syncwviai sarc
hencs n23 2 o
less then the
Der vear ™
“his Trzte2 wou
conzamninazad

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

The above relative probability is based upon data- from
animals. It is quite possible that man is more sensitive than
animals to cancer induction bv P1-239. In fact, the biological
evidence strongly suggests that man is more sensitive. Exhibit 2
raport of a nodule removed from a man. This nodule
only 2.08 uvg of Pu-239. Commenting on the histological
o of the lesion, th2 autihors states,"The autoradio-

s to the area of
the basal arszas cf
1 of ionizing
t néd efi=ct relation-
2ior2, seexel odvious. Although thz
i re. Their
ic chances,

o
- 5 N
-
a

the epidarmis, whare epithelial chances
radiation exposure were prasent

shlo of zhese findliacs, tha

human ané animal data to
320, I can corme to no othe
a <iract rasult o

3
i2ft valm by Pu-239.

's Consultation Pa2port, it can be
no evidence ¢ disprova the clain
by Pu-233 contamination. I snall
the ordar that it was written,

submitted
29-30, the
wﬁ&-w,bUt on

wrinz and faces
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samples collected subsequent to January 20 vave negative
results. The only thing that this demonstrates is that no
detectable level of Pu-239 was found. Even following the in-
jection of large volumes of Pu-239 solution intos the skin and
muscle of animals, the Pu-239 is slowly absorbed and appreciable
fractions, up to 70%, remain at the site of injectioca. More-
over, of the guantitv absorbed oniy a small fraction appears
in the urine or feces (sce vage 3, Exhibit 3 and Etxhibit 4).
In case we are concernad with only a vary small
volume of solution and hence we should not be surprisad if we
obtain nagative results in an individual urinz or Za2ces

sample. (See also Exhibit 5)
The physical examination performed by 3., R0v I. Albert
on January 23, 1953, has no relevancz. On2 would zxpact no
overt signs of raiZiation injury at this earlv Zz2t2 Zrzoa the
small guentity of Pu~239 which is 2t issus terz2. e are conzernad
here with the lonz term eiffects, not the acute 2ffscis.
d ’

in April oI

1970 ca < s gs in the
Janua nole body counter hizs 2 Je2tection
limit At iss.e hers are zuzntities
below well balow the dateztzbla limit,

for s
findin ua re-
sinze indic
or mali quiie
unrela ecall
the smal 2 shcus
precancaer d, the
not necessari =0 with the =«
i iuction <
slidzs. tha ncd
1/1¢ 2tar,
dave Lo St tiss
tissua nigal <

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

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

None of these clinical fZinZings are able to set aside the
strong possibility that sarcoma was a direct
result of the piutonium contaninztion. The most likely course

v of the Pu-239 solution

2
of events is thz2t a small quanzit:
E-3

l2ss th2 0.01 milliliter) was 2

in the tissue below

¢ through a small cut
c *his material as a
a lesion
‘2loged. This nodule
2 ba2come an in-
ancss ars sonme 39,050

d in this fashion than

[T Il S o )
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Absorbed Dose:

Curie:

Dose Equivalent:

- —— e

GLOSSARY

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

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

Atomic Energy Cormmission.

Abbreviation for curie.

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

Abbreviaiicn for Absorba< Dose.

Abbreviation for Doses Eguivalent.

Abbreviation Zor Dose Distribution Factor.
, ;

factor used in calculating
dose egulvalant which accounis Zor non-

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

ne approprl T The

)

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

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




ICRP: International Commission on Radiological
: Protection. :

ms Abbreviation for neter.

micron: One-millionth of a meter.

ml: Milliliter = 0,001 liters.

MPCg: Maximum permissible concentration (of a
radionuclide) in air. The average con-

centration above background of a specific
radicnuclide to which an individual can
be exposed without exceeding the guidelines.

MPCy: Maximum permissibls concentration (of a
. radicnuclide) in water. (See deifinition
above.)
MPLB: Maximumn permissible lung burden,
MPLD: Maximum permissible lung dose.

NCRP: Nationzl Council cn

and Measursments.

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

. . N . . -172 :
millionth of a micrezurie, or 10712 curies.

Qr: Tactor, which is
2 nusoer oi con-
factor is a
in calculation of
. ferences
Pad:




Rem:

Roen

r
[

[19]

n:

- Gl - ,

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

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

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

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

Total radioactivity of a given material
(isotope, elarment, or comscund) ver gr
of the material -- curies/gram.

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

Abbreviaticn Io
one-millionth ©

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

- e



o Exhibit g
Natural Resources Defense Council, Ine (™ el
' 917 15TH STREET, N.W.
WASIINGTON, P.C. 20005
¥oz 737-3000
Wrstr e Orvien New York Office

€35 MANMILTNIN ATENUE 15 WEST T8 STRERT

YALO ALIG, CALIL. G]30)

NEW YOUR, N.V.oaoo3h
415 32j-10350

212 §69-a130

RADIATION STAND:

Thoszas 3.
. Arthur 2,
\
ot
N ¥ [T
' \



I. Introduction

This Report is written in support ofva petition by
the Natural Resources Defense Council (MRDC) to the Nuclear
Regulatory Commission (IIRC) requesting a reduction in the
maxinum permissible occupational whole body radiation exposure.
The present standards for occupational exposure are based on
still current reccmmendations.of the Wational Council on

Padiation Prctection and Measureanents (NCRP) and the Inter-

recomnended.
‘'The latest data have bzen reviewed by a committse
of the ICRP and by the BIIR Committce of the U.S. National

s prin-

W

Academy of Sciencas (NAS). The BEIR Committez w

cipally concerrned with the exposure of the general populatiocn

1/ ICRP® 2udlication 14, Radiosensitivietv and Sonatial Digtri-

1 of the Intsrratioanal Commissicon on Radiological Protecticn,
Lergamon Pressz, Ouxiord, 1969,

o Tow Lovels
a2 on tie Biodo
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;

and, in this rcegard, indicated that the existing exposure

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

4/

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

In January, 1971, while not recommending an overall

change, the UCR? recommended that the occupatlonal exrosure

of pregnant wecrman be limited to one tenth the present exposure
5
limit. The reduction reguzsted in this Razor:t weuld also

In the foilowing seciticn of this Rezort, we shall
present an anzlysis of the risk of somatic and geanetic injury
at the current maxinum zermissible exposure limit and compare
this risk wiith those encountered in other occuzations. This

analysts will serve to indicate that the exdosure limit is too

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

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

5/ 1UCR? Rowmorit Yo.33, Basic Radiation Protoction Critoriz,
Hational Council ¢n Radiction rrotecti Lsrsuremenc,
Viashingtoa, D. C., 1971, »».92-923,

—
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cations of the exposure limits and an analysis of the reduced
risk associaked with these new limits. In the final section,
we shall indicate how these requested reductions relate

to the recormmendation and suggestions of the ICR?, NCRP,. and

the NAS Committee on the Genetic Effects éf Atomic Radiation.

IX. Radiation Inducod Risk at the Existing Occunational
Whole Bodv Dose Limit i '

The latest and most comprehensive review of the
biological effects of radiation on man is tha2 NaS's 1972 BZIR
Report. The BZIR Committee reviewed boin th2 somatic and
genatic risk associated with exposure Lo low levels of ionizing

radiation, e shall discuss fizst tha somatic and then the

cenetic effactis.

Table 1 summarizes th2 3EIR Report estimate of the excess
annual cancer and leuxemia dezaths par nillion z=ople assuning
whole vody exrgsure to 5 rem/y=2er (the current occugaticnal

6/

- standard) .,

6/ ©NAS~3ZIR Rewnort, o». cit., p.170.
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Table 1

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

ABSOLUTE RISK MODEL

Exposure Condiitions

Excess Deaths Due to:

RELATIVE RISK MODIL

Excess Deaths Due to

All Other

Leukenia Cancer
181 (a) 601
(b} 7456

All Other
Leulemia Cancer
10° peopls: 5 rem/vr. 81 (a) 300
(b) 336
(a) ~ 30 y=ar platesau
() life%ima pdlateau
(Plztean region = interval following latest period
during which the risk remains estimated).
Source: 1iiS5-3ZIR 2eport, ©-.l70.

risk estimnates in Table 1 incorporate the assumpiion thza

have an acge and sex distribution identica

or

—

population

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

ming exrosure at the 5 rem/year limit).

s chance of eventually dving of radiation induced

This

cé:, nowerer, be calculated by using the overall

fcr individuals over 20 years of age. This

was 1500 deaths per 100,000 nopulation.
is divided intg the freguency of cancer

the hancee of o warker, cupasad at
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5 rem/ycaf fron age 20, dying from radiatioa induced cancer
"ig calculated to be from 1 ip 16 to 1 in 40. We believe
this level of risk is ezcessive.

A means ol illustrating the excessiveness of the
radiation risk to workers exposed at the maximum permissible
dose rate is to compare this risx with the fatality rate
associated with oiher occupations.‘ This‘com;arison is

given in Table 2.

Table 2

Qacunation Yeearly Pa+talit, Pate
Radiation Vorksr - excosad
at the current maminum !
pernissinle coss xate &
(from Table 1) .1 in 1009 tc 1 in 2600
.. e b
United States (13573)
All Industries 1l in 6090
Mining and Quarrwing 1 in 9090
England and Tales ©
All Occupaticns {(males) 1 in 5000 to 1 in 10,000

& Due to cancer zrniuced by occucziational whola body exposure
(at 5 ren/rr.) only.

b ¥atioral Safeuy Ceouncil, hccident FPhcis, 1974 editicn, 1974,
.23,




In making
the upper limit of
The BEIR Committee

1/
high or too low.

too low is thalt th

extrapolating from

dose-low rate situations.

the linear hypothe
dose-low doss rate

been summarized by

Thus, the

the lower

health practice would

estimate of

the above comparison, we bpelieve that

'
.

the radiation induced risk-should be used.

cautioned that its estimate may be too

One reason for sugycsting that it is

¢ linear hypothesis is used as a basis for
high dose-high dose rate data to low
Recent evidence suggests that
sis may underestimate the effect of low
irradiation. The latest information has
Dr. Karl 2. Morgan who concluded:
FPreguently in the literature
is stated th
is

2

many S
probably is n
that at low &
somatic damag
that from ¢-irradiation) pro
usually greater than would be
on the linear hypothesis.g8/

I~ f

ook
o
]

i

S /]

[o M1}

re is lititle justification for relying cn
the radic-ion induced risk and prudent

indicate that the upper limit should be

used. When “his is done, inspection of Table 2 indicatas that

7/ Ibid., ».20.

B/ Morgan, Harl 2., Suggoested Poduction of Permissible Exposure
to ~lutonium 2 Other Transuranium Elements, Journal of American
Incduastrial - e, Aujust, 1975,
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the cstimated radiation czposure risk corrcsponds to that
associated.with mining and quarrying, a risk that is acknowl-
edged to be far too high. The rediation exposure risk excceds
the average occupational risk by six fSld. In this report,

we arc proposing a reduction in the risk of radiaticn induced

cancer at the maxinmun allowable whole body exposure by a

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

]

In making the abova comparison and propeosing this reduction,

w2 do not mean to imdly that all radiaticn workers are

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

only m=zen to in

inaprnrepriate guidaline against which to apply the as-louw-

U
—
(]
t
[
o
("

as-practical

we ntust be cornceoerncd, znd we se3 no reason

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

cecrtainly not wihzn that to that in the

nirning and guozroiag we bhellieve this

aporaaeh g oaunryororiatn



subject to normal non-radiological occupational hazards,

and hence the average risk in the industry wi%l still be
above the average for all occupations even with the adoption
of our probosed 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 estimate of
the cancer and leukenia risk does‘not include the additional

risX associated with radiation induced genetic damage.

snerscion to a pooulation of 1 million would be betwesen 300
S/
to 7,500 per vear et equilibriu In addition, the BEIR
Report estimeted that this same exposure at eguilibrium

1

5% in the i1l health of the population.

The ap;rbach for estimating the genetically
significaﬁt doss (GSD) is to use that exposure accutulated
by age 30. The existing exposure limit would allow a worxer

exrosad at 5 reny/vear from aga 18 to accumulate a dose of

GO rem by age 30. iHence, basad on the REIR Report estinates
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Vi

above, if one million workers wcrcﬂéxposcd from age 18

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

these workers, assuning an averaye of 2 children per worker.
The inc:eésed incidance in ill-health would be eguivalent to
between 6% and 60% of the incidsnce in a vopulation of 1
rillion, e.g., the first genefation. This genetic risX can

be comrzarad with the somatic risk to the workars themselves.

Thus, an individual worksr excoszd at S5 rem/year from 18 to

.

The ganesiic risk is different in that &2 effact is

]

suffcred rot bs the workers but by their offzsring and by

fusurs generations. AS a consgyuence, onz can argue that the

Gomatic rick ghsould ba aiven more weicht beczuse it is not

ossumal by the worser but inveluntarily by their ofispring

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

Again, we strongly suggest that the upper 1imi£
estimate of the genetic risk be used in this comparison.
The BEIR Committee suggested caution in the use of these

estimates and began its Discussion secition by stating:
A major concern of the Subcoanmittce
is the possible existcnce of a class
of radiation-induced geanetic damage
that has been left out of the estimates.
By relying so heavily on exzerimental
data in the mouse w2 may have overlooked
inportant efifects that are not readily
etected 1In mice, or the mouse nay not
¥ lzboratory mcdel for the
a

As 1f to reemphasirze this, the Comnittee corcluded this
’

section by statin

(]

We remnind all who Yy us2 our
estimates as a basis Zor wolicy
decisions that thess estima

are an attemdt to take
radiation, and that there ma
be intangible effects in add!
vhose cumulative impact may
appreciable, althcugh not novel.ll/

There is reason to suggest that the BEIR Committes

should have implied an even nore cautious aprroach to their

i
i
~




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

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

that obzerved at high cdose rates. The factor of 1/3 was used
by the EEIR Committece. However, Dr. Mary F. Lyon, et al., have
analyzed the Russ2ll data along with additional data from
experirents at low dose rates. - Their analysis shows that

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

ruutation freguency begins Lo increase. They conclude:
£ the genetic
1 radietion,
pcrudent to
re to =z valuc
at 0.0l r./min.,
ixkelihood

The valuve adosted

Thus, once again there is little justification feor

relying on the lowar

practices indicaza &l

]

employed in establiznhing radiation nroiection standards.

”

Zhe genetic risk (1/10) is comparable

C. 3. Papworth and Rita J. 5. Phillips,
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J

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

below the provosed naw limits as is practicable.

III. Proonosed Action

The KRC regulations governing permissible occupziionel
exposure levels to radiation are embodied in the Code 0of Tederal
Pegulations at 20 CFR 25.101. At present these 10 CFR 23.121
regulations limit the whole body dose to 1-1/4 ram per cazlendar
guarter (5 rem/year), exceot a licensee jray permit an individgal
to receive up to 3 rem/quarter whole body ¢éose as long as ths
dose to th2 whole bcdy when added to the accumulated cccupational

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

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

The objective of the proposed action is to reducs the
genotic risk associated with radiation exposure at the current

occupational cuzozure level by a factor of 10 and reduca the

scmatic risk by a facror of 6. To mect tho objoctive relative

'

* : : : N i) M
to the c¢onetic rish, 1t is prozosad that the current regulations

bo amanled an rollzowa:
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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.
To meet the objective relative to the somatic riszkx, it

is prooosed, in addition to the abeove, that:

ot

as lonz as the dos2 to the whole bedy shall not

scmatic risk by a factor of 6 balow ths

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

wariod R
otoer Bhan laalss
ite rolacive o

Givas toe o unror



It is further reguested that:

3. The

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

proposed new regulations.

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

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

recognizad that the ordinary occupational risks and the

mest be added to these whole body radiatisn risks., Hever-
theless, the whole boly rediation risk is still quite large

and therefor=a, i: is essential to maintain the actual

The ZEIR Cermittee of the NAS revicwed the more

recant dzta on zhe bilological effects of radiation. They

‘were concernc inly with the. emxposure of tihe general public.

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

A

. Ccite, .
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’

which in our judgment should be cqually applicable to
occupational.exposurc standards.

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

rather, it stated:

y)
[¢7)
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in Appendix IV, the Committce analysis indicated that,
wnen the somatic and genetic effects are combined, tﬁe whole
body exposure limit should be reduced by a factor 6f 10. Thus,
the chan¢es proposed here are in accord with this ICRP Committee

analysis.

Both the ICRP and NCR? have recommended that special

consideration should be given to pregnant and fertile females.

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

During the

entire gestation pariod
the mavimum permissible dose equivalent
to the fetus Ifrom occupational e:iposure
of the expectant mother should not exczad
0.5 rem.17/
The changes nroposad in this Report would in effect accomoiata

this reccmmendation of tne MNCRP.

,

The AEC, while acknowledging the cgreater sensitivit

e

of the fetus, did not amend the dose limiting sections of th

josas

W

Comnmission's regulations (10 CFR 20).. So far as pregnant or
fertile women are concernad, the AEC noted difficulties in
sex discrinination, right-to-work and righit-to-privacy ac
18/

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

In further justification for not changing the dose

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

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

[Se}

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

~1
(93]
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Federal Reqgister notice:

Reduction of the dose linmits for
all radiation worikers in oxder to
avoid discrimination agains: women
does nolt appear vracticable. Such
a reduction in the dose liinits would
cost the nuclcar industry large sums
of money in the application of design

and engineerinyg changes and, in some
cases, the employment of ditional
vorkers in order to accomzlish essential
work within thz reduced o
limits. The latt -

a2 net increase in

Reduction of the
vould aggravat

radiation standards imslicit in Ik

money it would cost ths in

iy

sums o
changes prososed hzre ¢do noi cause
to 0.5 ren/year. Turtharmore, the

retained Zor ollar workers. Hence

should not nlace 2 large burden on the

exanple, the AEC shated in the

19/ 1vid., 5.799.



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

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

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

ané the above cuotitinn indicates that only 12% arse presently

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

I3

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

of the work forcs c¢

(o]
W

uld be expected to be &bove 45. In this

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

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

in any one vear) could receive 3.5 rem in the third vear.

since there is gocd reason to believe

Moreover,

that the present

excosures 2re not as low as poacticable, the industry should

not have great é¢ifIiculty in conforming to these proposed

reculations.

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

F) That every effort be made to
assign to tasks involving higher ra-
diation exposures individuals who, for
age or other recasons, are unlikely there-
after to have additional ofispring. 2gain
it is recognized that such a procadure will
introduce ccmplications and difficultie

should begin to modify
meet inevitable new con

|~
e

[2M

boe

o]

8]

0

N

1
~

T3 3
v

ie submii that this recommendation is even more

0

aporozriate today. Its justification on genetic grounds is

undinminishaé wn

[ES

iz,

™
cr

the sama time, the cancer inducing
potential of radiation is now recognized to be much greater
and the hizh radiosensitivity of the develcping embryo and

fetus is 21s0 ncw recognized. In the presence of an

industry, the time to imgzlement this

recommandation has arrived.

Lational Acadeny of Scisnces, The 2iolocical
iation, Suvmmary Reports, Report of the
fiects of Atomic Radiation, Wasnington, D. C.,
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_ : ( Modaith 0§ Thomay n)

. Fable 3-1 Cachrow-

Estisated nambers af deaths per year i tdoe UsS population atteibutable tocontinnsl exposure at aeate of |
0.1 rem per year, based on maoretatits from feademia and fromcall other malizoancies cambined.

F".' 0
jreadiation ABSOLUTE RIs: MooEL® RELATVIVE RISK MODEL"
puring Perdod Excess Deaths Due to: Excess beacns Due to:
Lenkemia Al other Concer Leukenia Atl other tancer i
in Utero 75 75 56 56
In Litero
0-9 y=ars 164 (2) 73 93 (a) 715
5y 122 (b) 5,859
. |
10 + years 277 (2)1,052 589 (a) 1,665
(b)1,283 (b} 2,415
Subtotal 516 (2)1,210 738 (a) 2,436
(b)1,485 (b) 8,320
TCTAL (a) 1,725 = 0.2". incr. (a) 3,174 - 1.0% incr.
(b) 2,001 = ¢.<%. incr. (b) 9,078 - 2.9% incr.
2 Tha figures shewn are based tte following aszumstions:
(1) 15567 U.S. vital sta: 5 can be used Zor age specific death
: ratas {rox laukenia zn! =il other cancer, aad fer total U.S.
: population .
. (2) values Ior tha duratizn (a or b) «f the latent period (the

daaths cceur), dura

lenzth of tize after irrzdiation bafor aay excess of cancer

magnituda of average razse in annual wortality fer each
group ara as snown it Table 3-2.

169
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- tign protection is exzentic

Preface

This report of the National Acadeny of Sci-
ences - National Research Council Advisory
Committee on the Biological Effeets of lanizing
Radiations (BEIR Conmittee) deals with the sci-
entific basis for the extablishiment of radiation
protection staudards awl encompasses a re-
view and re-evaluaiion of existing scientific
knowledge concerning radiation exposure of
human populations. The present basis of ralia-
e the establizhment
of simuzle upper limits for individual and popu-
lation average exposures with the understand-
ing that any biotuxical risks shouid be offset by
commenzsurate benefits and thal these risks
should be Kept as low as practicable. It has
become apparen: that thase current concepts
of radiation protection mayv noi be adeguate in
a future awe ni : welear ener-
gy. Inudejuac vs becntise there is the po-
tential for radiation exposure o? entire popuia-
tions and such exposure mayv be an alternative
to other tyvpes of hozards
substitution of
nuclear pawer n
ucts from fossi

cale use of

wctlive cont
fov the ¢ i<tion prod-
plants. Thus theve is a

‘need somehaw to make comparizons of biologi-

cal risks and beneits not oniv for radiation but
for the alternative gotions. Inthis raportit has
not been pussible for us to deal with eritient
interactine factars sueh az zocic-veononics,
eneryry needs, and comparative cifects of other

o

toxicological agrents: nor have we attempted to
explore in detail technolngical matters such as
sustained engineering performance of power
reactors, large-scale waste disposal, or the
problem of catastrophic accidents. Neverthe-
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
socictyv with the services that it needs at a mini-
mumrisk to health and the environinent.

The BEIR Committee has endeavored to en-
sure that no sources of relevant knowledge or
expertisc were overlonked in its study ard to-
ward this end has ablished and maintaired
liatzon with app rte national and interna-
tional crganizations. and has solicited the
opniniuns and counse; ividual scieatists.
The Committee wis preciztion
to ihose who served on the
to the many organizatio

HER:

idunis who
wpoints and
the Commitice
ividuals, not 25
ations.

«nt the

representatives of theirorga:

Chapters IV through VII repr
vorts of the respsctive Subcomnit
have been modified by the Commit T
bers of the Comnmittes 2pprove the substance
of the report if not necessarily each specific
derail,
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. being duly sworn, states: He is

‘a member of the Peoole of Bikini and one of the named plaintiffs
in this action.

He was born on s at Bikini Atoll, Marshall
Is3lands, and resided at Bikini until the removal of hisrpeople
fron Bikini on March 7, 1946, when he was nine vears of ace.

Therzafter he lived with his peoples at Rongerik Atcli
Icr approxizately two vears where 72 exparienced arthritis v
aw: 19-11 from sating toxic fish,

Thereaft2r he lived at Kwajalein Atoll for save
mcntns and then togeihexr with the People of Bikini, was novad w0
ard where hs livad until he came to Majufo atoll, the

=i inrict Center of the Marshall Islands to atitend Intermedist

v

Schocl in 19353. After ccmpletion of Intarmediata Schcel, .2 was

Vv
It
i
be

3
w
o
o]
w
3]
e

lealth 2idz2 at the hospital at Majuro, His traiaing
as a .malth Pide was completed in 1938.

AZfiapt speaks and rzads both the Inglish and Yzsshzllesa

.From 1933 to 1959 affiant was employed as a Health
Midzoa- Xili.
In 1959 affiant moved to Ujelang Atoll as a Health
*1'2 Jor the Peonle of Enawetak who were removad to U a2lang.

“r rrtacnad at Uielang elgnt vears. Then, aftar servica again at

Vit U ladiure ha nmoved to Rikial Ztoll to serve as a Health Aida
I, .t 1972, Ha remained as 1 Eealth Aide ac Bikiai until July,
.

Jmnnone retnrned to Majuro.

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

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

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

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

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

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

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

<new, whan urins samples were taksn from

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

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

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

AT health care parsonncel.  Affiant belicves ne and his family

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

-2-



b
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have a right to sclact their own physicians for the examination

and possible treatment they now require.
By recason of ERDA's having allowed affiant and his family
(external gamma

to have been placed at risk to high radiation
dosage approximately 20 times ércater than in American cities

aad 35 times greater than elsewhere in the Western Pacific Islands)

atZiant believas FEPDA-AEC should bear the entire expense of
exanmination of himsalf, his family and others similarly situated, as

11 as the expense of treatment if remedial treatment should be

3

indicated or possible,
results of examination of himself and his fanily to Dr. Conard an
£ is not willing to entrust his or his familv's
as affiant has a reasonzizle

that Dr,

Affiant is willing to have physicians he chooses release

Z20A-AZC but affia
to Dr. Conard or ZRDA-AEC
reasons set forth above,

healtn care
for the
and o%thar pavysicians =2mploved by ERDA-AZC arz concernad with

-
e}

basis to beliave,

Z2C0A-32C and not w

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

e

Nofary Pudlic
ULUAN&LASDEEW.Nmuv?w‘
3 THZ PACIFIC ISLANDS

TRUST TERHITONY .

MAESRALL I3LANDS 13TRICT

my nmmiagion 2xplses on the
O
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