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1. Introduction

\
This report is wzitten in support of a petition by

t.?eNatural 3esources Defense Council to the Environmental

,, Protection Agency (EPA) and the Atomic Enerqy Commission

(AEC) requesting (1) a reduction of the existing radiation
,.

protection standards applicable to the internal exposure of

man to insoluble alpha-emitting hot particles and (2) the

estzblishnezt, wit_l respect to such materials, of standards

governing t?.e naxi.rwm permissible concentrations in air and

maximum ?errissibl.s surface contamination levels in un-

restricteil a.zszs.

Bsfore pro?osi>g modifications to existing rac?iation

protection stzz5zr5s 1’
related to plutonium exposure , we

rsview i?. thz f~ll~”iisg section the cjravity of the public

hezlth coaczzn as plutonium becor,es a principzl article of

cormerce in ths n~clear power industry.

l/ Waile V2C5 35 this report focuses narrowly on plutoniun-239 ,
-.
K.~2 <iscxssi~z is, ne~?erthel~ss, germaine to all raciionuclides
in insoluble yarticles with a high speciEic activity. (The
~o=:~:t-iop. Of.-.-...L- s?ecific acti~!ity and other technical tezms
ir. zhis zz~~zt are givzn in the Glossary) . The justification

for focasir,; on gl’~tonium has been aptly stated by the Inter-
n~~io~.al Ca.~--,issicnon Radiological Protection (ICRP) :
“’J:S em?hasis on pl’utoni!umis clearly a reflection of +&e gerJer-
.1.- 703se3s2s Lhzt, in terms of amount available, projected
Uzi::e, e:;tep.tof anticipated Caccidental huaan exposure , and
r>~i,~o~ici :7, plutonium is the most formidable radior.uclide
,.. -k* ?~ri~~i~ +--~i.~.it-. .... [ICRp p,Jblication 1.9, “The t[etaboLism
0: Copao,dr.ds0: Plutonium and Other Actnides,” Percjamon PrZSS,
1272, ;,1.]

! ... ,,..,. ... ...... . . .,,.,.. ., .. .....----



I
I

t,

. ..! . . .. ..~.. , . .... .,, .... .. .. .... . .. .,- ... . . --,.-.------..... -......... ..

-2-

.
,,

This is followed in Section 111 by a review of the

specific raditition protection rcgulations,that are i-n force

i’nthe United States today and which are at issue. This

section focuses on the existing guidelines for Pu-239j but it

is to be understood that, in this and subsequent sections,

.,
it should be ap?lied to all alpha-emitting radionuclides that

nqet the hot pzzticle criteria developed in this report.

Befo”re reedicq Sectioa III, those unfamiliar with the

7.atiox31 a.n~ ixternztional ozcjanizatioas which have pri~ary

responsibility tok recoiunendiag or estahlishinq radiation
..

protection skz~.dzz~s, nay find it use?cl to read Appectiix

;.,where th~ss organizations zp.d kheir authority are revieweci.

SectiDz ITJ presents -asswi;tions i>herent in the existing

Ce.mor’strate t;-.z?these assumptions are inappropriate when applied.

to hat Fartiizlzs zre discusse,~ in SectiQ2 V.

Utiilizi3q the tiata presented in Section V, the

c:iteria thzt Eefine a hot paxticle ars developed in Section

standards for b.ot particles

anti s“~~.mari:edin

.,, .,. ... . .. .., >..
m. ,.. ... .. . . . ... ,,, . .. . .. . .. . . . . . ...!

,
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Plutonium occurs in nature, althouqh in such small

amounts that it does not constitute a practical source of the

2
elerent . Plutonium is bred in nuclear reactors by thej

ca?tzze of ~eutrons in uranium-238. To date, the nuclear

!.-ea?oxsproqram has been the principal source of plutoniu~.

iiow-s~:er,it is anticipated that the commercial nuclear power

i~~-:szry will bscor.e the principal source of this material

ele ~==icj.=:].

commercial reactors

the proc?uction of

.% z resclt of the growtih OE the nuclear ?ower i~dustry,

the AZC esti~ztes that the total cunwlative production of

?lut=~.iun irkt:hs ccrbnzrcial sector of the Uniteti States will

3
be sz.-e 4.5 Zillion kilograms by the year 2000 . Since

>1’utcni,~n, li;<e uranium, can serve as a reactor fuel, both

~re :Sccverei from s~?nt reactor fuel in anticipation that

~:y~-: ..<ili‘Oe yecyc led, The reactor together with the variety

.

~/ :?$ y=:~o of the concentrations of plukoniux-239 to
.,--.-:.,Y ~~,~~.s..--..--.,. varies from 4X10-13 to 1.5x10-11. Katz, J.J..

c:.?::=: ‘/1, ~ks Ch?nistrv o: F\ctinide Elements, kkthuen and
C2., it=. , Lc:don, 1957, pp. 239-330.

,, ,., ,,. . .. .... . . .- ..., -\

\
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of support activities required both to
,.

‘\’
to recover and recycle the uranium and

... .. ..... . . .. . ... .. ,,... .. . ...- . .. . . .

provide raw fuel and

plutonium make up

what is kno”xn as the nuclear fuel cycle. The AEC has

projected that over 4 million mcgawatks of nuclear cap”acity
.:

4
,.

will be installed between 1970 and 2020 . Over the lifetimes

of these plaats this installed capacity COUIC result in a

cum’~lative flow of approximately 200 million kilograms of

?lutonisn thro= ;5 the nuclsar fuel cycle..
.,

In to~sy’s camiiercizl reactoqs the plt~tionicnis .in

5
oxide fozn, PU07 . At various facilities in <le n:clear fuel

cycle, zszosols o: Pu02 are released to t!!e eaviroaxent on

a ro’~tine ‘bzsis, In. adtlition, there are nu~srous ?oizts in

the fusl cycle whzrs zcci~eiits, particularly those associate<

fire or ?x?losions, czn release signi.fic3.ntzzou~ts o~

as serosals that can be inhaleci by man.

These S2?ai~ zerosol particles of PU02 ace highly r.ztiio-

. . .,,..-., . . ...... .. . . . . .. . ,. .,,. . . .. . .. . .. ..... . !..,.”.,. . . . . . . . . . ..!,,...:,
,
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they can renain for long periods of time and deliver a very
.

iztense ratiiation dose to the surrounding lung tissue.

?l~tonium is one of the most potent cancer producing

agents known to man. A machinist of plutonium metal c’arried

0,08 nicroqr~ns of plutonium-239 imbedded at the site of

~I?~ ?32C~U:S WOUil~ in the palm of”his hand.
Within the four”

y?ar ?erio~ b?foze it was excized, it produced a nodule whic~
.

6dLsPls:Jeti~reczncsrous changes .
There is little doubt from

e:<;ez:.nezts: ani:.al studies that inhaled plutonium is one of

-_.+~ ~>cs.. .gctent Yss?iratory carcino~ens known. There is

~:c;sri.r.ezt=le.~.~cbserved” evidence that plutonium concenkra-

ti9r.s i?- :>.s l’~;.gsof doqs as low as’O.2 microcuries (3 micro-

.1::17*=--*F-.-..~s..~cses, d Stzgcjerizg number which, as will be

esz.o>stzz:.?? s“WSZq’dently, may be an underestimate of the

---..2 ez”.’ix~r,?,e:.t,is raeasured in terms of thousands” of years.

= - ..“.-,,. -.,6-~.n ; “~..--:..--,-,’,” ...--.s of the plutonium flowing in the nuclear

!...

..,,. ,,,. ,,,.. ,,,,

. . .- . . . ., . -.

\



(

.. . ,,., .,

,
,.

fuel cycle will

life. In other

.,, . . . . ... . . .. .... .. - ..!..-.,...,-.... ......... .............
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be plutonium-239 which has a 24,400 year

words, in 240,000 years the invenkory of

,. .. ..-.

“this

hazardous inaterial would be reduced by only a factor of 1000

due to natural radioactive decay. This material mu;st be

isolated from the environment in perpetuity.

. .

111. Existinc Standards for Plutonium Ex?osure

Radisiio~ exposure standards have been established

becacsz ra~izkion is known to produce carlcer ad qenetic

mutations in $F.divitiuals irradiated. The :mutatio~s can

ia t’urn cztuse qacetic tiefects in subsequent qeneratio~s.

Tl~e inter.= CJE the e.x,?os’urestznc?ards is to linit t?.is biological

S?IO’.W!to be relateti tO the radiation dose. The higher tiie

d3sz kh% %re3.k?z ths gffect;’ Therefore, the arinzzv radia-

C?zsi?: This ?zinary standar< is generally referred to as the

aaxi~.c.m~ez~.issible <ose and is given in units of ren/yr.

l-.-:l~e.eor,..-”. :~07. rz~j.o~uclidzs ,Aich emit X-ray like radiation

d???sit$~ on the ground (this occurreti with fallout from

..... . . .,,-,.. ... ,, ,,, ,, , . .. .. .. . . .-.,,,..., .....,
,
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irradiated by internal sources; that

iacor?orated in body tissues.

. ●ztrance into the body through

ta.niaated food or water. Once

~oa-ra~ioactive counterparts.

These

‘.’. .“”’’”-, ‘,” .,,..,

is, by radionuclides
.

radionuclides gain

in’nalation or through con-

inside they behave like >their

Radioactive iodine, for examgle,

aczumlat.es in the thyroid gland in the same fashion as

stable iodine, and. radioactive strontium or calcium accumulate

in the bone .siailzr to their naturally occurring non-radio-

active c~untez~arts. The radioactive iodine will thus deliver “

a dosa~z to the thyroid qland that is many tines larger than”

t>.zt to the other orqans or to the whole body, and’ the ..

rz?ioacti-re stro2tiua anti calciil.mwill mainly irradiate the

bons .

Because of the uneven distribution of radionuclides

ir.t>.s ‘body ozgans , radiation .ex?osure sta’nclartishave been

dey~elo~e? not just for the whole body, but also for individual

D.-.>,.-...-.,s. In this re?ort w~ will be referrinq to the maximum

?ez?.issible whole body and lunq doses.

Laz~ely as a matter of convenience, secontiary or derived

rc2L2z ion sta~dards have been developed. These secondary

s?z?.ti~zds,which lixit ra2ionuclide concentrations or organ

5“”-’~~-.-.-..s, are often more easily employed than the primary’ dose

~~:m:.”(1~.......... !ie shall examj.ne two secondary standards in t,his

. . . ~.- ., ..,,. ... ,, .,. ,,
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report; the maximum

\
naxi.mum pernissiblc

is the total a,mount

an average size man

,,, !. .. . . . . . . ‘+.. ..-. ... . ...”

I

permissible lung burden (!lPLB) and the

concentration in air (MPCa) . The NPLB

of a given radionuclide in the lung of
,,

that will result in the lung being

irradiated at the maximum permissible luncj dose (MPLD) .

The NPCa is ths concentration in air that will result in

zr?avera~e adult male obtaining a MPLB and hence a !4PLD by

breathin~ ‘be zir.

It is i:?~rtznt to recognize that the MPLD is C?e

pzirnary stsndard; it applies to all raciionucli2ss ant?

rz~iatiaa sc’uzces. The NPLB znd the NPCa are clerive~ StZ2C?ZrLS

ZE< are s?ecifi= for a ra<ionuclide. Thzse

are relate: to %2 biologic-al properties of

a22 to the ~crm of radiation it emits.

Table I lists the existing exposure standzrcls for e~-

~loyess 05 !+? ~f~clear ind,~stry that ap>lv to Pu-239 i~ insoluble. .

:aY.n. ~:7.~ ::?L~ o= 15 rem/vr is inclu2e2 1,1 t!he recorx~e.ncztioas

~: :Ihs InZer7.atior.al Commission on Radiological Protection

(
8.~.:-,p)., tze !;acioaal Council on Radiation Protection and

Yezs.ure.r.e:ts(I~CR?)9, and the Federal Radiation Council

‘3! :;CR? P.5?CJYE>;0. 39, Basic F1.xliationProtection Criteria,.——.—z..
::::,2?’lbl:cl:i.;:.S, (iasllinqton, D. C, , Jan. !.5, 1971, p. lR.

,.. .. . . . . . .... .. .. . .. . . . . . . . . ... ,.-, .. . ... . .. .
,

I
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(FRC)lO. The NPCa

ar.d is also an AEC

is included in Lhc ICP.P rcconunendations
11

12radiation standard . Of the standards

in Table I only the NPCa is dcsiqnated in the AEC regulations.

However, this }!PC= corresponds to that tabulated in I~R?

Publication 213 which is derived on the basis of the NPLD

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

~~e >:p~~14. Tke hPLB is not included in eit!!er the reco,r.~.em2z-

tians of ICW, XC3P, the guidelines of FRC, or the AZC

re:ulatians. In s’ur,iriary,in Table I the }!PCa (designatzc?

i?.AZC -=fl’’~=++orls)..:--s.- is consistent with the !.lPLDand }!PL3. In

Ii/ ?FK ~e~ozt Xo. 1, 0~. cit., p. 38. The ?RC has b2ea
-
a.colisied an~ its duties tr=ferred to EPA.

,.. . . . . . ,,...,. .. . . -,..,,..., ....~.-.,
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TABLE I

Existiaa Occupational Exposure Guidelines

that Apply to Pu-239 in Insoluble Form* !

MPLD (ICRP, NCRP, FRC) 15 rem/yr

MPLB 0.016 uCi

MpCa (ICR?, AEC) 4x10-11 uCi/ml

*Note : See Glossary for definitions of syfiols.

The ex~ostire Guidelines for Pu-239 that apply to non-

Table 11. T?ro ;uideli~es are z?plieti hers. ORs is for the

limitir,: %X?CSCZS to an individual an$ C?= other is for the

avsrage ex?~s$::~ of a population sample. T.hsse two guiti21i~.es

differ 5!I a fzctor of 3. The ICRP recormer,dations include only

Lie quiczlines for individuals. The MPLD values within the

parentheses in Table II correspond to the latest recommendation

‘e 05 the XCRPL6. These latest recommendations of the NCR?
.

have 33?, at L7is timcel besn incorporateti i“nto either the

A~C”or” E?.% regulations.

15/ NCR? Repout !;o. 39, Og. ~.,— p. 95.

. .......”.. . . .....,.,,.,...... .. . .. .. .. . .. . ..... . .,,. .......... . ...4.,...,,,.,, ... ........ .. ,

\
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TABLE II .

Existing Exposure Guidelines for Non-Occupational Exposure
,,

that A?ply to Pu-239 in Insoluble Form*

Individual Population Averace

}lPLD 1.5 (0.5) rem/yr 0.5 (0.17) rem/yr
(ICRP, NC?.P, FRC)

!IPL3 0.0016 (0.0005) uCi 0.0005 (0.00017) uCi

:“=2
(ICN?, XC)

10-12 (3x113-13) uCi/ml 3X10-13 (1.()-13)uCi/ml

?’zsI’.V?ZS?S corzsspoxd to t!?e new NCRP dose zeco,m..endations.--

‘k.e ?uzpose of this ssction is to examine the assur.?tions

-..-.. t?,e rz5iztiox srz~.dar2s above t,hat are ina~?ro?zi.ate whefi

ap~lied to insoluble alDha-ev,ittinc.jparticulztes such as..

A, The Doss Equivalent

~:..~.n.~.qy-”.. J or the radiation emittcxl by a raclionuclicls...

,.

‘ . ... ,
,

,..,,.,. . ... . ., ............. .,,,, ,,

1’
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these ciss;es. This energy produces chcrnical changes in

“Y the molecule of the cells; for example, such a chemical

cI13nGe coslti be a mutation in a gene. The radiation dose

is actually a measure of the energy transferred to or”

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

rs< (one rz~ represents the absorption of 100 ergs of

In adtiition to X-rays, radionuclides enit qa.nunsrays
,.

(hi~h e3era-- :<-ravs),’beta particles (electrons) , and zlpha..“ .

>a:ticlss (heiil:n nuclei) . In radiobiologiczl expericsnts,

?rz$”~cs< <-.2 sz.n.ebiological effects, such as cancer, tlhe

ex?nqle, 1: ‘;:2,sfound that 100 rad of alpha xatiiation :;ould

.vb-vz..----.>. :.:ar=o-.”er, it was foc~d that because of t!!es?ecial

~.-, ::. e ~,=z:..:-.,==o= the obsezved effects at thz same absorbed---s-
. .

+3= ~~$ .-.a.:-.....zhe r.a:.:irnumpermissible dose l.in.it.sare given

-’-a ‘7::3 is ci”:en in rem in Tables I and II.-..- ... Ths

.,, .,, . . ... . .. .,,.,,,.,. ,.e.,.,. . ..., ,,, , . . . . . . . . . . . . . . ., .”...,..,,,.,.., ,7......,
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ren is Lie unit of’ Dose Equivalent (DE) . .The DE is obtained

b,.,~,~ltiDl,/ixZ &\e absorbed dose in rad by modifying factors..-

tc c~zrect Sor these 05served differences in the magnitude

’05 the effect, AS a consequence, the rnaqnitude of the

effect will be the sane for a given DE regardless of the

r.:z’:re02 the rzdiation or the manner of radiation.

a. >!odifvinc Factors

At t>.e present time, two modifyincj factors are employe&.

~~.~ ~:=], ,.~;qilethat for PU-239 in the bone is

using a Q?=1O (to account for the gxeater

. . .,. . ., ●
✎ ✎ ✎ ✎ ✌✍ ✎ ✎ ✎ ✎ ✎ ✎✎✎ ✎ ✎✎✎✎ ✎✎ ✎✎ ✎
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In obtaining the derived values in,Tablcs I and II,

~lpL~ a~~ :.lpca for PU-239, a QF=1O was employed. This QF

implies, ~s nenti~ned abOv~, that the particles of PU-239,

which exit alpha particle radiation, are 10 times more effective

in inducin~ cancer than X-rays. Although the irr’ad~ati.onof

.. tissue 5y insoluble plutor.ium particles is highly nonuniform,

no DF vaLue has been assigned to these particles and hence, a

!3S=1 was exployz< in determining the derived values in Tables I

and II. 12eally, the DF should be determineti by the ratio

of the c5sszvecl sffects in zn organ following unifazz and

aoxtizif~z~.radiation of the tissue with the sane ratiiozuclicle;

53X -. s--la.=,(--------.

Si2ce Zixzz: zx??rinental cizta are not availcble, it is

-- 1;>-a “= 1 A~4.>*“-------- .....-. In a subs.squsnt section, i<e shall ~resent

the biol~qical evicience that strongly sugSests that a DF=l

zr.tiJ!?Ca f~z this radionuclitie~ are greatly in errox.20
.

1: :=ct, i: !Jiil be shown that the biological data strongly

s“2;;es:s -.....L-“->+ :0: such pazzicles one should use a DF=115,000.

,., .. . ,,. ,,, .,.. ,........ . .. !-;....’. .................... .,..,.Y,,,’.,

I
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3e50re turnin~ to the biological data it is appropriate to

ciiscuss first tune radiation field around a particle of PU02

ZZ2 thereby define the fundamental questions that need to be
,.

answezed by the collateral data from radiobiological studies.

‘i’heG7.iq2s form of tissue irradiation displayed by “

ifisoll~bleparticles of Pu-239 occurs because, when Pu-239

??CZYS, it s~its zn al?ha particle wi& an energy of 5.1 YeV.

?:-.is~~z?icls ?.zs a r.e2~e (produces biological damage) of oily

S:T.e -!0-45 “d {0.944 cr.) in hunan tissue. In other words,

is 1,/3 the totzl ‘.-o~,~~,e), This means th.zt the average dose

.+01i..-~r~d. .--- :>. ziwst 20 u is 3 tj-mes that delivered in the-----2 ---

colti,rnof Ta~ls III .5escribes

such a particle i> soft tissue;

lung is a sponqy tissue with a lzrqe

,,,, ●

✌✌✌✎ ..-’
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21particle irradiation of deep respiratory hissue . The

last two columns in Table 11,1 describe the radiation field

arounti such a particle in the lung using Geesaman’s lung

mode122. The dose rate to the entire organ is given in

column 2 of Table III for comparison. From Table III it is

significant to note that with an assumed DF=l, the lung

dos~ from ttie szne pzrticle varies by more than 8 orders of

magnitude de~en6i~g on w-nether one averages the dose over
. .

the entire lung or calculates it on the bzsis of the tissue

ex?ose~.

TABLE,III

IZz5iatia~ Dose %ate !3Le to a Pu-239 Pzrticle

(1 u in diamstez, 0.28 pCi23)

>l~ss of

Tissl~e 0.4 Ug 1000 g27 65 ug 19 Ug

Dose Rzte
(rem/yr) 739,000 0.0003 4000 11,000

. .

.,.. ..,. . . . . . !,.. . . . . . .. . . . . . ....,.!... ... ....... .... ...
,
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It would take 53,000 particles of the size illustrated

in Table III to reach the MPLB of 0.016 uCi which results

in’15 rem/yr to the entire (1000 g) lung. However, as

Table III indicates, these particles would irradiate ~nly
,,,

3.4 g of this 1000 g to the lung, but at a dose rate of

28
4000 rem/yr . Thus, as Table III indicates, these particles

z$sult in an intsnse but highly localized irradiation. A

f-andanental qaestioa ist then: is this intense but localized
,.,

irraciiztion .moze or less carcinocjsnic than uniforx

izradiztion? .Altzrnztively, is the DF for this particular forr.

t?.e re,maintierof this sectioa, we revielw the gcidance, or

24/ Lo~cj, A.B., “Plutonium Inhalation: The Burden of

=:~icible Consaqusnce,” }Iuclear ?Iews, June 1971, p. 71.

respiratory z~ne tissue deasit;?

standard man = 1000 cj.

. ,.. ,.,,.. . . . ... ,, .,, ,,,,. .. ... ..,, ,,, ,. .,, . . .... .. . .,
*

\

I
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c. The Hot Particle Problem
!“

\
It is inportant to recoqnizc that the ICRP has qiven

no q’.li:!aric$!.{.ithrespect to nonuniform ixradia~ion of t!!e lung

by insoluble alpha-emitters such as insoluble plutonium

?articles. In its Publication 9, the ICRP states:

. . . In the r.eantime there is no clear evidence to show
xhether, with a given mean absorbed dose, the biological
risk associated with a non-hom~~eneous distribution is
~rszter or less than the risk resulting .froin a v,are
tiiff”zssdistribution of that dose in the lung.2g

ta the risk for Don-homocaeneous exposure in the lun~, hence

. . . . $....,’,. ., ./..--,, ,. .$..,. ,“.’ ....... .. ......’..’
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paper by Professor Donald. P. Geesaman: “’

!{?.shir,qtzn , 9. c., rJ. S. Govcrame~t Printing Office.

..,, ,. . ,, . ,
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In the context Of his comment it is interesting to
refex to the National Academy of Sciences, National-
Research Council report of 1961 on the Effects of
Inheleti ?.adioactive Particles. [c] The first .
se?.t$:.cereads , “The potential hazard due ‘to air-
bor:e radioactive particulate is probably we least
un~erstood of the hazards associated with’ atomic
weaps~s tests, production of radioelements, and the
ex?.aztiz~ use of nuclear energy for power production.”
A CeczZe later that statement is still valid. Finally
let ?.e q~ote Drs. Sanders, Thompson, and Bair from a
pa?er gi~:en by them last October. [d] Dr. Bair and
his colleagues have done the most relevant plutonium
oxide inllalatitinexperi.m.ents. “Nonuniform irrac?iation
05 th~ ld~nq from deposited rai!ioactiive ?articulates is
Cle 21:y :.o=e carcinogenic tha,n uniforn exposure (on a
tots:- l.~xq dose basis) , aad alp’na-irzadiatj.on is more

. .

;C7J u. s. YAS-NRC Subcommittee, Effects of Inhaled Rz?ioactivz
~.--;,----.-..--“-=: . Report of the Subcocuait=ee on Inhalation
~az~z~: . Cormittee on Pathologic Effects of Ato.nic
325ieziz:.. ?{ational Acadexy of Sci~nces - National
23S?ZZ2?. ?Ouneil, !$as’ninqton,D. C. 19!jl. Publication
g<~. ::;.S-;:RC/PUB-948,1961.
.

[2] S~?5SZ~, C.L., R.C. Tho~.?son, an< :<.J. Bair, “L~~g
~ap.~~:: >cse Response Stutiies ~wi:h Raclionuclides.”
in: ~u.>.alstionCarcinoaenesis. Proceedings of a Biology
3i.:isi;7., 02!-:Ridge National Laboratory, conference held
~,-.1->-.:.-’;~---..~’~rq,Tannesse,S, October S-n, 1969. :.!.G .
i;ann:, ZT. , P. Xsttesheimr and .3.3. Gilbert, ec?s.,
..
-. 5. .J.LznicE,nQz.~yCommission Syngosium Series li3, 1970.

=s. ?;5-323. (cONF-691001)...

, .. .. .. .. . . . . . ....... ..-.1., .- ,””
.,

..- . . . .,, . . . . ,, . . . . .
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To t>.osc comments, rtifercnced by Gcesaman, can be added

t~.e Commer.:”;of Dr. A. B. Long:

,, . . . there is an uzqcat need to dispell the sense o:
security a~d certainty that the present limits for
the ::zxim,umpermissible lung burden and tihe rnaxi.mun
pern.;;sible air concentration brinq . . . the public
shouli be inforr.ed of the uncertainties that exist
in thsse li.nits.,,32

!:. Bioln;ical Data Related to Cancer Risk from Insoluble

.
pl~~-.icn ?articles
-..

.,.-,,= ~.rJ.A- +,---
----- co th2 experiments involvin~ czzcer inc?uction

. -.

. .
Long, ;...,.,= G~- Cit., p. 73.

!. . .,. ,, .,
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33
is essentially a review of his analysis ., which has bccor,e

known as the “Geesanmn hypothesis.”

A The Geesaman Hy~othesis

,,.
Dr. Roy E. Albert and co-workers performed a:’nutier of

ex?eriz.ezts cn ihc induction of cancer in rat skin 34-36 .

Albert’s st’iciyof radiation-induced carcinoma in rat skin

~iv%s soz.e quintitztive description of a high-ciose car-

cizcc22ic Sitcacion. A skin arsa of 24 cm2 was exposeci

F.+ti~x. ...s Ccsz response curves are repro~uced

3200 ren) xzs large, @l-5 tumors per rat by”80
,“

in ?i~~rz 1.

doses (1000-

weeks post

??/’ CO=5=--- Dep.,-~,---- .... .. . UCRL-50387—. Addendu~, OD. cit.——

. . . . .. . . .. . . . . . . . .. . . .,, ..,, ., .. :., . . . .. .. . ..’-” ‘
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depth is near the base of the hair follicle which comprises

the d?epesk reservoir of epithelial cells of the germinal

laj’er, it was suggestive that this might be a critical

ze~ion in the observed carcinoqenesis.

significance from the observations that

are similar to’hair follicles, and that

tiase range the nu~bsr of tumors per rzt

..

The suggestion; gained

most of the tumors

in the non-ulcerogenic

xias in nearly constzxt

razio (1/2000-1/4000) with the nu~ber of atrophied hair

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

~c1 Sunneri:e this i~poztant experi.ce,nc, a high incic?ence

.
05 C2?.CSZ was c’3S2r-:sda~ter in&~..nse local doses of radiation,

37.5 5?.$’carcinoqex~sis was pra?ortional to thz damage or

.,

\
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Others have observed carcinomas and sarconms in rats
*

.a;Idmice after intense? exposure of the skin to ionizing radia-

~io,,~7-43. Cancer induction is generally a frequent event

in these experiments. Even at elevated doses, silch as.

i2,000 rad of 1 >!ev electrons, Boag and Glucksmann induced,

37~.j sarconas1100 cT.2 in rats .

.% fe’.<res’~~ts for rabbits, sheep, and swine were

3!3-41
cht~ixed at !-l=nfozd . Despite the small nurber of animals

—.

,... c=..-.>-.--~s, L..\. ?2< L.K. B,Lstad”,L. “Gross effects of beta rays
CT. t:ne s~<in,” ‘=m=..-..-ord Atomic Products Ogsration, Biology
:.3~~~~ +, AR~.ual ?.egort for 1956, HW-47500, 1957, pp. 135-141.

,., 3.-a.-j-- . .“:~. , H.:., ~i.J. Clarke and L.K. Bustad, “Late effects
. . .
. . ~’< ..-. ir.-:d: 3-:** ,,--- -A - -- -. . , D~ttellc-Northwest Laboratory Annual
=.>-.n--.------ :~~ 1965 ~: zhe Biological Sciences, 9NNL-280, l~56,Pp. 13-1.1

,,.. ,. ., .. . . . . ,., ,,(
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*
involved, suzface doses of 16,000 rad from a P32 plaque

induced an a~jeraqe of 1 can”cer/animal which is indicative “
\

that lar~er :.s.:.nalsare sirii.larly‘susccptiblc to skin cancer

after intense radiation insult. Again, these gross obser-

vations der.onstrake that enhanced tumor incidence does occur

after very hi~h closes.

Intenss localized radiation of the subcutaneous and

intra?eritcy.ss~ tissue of animals by Pu-239 has also been

shows to CZ;S2 a high frequency of cancer inductio~ 43-45. .

Xow w52t are these ex?erirr.ents trying to tell us?

Certainly a Reasonable interpretation of these experimental

:-25’;1ssis : “.~h?2a critical architectural unit of a tissu2

[’e.g., a Ylai: ~allicle) is irrzdiateci at a sufficiently high

h.-Jz5t-hesis.,, ..
-.

~.-4 a.ninals, i: is ?$rtins~t to ask whsther man is more or less

,./SJ saZ~~Z5, ~.~. sac? ‘I’.F..Jackson, “Induction of !%.sotheliomas
—.:....-.~~ycc:,~s ~:o~,----- ‘Xot spots’ of PUOZ .lcti-,-ity,”Health Phvsics,
“;~~. ~J, ;:.. .c, ~zne 1972 I n?. 755-759.

.- ... . ..
.

,.
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sensitive t; such intense localized radiation. C. C,

. L.Gshbauqh resorted on a lesion that developed aS the result .

c:
46

residual PU-239 from a puncture wound . The particle

contained 0.08 uq (0.005 uCi) OE Pu-239. Commenting on

t;?e histological examination of the lesion, the authors

szate , “The autorz2ioGraphs showed precise confinew,ent of

z;~ha-tracks to the area of maximum damage and their ~

?szetration into z?e “basal zreas of the epidermis, where

e:itielial clhanges ty~:cal of ionizing radiation exposuxe were

.lA-bout surqiczl intervention. ..”‘Z2 ~~lo,,,.edto e:.:i~=‘.-:+ In

.:,
:, Lushbau~h, z.:. szd J. Lan9ham, Oo. cit., pp. 461-454.-— -—

.
,.
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published in i962. At that time the total .numb?r of puncture

wouads in r:: was less than 1,00!)47. The treatment of such

wo-dnds was .:.::ision so that the total number of wounds dis-

playing res! ,.‘ual contamination by plutonium pacticlhs T.<as

certainly 1.+:s than 1,000. Therefore, this wound data would

suggest thz~. insoluble ,ulutoniu.mparticles could offer a risk

of c“ancer i~.~~ction in man that is even qreater than 1/1000

?er particle , In other words, when a critical unit of tissue

is ir~a~i .~..:-- --.., man may be more susceptible to cancer than the

tiewas not associated with

a freiqht”hmdl~r who unloaded,

tkzt was contaminated by the

lea!<inq c3:.“:y of Pu-239 solution whiclh it coztainsd. He

.
sebse<uzzz..,. ~eveloped an infiltrating soft tissue szzcoma

.

47/ . ... .. .. . . .. .~k, J.[;.,17,.,4:=>. “?iuconi’xn in Puncture !iouncls,”HIV-66172,
q>n for:! Lti”.’“~tories Gyration, July 25, 1960.

,- . , .. . . . ... . ,, .,.,.. .. . . . .. . ,,,.,.,..4 .,.
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... EclwarclGle~son, et al v. NUNEC. This suit was eventually
..

“\ settled out-of-court. A discussion of the evidence in this

case by one of the authors is presented in the Ap?endix B

of this report, :,.

These two cases, drawn from the relatively small number

of individuals so contaminated, strongly sucjgest that Pu-239

particles of?er a unique carcinogenic risk. They indicate

that a sinq>e particle is capable o= delivering an intense .
. .

radiation CDS2 to a critical voluiie of tissue and that this

ciisru?kively irrsZiated tissue, Iiks an atrophied ‘hair follicle,

cancerous.

radiat~m to a small ?ortioa of

proc?ucz~ freqtient carcinogenesis.

cancer ?er a~inal is esse~tially

ex?ect that a comparable

-r.-.. .... . .. ... ... . . . .. . .. . ,,, ...,...,,,.,.,,,., ,, .. .. ... . ,,, ., ,,, ,, ....,. .!,.......... ,.’1>
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‘i’hework of. Laskin, et al, thouqh—.

in.:ol’~ir.~dee’p respiratory tissue, does

,)

.. . . . ,

n~t specifically

de~ons~rate a source

49
“:L’’-respozse curve for I’unq tisstle .i.n:e:.s---. A RU-106

cyli~drical source was implanted in the bronchi of ra:tst and

c22c2rs were observed to arise from Ltiebroachizl e?itheliua.

Ths rzsponse cl;rve indicates” a substantial rss?ofise (7 percent)

. ,..,, ... , ,,.,..,,. . .. .... . ,, ,,, . ,., ,, -,., ,, . . .. . .... . ... . . .

.

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

\ fluctuated bet!ween 0.04

All of these lung

and a significant level

and 0.351.

experiments invol’~ed intense exposures
.

of carcinogenesis. Severe damage

and disruption of tissue were associated with the exposures.

The most relevant lung experiment is Bair’s PU23902

inhalation stctly ~.iichbeagles
52-54

. Ex?osuxe wzs to

51/ Cember, H. , 0(1. cit.—

.
. . . . . . . ... ..,,. ! . ...,,,, ,., ,,, ,, ., .,.,. . . . . . . .
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tir,e, since t?e pathological response is saturated in this

‘\

>.-3-. ,-=”- 1., b,-:. .->-...—--- -..s ‘.~oxldcorres~oad to a particle burden of

..- -.-; - : - : - ; ~-,- <- ?= ~- - : ,-; -.,- . -- - --- -_ ----- . .- -- . - ---

.- .,.. .->- .. ..-. ---- -.;- ~-.-.=.-.;7.55

... --- --

. . . ....3. -.--=-------.-..:..-& ...- 3x~srir.e2ts c:

. ..., ,..
. , ...” “*
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Laskin, et al , ,ia2icate a significant carcinoceni,c response.—

in the lun~ at 1400 rem, suqqcsting a comparable sensitivity

56
of lunq tissue . Geesaman icdicates that the tissue repair

57
tine in the lung is of the or~er of one year . It therefore

seezs appro?ri2ts, btit not necessarily conservative, to acce?t

as guidance that this enhaaced cancer risk occar.s when particles

closest 29 3:’.---”:-“.- 0“.02 O.-1 0.06

...

t,,. ,,, ,., .. . . .
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As seen from Table IV, using Geesaman’s lung model, a

\

\

. .

particle ‘with an al?ha activity between 0.02 pCi and 0.14 pCi

is req’~irs~ 20 give a ciose of 1000 rem/yr to irradiated lung

tissue. “FOZ purposes of establishing a maximum permissible
. ...

lung ?articie burden we will use 0.07 pCi from long half-

lived (greater than one year) isotopes as the limiting

alpha acti~;i.‘y to qualify as a hot particle. Thus,. throughout

th~ re.nzi~.Eezof this re?ozt, hot particls will imply a particl~

.

.-.- .,! =_” -
.-,. . . . . . . . . . . . . . 2P:5 .<.?.. :“irz?.%v, oz. Zik,-.

.. .. . . . ... .,,., ..,.. .4. ,., .’ ,,
. . .. . . . .. . . .. .. .

I
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available on ths exposure o: exployces of khe Rocky Flats

facility and. to relate this to the hot particle problem.

J. R. >lann and R. A. Kizchner discuss the exposures that

resulted from a plutoniu,n fire at Rocky Flats on 15 October

1965.63 Some 400 employees were workinq in the roomat the

time the Zire occurred. These employees were subsequently

r2pzese.nts .

,

,.,,

,
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.

TABLE V
. .

p~f:~\;rlats Exposure*

Nuticr of Total Luag Hot Particles Nu~her of
cases Burden (uCi) Luaq Burtien (uCi). ~’Hot Particles

1 0.~72 0.033 137,000

1 0.160 0.019 79,000

1 0.111 0.013” 54,000

3 0.064 0.008 33,0,00

19 ‘3.024 0.003 l~,500

. . ... . . .. .... .... .. . .. . .. .-, ,’ .,,,,’... ‘ ,’’’’’’”””,”’”-,‘.””
. . .. .



‘1
.,

. .... . . .. . .. . . . .... . .. . . ..-—. .- . ... .. ... —-., 4 .—... ---..,

-37-.

rc?orted by Park, et al, the beagle clog with the smallest——

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

The

highest burden :

beagle exposure

cases with lung

n Table v is comparable to the lowest

the lowest exposure in Table V, t!!e 19

bcrdens in the 0.024uCi rznqe are only an

ordsr of magnitude less than” the lowest beacjle exposure.

We would suggest t’czk this is potentially a serious situation.

As of this tine, “none of thzse incli’Jidualshas develc?sd

l’~ng cancer.
65

However, it is only 9 ysars since the ex~cs’czs

c~ses involved. T:-.EZZ:ore, while these expossti izdividu?is

will be expecte~ ia supply peztinent datz relsti’Je to t;his

;y5t ~a~ticle Ce.ZCS~ risk over the next 10 to 20 yezrs,

th2se ex?osures qi~.-eES no in?orr.ztion at this

warrant .nodifyi>: :h? risk per particle or the
.,

~:lr2icL2 activity.

~1/ ?ar!<, J.F.,.— et al, Health ,Phvsics, On. cit. p. 805.—— .—. —

651 P.ichmond, c::~t, o?. cit. , p.
—

3~o.
.... _

.- ,. .,..,
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-. B, )!~nhattan ?xojcct !vorkers

\
Another study of human respiratory exposure to plutcniun

relates to 25 youcq men ex?ose~3 to pl~toniu.m during the

66
>lanhattan Project. The latest examination of this grou~

found then to be free of lung cancer although the report

states, “The bronchial cells of several subjects showed

.!.
._

,. . . .
.

,. ,.. , ,... . . .. ,.. ,., ..$...?.-.,,,... ................... .’.

I
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Positive counts were obtain%d for, 14 of 21 persons
~.easured. These counts suggested chest burdens ranging
from 3 to about 10 nCi. However, in no case did tie
eskinate? zkzst burden e;<ceed the NDA at the 95% con-

ficlence le”?el, Seven of the 14 subjects with positive
chest counts had estimated chest burtiens of 7 nCi or
greater and ma:~ be considered (at the 68% level of .

confidence) to have statistically significant chest
buzclens 05 ~roin 7 to 10 nCi.68

Si2ce tiie plutonium is still in the lung cavity, 27 years

SOS? -~.y~~sure, i: is correct to assuxe that it was initially

in tr.e ir,sc)l~~~=Earx and he~cs pertineat here.
69

At the time

.. .

\

. . . . . ,,, ,., -., . ... . .. ....
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}!anhattan ..,!o~;<ersresulted from aspiration Of droplets of

particle sizes would result. At the sane time, the activity

of the pl.~tcr.i,~min the particle would be consi&erably 1sss

k..-..tl-lzt:0:4---aa a particle of Pu02. For exax?le, it is stated

..._-

,,
\

. . . ,

I
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~urrounding tiss’~e (roughly 10.rem/V)” I

\ c ,te~n~~,sT@~t Fal~~..

jlnoth?: SC’:rCe Of hunaz contamination that is sugcjeste?

,!
as Delng ?ert:~.ezt to this uroblem is the plutonium in the

nuclea: wea?on tests. The ?lutoni”~n from

is incorporated i.~or deposited on particles

,.. ,.,,. ., ..,.. . . . . ,,, .,.,.. .... . . . . . .. . .. .. . .
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r,~nWaS perfOr,mcclby the NAS-NRC Advisory Committee on the

Biological Ef:ects of Radiation. Their report, published in

1372, is rzfzrrc d to as the 921R Report.
73

A. Ocz”:yztional ExacsuYe

The existing occupational exposure standard for uniform

the lung, 15 rem/yr.

the whole body

a cancer risk

best estiz,ate is

., . .. . .. ..., -,, ,.”,,, . . . .

r
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TABLE V

Occupational Ex?osure Guidance for Insoluble Al?ha Emitters,

77
}Iaximwm permissible Lung Pa:ci=le Burden (~J~L?B)

Cancez risk dzs to 5 rem/vr Assumed Ri.s!i in P.drtiCl=
—78wnole hoc.: ex>osure—

1/1000 l/~()()(J 1/10,000——

4.5X1O-4 0.45 0.9 4.5

10-3 (best estixite) 1. 2. 10.

2.3:<10-3 2.3 4.6 23.

..

,
,.
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emitting xadionuclicles in the deep rcs~iratory zone is 2

particles , This corresponds to a MPLB of 0.14 pCi and repre-

sents a rec!’;ctionof 115,000 in the existing MPLB. This

implies that the DF for hot particles is 115,000. Floreover,

it recluires a reduction of the MPCa for Pu-239 by 115,000 to

a ~.ralu~of 3.5x10-16 uCi/nl unless it is tietermineti that

the plutonium is not in hot particles.
,.

.,



—.

. .. .... . l..... ,.........,.,.,..,.,..,,

t

-45-

.nverage a.n~?maximum closes,
Council suggests khc use of

,. ..,. ...,.,1,. ,...,, . 1..,, . ... . . . . ?. .,..,. . .. . . .. . . ... . ,-, ,,’:

-,
‘rhc Fe(?eral Radiation
the arbitrary assumption’

that the a~~ority of individuals do not ~ary from the
average b:: a factor qrcatcr than three. Thus, we
rccommenc? the use of 0.17 ram for yearly whole-!jody
exposurz 5: average population groups. (It is noted
that this Fcide is also in essential agzeement ~with
current recommendations of Lhe NCP.P and the ICRP.)
It is critical that this guitie be ap~licd with reason
and judg~,eot, Especially, it is noted that the use
of the a’]sraqe figure, as a substitute for evidence
concerni~~ the dose to individuals, is permissible.
only when zhere is a pro~ability of appreciable homo-
geneity cczcerning the ciistzibution o~ $~e dose within
the populzcion includec? in the average.

Strict a<?.szence to these guidelines implies that

ths arbient air ska~dsr~ shoald he zero particles.ao

!ih.ilsa varie~;. ~, sucj~zstians c~uld be ?rz?ossd, we reccm.mnd

a sli~ht deviazizz from t’h~se guidzli~es z?.d the accz~tzacs

of =?,sc?isprcY...&----:onate risk ir,plicit in the 0.2 particle

‘L~-4ar2. ?>iz isae~.... a workabl% scl’~tion since best estimztes

.
-7.,:T’ ??,C P..2L9CZZ,.>...- 1, 0~. Cit., g. 27,—-- ——
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be coasi2ercd as acceptable limits, or whether design basis

acci~ents t..at are currently evaluated under these criteria

zze “of ~:<ccetiiz:lylow ?robatiility of occurrence,” we

reco.xend that 10 CFR 100.ll(a) (1) be modified as follows in

order to establish a hot particle skanclard that is equivalent

to tl?e risk associated with 25 rem whole body irradiation:

.

I
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-. an accident wherein surfaces are contaminated with hot

particles, it is necessary to have a standard to apply tO

Th? number of particles K?at can be resuspended from

surfaces has been the subject of a ntier o: experiments.

Thess experi.me~ts have usually resclted in the ti?termin~tion

of a resuspension factor (W) . The .?.Fis tie?ined by:

, krztie?+ iF.
RF (m-i) = :::::;-’ration air (uCi/2.3)

02 surface (“:Ci/m:)
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tne value selected by Kathren be used when.the RF is unknown

t~ dzterinine the ar.bient ground c~ntsniaation standard.

~oalying an RF=~O-4 m-l to the ambient }lPCa standard
..

reco,nmellded in the previous section, we o’btain a maximum per-

n.issible surface contamination (NPSC) le~’el far hot pa~ticles

86
Of 9x1o-8 uc”i/z2. This is roughly 1 hot particle/m2,

than 10-4 m-l could

zlters~ a??ro?riztsly.

(
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VIII sunvnar:~of Recomm~ndations

T?e :ollowing recommendations apply to alpha-emitting

hot particlss whzre a hot particle is defined as a particle

that contains sufficient activity to deliver at least 1000

rern~jr to t:he surrounding lung tissue. ‘For isoto?es havia~

half-lives qxeatez than one year, this would correspond to

particles conczicirig at least 0.07 pCi of al?ha activity.
87

It is recom,cndsd that:
.,..

1, For occc?ational e:<?osure

NICa SOT PU-239 = 3.5x10-16 uCi/m188

-2; ?or nex-accu~ational exposure

>l~~?3 = 9.2 hot particles.

.,,.,, .. ., !..,.,..- . . . . . . . . . . . . . . . . . . . . . . .! .,. . . . .,, ,., . ...,,. ,,, ---- -.
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3.

Owmh-wq,... . .

.,, .,

4.

5.

~or accidental

~~pLpg (2 hours

releases exposure “(lo C?R loo.ll(a) (l))

exposure) = 10 hot particles

For unrestricted areas

MPSC = 1 hot particle/m2
90

Hearings should be co~vened to Cetsrnine as low as

practictile regulations.

. .

.
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In 1949, the maxiwum permissible dose for radiation
was lowered to 0,3 roentcjcn per week. It was lowered again

in 19j7 to 5 rer.1/yras Lhe permissible dose for radiation
.’.~orkers. This stan,jard is still in effeCt.
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in this case , mean exposure to per~on~ “out~i~e the fence”
of an AEC (or AEC-licensed) facility. Criteria, required

to :eet these stanclards, for plant operation and’clesiqn
rc?.~ined xith the .4EC. Hence, prcse~t responsibility for
assessment of health effects resides in EE’.A,while the
responsibility for developing technology to control emissions
resicles in AZC. The Office of Management and Budget (OLW)

in a recent letter to EPA and AEC clarified the delegation
of responsibility bzt’ween these acjencies for promulgating
re~ulztio~s to litiit the radioactivity t!!atmay be emitted

frox Facilities in the nuclear power industry. O~~B stated:

.,. . . . . .. .. . .... ... . ., ,. .,, ,.. . .,.,,. r, l!.,.,. . . . . . . . . . . . . .

\
\
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APPEND 1:{B ‘

statement Submiktecl to Attorneys for Nr. Ed”~ard Gleason
\

\
Re : Ec?ward Gleason, et al vs. NUEL~— ,,

... . ,.,. ,. .. . . . . . . . ,, , . ... , , , ,-, ,,. .,, .
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\
~r3duce sarcomas in animals. There is little reason to doubk

that this snail amount of liquid (0.91 milliliter) or even more
iound itq way below the surface of ?lr. Gl=ason’s palm. In this

event, his Chailce of tievelo~iacjcancer would be one in twenty.
This is at least 50,000 times hi~her than his chances of developing
the cmcer spontaneously. In other words, the evi<ence is ovzr-
w“nslrnixqin fa~:or of the t’uror resultin~ fron PU-239 contamination.
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samples collected subsequent to January 20 cfave neqative

rcsulcs. The only thing that this demonstrates is that no
detect.able level of Pu-239 was touncl. Even fol:o’..’ingthe in-

jection of large vol’Jmcs o“f PU-239 solution into t:ac skin and
~,~sclc of animals, the pu-239 is slowly absorbe~ azci a??reci~~le

fractions, up to 70%, remain at the site 0? injection’. >~or~-

over, of the quantity absorbed oniy a small frzctio? appears
in t!le urine or feces (see paqe 3, Zxhibit 3 azd Ex:nibit 4) .
In }lr. Gleason’s Czse we are concerasd with on~;~ z *Jszy small

volume o: solution a~d hence we should not be s~r?riszd if we
obtain nsqative results in an inciiviclualurir.s or ~sces
Salmple. (See also Exhibit 5)

. .. ... . . . . . . . .,, ,.,. ,,,. ..$ ....,.,, .,,..,.- :’. .-.’-””
.
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,assuminq that the origin of the sarcoma was “included in this
tissue mass.

The neqati’le results 07. the clal~icle sOecimen are also

t?quivocal . The issu~ here is a small qua;~t~ty of PU-239

that remained localized in the palnar area of the left hand. ““
This bone specirtleni:~clicatesonly that the amount Of ~yste~-
icnll~y absorbed Pu-239 was too s.ma11 to be <etected in this bone

sp~cir.en.

.

.
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GLOSSARY

Absorbed Dose : The absor~ec! dose of any ionizing radia-
tion is the energy imparted to matter
by ionizinq radiation psr unit mass of
i.rracliatec?r%atcrial at the ?lace of
interest. The unit of absorbed dose is
the rad. One rad is 100 ergs/gram.

AEC ; Atomic Eqer$y Commission.

Ci: Ab!3reviat50n for curie.

.,,

Curie : The quantity of a rz<iozcki’.’enuclide
disi.nteqzztizy at ths rzts C: 3.7x101O
atoms p?= ssca~d.

D: &brevizticx for ?bsorbse i)ose.

. ,.,,. ,
..,, . . ... . . ,,,



1, I,. t
)., .

/.

I
.

,.. t

,, I
i

*

-G2-’
I

. “/
I

lCRP : 7.rlternational Commission on Radiological
Protection.

I

m: Abbreviation for neter.

micron : One-millionth of a meter.

ml : Milliliter = 0.001 liters.

NPc~ : Ma:<ir,uxPermissible concentration (oE a
radionuclida) i.~air. The average! con-

centr~tion above bzc~<ground of a specific
radioauclic?% to which an individual can
be ex?osed without cxcee~ing the gui~elines.

pCi: A%Dbr-lli~tioa for ?i~~~~rie, whic~~ is one-

millionth of a micrccu>ie, or 1(1-1~ curies.

., .,?,, .. .. .. . ‘“””... ..... .,,, .,,’
........ .. .... . ... .. ....,,. . . .
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Unit of dose cquivclcnt. ~)hen the

appuo!lriate modifying fac’tors are used to
calculate dvse equivalent onc rem is the
quan~ity of any type of i’.~rli.zin?r2diation
whit’n when absorbe< in man prodtices afi

effect equivalent to LIIC absorption Of
one rad of X- or gamma-rnc?iation at the
place of interest.

The quantity of X- oz gama-radiztion Scch
that the associated corpuscular exissiofi
per 0.001293 grams of air produces, in
air ions czzrying one electrostatic unit
of electricity of either siqn. For the

purposss herz, the ro?nk?sn is rau~hly
equivalent to the ra~.

Total radioactivity o? a qiven r!aiekizl

(isotope, elznsnt, or cou.pound) Fzr grz:
of t-he matesial -- c’uries/~raln.

,.,,, ,
,“,,

.,
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1. Intro:l\lction-—.—.—

This Report is written in support of a petition by

“ Regulatory Commission (HRC) rcqlleStin9

maximum pczxissiblc occupational whole

The present stznd2rds for occupational

a reduction in the

body raclia.kion cx?osure.

exposure are based on

still Cuczeat recor.~eni!akions.of the National Co’until on

P.acliaLionProtection znd Neasuremmts (XCi’-=)znZ the Inter-

recome.ncied.

pnv<.- .,L . jcl!..on Press , O::ford, 1969.



,
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,,
and , in t!~is r~gard, indicated that the cxistincj exposure

, y

\
standarc! was unn~cessorily high. ‘1’hcICI{? Ccmmittee,

calculation to demonstrate how the new data on the biological

Cffects of raCi2tion could be used to lo’wcr th~ exisking
4/

whole ‘oody e:<~csvtrestaadards by a factor of tefl.- The

rcduztion rz~’u~stcd in this Report corresponds closely to

this fectoz of te~ in the ICP.~~Cor.Tittee Cnzlysi.s.

hicjh. In “Section 111, TW.eshall ?resent our requested n.odifi-

3/ ‘“Ibi.ci., p.2.— .—

1
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cati.vns of the exposure limits and an analysis of khc rwlucccl

ris!{ associated with these ncw limits. In the final section,

we shall indicate ho’,~these rec~ucsteclreductions relate

to the recommendation and sugcjcstioas of ‘the ICR?, NCRP,, and’

the NAS Committee on the Genetic Effects of Atomic Radiation.

11. RztliatiofiInduczcl itisk at ths Existin? Oscll?ational

fiole Bed:/ Dose Limit

,“
ceneti.c effects.

i



!l!ablc1. -“”.,

.Calculation of the cxcccs annudl number of.

‘\

cancer d~aths for i.nclividua].owposcd
from 20 to 65 years of age

ABSOLUTE RISK MODEL

“Exposure Conditions

Excess Deaths Due to:

All Other

Leukemia Cancer

81 (a) 300

(b) 336

Excess Deaths Due to

All Other

Leukeiiia Cancer

181 (a) 601

,.
(b) ;46
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5 xeln/year fro:n age 20, dying fron radiation induced cancer

“is calcu].atcd to be from 1 in 16 to 1 in 40. Wc believe

this le.vc~lof risk is cxcwssivc.

A means of illustrating the excessiveness of the

k-rs exposed at the naxinun ?crnissiblera(lj.dtion risk to wor, s

ctosc! race is to cox?are tnis ris:< with the t’ztality rate

associated ‘with othe: occu?atiozs. This coz.?crison is

given in Table 2.

Table 2 ..

2,11 Occupations (r.ales) 1 in 5000 to 1 in 10,000

I
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“,;

the ,uPDcr lihit of LIIC racliat.i.onil)cluccdrisk should be l::+ed. “ “

The BSIR C!o;nmitteccautioned that its estima~c may be too
7_/

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

too low is thak the linezr hyp~thcsis is used as a basis for

extrapolating from high dose-high dose rate data to low

the linear hypothesis may underestiinate tile eEfcct of low

c~ose-low dose rate irradiation. The latest in~o~natior? has

Thus , there is little justi:i.zati~n for relying or!

the loy.ie~ estiinate of the radiztio~ inducecl risk and ~ruds~t

health ?ractics would i~clicate that the upper limit shoul~ bz

\
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.

the o:;ti.matcclrac?iakion exposure risk corrcs Fends Ld that
—-

associatul w’ith rnifiingand quazrying, a risk that is ackno;<l-

edcjcclto be far too l]iqh. The rc?iation ex?~surc risk e:<cceds

\ic arc proposing a refiuction in the risk of rzcliatiGn induc~d



/

t’ /,
.)

,

-o-*

subject to nom31 non-r adiolo~;icfil occupational IIazards,

and hsncc the average risk i-n the indu:jtry will :;~.illbe

above the aveuaqe for all occupations even with the ado?tion

of our pro?oscd changes. Thus , it woulcl even be reasonable

to argue that the risk of radiation indcccti cancer should

be further reduced. Consequently, we scc no justification

foz a hicjher risk, particularly since the above cstin~ke of

ris!i zssociate2 with radiation induced Genetic c?ana~e.

‘by zge 30. T:le existing exposure limit would all.o’,1a WOrkel

-... ,, ,,, .,.,,
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,/ .

tdJ3vc, if onc million workers were--cxposcd fron age ,18 ,

\ iclefl-kificclserious yenztic clisz2se ancl a significznk

increase of ill-health would show up in t:he ~rogeny of

t’ncse woc!:~rs, assu.nincjan a-~crzye of 2 children per worker.
.,

‘1’heinczeased iil.ci22zc~ in ill-hsalth IVOU2.5 be ~quivalent to

bst’~:een6% er.d 60% of the inci6snce in a population of 1

million, e.g., the first generation. This ~metic risk caa——



)
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i]ldicatc~ that t!]c risk of gcmukic damage is comparable to

the leukemia and cnncer risk and, therefore, is also too high

rcgarcllcss c)f any ~i)ecial wcishting Lhak it clcserves.

Again, we stroncjly suqq?st that the up?er limit,’

estimate of the geaetic risk be used in this comparison.

The BEI1? Committee suggested caution in the use of thbse
. .

estir,ates and bcqzn its Discussion section by stating:

ehs

this

There is rzazon to sug~est that. the BEIR Co7mittee

—..—-..———.—.
10/ T;>:rl-.. . . 4 ., ;1.57.—.. ___

.. . . . .... ... . . . ..
ii./ ~>~.-..x.-

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

by the GEIII Cozunittec. Ho’L’ever,Dr. Mary F. Lyon, et al., have——

analyzed thz Russzll tiata aloa~ with additional data from

12/—
e;<peri~:~nts at 10L{20s2 rates. Their analysis shows th~t

....... .
as the cl~se ra?e dro~s belo:/ some 0.01 r.izti.n., the in<uced

mutation ~rcquency begins to i2cxease. They conclude:,

I
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to the upper li;niL cstima Lc of the somatic ri~k of 1/16, and

\

\

this genetic risk, ii};c khc somatiic risk, is excessive. i<hen

soaatic risk and genetic risk are. ccxnb.incd (on allequal weiqht

basis) , the combination suyycsts t!lat the existing exposure

standard is at least 10 times too high. In this Report we are

proposing a factor of 10 reduction in the genetic risk zn2 a

f.actcr of 6 reduction 5-Rthe somatic risk wit,h the aticlitional

requzst as stated :l~evio’-lslythat the ex~os.ares be !~~pt as far

the proposal naw limits as is practicable.

dose to ths vhols bc5y ‘,;hsnadded to the accumulated ccc~?st.ici?al

dose to the whole bciiy, shall not exceed 5 (N-18) rem. \,;he~e
●

“N” ec!uals thz indi’;i~ualfs age in yezrs.

l’h,eobjecti-Je of the psoposed ac:ion is to reduce the

gc2$2tic risk associated with radiation e:;?os’urcat the current
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1. .l?or il~di.vidu.~l,sunder the a,gc of l!, where N

is not less than 45, the whole body radiation

expasuze ~ifi~itshall not exceed 0.5 ‘en ‘n any

j.e~r and o.3 rein in any calentizr quarter.
calendar

-.

To neet the objzzti’.’erelative to the somyic ris~<, it

is pro?OSeC? , in zc?tiition ‘cO the above, that:
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3. ‘ The IIP.Cin:+Litutc hzarings to clctermin~

,.
the as-low-as-practicable extcmk to vhich

the ex~osure can be maintained below the

~ro~)osd nw: regulations.

The e=fect “of these proposed c!langes will be to

re~ucc f~c Ger.ctic risk from Occupatio]lal radiation exsosure

zt tie liaiti~y value by a factor of 10 to about 1 in 100

l’:c+re Col?ccr:::d .-.:3 inly with the. exposure of L!le gc:ncral public.

.

.—..—....=—-———————.- --- -. —..
~~/’ :.;’,.’-:~:~~.’. :: J;’o:.:, o~>. Cit. , }J.2.—. --- ——.
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~~hich in our jud$mcnt Si)ollld bc! C!C~U~],ly dppli.C~blC to

inGic2t~d that the somatic effects of radizticn were 5 to 6

no rcco.?nentiatioxs relative to the exgosure starxlartls;

1:, OcJ. ~., 2.33.

.
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when the so:natic”and genetic effects arc combined, the whole

body expo:;ure limit should bc rcxluccclby a factor

the changui: proposed here arc in accord with this

an~lysis .

of 10. Thus ,

ICI?P Co.rmittee

Eoth the ICXP and NCR? have rccorr.mencledthat special

~o:lsid~rz~ion should be giv~n to prcgnanti and fertile fer.ales.

In fact, in January’, 1971, thz XCR2 recon~,ended:

Lhis reccmeniiation 05 the XCW.
,“ . .

The ?.EC, v:hile acknowledging L%z Zzeatez sensitivity

of the fetus, di~ Rot zs.end t!!e.C!ose limiting seckians of tine

.
here, since it a~plies to botl, nen ancl women below the age

oE 45 elininztcs ttiese difficulties.

In furt!ler ju~:ificat.ion for not changing the dose

..—---- . —.— —
17/ :;(.~:l~>;.!~i>:,rt:10.2!l,on. cit. , p.92.—.. --- —
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Data on results of personriel

monitor irlg rcpmtwl to the
Conun.issicn plmsuant to 520.407,
10 Cl’l?Part 20, for calc~ndar year

1973, indicate that 67,862
individuals were monitored, 29,169
receivefi measurable e;~postircs
averaging 0,73 rem for. th~ year~

and 3,425 individuals (11.8 per-

cent of those reccivicg measurable
exposures) h,zd estimated exposures
in excess of 2 rems.20/—

If N in tks pzo~oscd regulations weze set at 55 years

and x zt 3 rea/year, the necessary reductioa.in cancer fatali,ti%s

in any one year) ~31J~d ~ecei~,e 3, 5 re.~.in th~ third yea.c. Moreover,



,,

,/

~.
. . “.) )

. . .

,

, -19-

limiting the c;{posu~e c)f younger workers while al..l.owing a

hi$~:2 r ex?o:;:lre to older workers is not new. It is, in fact,

sinilar to a 1955 recommendation of the NAS Committee on the

Gcxetic Effects of Atonic Radiation in khc BEAR Report:

potential of raciiztion is now recognized to 52 much greats:
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hlcml)(:rs I)( th(I S\il)(olllllli[t(,~” (III I;IIYir(]tllll(,ll[;ll ljtl’t’cts

]]cm})~rs of the Subcommittee on Geneiic E!Yects
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‘“\
Jormea Leviticus, being tiuly swora, statzs: He is

a metier of the Pcoylc of Bikiai and one of the named plai:~tiffs

i~ this action.

He was boin on July 7, 1936 at Bikini Atoll, :larshall

. F’rom 1953 co 1959 affia~t was employed as a Healt!l

.. i ..”,. ~..-.. _+.-. :<111.

*

I



wife and seven c!)ildren lived in kha interi.oc of Dikinl Island

at the place ~lar.?edin the aerial photograph att~chml hareto

wit!] a rQd “i” in Janai V!eko, whore exter,nal gamma radiation is

between 65 and 75 microrocntgens per hc]ur.
—

Afi!iant and his family consum~d w~ll water and ate 10callY

available fooc!s as well as imported foods.

Affiant anc~ his family consumed bananas, potatoes, papayas,

pandanus, coconut, and fish, all from Bikini Island.

Dr. Conazd, when he made studies at Bikini in 1974, took

~]r~ne samples frcm affiant and his wife, but not from any of their

children.

ex~osurs, extznsivz

-2-
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