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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 Ato~ic Energy ComP.1ission 

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

protection standards apolicable to the internal exposure of 

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

establish;.ient, wi t.'1 respect to such materials, of standards 

go'1erning the ::-iaxi::iura permissible concentrations in air and 

maximu::t per~issible surface contamination levels in un-

restricted areas. 

Before proposing modifications to existing radiation 

protection standards related to plutonium exposure 1 , we 

review in t:ie :oll::y..;ing section the gravity of: the public 

healt!i. concern as pL1tonium becomes a principal article of 

co~.:nerce in the nuclear power industry. 

!/ :.;hi le r:-.o..:c:: o: t:tis report focuses narrowly on plutoniu::i-2 39, 
i:he -:!isct:ssion is, ne'rertheless, gerrnaine to all radionuclides 
in i:-1solt:ble particles with a high specific activity. (The 
~e:inition o: soeci:ic activity and other technical terms 
in ::tis report ~re given in the Glossary) • The justification 
for foc~sir.j on pl~tonium has been aptly stated by the Inter­
na:ional Co::-::-.ission on Radiological Protection ( ICR?) : 
":.::a e::io'."lasis on 0L1toniu:n is clearlv a reflection of the gener­
~l ~ons~nsus t.~at~ in terms of amount available, projected 
U3~~e, extent of anticipated accidental hu::tan exposure, and 
r~Jl~=oxici:7, plutonium is the most formidable radionuclide 
:..'."'. -:!°'.~ :_:J-::!ri-:::!i:- ':;!bl·:!." (!CRP P•.iblication 19, "The Metabolis;n 
a~ Cor?O~~ds o! Pl~:onium and Ot~er Actnides," Pergamon Press, 
l'.?"72, p.l.J 
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This is followed in S~ction III by a review of the 

specific radiation protection regulations that are in force 

in the United States today and which are at issue. This 

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

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

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

~~et the hot particle criteria developed in this report. 

Befo.re readi:r.:; Sectio;i III, those unfa::iiliar with the 

national an~ i:1ter:r.ational organizations which have pri~ary 

responsibilit"' =or recommending or establishing radiation 

protection standards, may find it useful to read Appendix 

A, where these organizations and ~~eir authority are reviewed. 

' Section I'/ prese:1ts assunptions inherent in the e:<isting 

radiatio:1 protection standards a;id identifies those assu~p-

tions t.~at are ina;:ipropriate wZ1en applied to insoluble 

alpha-enitti:r.= particulates. The biological data which 

~e~onstrate t~a~ these assumptions are inappropriate when applied 

to hot ;artic!as are discussed in Section V. 

U~ilizinq the data presented in Section V, the 

criteria t~at de=ine a hot particle are developed in Section 

Recor:-...ce:r.~atio:1s for exposure stand~rds for hot particles 

the:r. de~elo~ed in Section VII and s~~marizcd in 

S-i!ction VIII. 
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II. Plutonium Use and Public Health 

Plutoniura occurs in nature, although in such small 

a:no"..:nts that it does not constitute a practical source of the 

2 
eler::ent . Plutonium is bred in nuclear reactors by the 

capture of ceutrons in uranium-238. To date, the nuclear 

~eapo~s program has been the principal source of plutoniu~. 

Howe•:er, it is anticipated that the commercial nuclear power 

i~d'..:s::rv will become the principal source of this material 

wi t~i:: the next two decades. In today's co~~ercial reactors 

pl~~o::iu~ is =rod~ced as a by-product in the production of 

ele::::rici ':y . 

. ::\.s a result of the growt.'1 of the nuclear power ir.dust:?:"y, 

the ~~c es':i~ates that the total cumulative production of 

pl~tc~iu~ in the co::t.~ercial sector of the United States will 

be sc~e 4.5 ~illion kilograms by the year 2000
3

. Since 

pl~':c~i'..:~, li~e ura~ium, can serve as a reactor fuel, bo~'1 

are reco~erei fron spent reactor fuel in anticipation that 

The reactor together with the variety 

2/ :~e ra':io of the concentrations of plutoniu~-239 to 
'...:=~~:'...:~ i~ cres varies fro~ 4xlo-13 to l.Sx10-ll. Katz, J.J., 
:~a?::er V~, :~a Cher::istry of Actinide Elements, Methuen and 
Co., Lti., Lc~do~, 1937, pp. 239-330. 

31 =~~iro:-:~ental Statcnent, Liauid Metal Fast Breeder Reactor 
:~:--:::-.s::ra::::::-: ?la~::. ~.s.;sc:, \·/i\S!".-1509, .:i.pril l9i':!, p. 149. 

\. 

. \ 
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of support activities required both to pr?vide ruw fuel and 

to recover and recycle ~1e urunium and plutonium make up 

what is irno·.m as the nuclear fuel cycle. The AEC has 

projected t!1.at over 4 million megawatts of nuclear capacity 

4 
will be installed between 1970 and 2020 Over the lifetimes 

of these plants this installed capacity could result in a 

cumulati1.:e flo;; of approximately 200 million kilograns of 

plutoniu:n ~~rou~h the nuclear fuel cycle. 

In today's co;nmercial reactors the pl'.ltonil.!r:l is in 

oxide for:n, 
5 

Pu0 2 . At various facilities in ~~e nuclear fuel 

cycle, ae:-osols of Pu0 2 are released to ~~e envir0:1::lent on 

a ro~ti~= basis. In addition, there are nu~erous ?Oir.ts in 

t21e fuel eye le '.-;:-iare accidents, particularly those associated 

·.;ith fire or ex?:.osions, can release significant a~ou:1ts o:: 

?~02 as aerosols that can be inhaled by man. 

Thes~ s~all aerosol particles of Pu02 are highly radio-

a:tive. A:1 a??r~=iable fraction of the inhaled ?u02 

?articles are t:-a??ed in che deep respiratory tissue of L~e 

lung, .where, because they are insoluble in hu~an tissu~, 

~! Ccdate~ Cl3~J! Cost-Be~~Eit Anal~sis of the U. S. 3:-ee~er 

?.eac'.:.o:- ?:-:i:::-a:-., ·.·s.;:::c, \·r:-.:;•t-1184, Ja:-iuary Ul2, ?· 3·L ?our 
~!!lion ~e~a~a:ts (~w) corresponds to 4000 no~inal-size 
:--.·..:clear r~a:::tors -- 1000 :\"' each. 

3: So:;~ <1c~":1::'.::::·~.! reactors of the future may use f:.:el in 
;ar~idc a~d :--.i::-i~e, rather than oxide, form. 

' .. '! .............. ~· • • ...... 
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t~ey can remain for long periods of time and deliver a very 

intense radiation dose to the surrounding lung tissue. 

PL.:toniur.i is one of the most potent cancer producing 

a;ents known to man. A machinist of plutonium metal carried 

0.08 ::iicrogra"s of plutonium-239 imbedded at the site of 

t~e ?Uncture wound in the palm of his hand. Within the four 

year period before it was excized, it produced a nodule whic~ 

6 c:.s?leyed ?recancerous changes There is little doubt from 

e:·:;.:eri:::e::tel ani:-:-.al studies that inhaled plutonium is one of 

-::.e :::est ?Cte::t res?iratory carcinogens known. There is 

ex:_:eri:::ental a:-.d observed evidence that plutonium concentra-

tior.s '~ t:-:e 1:.::-.;s of dogs as low as 0. 2 microcuries (3 micro-

qra::is o: ?L:.::c::i:.::::-239) produce cancer7 • Hence, the flow of 

2:0 :::i!~i~~ ~i!o;rarns of plutonium represents a flow of over 

-1: 17 ca:-.cer ::cses, a staggering number which, as will be 

de:::onstrated s:.:bsequently, may be an underestiMate of the 

=~:-.cer c:ses by se~eral orders of cagnitude. 

:'~e :_:-e:?:sistance of L'lis toxic r.iaterial, once lost to 

::~e e:-.~ir~:-.:::e~t, is measured in terms of thousandi of years. 

?.:·.:q~l:_: ::·:c-t'.'.i::-::s of the plutonium flowing in the nuclear 

~.:s~~~.:=~. C.C. and J. Lanqha~. "A Dermal Lesion from 
::-;:_:1:--.:.e~ ?l·.i:.cr'.i~:-i," P..rchives oE Dermatoloa·:, 86, October 
:~~2. ~?· 121-:2~. 

~ :~er~~=~ O.C~l curies per grjm of plutonium-239. 
:·::-·~::-.-:·:-. .; :.: :i -·icrocu?:"ic of ;:il·~tunium-218 would hjl/C a 
~2ss :~ :-::~ S.J~ ~icr~nra~s\sincc plutoni~~-238 h3s a 

- • - .... ':lo ... .. ~ ~ .. - - cJCti·:it'/, 

r 



- 6 -

fuel cycle will be plutonium-239 which has a 24,400 year half­

life. In other words, in 240,000 years the inventory of this 

hazardous material would be reduced by only a factor of 1000 

due to natural radioactive decay. This material must be 

isolated fro:n the environment in pe_rpetui ty. 

III. Existinc Standards for Plutonium Ex?osure 

Radiation ex?o~ure standards have been established 

because radiation is known to produce cancer and genetic 

mutations in ~r.dividuals irradiated. The mutations can 

in turn c~~se genetic defects in subsequent generatior.s. 

The inter.: of the exposure standards is to lirnit this biological 

da~age. The ~a~nit~de of th~ biological effect has been 

s::-,o·.-.rr. to be related to the radiation dose. T'.1e hi-;;her t.'ie 

dose the ;reater the effect. Therefore, t~e ~ri~arv radia-

tion expos~re standard is one that limits the radiation 

dcse. This ?ri~ary standard is generally referred to as the 

rnaxinu~ ?er~issible dose and is given in units of ren/yr. 

~·:e sh~ll di5(:·..:ss the nature of this unit subseq1.!~ntly. 

An in~i~i~ual can be exposed to radiation fro~ sources 

that are external to his body as, for exa~ple, an X-ray 

nac~ine or fro~ radionuclides which emit X-ray like radiation 

~a?~sited or. the ground (t'.1is occurred with fallout fro~ 

~~=:~ar ~ea?on :estsi. Alte~~~tely, an individual c~~ be 
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irradiated by internal sources; that is, by radionuclides 

incorporated in body tissues. These radionuclides gain 

~~trance into the body through inhalation or through con­

ta~inated food or water. Once inside they behave like their 

non-radioactive counterparts. Radioactive iodine, for exam?le, 

accumulates in the thyroid gland in the same fashion as 

stable iodine, and radioactive strontium or calcium accumulate 

in the bone si~ilar to their naturally occurring non-radio­

acth·e counterparts. The radioactive iodine will thus deliver 

a dosase to the thyroid qland that is many ti~es larger than 

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

ra~ioacti~e stro~tiu~ and calcium will mainly irradiate the 

bo~e. 

Because of the uneven distribution of radionuclides 

in the body organs, radiation ex?osure standards have been 

de•1e!.o.::;eC. not just for the whole body, but also for individual 

or~a~s. In this re?ort we will be referring to the maximum 

?er~issible ~hole body and lung doses. 

Lar~ely as a matter of convenience, secondary or derived 

ra~~3:ion standards have been developed. These secondary 

s~i~~~rds, which li~it radionuclide conc~ntrations or organ 

~~==~~s, are often ~ore easily em?loyed than the primary dose 

3t~~~~rds. We shall examine two secondary standards in this 

\, 

. . .. "'• ·'. 

• r 
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re;:>ort; the maximu.'ll permissible lung burden (MPLB) and the 

~axi~um pe:::-::iissiblc concentration in air (MPCal • The MPLB 

is the total a~ount of a given radionuclide in the lung of 

an average size man that will result in the lung being 

irradiated at the maximum permissible lunq dose (MPLD) . 

The MPCa is the concentration in air that will result in 

an average adult male obtaining a MPLB and hence a ~PLD by 

breathing '=..."le air. 

It is i:::;:io:::-tant to recognize that the ~!PLO is t.'le 

pri~ary standard; it applies to all radionuclides and 

ra:3.iation sc:..::::-ces. The MPLB and the ~!?Ca are derived st=.:;da:::-ds 

and are S?eci:i= for a radionuclide. These derived stand5rds 

are related to t~e biological properties of a radionuclide 

an~ to t~e :cr::i of radiation it emits. 

Table I lists the existing exposure standards for e~-

ployees o: t~e nuclear industry that apply to Pu-239 in insol'..!!lle 

:"or::i. T::e ::?!..:> o: 15 rer.i/yr is included i;i t."ie reco;:i.-::e:-::::ations 

o: t~e Intern=.tional Commission on Radiological Protection 

( -~on'- 8 ~· ,. . 1 ·1 Rd' . P ,_. d .t·~--- ,., ~:"le .. a;::ona Counci on a iati.on rotec ... i.on an 

~!e=.s•..lre!":'.e::ts (:;C::!.?) 9 , and the Federal Radiation Council 

3/ I'.::R? ?·..:bli=.:.tion 9, Rc'.:..::".l'TI::endations o~ t~':! Inte:-:::?.:.ior.al 
Cs:"'.'.".'issi·;,:-: en ?.:?diologic.:d Prott.'!ction (AdootQd S·~ote:-.Z~:- 17, 19661, 
'."~:-;.:i:::on ?:-')SS, :;~"·' 'fork, 1966, p. 14. 

'.1' :.;cR? P~;:iort ';o. 39, Basic fbdiatio:i Protection Crit:c:-i.:1, 
::::::? ~·.:::il:..c::i::.:~.s, \·lashi~::on, u. C., ..J.1n. l.:>, l'.l71, ?· 1 1)6. 

. l 
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(fRC) lO. T!le NPCa is included in the ICP.P rccommendations11 

and is also an AEC radiation standard 12 • Of the standards 

i:l Ta!:>le I only the }IPCa is dcsiqnated in the AEC regulations. 

However, this MPCa corresponds to that tabulated in ICR? 

Pu!:>lication 213 which is derived on the basis of the MPLD 

listed i:l Ta!:>le I. The MPLB is also derived on the basis of 

t::-:.e ~:?LD14 • ':~e MPLB is not included in either the reco::l!:',er..:a-

tio:lS o: IC?.?, ~CRP, the guidelines of FRC, or the A:::C 

re~-..:la'::.io:ls. In s;,:::u-r.ary, in Table I the ;>.!PC a (design.3. ted 

in A:::c re,,.:.:la'::.io!"!s) is consistant with the :·lPLD and ~~?L3. In 

7a::i1e :;: :.::-:.e .'-!?L;J ap?lies to all forms of io:lizing radiation. 

T~e ~?~S and ~?Ca ap?lY speci:ically to Pu-239 in insol:l~le 

10/ ?RC Re:;or"::. ::o. 1, ~- cit., p. 38. The FRC has !:lee:i 
a::iolis~ed a::d i'::.s duties transferred to EPA. 

1:: :::CR? ?·.:::ili::a'::.ion 2, Re;:::o:::-t of Cor..:nit'::.ee II on Pe::-7,issi~le 
~::se ~::::- i::~er::sl Radia'::.ion, Pergamon Press, ~ew York, 1360. 
[_:..:;;ie=.::-e::. in r.ealt:'l ?'.wsics, '.'ol. 3, Perga::-.O:l Press, J:.J:-te 1950.] 

13/ :c?.? P;,:'.-J:.ication 2, 2.2_. :::it. 

l~/ ~-'.a:;n, J.R. a::d .Z\.R. Kirch:ler, "Evaluation of Lun; s·.:::=.e:". 
?::::~ins A::~'::.e I::halation o~ Highly Insoluble P:.:02," Healt~ 

C~· 'lo:?.. 13, 195 7, pp. 877-882. 

· ~' ·::-.e =·~P-'.3 ::oulc ~pply to :::ost other alp~3.-emittins 
:::-:~~=~~c~ides ~ith l~ng half-lives, since t~e al;iha ?3rti:le 
-:::-.:::::;:es -:!o :-.::': dif:~r appreci:ibly fror:i t."le ?u-239 al~:-ia 

I.. 
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TABLE I 

Existing Occupational Exposure Guidelines 

that Apply to Pu-239 in Insoluble Form* 

MPLD (ICRP, NCRP, FRC) 

MPLB 

MPCa (ICR?, AEC) 

15 rem/yr 

0.016 uCi 

4xlo-ll uCi/ml 

*Note: See Glossary for definitions of syr;i!::>ols. 

The ex?osure guidelines for Pu-239 that apply to non-

occu?ati~-al ex?osure of the general public are tabulate~ in 

Table II. T'~o ;uidelines are a?plied here. One is for the 

limitinc;: ex;:>~s-..::-e to an individual and t..':e other is for tJ1e 

average ex;:>os·..::-e of a population sam?le. T!'lese two guidelines 

differ by a factor of 3. The ICRP reco~~endations include only 

the q'.1icelines for individuals. The MPLu values within the 

parentheses i~ ?able II correspond to the latest recor~endation 

', 
of the ~:CRP.!. 0 • These latest recommendations of the NCRP 

have not, at t~is time, been incorporated into either the 

A.SC· or. E?.U. re~ulations. 

l.§_/ NCR? Re?o:-:: ~:o. 39, ~·cit., p. 95. 

. .. , .... 
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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 

,!PLO 1.5 {0.5) rem/yr 0.5 {0.17) ren/yr 
(ICRP, NCP.P, FRC) 

~·IPL3 0.0016 (0.0005) uCi 0.0005 (0.00017) uCi 

~?Ca l0- 12 {Jxlo-13) uCi/ml 3xlo-lJ {lo-13) uCi/ml 
(ICRP I AZC) 

* ?he Y!P::..D vaL1as i:l parentheses refer to the latest 

re::::::i.:r.e:-.dat.ions o:: t~e NCRP. The :1PLB an::i l·!?Ca values in 

?a::ent:teses cor::espond to the new NCRP dose recorrt-:iendations. 

!. 1!. Cal::: 1..!lati:-i= -:.:-..e Dose Due to Insoluble -~l~ha-E::iitters 

T~e purpose of this section is to examine the assum?tions 

-- t~e ra~iation s~andards above that are inappropriate when 

applied to insol~ble alpha-emitting particulates such as 

aeroso~s of ?uC2. The assuMptions are introduced L~rough a 

r~~~=~ 0f basic definitions of radiation dose and t~e factors 

use~ to calculate the dose. 

A. The Dose Equivalent 

w~~n an X-ray or the radiation emitted by a radionuclide 

:-~s~~s through tissue it transfers enerqy to the cells in 

\ 

, . 
• i 
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these ciss:.ies. This energy produces chemical changes in 

the ~olec:.ile o: the cells: for example, such a chemical 

c~anqe co:.i:~ be a mutation in a gene. The radiation dose 

is actually a measure of the energy transferred to or 

<0sor:Oed by the tissue. The basic unit of dose is the 

rad {one rac represents the absorption of 100 ergs of 

e::ergy per ;ram of material) . 

In ac=ition to X-rays, radionuclides e~it ga::ir.ia rays 

C:'liqh e:ier;:: X-rays) , beta particles (electrons), and alpha 

In radiobiological experi~ents, 

i ':. was ceter::-.i::ed that, while these various ty?es of radiation 

:Jr::::'i:.i:::ed ':2-.e sa::.e :Oiological effects, such as cancer, the 

~a;nit~~e c: t::e e:fect was not the same per rad. ?or 

exa::-.?le, .it ·.,·as found that 100 rad of alpha radiation · .. ;ould 

:Jroi~ce ro~;::ly 10 times as rnany cancers as 100 rad of 

X-r=.'.:'5. :-::::::eo·:er, it was found that because of the S?ecial 

-. . .-a·: i:: -.,·_-:;;.:::-: ?·.:-2 39 deposits in the bone, its alpha particles 

~ere 3 ti::-e2 ::-ore effective in producing bone cancer t::an the 

~1-· -~--'-·-- =r ~ d' 17 _ ,,.,.1.:1 !"-- -~--=" --O ... ra iu:r. . To account for these differences 

i:: t~e ~=;~i=:.i=e o~ the observed effects at the same absorbed 

~:::se i:: rai, =::e caxirnum permissible dose linits are given 

:-::e ::?:..) is ci··:en in' rem in Tables I and II. The 

:c~.? ?..:~:~:.=~~i.c:1 11, '~\ P.eview o~ t~c R .. 1~iosc::si..ti.·:it:: o: 

,. 
I 
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. 18 
re~ is ~~e unit of Dose Equivalent (DE) The DE is obtained 

b::· :":".ultiplyi;i-; t..'1e absorbed do~c in rad by modifying factors 

tc correct for these observed differences in the magnitude 

o: the effect. As a consequence, the magnitude of the 

e::ect will be ~~e sane for a given DE regardless of the 

r.a::.:=e of t~e radiation or the manner of radiation. 

B. ~!ocifvinc Factors 

At the present time, two modifying factors are employed. 

0:-.e is t..'1e Q·..:ali~y ?actor (QF) •,;hich ac:::ounts =or differences 

i~ ?r:::d:.::::i~~ jiclocic~l effects among various for::1s of 

~~e ot~er is the Distribution Factor (DF) 

\.;:-.::.:~ ac:::o:.:::-::s :er :..':e r..odificati{)n of t'."!e bio_logical effects 

~~e~ a radic~:.:clide is nonuniforrnly distri~uted in an organ. 

For ex~~?le, t~e DE :or X-ray to bone tissue is determined 

b7 :.:si::-:g Q?=l a~c D?=~while t'."!at for Pu-239 in the bone is 

deter::::i~ec ~7 :.:sinq a QF=lO (to account for the greater 

e::ec:i~eness of al?~a particle irradiation) and a DF=5 

( - - ~ _,...._,. "'"' ... -- __ .............. ~·- 19 
t~e ?eculiar cistribution of Pu in the bone) · 

.:... :::::=50 :?:e:::: :!'0::1 X-rays or Pu-2 39 would thus inC.uce the same 

:-.·..:::.::er· of ca::-:ccrs in °:Jone but t:--.e absorbed dose :ro~ the X-rays 

~:;li ~e 50 rad w~ile that fro~ Pu-239 would be only l rad. 

::c?.? ?.e?ort ~;~. 39, ~- :.:it., p. Bl. 

::::::<? ?·.:'.:Jli::a-::.c:-'. 11, Oo~cit., p. 21. 

. r 
I 

' 

I 
I 
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In obt~ining the derived values in Tables I and II, 

~PLB and ~?Ca for Pu-239, a QF=lO was employed. This QF 

i~?lies, as nentioned above, that the particles of Pu-239, 

which e::iit alpha particle radiation, are 10 times more effective 

in inducing cancer than X-rays. Although the irradiation of 

tissue by insoluble plutonium particles is highly nonuniform, 

r.o DF value has been assigned to these particles and hence, a 

DF=l ~as e~?loyed in deterwining the derived values in Tables I 

and II. I~eally, the DF should be determined by the ratio 

o: ':he c::ise~ved e:fects in an organ following unif.o::-::i and 

nonu::i!o::-= radiation of the tissue with the sane radionuclide; 

u~ = ~u~ber o: cance::-s (nonunifor~ irradiatio::) 
· ~u~ber of cancers (unifor~ irradiacion) 

Si::ce :::irect ex?eri::iental data are not available, it is 

::ecessar~ =c derive the DF for insoluble Pu-239 par=icles fro::i 

In a subsequent section, we shall ?resent 

the biolc;ical evidence that strongly suggests that a DF=l 

grossly ~~:::eresti~ates the DE for insoluble particulates of 

F·.i- 2 39 a:::::, co::sequen tly, t:-iat t..'1e derived standards, NPLB 

. "C - h. d. . , 1 . 20 a::a ~- a === t. is ra 1onucliae, are great y in error. 

I:: :act, i= will be shown that the biological data strongly 

s~~gests =~at :or such pa:=icles one should use a DF=llS,000. 

2~' This acolies as well to other al9ha-e~itting actinides 
i:: i:iso!·..:=~~- ;iarticulate :o!":n. 

, ... •·• • •'•.·" ··•.-, o••' ••Y 

. r 
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Before tur~i!'lg to the biological data it is appropriate to 

discuss first the radiation field around a particle of Pu02 

a:::. thereby de:i::e the fundamental questions that need to be 

e!'lswe:-ed b~· the collateral data from radiobiological studies. 

The u::is'..:e for~ of tissue irradiation displayed by 

i::soluble par:icles of Pu-239 occurs because, when Pu-239 

decays, it ~::iits en al?ha particle with an energy of 5.1 ~eV. 

This ;:.article has a re::se (produces biological damage) of only 

s::~e ~0-45 '..: (O.Q-04 cc) in human tissue. In other words, 

a ?u-239 pa:-ti::le in tissue will only irradiate a volume of 

tiss'..:e e::=l::sed i:: a S?here of 45 u radius. As one moves in-

·.•ar::: ::-o::i t:-:e s:.::-:a::e o: this sp~ere, the radiation inte::sity 

i:-.::re:.ses qe::::-et:-i::all::·. About half of t.'1e al;:iha particle 

e::erg~· is C.issi;:.ated at 20 u (t:-iat is, with a volu.-.:e that 

is 1/3 t:~e total ·:olu::\e). This means that the average dose 

deli~e:-ed ·- :he :i:-st 20 u is 3 times that delivered in the 

:--:=:-.a1::1::; 2G -· :~e fi:-st colur:n of Table III describes 

t~e :-adiati:::: :ield a:-ou::d such a particle in soft tissue; 

e.:; .. the s'.<i::. Si.::::e the lung is a spongy tissue with a large 

a:'..:- ·::ilu::-.e, the ra::ge of alpha particles is longer in the 

:'..:::; 3::d ::c::s~~'..:e::=ly the ~ass of irradiated tissue is larger. 

?:-:::ass:::- ~::::a:d ~eesa::ian made a detailed analysis of plutonium 

\ 
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particle irradiation of deep respiratory tissue21 • The 

last two colunns in Table III describe the radiation field 

around such a particle in the lung using Geesaman's lung 

22 
model The dose rate to the entire organ is given in 

colu~~ 2 of Table III for comparison. From Table III it is 

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

dose fron the same particle varies by more than 8 orders of 

magnitude depending on whether one averages the dose over 

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

exposed. 

TABLE ,III 

Radiation Dose Rate Due to a Pu-239 Particle 

~lass of 
Tissue 

Dose Rate 
( re:n/yr) 

(1 · a· o 2s oe· 23 i u in iamete:-, . • 1 

Soft 
· Tissue 

24 
I::::-adi3.ted 

0.4 ug 

730 ,000 

Entire 
Or can 

0.0003 

Lunq 
Tissue 25 

Irradiated 

65 ug 

4000 

Closest 26 
20 .;,lveoli 

19 ug 

11,000 

21! Geesa~an, Donald P., ~~ Analvsis o~ the CarcinoGenic Risk 
!rom an !~solujl~ Alch3-E~i=tina Aerosol D~cosited i~ Deec 
~escira:or~ ~is3~e, CCRL-50337 and UCRL-50387 Addend~~. 
L.-1·,:7.;nc ... ' L l •1e r-;;;-;;- La'.Jo r :i.,_t :ir:1, Live rnore, Calif. , 19 6 3. 
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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' IS 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 

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

=esult in an intense but highly localized irradiation. A 

f:rndamental cpestion is, then: is this intense but localized 

irradiation mo=e or less carcinogenic than unifor:n 

irradiation? Alternatively, is the DF for this particular for::i 

o: ir=adiation ~s~al to, greate~ than, o~ less t~an one? Ir. 

t:.e re:nainder o: t.:'1is sectio;i, we review the guidance, or 

~ore ap~ropri~tely lack of quidance, for dealing ~ith ~~is 

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

2 ?,/ Langha:n, :·ir ight ti. , The ?r'.:lblem of Larae -~rea Pl utoniu::i 
C'.)ntamination, C. 5. De?t. of ~- E. W., Public Health 
Ser?i=es, Semi~ar ?aper ~o. 002, Dec. 6, 1968, p. 7. 

24/ Lo:-i~, A.B., "Plutonium In:ialation: The B~rden of 
:;_,,~1 i-::ible Cons"':;:.:ence," ~luclear 'le·•s, Ju:-ie 19 / l, p. 71. 

25/ Geesaman, Donald P., UCRL-50387, ~!?· 8, 15. Based on 
Geesa::ian's nodel :o= a lung at one-half '.".laxi::'.lu::i infl:i.tio:1. 
Ge-:!s::~'.a:1 es::i~at·.:s a tot3.l of 58 alveoli at risk, eiich 
~x10-6 cml in volu::ie, and deep respirator: zone tissue density 
.-:: 0.12 g/c:.i3. 

2~1 See footnote 23. 

~7 1 Based on J lung mass of a standard raan = 1000 g. 

:~; This :i:;.:;.,::-:-es '::ut t!1e ;o.di.:ition field of ~-ie SJ,000 
:::J::-ticl':!s do r.ot 0•1e::-l.:ip. 

l 
• I 
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C. The Hot Particle Problem 

It is i:-.19ortant to recognize that the ICRP has qiven 

:10 :::•Ji:;ar.ce with respect to nonuniform irradiation of t.'"le lung 

by insoluble al?ha-emittcrs such as insoluble plutonium 

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

... In the ~eantime there is no clear evidence to show 
whet..'1er, with a given mean absorbed dose, the biological 
ris% associated with a non-homogeneous distribution is 
~reater or less than the risk resulting fron a ~ore 
dif:~se distributio:1 of that dose in the lung.29 

:~ e:fe~t, t~e !C~P is sa1i~g that t~ere is no guida~ce as 

to t~e ris~ :or non-homooeneous ex?osure in the lung, hence 

~'i.e :·l?Ca a:"?c t:-ie !lPLB are neaningless fo:: insoluble ?lu':.or'..it:::t 

7::.e :·;c~ o:fers the followinc; and si:::-.ilar state;;-:ent 

· . .;i t.l-: :::es::;e::t to these particles: 

(210) T:te ~iCrtP has arbitra=ily used 10 perce;,t of 
t::e vol:.i:r;e o: the or;an as the si;::-ii:icant volu::-.e :or 
irradiation of the gonads. There are some cases in 
w::!c:: c::oi::e o: a significant volu~e or area is 
vi==~elly ~eaninqless. For exa::iple, if a sin;le 
~arti::le of radioacti•:e material ::'.ixed in eit~e!:' lu.'"lg 
or l::"::".?:-t :--.02.e :nay be carcinoc:e:lic, t:-ie avera;i:"?:; 
c: ~::se ei=~e!:' over =:ia lunq or even over one cubic 
centi::".at2= ~3Y have little to do with this case.JO 

T:ie followin; is extracted frora a 

?.3/ IC:<? ?·..:blic:i':.ion 9, ?..£· cit., p. 4. 

30/ :~C?.? ?.2?0t"~ :-.lo. 39, Oo. cit., pp. 79-30. 

\. 
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paper by Professor Donald P. Geesaman: 

So ther~ is a hot p3rticle problem with pluton­
ium in the lung, and ~,e hot particle problern is not 
understood, and t.,ere is no guidance as to the ris~. 
I don't thin~ t.,ere is any controversy about that. 
Let me quote to you fror.i Dr. K. Z. 1'1organ's testirnony 
in January o: L,is year before the Joint Co1TUTiittee on 
Atomic Ener;y, U.S. Congress. [a] Dr. K. z. Morgan 
is one of t::e United States' two mei7hers to the main 
Co~~ittee o: the International Com.~ission on Radio­
logical Pro':ection; he :1as been a mer:iber of the com­
mittee lo:--.:;:~= t.!"1.a:-. anyo:ie; and he is director of 
He:ilth Ph::si::s Di•;ision at Oak Ridge :;3.tional Lal:>ora-
tory. I q:..:ote: "There are many t.-ii~~s about radiat.ion 
e:<;::os;.:re ·.;,; co not understa:-id, and t.'".ere · .. 1ill co:-:tinue 
to be unce~::.ainties u:-itil health physics can provide 
a coherent ::.::eory of ra=.iation da::-,age. 7:1is is why 
so~e of t::e basic research studies of the USAEC are so 
i~?ortant. ~. P. Gaesana:-i anc Tarn?li:-: have pointed 
c·.:::. r.:ce:-.t:.~· ':..'-:e prcble:::s of plutoniu::'.-239 pa:::ticles 
ar:d t:ie :..!~::::-"":ai::-:y c: t~e risk to a. ~an 7.-:ho ca:::-ie5 
s~ch a ?ar':~::le of high specific acti~ity in his l~ngs." 
.. ~-: t:ie s=.::-.~ :-:~=.=i~;, in ::es?O~sa tQ t~e co~ru:-d.t~~e's 

i~~~iry ab~~~ ?:-io~ities ~~ basic =esearc~ on the bio­
lc;ical effec=s of radiation, Dr. M. Eisenbud, t~en 
Di=ector =f ~e ~e~ Yer~ City Environ=ental Protection 
.:;C::--.inis~::3.-:..::..:::::-:, in part ::-e?lied, "For so!':':e reaso:1 or 
ot~er the ?article ?rob~e~ has not co~e ~?on us in 
quite a little while, but it probably will one of these 
days. We are not ~uc~ f~rther alon; on the basic 
::·....:estio~ ~= · . .;:-.. e-::.;.']:- 2 ~i·;e:i ar..ou:::-:. o: -e:-ie::-;:1 C.elive:::ed 
to a ;>rcg:-:s.::;:.·1e~y s::-..11.ler and s:v.alle=- volur:-.e a: tissue 
is ;,e-:.te= >:J:- ·.·!o::se fo:::: ~:--.e reci;:>ie!"lt. This is a!'lo~1e= 

way of as'..;ing t.li.e q•.iestion of how you calculate the cose 
~h~n you i;:::ale a single particle." [b) He was 
ccrract; t~2 ?roble~ has co~e U? acain. 

ia] ~organ, K. :., "Radiation Standards for Reactor Sitin;,h 
i:l E:l•:i::::o:;:-.e~-:3.l Effects of Prod'..lcinc :.:lect_rical P':>w'?:­
Phase 2. :~sti~cny prc5ant:ed at Hearings ::ie:ore t:ne Joint 
Com.-niti:ee =:: r\tomic Energy, 9lst Conqress, 1970 · 
~ashington. J. C., u. s. Government Printing Otfice. 

[!.JJ : i :;.~nbuc!, :-~. P :inc 1 Di ~c·.is s ion. 
-:> __ :.:_?_-_-_:i_-:!_c._• ::_i_:-._:: __ ~_-:_1_0_c_::_:--"-1-'c_,1_l:.. __ ?_o_;:_e ___ r..:.,_?_h_._u s-= 2 . 
~t ~!~~r1~~3 ~~:ore t~0 ~Joint Co~~it:ne on ~tomic 2~e~~y, 
9lst Cor.~:-r>'i'i, 1970. \·:1sninq::on, D. C., U. S. Go':-c:::-:::-.c:::i:: 
Printin; o:::cc. 

r 
• ! 
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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 
In!la:e:l ?.adioactive Particles. [c] The first 
se~'::e~ce reads, "The potential hazard due to air-
borne radioactive particulates is probably the least 
under5tood of the hazards associated with atomic 
wea?::ts tests, production of radioelements, and the 
expa::~i~; use of nuclear energy for power production." 
A de:::~::e later that statement is still ·valid. Finally 
let ~e G~ote Ors. Sanders, Thompson, and Bair from a 
paper gi?en by them last October. [d] Dr. Bair and 
his colleagues have done the most relevant ?lutonium 
oxide i:::"1alation experi:r.ents. "~-ionuniform irradiation 
of t~e l~nq from deposited radioactive particulates is 
clear:.::· ::'.ore carcinoqe~ic than uniforn ex;:iosure (on a 
tota:-:·..::::; dose basis), and alpha-irradiation is more 
carc:..:::·::e::ic than beta-irradiation. T!le doses rec;:uired 
for a s·..:!;)stantial tumor incidence, are very hig:i, !1.ow­
ever, if ~easured in proximity to the particle; and, 
aga:.:-:., ~:"'"l.e:-e are no data to establish the low-ir.cidence 
en~ c: a case-effect curve. A.,d ~here is no general 
theor::·, or data on 1»hich to base a theory, whic:i •.vould 
?e::-:ci: e:-:t::-a9olation of t!"ie high incidence portion of 
the =~=~e into the low incidence region." I agree a:id 
I s~==:s:: that in such a ci=cumstance it is aoorooriate 
to v~~~ ~~e standards with extreme caution.31-- -

'.cl U. s. ~~S-NRC Subcommittee, Effects of Inhaled Radioactive 
Re?ort of the Subcomr.iit~ee on Inhalat:on 

~aza=~~. Connittee on Pat!1ologic Effects of Ato~ic 
Ra~:s::~~n. National Acade~y of Sciences - National 
Resea=:~ Council, Washi:iqton, D. c. 1951. Publication 
s-<2. ::.:..:;-::"c/Pua-848, 1961. 

[::.) Sa::~.;:::-::, C.L .• R.C. Thorn?SOn, a:id '.·J.J. Bair, "L:.:::g 
Cance=: :c5e Response Studies with Radionuclides." 
in: ::-.:"1alation Carcinoaenesis. Proceedings of a Bio-logy 
~i?:s~:::, Oak Ridge National Labo=~tory, conference held 
i.:-. '3:=.:.:..:.:-.~·..i:-g, 7'2nn~sse·~, Octobt!r 3-11, 1969. :1.G. 
~ann~. ;r., P. Nettcsheim, and J.R. Gilbert, eds., 
:;, 5 .. :.~:;:cic Enc=JY C•:)r. . .,i53ion S;•:::?osit..;'.":l Series 13, 1970. 

(C011f-691001) . 

21/ G-2es.:i:-:::i, uon;:ild P.\! "Plutoniu:n anc P·..1hlic f!ealt'.1," 
:.::-.v="::-:r;~ ::..~·-.=:·~·cct"-2 Lc:t!.J0c1lor)', C.1lif., r,T-121-70, ;,;::::i~ 19, 1970, 
:--:· ;,:- :: ~: ·...::: 2~: ~ .. ~. · ·-. ::-~ ~ ... -: £._D · E1,-i___~L~.2..:~~~r ·~~~ L ~ J ::- :=: ~ .~ ::..3:., P,1 ::- ~ 2 , : '.·: 3 r i::c_;: 
~2~:r~ t~e ~-~~:~~:t~~o on Ai:: .1:-:~ Wa~~~ ~8ll~~lo~ o~ ~~~ 

':J:-_-:-.;~:c-:.· :.:-. ? .. j:ic '.'.'o:.:'.~:s, L: • .:3. S-::1.J':".2, 91.st C0nqr·2s.:.;, 2r.J Scssic 
.:. ·_: -~ ·_: s : 5 , ~ :· - ) , :;. ? . l. 5 J 0 - Lj 3 2 • 
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To t:'..!SC comments, referenced by Geesaman, can be added 

:he cornmer.-:·; of Dr. i\. B. Long: 

. there is an u=gcnt need to dispel! the sense o: 
secu=:ty and certainty that the present limits for 
the -·.~xirr:um permissible lunci burden and t..lie maximura 
per~~;sible air concentration bring . • the public 
shou:: be inforrr.ed of the uncertainties that exist 
in t~2se linits.·32 

\". Biol::: :ical Data Related to Cancer Risk fror:i Insoluble 

Plu~:-:iun ?articles 

=~s~!t in ~~~ense b~t localized radiation. T~ey can irradi~~e 

__ ~e=y h: ... doses ~it~out being organis~- o= organ fatal. 

'.:e said t::: the a\.-ailable biological data strongly suggests 

-=::.:::. =. DF=~ ~!:"ossly und~'::"esti:-:-'.a":es the D~ ::or ir:.soluble 

~a=~ic~lat .: of Pu-239, and consequently, t~e derived stanc~=~s 

~?:3 and ~~=a for this radionuclide are greatly in error. 

~.· -•• -= nc~ tu=~ to the experi~ents involving ca~cer induction 

Gees~~an collected 

Long, ... a., Oo. cit., p. 73. 
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is essentially a review bf his 
. 33 

analys.ts .• which has becorr.e 

k~own as t~e "Geesaman hypothesis." 

A The Gees~man Hynothesis 

Dr. Roy E. Albert and co-workers performed a nu~ber of 

experi;:'e~ts c:1 lhe induction of cancer in rat skin 34 - 36 . 

Albert's st~dy of radiation-induced carcinoma in rat skin 

gives so=e ~~antitative description of a high-dose car-

ci~c~a~ic sit:.:a;:ion. A skin area of 24 cm2 was exposed 

to elec~ro:: radiation with various dept.'1s of rr.axi::ium penetra-

tio:i. 7ie ~csa response curves are re?roduced in Figure 1. 

I:: all cases ~~e response at sufficiently high doses (1000-

3000 re::-.) ·.-:as large,~ 1-5 tumors per rat by 80 weeks post 

expcs:ire~ It ~as noted by Albert that when ;:he dose was 

::or:::alize~ a skin depth Qf 0, 2 7 mili;c,eters / the t'.!:::ee 

res::;c:-.se c-..:r·:es became continuous (See Figure 2). Since t..'1is 

33/ Geesa::-.a::, D.P., UCRL-50387 Addendu:::, O::>. cit. 

3.;: .~.l~er-:, ? .. ::., F.J. Burns, and R.D. Hei:n!:iach, "The 
e:::eco:: c:: ::e:-.a;:ration depth of electron radiation on skin 
t:.::-:.o::: ::::::::-.a-::.::: in the rat," ?.2.diation R::-s. lQ_, 1967, ??· 515-524 · 

351· .;ll'Jer:, ~.::., F.J. Burns, and R.D. Hei!'lbach, "Ski:1 daDage 
a::~ -:u::-cr ~::::-ation from qrid and sieve oatterns of electron 
=-·· b2ta :::a:..:.a-:ion in the rat," Radiati.a:1 Res. 30, 1967, ??· 525-: 

3~1 .;1:::-=:-:, :LE., F.J. Burns, and R.D. Heil!'bach, "The 
::s3cciatio~. ~e':'.·1een chronic :-adiation damaqe of t::::- :13i::­
~r:il:i-::::..c-.:; :.:-;.::. :.·,,;::-.or :0-::-:iut.i.o:-. in t!"le rJ.t, 11 !).~di~tior.. ?."?S. 30, 
:?.; I, ?? . ::.30-339. 
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depth is near the base of the hair follicle which comprises 

the deepest reservoir of epithelial cells of the germinal 

layer, it was suggestive that this might be a critical 

reqion in the observed carcinogenesis. The suggestion gained 

sianif icance fron the observations that most of the tumors 

are similar t6 hair follicles, and that in the non-ulcerogenic 

dose range the nu:::ber of tumors per rat was in nearly consta:1t 

ra-:io (1/2000-1/~000) wit:1 the nur.l;er of atrophied hair 

:o:licles. Thus t~e carcinogenesis in this experi:::ent 

• . .;as re::-.arka.::ily co:-relate:: with the dose to a:1d specific 

::-.a::l.e · . .;ith stri::"~ a:i::l. sieve patterns of rcu:;hly 1 mm scale, 

ge~::-,etrical e::ec<:.s ·..:ere observed: most notalJly t.~e cance!:" 

i:v::·..iction in t.';e sie·.re geometry was sup?resse::! at coses of 

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

was again co:1siste~t with the reduction in damage as characterized 

atro?hiec ~air :ollicles. 

?o su::-.--:;a:-i:e t:1is ir:i?ortant experi:::e;ii:, a high incidence 

o! c3~cer was cbser~ed a!ter intense local doses of radiation, 

a~:: t~~ carcinoge:1esis was propori:ional to the damage or 

~::~rjeri:1g a: ~ cr~-:ical architectural ~nit of the tissue, 
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Fig. 2. Tumor :n::idence with :·es:-:c::t to 
the dose at a depth of 0.27 '-lm in 
the skin CJ.t SO \'/Ccks for t!"lree 
penetratio:1 ciep:hs of clcct:-o:1s. 

58·.i.rce -:J: ::;-.1r~s: Albert, R. E., et al., R.J.diation ~es.~' 

~-cit:..,::?·. s:S-524, Fic;:.i::-es 5 and 7; reproduced in 

Geesa:ca~., ·;c?.:.-so 387 Adder.::!ur:i, ~· cit., p. 2. 

.r 
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Others have observed carcinomas and sarcom.:is in rats 

and ~ice after intense exposure of the skin to ionizing radia-

ti 
37-43 on. . Cancer induction is generally a frequent event 

in these e:<?eriments. Even at elevated doses, such as 

12 1 000 rad of 1 ~eV electrons, Boag and Glucksmann induced 

··5 sarco~as/100 c~2 in rats 37 • 

A few results for rabbi ts, sheep, and swine were 

cbt.:iined at Ha:-i::o:-d 38
-

41 . Despite the small nu::-.ber of ani::ials 

37 ~ithe:-s, H.2., "The dose-survival relations~i? for 
i~: .. 3.:!ia:.io:: o: e:Ji~';.elial cells of mouse skin, 11 B:!:'it.. J. 
F .. l.:iol . .;o, l967, ??· 187-194. 

3~' H~lse, s. 1;., ''~~~ours of the skin o~ mice ana ot~er 
·.::·~·!a•:e.:! e::ec::s c: external beta irradiation o: !:'.ice usi:1g 
~~s_-- 3 -~ 32~" 3-'~ J Cane~· 16 19or? po 72-86 - .............. , ---· . -- _, _, ... · .. 

~~1 Boa:, J.~. and A. Glucksrnann, "Production of cancers in 
r~:s by t~e local a??lication of Beta-rays and of chemical· 
c.:ircinogens," Pro:ress in Radiobiolocv, J.S. Mitchell, 
B.E. 9ol=es, a:1d C.L. Smith, eds. Proceedings o: the Fourth 
:~:a:-na:io~al Co~:erence on Radiobiology held in Ca;;\::Jridge, 
:~-1- ~~;~s= !953. Edinburgh, Oliver and Boyd, 1~56, pp. 476-479. 

~e==qe, L.A. a~d L.K. Bustad, "Gross effects of beta rays 
c~ c~e s~i:'.," ~a~:o=d Atomic Products Ooeration, Biology 
~esea==~ A~~ual ?e?o=t for 1956, HW-47500, 1957, pp. 135-141. 

~e===e, L.~. :r, R.L. Pershing, S. ~arks, and L.K. 
::::·.:::.="-::·, "C,.:tar-.eo·.::; :ibrosarco:'la in a ro.bbit following beta 
::=3~ia=ion," ~a:'.:o=d Atoraic Products Ooeration, Biology 
?2s~ar:~ A~~ual ?e?ort for 1959, HW-65500, 1960, P?· 68-63. 

·:· ?.a;a:i, H .. ;., '.·i.J. Clark:'! and L.K. Bustad, "Late ef::ects 
~~ 3~:~ irra~ia:i=r-.," Battelle-Northwest Laboratory Annual 
=~?~== :or 1965 ir-. :he Biological SciencQs, BNWL-230, i;s6,pp. 13-lJ 

:-·.a=~::i.).nes, '.'..:'., C.g.,!!owcird and J.L. P;:ilot:iy, Battell-.~­
=~::~~es: ~ajc~J:::y Annual ~C?Ort for 1967 to the us~~c ~ivision 
:::· J::::lo-;:1 ~n~ '.-'.e:.:icinc, Vol. I, BiolorJic::il Sc1·2nccs, B\'.·:l..-71~, 

: ~ ~ 3 . ?::: . l. l 'J-: . l l 
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involved, surf3ce doses of 16,000 rad from a p32 plaque 

induced an average of 1 cancer/animal which is indicative 

~~at lar~er ~!~~als are si~~larly susceptible to skin cancer 

after intense radiation insult. Aqain, these gross obser-

vations de~onstrate that enhanced tumor incidence does occur 

after very hiqh doses. 

Intense localized radiation of the subcutaneous and 

intra?eritc~eal tissue of animals by Pu-239 has also been 

shown to ca~se a high frequency of cancer induction43-45. 

Now w::at are these ex?erirr.ents trying to tell us? 

Certainly a reasonable interpretation of these experi~ental 

resl!lts is: ~hen a critical architectural unit of a tissce 

(e.~., a ha~:: =ollicle) is irradiated at a sufficiently high 

·:':osage, t.'1e ::::-iance of it becoming cancerous is approximately 

:-:--.is has becor::e known as t!l.e "Geesa@2.n 

hy;::othesis." 

Since ~~= above experi~ents relate to cancer insuction 

:s pertinent to ask whether man is more or less 

.;41 Sande::s, c.:.. and T.A. Jackson, "Induction of :-Iesothelio;;;as 
~~= Sa::cc~as ?::~~ 'Hoc Spots' of Pu02 Acti~ity," Health Physics, 
.c.!.. 2?, ::o. !::, Jl!ne 1972, n?. 755-759. 

~5' Lisee, ~e::~e~, et al, "Carcinonenic Pro?erties of 
=:·.::.:::a:;ti·:e ?'..:::::::.a:: ?rod·.J:::t::; and of Plutoni·.1r," Radi0l07y, 
·.·:~ . .;9, ::c. :;, .::?t. 1947, ;:;o. 361-363. 

\ 

L 
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sensitive to such intense localized radiation. c. C. 

L~sh~auqh reoorted on a lesion that developed as the result 

46 cf residual Pu-239 fron a puncture wound The particle 

con~ained 0.08 uq (0.005 uCi) of Pu-239. Commenting on 

t~e histological exa~ination of the lesion, the authors 

s::ate, "The auto::-J..::io;:;raphs showed precise confinement of 

a:~ha-tracks to t~e a::-ea of maximum damage and ~,eir 

~e~etration i~to ::~e basal areas of the epidermis, where 

e~ithelial cha~ges ty?ical of ionizing radiation exposu::-e were 

?::-esent. The ca~se a~d effect relationship of these fi~~ings, 

t:-:e::-e:':ore, see:-::ed cb,:iClus. Although Ui.e lesion was ni!".'.!te, 

c:ianges in -..;e-=e seve::-e. Their similarity to 

?~~ca~cerous ~?i~e=~al cytologic changes, of course, ~aised 

t~e questio~ cf ::~e ~:tinate fate of such a lesion sho'.!ld it 

-= allowed to exis:: ~ithout su::-qical inte::-vention ... " In 

t~is case, less t~an 0.1 ug of Pu-239 produced precance::-cus 

The dose to the surrounding tissue 

·.·:::..s ·:ery inter:.se. T:-:e:-e is e:ve-::y reason to believe that a 

s~aller quantity == ?~-239 would have produced similar c~anqes. 

~~:s ?recancero~s :esion indicates that a single Pu-239 

=~:ticle. irradiates a signi:':icant (critical) volurne of tissue 

a~~ is ca?able o: i~d~=ing cancer. The Lushbaugh study was 

LushbaL:g~, ~~d J. Langham, Oo. cit., P?· 461-454. 
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published i~ ~962. At that time the total .number of puncture 

wounds in r. · •..tas less than l ,Ooo 47 • The treatment of such 

wo;.inds w.:is .-: .. ;is ion so that the total number ot wounds dis-

playinq res!~ual contamination by plutonium particles was 

certainly J.·~ :3 than 1,000. Therefore, this wound data would 

suggest tha~ insoluble olutoniu8 particles could offer a risk 

of cancer i~~~ction in man that is even qreater than 1/1000 

per partic!~. In other words, when a critical unit of tissue 

is irradiat~~. man may be more susceptible to cancer than the 

Albert dats s analyzed by Geesaman would susqest. 

A sa- :i case of plutoniun ~article induced cancer is 

that of ~=- :jward Gleason. He was not associated with 

the nucle~: :.~dustry but ~as a freight handler who unloaded, 

rotated a::~ :~loaded a crate that was contaminated by the 

leaki:-1;" ca.::.·:•1 of Pu-239 solution which it contained. He 

subse~ue~t: =eveloped an infiltratinq soft tissue sarcoma 

on che le~: alm which eve::tually resulted in his death. 

Althc~;h t~: case is not as clear cut as the case of the 

. 
oluto::iL:::; ·.··· ·:er, there is an overwhelmins; rr!edical :orobability 

tha~ his c:. :~r was i::d~=ed by olutoniu~. Mr. Gleason's 

unfo=t~na=2 -~ntact ~ith ?~-339 lead to a la~s~it, 

47/ '.'-1:1:::;?•: . .:k, J.W., "?lu::o:"li'-':"l in P:.mcturc >lounds," P.IV-66172, 
Hanfor~ Lu~ ·Jtorics Opc=atio:"l, July 25, 1960. 

\ 
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Edwnr<l Gle3son, et al v. NUMEC. T~is suit was ~ventually 

s~ttled 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 re::'°rt. ' ,·,· 

These two cases, drawn from the relatively small nu."Tlber 

of individuals so contaminated, strongly suggest that Pu-239 

particles o:fer a unique carcinogenic ris~. They indicate 

that a sinq~e ?article is capable o: delivering an intense 

radiation dose to a critical volume of tissue and that this 

disruptively irradiated tissue, li;.;.e an atrophied hair follicle, 

:tas a hi:;::h ~::::>~ability (maybe as high as 1/1000) o:: beconing 

cancerous. 

C . Related Lung Exoerirc.eP.ts 

The s~in ex?eriments wi~~ an:.~als are renark:!ble in that 

a hiqhly disru~tive dose of radiat~::>n to a small portion of 

re?airable 2a~~alian tissue produc3d frequent carcinogenesis. 

T~e cha:1ce o: ?reducing one cancer ?er animal is essentially 

unity. It 15 reasonable to expect that a conpar~le 

de•:elo~:'.1er:t co·..:ld occur in lung ti.ssue. ~·ihile a nu!l'ber of 

r~dioa~tive subs:arices have been used to induce lung cancers 

in mice and :::3ts~ 8 , it is di::icult to deri~e any characteriz3-

~ion of ca:::cincgenesis from these ~xperi~ents. 

~.2/ Ce::-be:::, :1., "Radiogenic lu:1g :'.J.ncer ," Proc?:"~ss in 
:~:<:v~::.~e:".':.J~ :'·..:'."'.".0:- P.~seJ.r:::.,, :. E·::-·....)ur~cr, ,:?:!., :~-~· ... · ·!o:-k., 
~;-T,.2:: ?·.i::..~;.:;:-::.:J.:: co;:i;:i.:1nY,r:1c., 1.'.:l. ~. 195'1, ??· 251-303 . 

.... ~" ........ ' ~ . . •· • • ~ ..... • .. .. r .. ., .. , .... ,,, ... .............. . ,."\' 
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The work o:. Laskin, et al, thouqh not specifically 

in~olvinG dee? respi=~tory tiss~e, does de~onstrate a source 

49 curve fo= l~nq tissue • A Ru-106 

cylindrical source was impla::ted in the bronchi of rats, and 

c::i:-::::ers were obse=•;ed to arise from the bro::lc!"lial e?ithelh:::i. 

The =esponse c~=ve indicates a substantial res?onse (7 percent) 

even at 0.008 uCi bu=den, and a slow, approxi::-:ately loqarith::iic 

increase of tu::c.o::: incidenci.; o•rn:r three criers of !":la::;:-iit·..:de 

i~ t~e sou:::ce i~te::sity. 

(0. 3 u dia:-:;eter) 'Ni t..."-1 several 

.50 
:r.:~ 

:-·..::cars ·.·:e::-e ::·::iservec i::! 7 a= 23 ar:i::-:a:s. I:: a seco;-:d 

:"'.1 :.~s;.ci~, 5., :-~ . .::·..:schne!', :·:. ~e:s:>~, 

~T~~·:_:::~- ::::1J >L :::2.~i-==~s, "C.:i::-c::--.c.,...~ :>: ~.--i.e 
·.::· ::-..:: ~~:3-:-.::.::.~:i::-: o: i:-.::-.:.-;:i:-~::=::.:..:!l 

:~::~ i:: rats ex~osed 
=~=~s~i~~:~s =eile=s. 

: : ..5 ~ !:" e s ::-c :-.. :: ~ ':'." = :.. ::. -: :.. c n s :-. :.. :: s , " _.J_._:_:_:l_::._:_· _. _: ___ , ._~_::_e_= __ :_:-_._s_t_. 3:.. 
~~~2. ~?· 219-::: . 

. !..::.s:;.·.:l~-::, 3. ' 1 Jt:">.si.~~==:· ::-:>~ J ~-.:.:..>J'='-:-:-~:cd =-~~~in~ .. r . 
. ____ ,·· ?1~:~::~-: ~ 2~ ~, ~z1 ::., ':J'.J • .;~-s-~22. 
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a burden range of 0.5 uCi to SO uCi the observed tumor incidence · 

fluctuated between 0.04 and 0.3 51 • 

1\11 of these lung experi;;:ents invol·1ed intense exposures 

and a significant level of carcinogenesis. Severe damage 

and disruption o: tissue were associated ~ith the exposures. 

The most relevant lung experiment is Bair's Pu23902 

inhalation study with beagles 52 -5 4 • Ex?osu::e was to 

particulates of 0.25 u or 0.5 u nedian dia~eter; burdens were 

in the uCi ra~~e. 'I':venty o: the 21 dogs ~~a~ survived ;;:ore 

than 1500 days post ex?osure had lung cance::. ~any of these 

cance::s were ~~!ticent::ic in o::igin. The ca~ce::s again 

nat~::al inci~ence o: the disease is srnall, it ao~ears that 

at this le·1el o: ex:::iosure the induction o: :.·.:ng cancer is a 

certainty du::i~~ ~~e normal beagle life S?~~. At the same 

51/ Ce:nber, H. , ()':). ... ci.._. 

52' 3air, W.J., J.?. Park, and W.J. Clarke, ·~ong-ter~ 

st~~~ o: ~nhaled ?l~tonium in dogs," Batte!1e ~e;;:o::ial Instit~te 
(? . .'.-:::land), .~.:·.-:r..--:--=>.-~S-214, 1955 (AD-631 6:F.:·. 

521 ?a~k, J.2., ~.J. Clarke and W.J. Bai::, ":h::onic e::ects 
o:· ~.:::t:ileC. 239?·_:·J2 i~ '.:Je:iqles," aattelle->:s:-::::·.·:est ~aborato:-y 
Ann~ll Report :a:: 1357 to the ~SAEC Divisicn o: 3iology and 
>!cc::.:i:ce, Vol. I, 3ioloqical Sciences, 3~::·:::...--:-:4, 1968, 
P?· ~.3-3.4. 

5~.· :> ... 1::-k, J.?. I -::. ·1l, 11 P!'Oa!'ess in aeagle ::iog Studies · . ...ric:-t 
':'r~l~.; 1 i:-.:i:1i 1.J:n El~~:-e:::.3.::it fluttelle-:-lort:v.·1es:.," :-iea.lth P~·1sics, 
'.',-i. 2.2, :10. 6, :~:-.~ l'.li':?, p~. 303-810. 
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ti:::e, since ~~e ~athological rcs?onse is saturated in this 

i.s i:-:aoo::::i:=:::i.3te to :!ra'.• any in:erence about 

The s:::allest 

~~::den (at ~~a~~) in a dog s~owing lung cancer was 0.2 uCi. 

, ':·J:a -" 2./:.: .:.:o. 

-· . .:;. - - -

- ::: -- ~,... .::::) -------- is 

~ .....,_..: ··i ~ .. 
_,_ -- . - -.: ' 

. -- .. _____ ._.. .. 

::-: :.:-. -=~ 

- ' --

c: 

~:-.~ 

, 
~ -2-e ' 

.3 - ·..:: 

,.....-:::- .... .=:. ..... 
'- -··---

' -··-.!:) - -

:::--::. ::~ -

i='cic!ence of cancer. 

-=i- s . .-::.~ 

2 ) -:... ' 3 -

::-:..:.5 - : :; :; - --

t::i t::e 

s:::all oar~i::le 

in=.i::ates =. 

as 

s·~g~-= s t s t'.'. a ~ 

::,~ -=~ -n ~!:!.:; 

J~. .: :. : . ' - . 
..... , .. "'"'~· '' ...... . ·- - - .. _ ........... 

a 

s:..:-s2 · 
.: :.. : • I 



. ~--·--------

- 33 -

Lask~n, et ~· i:dic.:lte a significant carcinocenic response 

in the luncr at l~OO rem, suqqesting a comparallle sensitivity 

of lunq tiss·.:e 56
• Geesaman ir.dicates that the tissue repair 

57 tiwe in the l'-lng is of the order of one year • It there:ore 

see;;<s appro?=iate, O'.lt not ne:::essarily cons.ervative, to accept 

as guidance that t:,is enhanced cancer risk occ'.lrs when particles 

irradiate t~e su=r:'.l:i~ing lu~g tissue at a dose rate of 1000 

re::i/yr or :core. 

TA3L::: IV 

Pa=ti:le ~=~:.vity an~ Size to Give a Dose of 

.?article 
Activity 

(oCi) 

3/4 max i~::a~e~ (138 alveoli! 0.14 

1/2 . .. . ;r.ax i::.: .:.=.~a.:. 63 alveol:.) 0.07 

Closest 20 a:~ac:i o·. 02 

58 
Lu:"..~ ?.:ssue 

0.3 0.12 

0.5 0.09 

0. ~ 0.06 

'5'7/ r,eesa::-.a:i, iJ.:::~:.: ?., [;(:?..:.-5:)387, S?_. ~·· ?· 11. 

5::/ Ibid 

59 
!'.:) 

.. r 
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As seen from Table IV, using Geesaman's lung model, a 

particle • . .;i th an alpha activity between 0. 02 pCi and 0 .14 pCi 

is re~uire~ to give a dose of 1000 rem/yr to irradiated lung 

tissue. Fo::- purposes of establishing a ma:drnum permissible 

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

lived (grea~er than one year) isotopes as the limiting 

al?ha activity to quali::y as a hot particle. Thus'· throughout 

t~e re~ai~ce= of this re?ort, hot particle will imply a particl~ 

':::-te -~: '.:13s a ?lu-r..o~i·..:.;:i :acility associated wit:t its 

the s~r=~~~c~~g po?ula':.ion ha~e been cc~ta~i~ated with plutoniu~ 

60-52 
plant. 

:.~erici~=-2~: ~~ t~e ~e~~er Ar2a," Healt~ ?~~sics, Vol. 23, 
:J~2, ??· ~:--s~9. 

L:s .::..la::'.'.os, ·· ~·le:c, 3 Ja:-:;::!r·: 1974, P?· 319-320. 

\ 
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available on the exposure o: e~ployees of the Rocky Flats 

facility anc to relate this to the hot particle problem. 

J. R. ~ann and R. A. Kirchner discuss the exposures that 

resulted from a plutoniu~ fire at Rocky Flats on 15 October 

1965. 63 Some 400 employees were working in the room at the 

time the fire occurred. These employees were iubsequently 

?laced in a whole body cou:iter to deter~i~e their lung burd~ns 

of Pu-239. However, Mann a~~ Kirchner re?or~ed only on those 

25 e~:;:iloyees wn9 were ex;osed above the M?~3 of 0.016 uCi. 

Table V :;:iresents the i~:cr:::ation on t:-.e ex:;:iosure of 

the fraction of ~~e lung burie~ activity (~Ci) associate~ 

rep:::-esents. 

Oo. cit. 
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TABLE V 

Po~ky rlats Exposur~* 

TattJl Lu:-1g Hot Particles Nu::-.ber of Nu;;iber of 
C<1ses rL.irden (uCi) Lu:-1g Burden (uCi) Ho'.: Pa:-ticles 

1 0.272 0.033 137,000 

1 0.160 0.019 79,000 

l 0 .111 0.013 54,000 

3 0.064 0.008 33,000 

19 ·). 02 ~ 0.003 12,500 

* ~3nn a:-1d Ki==~~er 
of :!?~a. These :"".;-.~e 

~sing ~?L3=0.~:; ~:i. 

pr2se:-:.ted ~:-ie lu::.g bur.=.2:1s as ;-i'..!:-be:­
beer: conve::::ed to uCi ir: c::>l:..:::-..'i ::· .. ;o 

~e selected t~2 ~i~?oi~'.: o~ the ::e?o::'.:ed ra~;e.l ~~e h::>t 
?3.r-:icle bur:::2:-. i:-: cJl...:~..:; t~ree '>·lC..3 esti::-.ate:: !:i~· ~:.:.! ti?l::-·:~q 

~1.e ·~~tal b·l..!:-:.2~ j~· 0.17, t::e fra~-:.io:i. o: t;:e a::-:i•.:-i:.:_,· on 
?3r-:.i=lC5 ac~·--= :~. 5 U I e_::::! 0 • 70 f ~he frac~:::-=-: o: i::i t_!:.l 
~2?0Si~ed ac~~-.-~~~ t~a~ ~as i~volvej {n lo~; te=~ =ate~~~c~ i~ 
:..:_...,_-= l'..::1:;. Ba.:;:-=:: o:--: :J3.:-":.i.=l.e size d::.ta re?o:-:.~-=. !:>y :la~:'. a:"_=. 
~i::ch~ar, we es~:~3::e '.:~e averaqe hot ?article activi:y is 
a::iout J.24 p::i. 
t·:::re obtaineC. Z·:· Civi=.i~; t:te hot ?article ::i·...:.::.:.e!1s i:1 col:.:::-.... 1 

t~::e~ by the a~e=a=e ~ot ~a::ticle activity (J.24 pCi). 

\ 
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reported by Park, et~· the beagle dog with the smallest 

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

highest burden in Table V is com?arable to the lowest 

beagle exposure; the lowest exposure in Table V, t.,e 19 

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

order of magnitude less than the lowest beagle exposure. 

Ne would suggest that this is potentially a serious situation. 

As of this ti~e, none of these individuals has develc?ed 

65 
l'.!ng cancer. Ho<.·:e•1er, it is only 9 years since t.,e expcsu:::-e 

and there is qood :::-eason to suggest that the latent period 

( t.:1e ti~e be twee:: e:·::::::is'..!re and t:te develc?::>ent o: cancer) 

is ~~ch longer t~~~ t~is. In t.'1e beagle dog e:.;perl.r:.ents, 

che lowest lung ;,·..!rden was associateC. with a la':.e:1t perioC. 

of 11 years. The la:.ent period may be longer i:: ::'.an and 

cases involved. T~ere:ore, while these exposed individuals 

will be expected to supply pertinent data relati7e to this 

h~t particle cancer :::-isk over the next 10 to 20 years, 

t~ese exposures qi-.·e us no infor::-_ation at this ti::-.e t..'-!at ·.,·o·..:ld 

·.•arrant :::iodifyi::-.:; :.::-.e risk !?er particle or t.'-ie ::ritical 

.).!/ ?:irk, J.F., ~ :::.!.• Health Ph•,<;ics, 0":1. cit. ?· 805. 

~)/ Richmond, Chat, ?2· cit., p. 320. 
\. 
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B. Manhattan Project Workers 

Another study of human respiratory exposure to plutc:i.ium 

relates to 25 yo~r.~ men ex?osed to pl~toniu~ during ~~e 

. 66 
~lanhattan ProJect. The latest examination of this grou? 

found the::i to be free of lu:i.g cancer alt:hough the report. 

states, "The bronc~ial cells of several subjects showed 

moderate to nar~ec ~etaplastic chanqes, but the signi:ica:i.ce 

of these c~anges is not clear." 

a possible indicator for dete=ting inci?ient: or actual l~ng 

ca:1cer. 

Indeed, one would not: be 

r.0:1-eX?Cs~::. s·J.~jec-:.s. Duri:::r the latest e:·:a..~ination of !::-:~se 

An a~era=e ~DA :or a 2000-sec counti:i.g ti~e is 
=.;::.:· .. :.-:. - .-.::.. :..: ::.:-4e ·.,;.s=..~ :>~e 951 ::::::-::.:...=:2!1ce le-.1el.-s_ 7 

For ::~e 63% ==~:idence level ani a si~ilar cc~ncin; 
ti~e. =~e co~;ara~le ~al~e is ajc.:= 3.5 ~Ci. 

~·)' ~e:-:-.=:...-2:--:-.=.:--.:--., :..::., ~~ :_, "~!anha':.~~-:: ?:'.'~j=-c~ ?!.·.it.~:".i·.;~ .. 
:-::i:-:,e::-s; · ,\ :·.-:"':it·/-'1c:·1en --Y~ ;-::: ?ollow-L:;:; S:::.:d·:' ".>; Se lee'::;?::! Cases. 
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Positi\·c counts were obtained for 14 of 21 persons 
neasu:-ed. ?hese counts suggested chest burdens ranging 
fror.i 3 to about 10 nCi. Ho·.,ever, in no c.:ise did the 
esti~atec =~2st burden exceed the MDA at the 99% con­
!idence level. Seven of the 14 subjects with positive 
chest counts had estimated chest burdens of 7 nCi or 
greater and may be considered (at the 68% level of 
con:idence) to have statistically significant chest 
burdens of :rom 7 to 10 nCi.68 

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

?Ost-ex~csure, it is correct to assume that it was initially 

in tne i~solu~le :or~ and hence pertinent here. 69 At L,e time 

o: t.'-iis :::easu:-e:::e:-.;:, however, r::ost of the I:laterial would be 

ex?ectec tc be in the lymph nodes. Neve:-theless, we could 

asti~ate t~e ini~ial particle ~urden in these s~bjects :ro~ 

t'."lese da~a i: 'A·e ~ne•,; the initial particle size at t!le tir:-.e 

~= c~~~a~~~a~:c~. T~is pa~ticle size Cata is ~~available. 

?a:--:.ic~~ size ::::i-;~~ have bee~ so:newhat la::-g:r ~:-..a:t t..~ose 'that 

:-es•.Jlt :!'o:-:-t ?l·..::.:::1i:.l:7t fires · . .;?le!'."e most of the respirable 

~ctivitv :-esi!es en ?articles in the size range of 0.1 u to 

J.5 u in cia:::ete:-. 70 ~uch o: the conta~inaticn o: t:ie 

c~/ '.-!:::-.:;:;:Ce:na::::::, :.:L, ~· ci':., p. 474. 

~1 1 i·:?.? ?·.!b:'...i::'.'."::..:>:"'.. 19' '!'~~ ~~et3~oli31 o.: CO~':'O'...l~Cs o:: 
::-:.·.:o::;:):::it:::: a:::c 0::-:;;:- .'\ctnidcs, ?:rga:::io:-. Press, ::2·., Yor:<, 1372, p. 7. 

-·J/ ~!a~:1, J.~. ;:;:: .'.\.R. Kirc~:ler, 2£· cit., p. 880. 

\ 
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Manhattan ~o:kers resulted from aspiration of droplets of 

liquid so:~:ions of plutonium into the air wherein ~uch large: 

pa:ticle si:es would result. At the sane t i;;ie, the activity 

of the pl~to~ium in the particle would be considerably less 

~~a~ tha~ :o~ a particle of Pu02. For exa~?le, it is stated 

t~at 14 of t~e 25 subjects wi~~ neasura";)le body burdens o= 
p:~tc~iu~ ~==~ed in t~e recovery operation and t~at this 

This res~lteC i~ co~-

J .. ~7 ~Ci ?~=-::..:::e of Pu02 71 (a specifi:: activity ~-iat is 

72 In other wo==s, the ?==ticles 

-:-:/· ?.ecal: ..:.__, .... T'able IV t:-t3t 2- 0.07 :;c:., t~= li::?i~i~~ 

!==~~it7 fc= ~ ~=t ~~:ti=l~. ~o~ld qi?e a ~:se cf lJJO =e~'y= 
:~e su:===~~~~= ::Js~e in a 1~~; i~fla:ed to 1/2 ~axi~~~. 

ar:. 
·- =~~ =ee? :c:~~=ato:y z~~e c~ :~e lun~, 7i::~ali~ al: a=e 

_;,3 '::'.:;:-. 5 ·.:. :.:-. ~:.:.:-:;':::r ~.'3-:~5~~3:1, CC~L-3·:3~7, ~· ci:.., ?· 3). 
~ ~~0?:2: ~==~ ~~e ~O q/lit~~ solutio~ wa~l~ ccr~2s~o~i 

····~·:-:l:: to':~-.~ :.:.:-:it.:.:--..-r ~':~i·:i:·./ .::>:a hot"::':::-::.::~=. 
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surrounding tiss·Jc {roughly 10 rem/yr). 

c 

Anot~e= sc~rce o: hunan co~tamination that is suggested 

as beinq ?erti~e~t to this oro~lem is the plutonium in the 

:allout ==~~ ~~clear weapon tests. The plutoni~~ from 

weapon tes-:.s is i~co=?orateC i~ or deposited on particles 

like t~at :or the ~anhatt~~ 

bet~ee~ l'~:~: a~~ 1/10,000. 

=~ideli~es o~ t~e basis o: 

. . . . . . 
pr~.:::.:::._.:-:.:.~s. 

:.:-. = · ... · :-. ~ -'2 · ...... - ~ •• used ::.s =~r 

The :-.os-:. ~e=e!""..t 
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r..an was perfor;ncd by the NAS-~lRC Advisor:; Conunittee on the 

Biologic~! E!:ects of Radiation. Their report, published in 

73 
:9i2, is ref2==cc! to as the 9EIR Report. 

A. Oc:-.::3tio~al Ex~csu=~ 

The existing occu?ational exposure standard for uniform 

· .. .-:-.ole bee!;: i=:-adiation is 5 rem/yr and :or the lung, 15 rem/yr. 

t~e BEIR Re?~=t esti~ates t~at ex?osure cf the whole body 

o: an indL·:..-=:-.:al to 5 rem/y:- ·.•ould lead to a cancer risk 
-J -3 74 

bet~aen 4.Sx:J · and 2.3xl0 /yr. T~eir best estinate is 
-3 i5 

/y:-. ::-.:: ir est:.~.ate o= the risk c: ~ancer to t~e 

-5 76 3xl0 /yr. 

1/1000 a::C. 

:.. . :..o, 000 ...,-=., .... -:::i-~.; ..... 1~ ":-'-- __ . ______ .._, 

(~~~?3} :.;,at ::es:.!:-=. i:1 risks co::-:oarable , -

:i::i~-:: ac-:.i v:. "":~- ~ol!-:ains o:1l:/ O .. 07 ~Ci ·.v:i:..le the ~_pLB for 

Thus the 

-; 1 •):.:..s-::-:: ~. 11 :":-:.e ::::fee-: .:::--: ?~::>ula.::i.::::-:.s ~= Ex?os·..:::~ to 
:.::-: :.ec:els :: ::::::.:.:::::c; ~a .:::::::;::," (3::::::?. ?s;:-ort), X.'.1,.5-~!~C, 

::~~-=:-.::iq~o::, :. :. , :'::t·~-. 912. 

-; ' Ibid ' -
-~ !!:lie : , -
- ! :: :. :: .. E. .. , -- - . 
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TABLE V 

Occu?~tional Ex?osure Guidance for Insoluble Al?ha E~itters, 

:.1axir.iu."";1 Permissible Lung Pa:::-ci:le Burden (~·l?L!'B) 77 

Cance.= risk d"o to 5 rem/vr Assumed Risk i:? Particle 
wnole ::ioc:·; ex~osure 78 

1/1000 1/2000 1/10,000 

4.Sxlo- 4 0.45 0.9 4.5 

lo-3 (best esti:::ate) 1. 2. 10. 

2.3xlo- 3 2.3 4.6 23. 

la:::-;est X?~~3 in Table V, 23 ~a=ticles, rep=ese~c a 

l0,000. 

together wit~ 3 =is~ of cancer induction o~ 1/2000 pe:::- hot 

e~itting =ad~~~~=~ides in hot ?articles. T~is is a so~ewhat 

:-:-.·..:s, the reco::-_-::en::ed ~-!..?!..?3 

particles r!~..:ired 

u~i:or~ r~~:~~~on. 

a ca:-icer r.:..s:C 

--- .~/ SO'..!rce: 3;:: :--:. R:?;:iort, O::>. 
~~~=~spo~din~ :.j a lung canc2= 

:it., ?· 31. ::·.e :-!?L?3 
=i3~ o~ Jxl~-5 ~..:e to 15 

l:J:1q ::ose !S2::l :'200:::-:., SJ-2.· .:::.., p. 15?] a=".? 0.03, 0.06 
Y~i G.J for 353~~ed ?arciclc :~s~s of 1/100:, 1/2000 and 
l."!.•1,JOO r12s ::-=c 4::.. ·.'':! l ·.'. 

. -
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emittin~ radionuclides in the deep respiratory zone is 2 

particles. This corresponds to a MPLB of 0.14 pCi and reprc-

sents a =ed~ction 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 MPCa fo= Pu-239 by 115,000 to 

a value o: 3.Sxlo-16 uCi/ml unless it is determined that 

the plutoniu~ is not in hot pa=ticles. 

B. E~~osu=e of t'.le General Publi= 

As i::.C.:..:: 3. ted Table II, the MPL3 for non-occu?ational 

ex::iosure ~ ::-.e:'.'.ber s o: the ::iub 1 ic) is te:: :::ilc less t!"lan t=:a t 

Such an e:<:;osu::e limit ::or a hot 

~at. Ob~::.~~sly ~~e expose~ i~vididua~s ~c~ld be assu~ing a 

I~ fact, since an 

i::divi~~a: :s ex;osed to ~~ole particles, any no::-occupacio::al 

T'.lis 

con~iticn =:es not ~eet t'.le recomnendations and ad~cnitions 

??.::' 

~::::-2:- :-·:: :-:..J.i.:-. ·::·:--:::!i ::.~:--.s, sue~ a3 ·-.. ·:. ::-=s?!:"ea~ rJ.-::.: :>=.::t!·:c; 
cont:~i::a:i::: ~~ the ~n?iron~ent, :~a only ~at3 avail­
~bl~ :-.=~· ::>e :-2!.~ted -:a ~vera~e. c:;:-::.1:-.i:".::!tio:i c:- e:-::?osu:-e 
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average a~d maximum doses. The Federal Radiation 
Council st:g'.,jests the use of the arbitr.:iry ussumntion 
thut the ~ajority of individuuls do not vary from the 
average by a factor greater than three. Thus, we 
rccor.ur.er.d ':.!1e use of 0 .17 rem for yearly whole-body 
exposur~ c: average ?O?Ulation grou~s. {It is noted 
that this ~:uide is illso in essential ag::cement with 
current recoo:\r.lendations of the NCRP and the ICRP.) 
It is critical that this guide be applied with reason 
and judg~e~t. Especially, it is noted that the use 

. ... ··~ ··-

of the average figure, as a substitute for evidence 
concerni~q the dose to individuals, is permissible 
only whe~ ~~ere is a probability of a?preciable ho~o­
geneity cc~c2::ning the distribution of ~~e dose within 
the popula~ion included in the average. 

Strict ac~e::ence to these guidelines im?lies that 

the ar..bient ai:: s':.andard should be zero pa::ticles.80 

~·:hi2.e a varie':~· o: suggestions could be pro?os:d, we reco::-..-:-:e:-'..d 

a slight devia~ic~ from these guidelines a;:d the accepta~ce 

o= t~e disp::o~c:~ionate ris~ i~?licit in t~e 0.2 particle 

sta~dard. T~~s is a workable solution since best esti~ates 

c~ lu~g burde~s =a~ ~e fractio~al quanti~ies. Thus, we 

i'.ot ?a::ticles, ;--- the average lu;:g bu;:C.en :o:: mer..be::s of t~e 

pu~~ic be 0.07 ~oc pa::ticles, a factor of 3 less than the 

:::axi::-:u:':':. 

;;..: ??.C Repc:--: ~::i. 1, Q:'.). cit., p. 27 .. 

. -I ~: =.d 
:·:-~:--: ic le 

web~ __ ~~e st~nda=~ ~~a 1/10,000 
(Se0 :": :_e 1i), 7.:-ie '.·l?L?3 · .. rould h3.'!e 
and -~ ~cob!en ~oul~ ~c: 2xist. 

risk. 
t~-:!:1 

pe:: 
0:1€! 

. r 
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The i'1PLP3=0. 2 ?articles implies that the eds ting :"-!PCa 

~or non-occ:J.?ational ex;cs~:e to Pu-239 should also be :educed 

by a factor of 113,000 to a value of 9x10-l8 uCi/ml uriless it 

is deter:':li.ned that the pl•.:tonium is not in hot particles. 

There are no direct s=atements by standard-setting orqani-

zations re~a:dinq an "ac=e~=able" expos~:e associated with 

release o: :aiioac=ivity in an acciden=. 51 For purposes of 

evaluati~~ sites :o~ ~uc~e~= ~eacto=s, est~lishi~g si~e 

criteria (lC :::?:l. 100.ll(a\ :lll: 

(:!.) .~. ex::l·..:si==-- =.:-ea o: 5'..!:::-. size t~3.-= an 
indivii:J.al located a= any point en its boundary 
for t·.::i :i..ol...i.:-5 i::-.. ~.~~:.=.:.~ly follo·."·i::;- onset o: t!'"?e 
post:.i.late~ :ission ;::i:.i.ct release ~c~ld not 
recei~e a tc=ai :aiiati:n dose =o =~e w~ole body 

... ·- ........... ~ ...:; 
'-·· ... : - ._._ ..... ::o::i iodine 

'3,1/. Fis~L, 3 .. ? .. , c; .. :·;. !'~:.:.: ..... :.:te, W.5. =---~·:.e!"', an-=. S.D. s·.vis:-?er, 
C~a?ter i == ea:l:; ::ra:': ·:e::sio:l o: 3.? .. ?:.s:-i, et al, "Calc:.i.­
:~~~o~ o~ :~se5 J;e ~o ~==~~~~tal ?e:~~3~~ ?l~to~i~~ ~~=~an 
:...>:?3R, 11 .:.?~::.:..-~:3IC-/~ (~;~·/. :.Si'2), ?· :..2,;. !~is c:-ta9te:- :.:as 
~eleted ~=·=~ ~~~ ~i~~l ·.·~~E~c~ at t~2 ~~=e=~~on o~ AE:-Jivisicn 
~~ Reac~o: J~·:el~?~e~t a~~ :~chnoiogy je=~~se it was j~i~e~ to 
~a ~c~ d:=2~~~:· ~;~!i=~~l~ ~~ t~~ c~~e=~i·.·e of t~e st~~~·, and 
·_: ... .! i~:·.=':::"" . ..1::.:..:1 ::.=.3-:: :-:::-. · ... ·: . .:.=:1 it· ... ·.:..; :.:::~:::lo?C::d ·.-1a:; a!.:-33.':!f 
~·:3ila~l0 ~~ =~~e~ d~=~:-~:~:3. AEC-~?~~ ~~~~h~~ sta~ed ~hat it 
· .. ; ~ 5 ;. : : :- ~ ~c · -~::. :: :; = ~: ·...: s ~ : : : :-: e q:...: a.:_ i.-: ·: - - : ~·.! · .. 10 r :-( . 
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2
The whole body dose of 25 rem referred to 

above corresponds nu~cri=ally to the once in a 
lifeti~e accidental or e~ergency dose for radia­
tion workers which, acco::-::Hng to NCR!:' recommenda­
tions may ~e disregarded in the deter~ination of 
their radi3tion exposure status (see NBS Handbook 
69 dated June 5, 1959). However, neither its use 
nor that of the 300 rec value for thv::-oid exoosure . ' -
as set forth in these site criteria guides are 
intended to i::i?lY that th~se nu:;Oers constitute 
acce?table li~its for e~ergency doses to the public 
unde= acci~2nt C8~ditio~s. Rather, ~~is 25 rem 
whole bo::'.y ·:3.lue a;-id the 300 re!':! t.'1:.;rai:l ·1alue 
have been set forth in =heie guides as reference 
Values, whic~ c3n be used in the evaluation of 
rea::-:.:>::- si-:·2.5 ·.vi t:'1 res:oe::4: to potenti=.l r-eactor 
accidents of exceedingly le~ probabili=y of 
occurrence, an::'. lo~ ris~ of ?Ublic ex;asure to 
radi?.-:io:-:. 

release. ~~cse c~~~e~ts a~e :lso applica~:: ~o hot par~~c~e 

case. 

?irst, '.:~e ·,;ordi:-ig of sections 100 .11 {a) Ill 
clearly li=its the a??lication to the irradiation of 
the ~ ... -:1.ol: :.::>-::>-::.:_..· e.:J.C! t..~e ~;-.~·=oid; no at::::- c:-;an o= tisst.:.e 
is ~e:-itic~e::'. o~ i~olie::'.. ?urther~ore, only fission 
prc~~ct3 i~ c~~2rel a:-:~ i~::'.ine in parti=ular are 
identifi2~ as reference s~bstances. ?inally, footnote (2) 
st3tes t::te~:..:.i··-:>::=.lly :.::?..-:. :.:1e gui-=es ~:-2 :tot. to be 
cor.s:.=e:-2c! ;.s ;;.c::e?t.c:;:,~2 :..:.:nits :'.:::>r e-::.e"":::-:~':".C'l doses 
~o =he p~~:~~ ~~~e= ac:::~2~t conCiti~~3 .. 32 
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be considered as acceptable limits, or whether design basis 

accidents ~,at are currently evaluated under these criteria 

a::-e "of e:·:.:ce::li~qly low ?robabili ty of occurrence," we 

reco::i::-.end that 10 CFR 100 .11 (a) (1) be ;nodified 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 
indi~idual located a: any point en its boundary 
fo= t·h·o !":ou=s i<.."'.1ediately followi.:'lg onset of. the 
post~lated :ission ?=oduct or ot~e= !:'adionuclide 
release ~o~ld not ~eceive a total ~adia~io~ ~ose 
to the ~hole bodv in excess o: 25 re::i2 or a total 
radia~icn dcse i~ excess of 300 =e~2 to the 
thy=oid ==c~ iodine expcsu=e, o= =eceive a lune 
~a~~~=~e ~~=~e~ i~ e~<cess of lJ ~~~ ~a~~icles.3 

~~ ~ct ?arti~le is a ?art~~le tr.at con~ai~s 
s~::icien~ ac::ivity to delive= at least 1000 re::i/yr 
to t~e s~==c~~ding l~~g ~issue. ?~r isotopes 
ha~in; half-lives greate= than cne year, this would 
co::-=es?o~d to particles containin; at least 0.07 
pCi =~ al~ha activity. 

:-:e a:.s:: =ecc::-.:-:-.end tha:; si::iilar c:-ite:-ia be established 

li~itin; ho:; ~a=::icle releases for n~clear facilities not 

no"' co•.·e:-e:: ·.:nee:- 10 CF?. 100. 

D. S~~~ace C~nta~inetion 

includi'1g 

-.::n::, ::.·.:::::-:-.:::::i::e '::::i:::c, '.;·..:r.a:1 o:: :ni:-=.l :co·:e::-.e:'.ts, :ollcwing 

.,. • ... ~ • I ._. . ., • ~ 

. I 



··----·-· - . -·- -- - ··----------------
- 49 -

an accident wherein surfuces arc contaminated with hot 

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

C:eco~ t<lr.iina ti on rr.c asu res. 

The number of particles ~~at can be resuspended frora 

surfuces has be~n the subject of a number of ex?eriments. 

These experi~ents have usually resulted in the deter~ination 

of a resuspe~sion factor (RF). The RF is defined by: 

R. L. Kathren has revie~ec ~~e data o~~ained on RF 

values. 83 He in::.ic=.tes t:iat, "r~?o:::':.ed [?.?] values for ?lu':.oniu::t 

a~d its c~mpou~~s range over l! orders of ~a:::nitu~e." 
' - This 

11 or::l.ers corres,:::ond.s to vali.:es ~etween io-::. to lQ-'11 l:l-1. 

Langha~ in::.icates t~at a 

meci:>er of t~e Da~ish scie~ti:ic ~ean used a~ ?2=lo-3 ~-1 

83/ !<2th!.'en, R.L., ''To·...;a:-ds i:-:.-:~:-i!:l a-::cs::~::...::>.ie s~..::--:ac:e con-
~2._-:-,.:.:-:e.-:ion levels for e.:-:·1i!""0~::-.e~t.al ?·..i02 ," :=.~;~,"'!,.-5..).-l.Sl:J, 3a-=.~e!.!.e 

::0r~:1·.-.'est ~abor3":.c!."'y, R:.c:-tla:-.d, :·:as::-ii:-:.;~:::i, )·.p:-il 1968, ;:?. 3-4. 

~5/ !..anghan, Wricht H., Q.2_. ::::. t., ?· ~. -:::e :-::ule Delibe.::-a­
~ions refer to the delib~=atic~s :oll0Ni~q ~~e accide~tal 
c:::ash o: a 5-52 bo~be: carryi~= ~~clea= he3~o~s ~ear ~~ule 
~i::: r~rc2 Base in G~eenland. :he hig~ ex?lcsiv~s in t~e 
we.3.:=;ons C~tona-:ed aJ1d d.is?~:--se.:! t_~e ;>lL.:.toni.·...::-1. 

' .... .-, ...... ·"''" •' .. ·' ... ~•:-- '•·• ..., ...• ,., •,v···-·~.· -··~ .... ,~ .. . . ..,..,,._ .. 
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the value selected by Kathrcn be used when.the RF is unknown 

to determine the anbicnt ground contanination standard. 

A?plying an Rf=lo-4 m-1 to the ambient :--lPCa standard 

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

~issible sur=a=e contamination (MPSC) level for hot particles 

of 
. 86 

9xlo-8 uCi/::-.2. This is roughly 1 hot particle/m2. 

In areas where an RF greater or less than io-4 rn-1 could 

be shown to apply, the MPSC could be altered appropriately. 

E. As Lo· . .; as Practical? le ?.ear in cs 

It is to '!::le understood that the above recc:::.""'.'.e;:datio::s 

~o not represe::t endorsement on our part of the ris~ 

in~erent in t~e existing radiation prote~ticn guideli~es 

upo::1 which these recomrnendations are ba.sec. ~a the:::-, ·.,·e o=:=:e:::-

t:-ie adrnoni tio!'. that the exposures shoulC. be :~ept as far 

T=-ierefo::-~, we 

:·..:=t:"':e!"' reccr:-:::e:'"ld. t..~at these guidelines ::;a inco::po:=atej 

i::t.o the exis-=i:-'.q ::egulatio:'!s without de:!..ay and that. ~~e 

reg~:~t!ons what co:1stitutes as 10·:1 :>S 

l ::_ -.. ·.~ ~-·S ~or "' t ' ,_ rt' "l S __ __ _ e~~Jsure o no~ pa- 1- e . 

~~ / This va:~·2 is deri~led a5 :ollo' ... ·s: ::"".e rec:::>;:-::-.e:?i~d >!?Ca 
~~r hot pa~~i=l~s is 9xla-la uCi/ml ~~i~~ corres?C~~s to 
)xlJ-12 uCi/~l. 7~o ~9Xi~u~ qr0und c~~:~~i~ation le~el, usi~; 
~?=10-4 m-1, is 9x10-12;10-~ = 9xlo-3 ~:i/~2 . 

.. • , ,. "1 .. , •• ,. ... , •• ,...,,. •··· .......... •··~·''"J''" , .• , ..... ,. t"r .. ~•· ~··~.· "'.''' ,..,..,., ........ , ., .. ,, •• ,~~"""'·'" ,,.. • , .. #.~ \ .... -: .... ~,, ... i• ..... ~·, 
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VIII Sum.~ary of Recommendations 

'~ T:-ie :ollo·,;ing recorrur.cndations apply to al!)ha-emitting 

hot particles where a hot particle is defined as a particle 

~,at contains sufficient activity to deliver at least 1000 

rem/yr to the surrounding lung tissue. For isoto?es having 

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

particles con~air.ing at least 0.07 pCi of al?ha activity. 87 

It is reco~uended that: 

M?L?3 = 2 hot particles 

M?Ca :or Pu-239 = 3.3x10-l6 uCi/~1 88 

·-2. ?er non-occu?ational exposure 

~?~?3 = 0.2 hot particles 

~!PCa :or ?u-239 = 9xlo-18 uCi/ra1 89 

~ ~hese particulates would consist o: cO~?ounds of Pu and 
t~e o~her act:-:i~es which :all into Class Y ~aterial in t:-ie IC~P 
~ask '3::-oup :.'...!::~ ~·:oCel. These :-:aterials wo-.;.l:: ::.e retai:-ied :or 
::ears in t:-ie l:..?:-:g. See :or exa:'.'.?le, ICP.? P·.:::,lication 19, 2_2. cit., 
?· 6. Since only particles in the size ran;e o: 3 u and belo~ in 
~ia~e=er wo:..?l~ be deposited in the deep res?iratory tiss:..?e, this 
i~ e::~ct s~=s a~ u?9er li~it :o~ the ?ar~i~l= size of i~~e~es~ 
h2re. I~ t~e ~a1:-1i:e is less than or cl~se to 1 year t~e li~it 
o: 0.J7 pCi ca:-: be adjusted upward through.appro?riate calc:..?lations. 

2=1 7~is ~?Ca 2??:ies ~or particles co~==i:-:!:-i; 0.07 ?Ci o: 
?:..?-23?. For ;ar=icl~s cont1i~i:1; ~ore tha~ 0.07 ?Ci the 
~~::::.:! :':J"..!!C ~~ i.~==~ased propc::.io~atel:_.:. :'.:)::- par:.icles 
-;.J.-.tJ.i:-:.:.:::::; less t~an O .·07 ;:iCi t'.'\e e:<istin; :-!?C 01 =4:<lo-ll ;:;Ci/~l 
w0uld a??ly. ~~e ~?Ca for hot ?a=ticles o~ oth~r isoto?e5 
3nd ~ixt~res ~= iaoto?es sho~l~ be establis~~d on a si=il3r 
b::;is ·.-1ith co:-isic!-2r3tion giv.;'.1 to the >.ll:-life of t.,e is.:it:o?e . 

.. . ·---~ •" 
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3. For accidental releases exposure. (lO CFH 100 .11 (a) (1)) 

MPLP9 (2 hours exposure) = 10 hot particles 

4. For unrestricted areas 

90 MPSC = l hot particle/m2 

5. Hearings should be convened to deternine as low as 

practica!:Jle regulations. 

90 I -r=--.is vaL:e is meant :or g~:i.:!3:-::=e wit:-: res;:iect to 
~ccon:i~i:-:3tio:-: of an unrastrictcd area =~at h3s b?en con­
t~~in~te~ with hot ?irticlcs. In areas ~~ere an R? gr~~ta~ or 
l~ss than 10-~ ~-1 could bd shown to ao?l7, the ~?SC could be 

\.. 

,_.,.,.,_..~!! ..... --.~-.... , ..... \flf~:Jt.""'!'~'--:W"""ll~~.,)l'l',..,~~.l\~·~•r:-"",~"'·1"'~~"~~ .. ,~. 
. . .. 
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J\PPE~DIX A 

Radiation Standards Setting Organizatio~s 

and Their Roles 

The organization whic!1 recor.ir:-.ends basic radiation cri­
teria and sta~dards at the international le~el is the 
International Cor.11'.1ission on Radiological Protection (ICRP). 
It was established in 1928 under the aus9ices of the Second 
Inter!"la tional Co:1gress of Radiology. Duri:1g t.'1e early 
period and until 1950, t~e ICRP was concerned ?ri~arily witn 
reco~~e!"ldatio~s designed to provide protectic~ ~o ~er:ibers 
of the r.iedical ?ro:ession in their diagnos~ic a~d thera­
peutic use oi x-~ays and ga~.a ~a~iation :r~~ radiun. 
Ho·~·ever, si~:::e t.:-:e ad·,,,-ent c: ato:..ic er?.erg~', =.:-:..::. raC.iat.ior. 
uses on a lar=e scale, it has exte~=ed its ef:or~s to include 
studies of ra~iaticn ?rotection ~at~ers co~erin; the whole 

It wor~s ~~;e~~e= wit~ its 
sister ~o~~issi~~, t~e I~ter~=~io~al C=~~~ss~o~ o~ Radiatio~ 

Units .:-.!easure::-.e::.~s (ICR.U), a~d relies o:i ~::e :c?_U for bac:-~­

grou~d k~owle=~e o~ radiatio~ ~easu=e~en~s. 

?he ~ational Council on Radiation ?~otection and 
Measu:a::ia;.ts (::c?.?) .,.·as orqa:'.ized in 1929, a yea:::- a"'""~ the 
ICaP, as a cor..!:>:!.:-:ed e::o::-t o= seve:-al radia':.:.~~ protec:tion 
co~~i~~ees i~ ~ie ~~ited States to consolid~~e ~heir 
scattered ef :orts a::d to cresent a uni:ied ~cice at ~eetings 
of the ICRP.l ~he IC~? a;d NCR? are private groups whose 
reco'.llme:1daLio::s are ?Urely advisory. 

In 1934 t~e ~CRP adopted t~e si~9le level o: 0.1 
roentgen par da7, ::-easu=ed in air as the tolera:-:ce dose. In 
19~0, it recor:-..-:-.e:-:ded a ?er:-:-.iss:L~le ~od:• b:.;:de:1 of 0.1 !':1ic:o-

e~~2ct =cd~y. cc::es?cnds to a~ a~erage dosa to the skeleto:-: 
~~ aj~~t ]J re~ ··~ or a dGse to t~e c:i=i=~! e:-:~csteal tissue 
c~t to ~ ~ista~ce o~ 5-10 ::iicrons o~ abo~= !C re::i/yr. 

l./ I:;i tL1l l:• ':~-:,:: ::ca? w.:is :.:nc·...r:: .:is the .:...:.·:isor::· Co::-~':li ttee 
0:: X-r~7s a;:d ?~ii~~ ?rotec':ic~; i~ 13~6 t~e :-:~~e ~as changed 
~::-, ~:~o:- ::~"1~!.:;:--.J.: C:~-.:..t~c-2 er'- :=:..:i.::.i£itio:1 ?:.-0:.:.!:-:.i:J:-: 3.~d ~!e:ts'..!re-

i: recei~e= a Fe~2ral. c::a:ter and too~ 
\., 
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In 1949, the maxi~um permissible dose for radiation 
was lowered to O. 3 roe1~tgcn per week. It was lowered again 
i~ 1957 to 5 r~n/yr as the permissible dos~ for radiation 

.workers. This standard is still in effect. 

The AEC has also played a significant role in setting 
radiation standards. Ho~ever, the AEC's regulatory authority 
over materials was, and still is, limited by the Ato~ic Energy 
.'I.ct o; 1954, as a:ne:ided, to source, by-product, and s;::iecial 
nuclear r.iaterial. ile!"ore the Federal Radiation Cou:icil 
(F~C) was £o:::neli, the AEC, when setting ra~iation sta::.dards, 
generally follo•.•ed c:losely the recomme:ldations 0£ t=:e ~;CRP, 

which in turn ?aralleled the ICRP reco~~endations. 

In 1959, after the acvent of the ato~ic age had aroused 
?".::ilic :ears ·.:;,·;er f''-'llout from nuclear wec?Ons, t..'i.e u. S. 
~over~ffient, ~ecause of u~certainty of gove=~~ent in~l~e~ce 
o~er radiati6n ?::otectio::. standards, orga::.ized the ?~C. 
~=was a".:t~o::ized b~ Congress to " ... advise the P::esi~e::.t 

~it~ respe=t to radiati=::. 8atters directly or indirectly 
a:fecti::.? ~ealth, including guidance for all federal a;e:lcies 
i::. the f~::~~!3ticn cf ra~ia:ion standards and in es:ablis~~ent 
.=.:-:d execu:.io:-. o:: prc..:;ra:-:--.s i:i coop'2:rat_io:i ·~;it:-: t.."12 s:a-:ss ... "2 
7~e :i~al a~:~o::ity with respect to ra::iaticn stan~ar~s rested 
::ot wit:i :.::::: :?:c bi..;.t with :.:i.e P!"eside!"' .. ~. 
e.ge:-icy as :.~.e .\=:C, for eX3.::-!.?ie, had to =:-1a.~e its rules, e.g., 
those gove~ni~~ licensed reactors, com?atible with :~e overall 
::;-~ides ::e..-~:.::7eC: b;: t~e ??..C. 

Tnrou~hcut t!1e 1950's the ICRP a~~ ~=c~? conti~~~d to 
!"eVise: ar~,; :-e: inc t:-t ~ basic recor.imend a cions cor:.ce=:-n :::q 

:-ec:::-:::-:·.·.?:~ ... -:-2..: : ::r sc:::e :-10::-occ'....l:;...i tio~al :::-c·..:.?S ~:;C :c:- :.:-.~ w:--.o!.~ 

::::o;:>....:l:it1..::-.. ~:a~...:.ixL::-:-t ?e:-:-:-::ssiDle uo~y .:::.·..lr::;.e:--.s a~d ::-.::.xi::-.·...:~. 

?e~~issi~l0 :J~2c~~r~ti0~s a~ ra~io~~c:ij~s i~ ~~2 =~~ ~~d in 
· .. ::t:;r \ .. ·er£: :-:-:-o:-:--.. ~e::::2d ;.s secc~C..=.ry s~3.:-':.~3.:-d.s. ~-~as-: o: :.hese 
=-~co:::.""':':e~ . .::=:.:::..:-.s ·,·:ere i~.c::-:~poratc\i ~i' tie =~: anC. r.::~ .~.:..,,__. 

::. 

~~0 FRC Wd5 ajclish~.; d~~ l~J ~~ties ~e=c cransf~. 
~:~cc tha~ :~~k, thd ~ct~i~~ o~ ?C?~lac~Q~ 

t~C :::·· ... ~~:l~ 

?=~~=~~= 0f~i~~. 

· .. ;}ls :--. .:. :-<: ': :: :: ' :-: . c . ' :-t.~ y ~ 3 , l '.-' r; J , ? . 1 . 
\. 

. •••. ...., .. ··p~· .-... '·- ' .......... ,.~ ... , •. 
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in this case, meun e:<posure to persons "out5ide the fence" 
of an AEC (or AEC-liccnsed) facility. Critcriu, required 
to ::-.eet these stJ.ndards, for plant oneration and· design 
rc:cai:ied .,..it:, the .:-..c:c. Hence, prcse~t responsibility for 
assess~ent of health effects resides in EPA, while the 
responsibility for developing technology to control emissions 
resides in .!\.:SC. The Office of Management and Budget (OM.3) 
in a recent letter to E?A and .l\.EC clarified the delegation 
of res?onsibility between these agencies for promulgating 
regulations to li~it the radioactivity ~,at may be emitted 
fro;;i facilities in the nuclear power industry. OMB stated: 

AEC should proceed with its ?lans for 
issuing uraniu~ fuel cycle standards, taking 
into account the cor.~ents received fro~ all 
sources, incl~ding E?A; that EPA should dis­
contin~e its ?re?arations for issuing, now 
or in the future, any star.dares for ty?es of 
facili~:es; ~~d that E?A s~culd con~i~~e, 
un~e= its c~~~ent autho~~~y, to ~ave res­
?Onsi~i:icy ~er sectin: standards for the total 
a~ounc of radiation in the general environ~ent 
::ro::l all :a.cilities co::-b::-1ed i~ t.~e ura:.i'-l::t 
f~el eye: le, i.e., 2.:-: a~i-e:1t S'C~~~a.rd t.·:hic:-t 
~c~ld ~ave to reflect ~EC's findi!1gs as to 
~~e p~3~~i~a..jility o: emissio~ co~t=ols.3 

:-:ie:«~ a:-e cc:"".er ac;eDcies a:-:.d grot:ps which a?:e concer::ed 
with raciation standards a::~ in so~e cases have regulatory 
authcrit·v'. 7:1ese inclt.:ce, ;,ut are not limited to, the 
Depart=ent of Healch, ~ducation and Welfare, Depart~ent of 
Labor, 3~rea~ c~ ~ines, the A~erica!"\ ~atio~al Standards 
Insti=~:e, and sta:e agencies. T~e raCiatic~ sta~dards 8: 
~~ese o=ga~iz~~io~s are ~ot at issue ~e~e. ?o~ t~e ~est p=rt 
they ?la~ a secon~arv role, or ~here a??lic~ble, follow the 
g:...: i~ =.:-: ::e o: :.:i.e ;;c?~?, E?.; a.!1.C h.E:C. 

3/ ~~~~rJ.n~~~ ~0r ~!~i::istr~tor ~rilin ~nd C~air~an Ray 
::o::i '.'.')y L .. :. .. ;;;, o.-.-::. 7, 197(). 

. ... ·- • ... , .. · .. r···'' 
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1\PPEtlOI:< B 

Statcr.1ent Submi tt.ecl to J\ttorncys for 

Re; ~t al vs. NU~SC 

The followinq is rny analysis of the origin of 
soft tissue sarcoma t~at ultimately resulted in his 

death and of the Co~sultation Recort, sub~itted by Dr. Niel 
l·:'l.ld, dated Jan. 29, 1973. 

unloaded, rotated, and loaded a crate con­
taining a leaking car~ov of olutoniu~-239 (Pu-239) solution. 
T~is ccc.:l:l not ha:1e occured wit!-10;.;t conta:'.:i:-.at:::::; ':::'1e i::ialr.iar 
sur~2.ce of his left ~and, ~hich Has bare. ~~e question is: 
did this ?u-239 co::';:a~inatio:: cause ';:::i develo? a 
s2.rc::ir.a? 
~ho::;e ~::3.~ occur :;~c:-::1:-:~oL:sly, it is :te·::es.33.:-:: ~:::i C:;):--,s!.C.cr 
t:ie !:2lal:.iv2 c:-:a.1c2s ~~a~ ~he ca:-.ce!" \..,·as S?0:-1:.?..:-.eo·...:..s o-:: Pu-239 
in-::·..l;;~d. 

The United Sta~es Vit~~ S~~~~stics, =eccri a ~ea~~ ~ate 
:0:::- ;:-:3.l:..=:--.a:-".t j"_2:;::l::.s1s {~-:>~e"!: t:~~:1 r..el~:"l~:-:-.a) c-: ~:-:e s:--:.i:-'. i:--. 

S.:.. :lee t~e U?~er extre~i';:! o~ less t~an one ?er ~~llic~ ~er yea=. 
sy~a~1~a: sarco~~ is ~ r~=e ~orn ~~a~ o~te~ ~e=~s~2si:2s a~ci 

~ence ~~3 ~ ?O::J= ~=c=~csis, its cccu=rence ro-~ ~; certa~nl~ 

less t~an t~e tc:~i·s~in cance= ~eath =a~e o~ c~e ?er ~~ilic~ 

":':1is ::-,;.-:.e woul.~ s-;c·:-::.a!"'.eo·..!sly C.e·:elo? ~:"'"i~5 ;;c..:-::::::;:-:-3. or. t~:e 

co:r::.~.:.~e.-:ed hai""'.·= (~e.33 :.:-iail or.e c'.1ance ~:--:. 2:!. ::::..~;_:.-::;:l). 

~:~~- let us c~~s:.~e~ ~~hat t~e c~a~ces a:a c~ ~~e 6evel8p­
~e~~ a~ c~~cer as ~ :~s~:~ of ?l~~c~~~~ c~~~a~:~~=~~:-: o~ t~e 

s:-:i:-.. ~~<?eri::-.:=:1:.c.l C:s.:.a :r.:.l"t ?l·..:.--::):-,i:...::-:-. c:J~.-:.=.:7" . .:..:--::::.:2C a.."1.i::-.3.ls 
de~o~3~=a~e ~ha~ i~~ec=io~ of 1 ~i~=c?~a~ c~ ?~-2:3 i~to ~~e ski~ 

o~ =~:s ?~C~?~!y 9~~~~=2~ c~~cer i~ u? to S~ o~ t~e a~i~als 
( :::::.-. ic :_ ~ l.) •. 

·.:-.-~ :·..: ··::;. . ..; 3.Ct'...!.J.J..:·: ~:-.::! -::-::'lce:.::-~:2':~ i:1 .:..;-s1. ~~:: se::.i:-.~ 

asid~. o~~ drop ~o~:~ ~~ ~~?ec:cd :o con:3in be:~~en B an~ 
_·.; : !.:::.:."':~:::-·3.ns a:: ::..:-~3'j. 0~8-0:'"'.:3 .-.·,;:-:.l-::-ed:..-~ 'J: ~ ~-.i~li.li~0r 

(3 -,~~; s~all amoun: ::if ii~uid) ~oul~ hav~ ~0~~ s~~~icient to 

PRIVACY ACT MATERIAL REMOVED 
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or~ducc sarcoma~ in animals. There is little reason to doubt 
'::h.::it this s:-iall i'.C\ount of li'luid (0.'Jl milliliter) or even more 
found its way below the surface of palm. In this 
event, his chance of develo?ing cancer would be one in twenty. 
This is at least SO ,000 times hi-:;her than his chances of 'develop:· 
the cancer spontaneously. In other words, the evidence is over­
whel:ninr, in LH"or of the t'.1::-or resulting fro::i Pu-239 contaminatic 

The above relative probability is based upon data· from 
animals. It is quite possible that man is ~ote sensitive than 
ani~als to cancer induction by P'.1-239. In fact, the biological 
evidence strongly sussests that man is ~ore sensitive. Exhibit 2 
is a case re?ort of a nodule re~oved fro~ a man. This nodule 
containe~ only ~.08 ua of ?~-219. Co~~en'::ing on t~e histological 
ex2....""'.li:iat...:.o:: o.: tr.e lesion, t:~~ autho:-s sta';es,"The a~tor.3.<lio...; 

c;r=.?:1s ~:!owed ;:>:-<2cise con£i:-:.e~ent a:: or...-t=~cks t::> t..~e ar~a of 
~axi~u~ da~age and their p~~e~rat~cn into the basal areas cf 
the epider~is, ~here epitjelial cjanqes typical of ioni=ing 
radia~io~ ex?osure ~e~e ?==s~~t. ?he ca~se a~d ef:ect ~elation­
s~~? o~ =~ese ~indincs, t~erefo=e, see~ed obvious. A!though t~e 
lesion '{as ni~~::e, the chances in it we=e se~ere. Thei= 
si~ila=it~ to ~nown precance=ous e?ide=~a~ cytolosic chan;es, 
of cou=se, raised t~e ~uestion of the ulti~a::e fate of sue~ a 
lesio:'. sho~la it be allowed to exist without su=gi=al inter-
ve:::.io~ ... 0 I:-. this ::ase, 2-ess t...1.:!::. !J .. l ~g of P'..!-239 ?=educe:! 
c=eca:'.=ercus c~anGes i~ h~=a:'. tissue. The dose to the surroundi: 
tissue ~as ~ery intense. ~here is every =eason to believe 
chat a s~aller suantity of ?u-239 would have oroduce~ si~ilar 
::~a:1qes. 

'."i-:""le~ I c~!1S!.ce= the =.::ov: :; 1..I~=n and a:ii::-.al Cat.a toc;ether wi ~ 
t~e rel!ti~e ?robability cf 30,000, ! can co~e to no other 
cc:'.c!usi~~ '::han that this s~===:::a was a ~irect res~lt of the 

left oal= by ?u-239. 

~urn~n:: nc~ to Dr. ~ald's Consultatio!'l ~~?Ort, it can b~ 
s:.3.-:~..: ~.-.::.: .':-".S: :1:'.!s ?:"~s::1-:e=. ::o evid.en~e :c ::!iS?:'O'.".e t~e clai:".l 
t::at· :::1:.s s;lr:::::ca ·~as caus<?.:l b·! ?u-239 c~nta:::i!'latio!'l. I shall 
~iscuss J~. ~i.2's reoort i:'. the or~er that it was written. 

~cc?r!in: to t~e Div13icn of ·rns?~c::ion Report sub~itted 
!):• .~.ns~n ~!. 3:1.::t.i-:;!tt 0:1 !•?ril :1, 19.53, pac:e:; 23-30, t:'\e 
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samples collcct0c.! subsequent to January 20 (rave r.ec;ative 
results. The only thing that thi3 demonstr::ites is that no 
detcct~ble level of Pu-239 was fo~nd. Ev~n fol!owing the in­
jection of larq~ vol~mes df Pu-239 solution into the skin and 
muscle of animals, the Pu-239 is slowly absorbed and a?precia~le 
fractions, up to 70%, remain at the site of injectio~~ More~ 

over, of the quantity nbsorbed only a s~all fraction appears 
in the urine or feces (see paqe 3, Exhibit 3 and E~hibit 4). 
In case we are concernad with only a very small 
volurae of solution and hence we should not be s~r?rised if we 
obtain neqative results in an individual uri~e or feces 
sample. (See also Exhibit 5) 

The physical exa::iination perfor=ed by Jr. ~oy E. Albert 
on January 23, 1953, has no releva~ce. One wo~:d ax?ect no 
overt signs of ra=.ia::ion injury at '::..."lis ear!y :5.a::a ::::o::i the 
small quantity o: P~-239 ~hich is at issue ~ere. Xe are con=erned 
here with the lon~ t~r::i e::ects, not the ac~te e::e=~s. 

~he ~edical ~~3~ory o~ 

a.o?ear3 ".::'.) be acc·;:-a-:.e, !°'~owe'1e::, ::.e c~itte:. ~':.= .=:;:-.-=2.:.:.sio:1s 
of the ?a~hology ae?Crt of the HCS?ital :or S;e:ial 5~rqery 
wherein t~e unani~o~s O?inio:-1 of ~~e ?atho!ocis:s ~as sta::ed 
to be t::.at ~'-tis les.!.c:1 ·"'as a sy~o·:::.:3.!. sa!:'cc~a.. 

The negati~e ~i~~inqs in t~e ~e=es a~~ ~=i~e .:..~ ~?:::il o: 
19 70 are o: :-10 r..Qre ::ele·.;ance t..--.a:\ -:::'.-.e si::-.i!a:: :::-.:::in;s in t:.a 
January 1353 sa::i?!es. T~e whola bo~y counte:: ~!S a de::ec:ion 
lirait of 0.3 u Ci o: P~-239. ~t iss~e here a::e ~~e:-1tities 

belo~ 0.06 u Ci and, hence, well belo~ the eete:::ebla lizit. 

T~ere are t~ree reasons :or se~::i:1g aside =~a ~e=ati~a 

fi:-:ai:-tss i~ ~l'le i::.!:ial :.iss'J..:! re~.-:;~/~d :ro::: Fi.=s-:, 
sir!.::e t:-,e ?a:.holo:_::.s ': ::c;:~::t i:'..~i.ca-:.-:d 0 :10 e:·~·.:.::~:-.::: o: at.·1":Ji::a~ 
or ~alignan:: c~an~es," it is q~it~ ?Ossi~le ::~a: ::~is ~ass ~as 

un=el3teC. to the sa~:"J::a. Recall ::~== t:ta~ ~"":e :-.;.s::o:-:>cr/ o: 
t~e s:-:-.-:~~l ::.oC.ule .:..:: ::::~:iibit 2 s:i~· .. ;-:-:: sever~ :-:-.=...-.=~== ':~:':. =ese:"'.'_j!.e::. 
prec3n:urous chan;~s. Third, t~e s~ce o: ::n::a~~~!:ion ~as 
not. :1eces s.a=- i ly re :--:1·:ed ,,., i th t.'.'.:.e ::-.a.3 s or i ": :::-:>·..:.:.. =. :-. :. ·.'~ t::: !.::"."':'le:::. 
f::~~ =~u ~ass pri== :o o~:iuctio~ ~= :~e para::~~ ~:oc~s an:: 
sli~!s. Consid~= ~er~ that t~e n~~~le i~ ~x~i~:: 2 ~as o~ly 

d~ve~~~~~ an in~i~~r3:i~~ so~t t ss~e s3r==~~. a~= =~is oriq ~al 
t:.s3,.~,J =r..:::,ovec! she··:~:: ~o aty:>ic~ -::~.!~ge, :.:-:~:--== :_3 :".o basis =>= 
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~s~u~inq that the origin of the sarcoma was 'included in this 
tis~ 1Je mass. 

'i'he neqati·1e results o:: t:1e clu'licle S?ecirr.en are also 
;quivocal. The issui! here is a :;r:1all qua;itity of Pu-239 
G,at remained localized in the palrnar area of the left hand. 
This bone speci~en indicates o~ly that the amount of systere­
ic~lly absor~ed P~-239 ~as tco :;~all to be detected in this bone 
S?~c:r..cn. 

None of these clinical :i~::ings are able to set aside the 
stro~g possibility that sarco~a was a direct 
res•.;lt 

0

of the ;:;i.·.;;;or.L.i:':'. conta:ci:-:.:.tion. :'he rr.ost lD:.ely course 
of e~ents is th!: a s~all qu:.:-:.~ity o: the ?~-239 sol~tion 
(l~ss the 0.01 ;~illiliter) · . .;as :!e?osited i:i the tissae belo·.H 

?a::-:--.~ This ~a~~ :-: av~ o..::c"J.:::-eC t..~~oug:L a small cut. 
or ·:ia a sliv2r. Ti"".e be=:- t-'-1::--~ ::-eac":.-ed t.c ~:tis ~ate rial as a 
~~=~ig~ body, a~~ encaps~la~e~ i~. ~ven~~~lly, a lesion 
si~ilar to t~at ~isc~ssed i~ ~x~~~it 2 ~e~eloped. ~his noci~le 

;.~;;~:::-essed ',,:,~;-~:--.:. =-~= ?:"~ca:-.:-'2'=:.·.:.s st3.:;e ~:> ~ecoi:"le an in­
~il~~atinq so~~ ~iss·i~ sa==~~~. The c~a~=es are so~e 50,0GO 
ti~~s qreater t~a~ the sar:o~a develo?ed in this fas~ion tha~ 
t~a= it occu:~~ S?O~taneo~s!~. 

I thin:<. t~~-= it is i:7l?C=:.::.:--.:. tQ !JOl.::.:. out =:"lat all of t...~e 
i~f:)r:-:'latio~ rel2t:ant. to thi.s =~s= v.:as a"!.a.:.:.a.ble i::--. 1963. 

s·~segu~nt t.Q -::-.~ inciC.e~ ":, ~ .. e coul::! :-ia~1e i:i.:or~ed :"'lis ?~ysicia:1s . 
. ~s :? result th::,.r ·wo 1..llC ?=-o'.::>a:.:y '.:-lav~ t=e=~== :.,i;.i ffiO?:e ::a'--ltiously 
a::.~ the tradecj coul1 have be~n scbsta~~ially raitigated. 

~. pp.NACY P.,Ci MAiERlfl-L REMO\/ED 
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t\!)sorbed Dose: 

AEC: 

Ci: 

Curie: 

D: 

DE: 

Dr': 

Dose Distribution 
?actor: 

Dose Equivalent: 

EPA: 

F?.C: 

g: 

rfol :-life: 

. ' .. .. . . -··--

GLOSSi\RY 

The absorbed dose of any ioni=ing radia­
tion is the energy imparted to matter 
by ionizing radiation per unit mass of 
irradiated ~aterial at the place of 
interest. The unit of absorbed dose is 
the rad. One rad is 100 ergs/gram. 

Atomic Energy Corrunission. 

Abbreviation for curie. 

The quantity of a radioacti·:e nuclide 
disintegra=ing at the rate cf 3.7x1olO 
atoms p~= seco~d. 

Abbreviation for A!Jsorbed Dose. 

.l\.bbreviation ::or Dose :<:q;;.i'.•2lent. 

.'\bbreviation ::or Dose Distribution ?actor. 

A ~oai~y~ng ::a=tor used ~n calc~lating 
dose equi7alent which c.c=o~n=s ::or non­
unifo=m Cis~=i~ution a= raCia~ion. 
The prod;;.c= of absorbed dose D, quality 
factor (Q?l , dose dist:-ib;;..tion factor (D?) , 
and other necessary nodi::ying factors (The 
dose equi•:alent is nur:<eri:::=.lly aq-.:al to 
the absorbed ~ose in r2ds ~~:ti9lied by 
the appropriate rnodi::ying ::ac=ors). The 
unit of dcse equivale~t is t~e 'rem.' 

E:iviron::-.e::. ::.=. l Protection _;ge:1cy. 

Federal ?a~ia=ion Co~nci:. ~he FRC has 
been abolished, and its f~nc=ions ta~en over 
b:1 ;':PA. 

rbbreviati::n f·:ir gra'.'1. 

Tirn~ recuire~ ::or a radio~=ti~a 
lose 50 ~ar=:n: oE it~ acti~i=y 
d~cay. 

1 i :1!. 
Ea:h r.ldionucli~~ has a 
\. 

substn.[lce ~o 

;)y r.ldioc1cti.'l:! 
unic;ue h.ilf-
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ICRP: 

m: 

micron: 

ml: 

MPCa: 

1-!PCw: 

:"-!PL9: 

~l?LD: 

NCRP: 

!'\Ci: 

pCi: 

Q?: 

p,ci<l : 

G2 

Intcrnutional Coll\laission on Radiological 
Protection. 

~bbrcviation for ~eter. 

One-millionth of a meter. 

Milliliter= 0.001 liters. 

Maximum permissible concentrcition (of a 
radionuclide) in air. T~e average con­
centration above bac:-::.ground of a specific 
radionuclide to whic~ an individual c3n 
be exposed without exceeding the guicelines. 

Maximu~ permissible concentration (of a 
radicn·.iclide) in wa:.er. (See definition 
above.) 

Maxi2~m per~issible lung dose. 

National Council en ?a~iation Protection 

Abbre;~·i~tion for ~a.:-.e>:::·.J=-ie, w:-;ich is o~e­
billionth of a curie, or io-9 curie. 

Abbreviation for nicocurie, which is one­
millio!'lth of a mi~rccurie, or io-12 curies. 

Abbre~iation :or Cu~lity Factor, ~hie~ is 
assicned on t~e basis o: a nu~~er of con­
sideratio!'ls. ~ ~uality ~actor is a 
modif~ing factcr use~ in calculation of 
dose e~uivalent w~i:~ accounts :or differences 
in proiucing biologi:al effects among 
various ~cr~s o~ ra~ia:.ion (e.g., alp~3, 

and ~-radiation). 

Uni: o: .:!:::,so=':lcJ .=.o== \D), w:Lich i::: :.JO 
ergs'::=.:?:;\. The r.~,,:: :s E\ :-'."'.e3.su=e of ~:.,_e 

e~e=~! i~?artad t: ~att~r by ionizing 
r~~i~~~on per uni~ ~~53 c~ i=r~d~~~e~ 

.r 



Rem~ 

Roentgen: 

. ---- -····-·•-·400- ·-· ·--··---

- GJ -

Unit of dose equivalent. \·lhen the 
appropriate modifying fuctors ure used to 
calculate dose equivalent one rem is the 
quantity of any type of ianizinc radiation 
which when ~bsorbed in ~an prod~ces an 
effect equivulcnt to lhc absorbtion of 
one rud of X- or gar.imu-r~diation at the 
place of interest. 

The quantity of X- or ga;;-.,~a-radiation s~ch 
that the associated corpuscular e~ission 
per 0.001293 grams of air produces, in 
air ions carrying one electrostatic unit 
of electricity of either sign. For the 
purposes here, the roent;2n is roughly 
equivalent to the rad. 

Specific activity: Total radioactivity of a given 2aterial 
(isotope, ele~ent, or co~?o~nd) c~r gra~ 

of the naterial -- c~ries/gran. 

uCi: 

ug: 

Abbreviatio~ :or ~icron, ~hich is cne­
millionth o: a ~eter. 

Ab~reviaticn :o:r- mic~::ic-...:::-ie, whic::-:. is 
one-~illionth of a curie. 

Abbreviation for !':11.c!'."o~:r-e.:-i, which is 0-:-> 0
-

millionth of a gran. 

\. 
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I. Intro~uction 

'fhis Report is \-iri ttcn in support of il petition b~· 

the Natur.:i.l "csourcc:; Dcf•2nsc Council Urn.DC) to th•:: Nuclear 

Regulatory Cvon.'":1ission {l!RC) requesting il reduction in the 

maxirau.~ pcr~issiblc occupational whole body radiation exposure. 

The present standards for occupational exposure ilre based on 

still curre:-it rcco:cncndations. of the 1.;ational Council on 

P.adiation Protection and Measu:ce::ients (;-:cP..P) and the Inter-

n'1tional Co~"ission en Radiological Protection (ICR?) adopte~ 

in 1958 and 1959, re:;?ectively. The NRDC petition and this 

nation o~ the Diological effects of radiation. T~is infc~-

ma~io~ indicatc3 th~t the biolusical effects are greater ~~a~ 

was assur~ed in 195S and 1959 when the e:.:istir.; standa:-ds ~-;ere 

The latest data have been ::evie• .. ;ed by a co::u'1littee 

of the !SR? a~d by the B~IR Co~~ittce of the U.S. National 
1,2/ 

Acade~; of Scienc2:; (~AS) . The BEIR Cor:-L""'.'litte~ ;-.·-3.s 9rin-

cipally concerned with the exposure of the general po~~lation 

_!/ ICR? ?t:::i.!.ic::tio!1 14, R.:idi_(_'l~~-n.sitivit~ S".l:itinl Di:;t!..·i­
e._~0~_f__p0~.=.1 !~2;:-:io.=ts !Jr.c,;pa.!:'e-::~ Dy THO 'l'os:--: C!:O"..l?S o: Co:-:r~:tt.cc 

l of the Int~r~a:ional Co~nissicn on Radiolo~ical Protectio~, 
?crga~on ~rcss, Oxford, 1969. 

~~/ 1:.;s-:3:1!-! R.'._n(>~·~, :l .. Ltio11:tl i\c:td·~~1y cf Sc5.c:lcc~, 'F._t12 l·~~-~<.::!-E. 
nn ~Jn;:.1\.1!::~"'::'.1 ·:·' ::·-:.10:..;:..t?~·~ t~) Tl1...v .. : L·.:·\·,-.}:; o~ ~··~··:~izi.n:: :~.~d._"'.~:i ·:\. 
~~~ ~,u·~ t:. --;-z--r-.-~-.. ;·~~:·· · ·;_-.-~-0-;:-1-: ~:·o;.~.~~~-tl:·1.~·~ .. 01~-t~~ -~;;,-.~>~:-~~~;i--,·.:-;;;-~-~·t·;·- o ::· 

Jr,::i.~ir-.:J :::.~:.;i .. '.r'c:·: (·j',:'.l!~. r'.·~:~•()1-t) I •.::1:~h~l'.):-2'::, I~. ('.I ~~o;J._•: . ."i·.·t·, 
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and, in this regard, in<licatad that the existing exposure 
y 

stamhrc! wns unn:;,cessarily high. The ICH? Com;nittce, 

while declinin·; to r.iake any rcco;-.'-::ian<ln tions, ~iresented a 

calculution to dc:;1onstro.tc ho1-1 the new do.tu on the biological 

effects of radiation could be used to lower the existing 
y 

whole body exposure standards by a factor of ten. The 

rcdu~tion requ0stcd in this Re2ort corres?or:cs closely to 

this factor of ':.c:-i in t:i.e IC?..i' Co::-.:nittee u.nalysis. 

In Ja;n::iry, 1971, \·:hile not reco;ru~e:-,di:-'..g an overall 

change, the :.:c::t:.:> reco:n:~eilded that the occu;:i:: :..:.or:al ex~eisu;:e 

of pregna~!t ~·,·c:."'."'.2:-1 be lii":'lited to one tenth t..~2 ~rese~t ex:;-osure 

~/ 
liiTiit. The rcduo~io:-i requ~sted in this Re?ort ~culd also 

In the ~ollo~ing section of this Re~ort, we shall 

present an analysis of the risk of so~atic a~~ ge:-ietic injury 

at the currer.t ::-.axi::11.!."1l ;::er.nissible exposure li::iit and cor.i?are 

this risk with those encountered in other occu?ations. This 

analys~~ will serve to indicate that the CX?osure li~it is too 

high. 

' I :::,. 

In ~ectio~ III, we shall ?resent our rcsuested ~odifi-

~/ ~JC~? R~~c,;:t ::o.39, ~.:isic_R:t~~~.:j_~J!_Pro_~-:c~.i.0n Crit-~ri.J., 
:~~1tion:il Co 1.::~·:il en R~di~-:~i..:.'n !)'!.:.):0c~ion ~l:~:.::. .... ~<~:il!:.4 2:-:'.cn:., 
11.1shin(]::on, D. c., 1971, :);i.92-C!J. 



-3-

cations of the exposure limits and an analysis of the reduced 

ris!~ associc:1ted with these new limits. In the final section, 

we shall indicate how these requested reductions relate 

to the reco~~endation and suggestions of the ICR?, NCRP,. and 

the N!,s Coi'.\lllittee on the Genetic Effects of Atomic Radiation. 

II. Radiation Induc0d Risk at t~e Existin~ Occuoational 
Whole Bod! Dose Li~it 

The latest and most co~?rehensive revie~ of the 

biological effects of radiatio:! en m3.n is the N~-5' s 1972 BZIR 

Report. The BZIR. i:::o::unittee reviE: .. :ed bo'.:'.1. th~ somatic and 

genetic risk associated with exi?~sure to lo~ levels of ionizing 

raAiati0n. ~e shall discuss first the so~atic and then the 

ci::11etic effect:.. 

A. So~atic s::ec~s 

Table l su.n~~rizes t.~e 3EIR Re?ort esti~ate of the excess 

annu3.l cancer a:~d leuke::1ia de::.t~s ;:>er ;-:-,illio.,_ ;:::eo?le assu-"'ling 

whole ;Jody ex;:;qsure to 5 rer../yec.r (t..'1e currc:-i'.: occu~ational 
§_/ 

standar::'!.) .• 

I., 
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Calculation of the excess annual number of 
cancer d<:!ath::; for individual::; c:<poscd 

fro~ 20 to 65 years of age 

J\BSOLUTE RISK HODEL RELl.TIVE RISK l'.OD:.:::. 

E):posurc Conditions 

Excess Deaths Due to: Excess Deaths Due to 

All Other 
Cancer 

J\11 Othe::-
Leul:emia Leuke.--:iia Cancer 

(a) 30 yea:: ?la teau 
C::i) li:'.:eti:.-.e pL1teau 

81 (a) 

(b) 

300 181 

336 

(Plateau :::egion = interval following latest period 
du=i~; ~~ic:: the risk remains estinated) . 

(a) 

(b) 

The :::isk esti~ates in Table 1 incorporate the assu~ption that 

the ~illicn ?eC?le ~ave an age a;:d sex distribution identical 

601 

746 

to t::at c: i;:ii·:id·..:als 20 years c.nd older in t.'!e U.S. populat:ion 

(1967 sta~isti~s). These figures do not represent a 20 year 

old i~~i~~dual's c~ance of eventually dying of radiation induced 

ca~ce:::(a5~~~ing ex?osure at the 5 rcrn/year limit). This 

chn~=e can, ~o~e~er, be calculated by u::;ing the overall 

rao::::~l~t~ =~te :er i~dividu~ls over 20 years of a9e. This 

of 
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!i rcrn/yccJ.r fro;;\ age 20, dying from radiation induced cancer 

·is calculated to be fron 1 in 16 to 1 in 40. We believe 

this level of ri3k is eKccssive. 

A meu~s o: illustrcJ.ting the excessiveness of the 

radiution risk to ~orkers exposed at the maxirnu~ pernissible 

dose rate is to co~?are tnis risk with the fatality rate 

associated wit~ othe~ occu?ations. This co~?&rison is 

given in Table 2. 

Table 2 

Fat~lity Rate by Occu?ation 

Occ:..2·)2.t.:.o~ -------
Rndia t.ion ~~or;~e-= - ex?o.sed 

at t:Ie curre:-::. 2.ax2..:-.i..i...:..~ 

pe=:iiss~ble C832 ~ate a 
(f:ron ':2~~le 1) 

United States (lS73)b 

All Industries 

England and ~:ales c 

All Occu?atio::s (males) 

Ye~rl~ Fa~alit~ Rate 

-~in 1000 tc 1 in 2600 

1 in 6000 

1 in 900 

1 in 5000 to 1 in 10,000 

n Due to c~ncc~ ~~~~ccd by occu;3tional w~o!a bo<ly e~;osure 
(at 5 rc:1/:•c.) only. 

b ~~tion~l Saf0~~ Ccuncil, 
['. 2 J. 

c Dt1 C.1!~r.i.!l :~1:·~ l·::.-:·:1t ::or i~!~.:12:~~1 .1rv~ '.:.1~.-~1 : •• L~C';'!.:~:-.r.J.L 
·-- -----· -··---·. . ----- -- ·-···--- ------------------·---
r,.~.'-~'-~·~~~-~' . ..:: l').· 1 -: ::'~~- Uc1~~:~:1.~; -:~,11 >!~.rt.:!.::.·· . ."1 .~~~t lI!, 
'./~>1.~. L:t:.J _.,__ :,,:.:1 (1'}~<.:) .!:» ~.-,:·~e:~-..:~nc:c.t ::1 re:~'.> Pl::)li-:.-~~i,:):i 

n r i). ,; 0. 
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0

In r.1111':.ing the ubovc c:ompari~on, we believe that 

the .uooe;,- liinit of the radiation induced risk should be 11~.;P.rl, 

The B.Sllt Co;:imittcc cautioned that its cstim<tte m<1y be too 

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

too low is that the linear hypothesis is used as a basis for 

extrapolating from high dose-high dose rate data to low 

dose-low rate situations. Ke~ent.evidence suggests that 

the linear h~".?Othesis r.iay underestimate the effect of lo'.·: 

dose-low dose rate irradiation. The latest in~o=~ation has 

been sumMarized by D::::. Ka::::-1 Z • .t-!organ ,,-ho conclu~ed: 

Frequently in the literature it 
is stated tha~ the linear hypoth2sis 
is a very coose~v~tive assu."Tl9-:.io:1. 
Durirg the past ~ew years, ho~~ver, 
many studies have indicated that this 
probably is not true in gener~l and 
that at low doses and 6os~ rates 
somati~ G3~age ?er rad (a~d es?2cially 
that frorn a-irradiation) probably is 
usually greate:::- than would be assumed 
on the linear hypothesis.y 

Thus, the::::e is little justi:i=ati~n for relying c~ 

the lower estimate of the radi~tion induced risk and prudent 

health practi=e would indicate that the u2per linit should be 

used. \'/hen t:iis is done, inspection of Table 2 indicCL t2s t!-'.at 

?_/ I::, .id ., P • ') 0 . 

!/ ~organ, ~:irl Z., Sug02stcd ~eduction of Pcrraissi~lc Ex?osure 
to ~-'lutoni•.1.·.1 .:>;1;l Other Tr.:.nsur::.;:iu;;1 EL:!i:\.:.,nr:., Journal of ,'\'.',1oric.-in 
Ir.r_!·.!:<tri.:il :<··;i'.':1c 1 .::\u:J•J;>t, 1973. 
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the cslimatcd radiation exposure risk corrcs~onds ~d that 

associated with mining and qua:::r~ing, a risk that is ackno~l-

edscc1 to be far too high. The ra~iation cx~osurc risk exceeds 

the average occupatiocal risk by six fold. In this :::cport, 

we arc proposing a reduction in the risk of radiaticn induced 

cancer at the r:;u.xi;:mn allo·.·.'able '.·i:"1ole body c;{iJOsure by a 

factor of 6 tog2t~er with the request that t~e exposu~es be 

kept as far below the prc?osed new li2its as is practicable. 

we do not mean to 1~ply that all radiation workers a- 0 

inap~rc;>r iate gui·i2line ?..gain.st · . .:::i.ch to a:;>;:~::' t.:'1e as-10·.·:-

as-pra~tica~le :::ule. 

set t:-i.e rnaxisun e:.:;:ost:=~ li:-:lit a-:. a le· .. :el th?.t ccr~es~o!lC.5 

to the average occ.,;pa':io:'.al =a-::aiity rate ~ec2.'.lse t:ce li::-.it 

applies in p:::acti=2 only to t~e sost exposed i~dividu~ls. 

But it is·precis~:~ these nost e~;o3ed ~orke:::s a~o'.lt w~o~ 

indust:::y should s~~ject its worke:::s to an abo~2-averag~ risk, 



-B-

subject to nor:-:1:11 non-racliolo~;ical occupational ha:ard::;, 

and hence the average risk in the indu6try will still be 

above the avP-r.:ige for «11 occl1p<:1 tions _even with the ado?tion 

of our proposed change~. Thus, it would even be reasonable 

to argue that the risk of radiation induced cancer should 

be furt~cr re1ucecl. Consequently, we sec no justification 

for a higher risk, particularly since the above csti~~te of 

the cancer and leuke.r:1ia risk does not include the adciitional 

risk associated with radiation induced genetic damage. 

B. Ge::etic E:fects ------

The BE!~ ~eport estimated that the total inci~e::~s 

of all identified serious genetic diseases due to 5 re~ ?er 

ge::er&~ion to a popula~ion of 1 ;;tillion would be between 300 
y 

to 7 ,500 per year at equilibriu::t. In addition, t~e B2!?-

Report esti.:-nated that this sane exposure at equilibriu;n 

would eventually lead to an increase of be~ween 0.5% and 

5% in the ill health of the population. 

The ap;:::coach for esti;;iating the geaetically 

siq:iifica:lt dose (GS~) is to ::se that ex?osure <:.ccnt::uli!tc·::! 

by age ~O. T:1e existing exposure limit would allm1 a •..ior.~er 

e:-:;os".'2 at 5 rc::•/yc~r fro~1 a0c 18 to accu:-aulatc Zl. dose of 

GO re::. by ac;e JO. i!c:'.C'3, b:-1sccl on the I"\SIP. !k?oi:t cstir.iates 
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nbave, if one r.iillion worker::; were expo:;cd fro::i ilCJe lB 

, nt the currerit 5 :;-e::i/yenr limit, bet1-1cen 

~identified serious genetic disc<!se end n 

3,601) nnd 90,000 

sig:1if ic<!nt 

increase of ill-health would sho~ up in the prog~ny of 

these wor)~crs, assu.c.ing an a·Jer<:?.:;e of 2 children per worker. 

The increased incidence in ill-health would be ~quivalent to 

beU·:c:e:l 6~ a1:d 60% of the incicle:lce in a population of 1 

millio:l, ~·~-, the first gener:.tion. This genetic risk can 

be co~?a:ed ~ith the so~atic risk to the workers themselves. 

T~~s, an indivi~ual worker ex?oss1 at 5 rem/year from 18 to 

65 years of a;e ~o~l1 inc~r an aiditional ris~ of fatal ca~cer 

beb:e2n l in 15 &~d l in 40, ~n~ an additional ris~ of ~et~ee:l 

1 in 10 and 1 i:! 3~:J tha-:. o~e c:: his progeDy · ... ~ill i:1c~ a 

serious ge~etic de~ect. 

co~?arison cf the sc~atic ~nd qenetic risks zssociated with 

a sins le 1.-1or~<er' s li=:ctine expos·~:re ass'...!..~es e::;:ual ·.-;eigh ti:iq of 

the hu~~ or s~f~e:in; associated with the so~atic and genetic 

The g-::::.e7.ic risk is di::ferent in t!"::c.!::. t'.-:c effact is 

s~ffc~od not bt :.~e wurkers but by their of::~?rin; and by 

D~-:r=-~1:-:1 ..:. ... J b~, t.~·~ ·.-::-::::'.er hut i~vo1u:".t .. 1.t~ily by t~1cir of:sr:-ring 

l: 
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irdicat·;~:; that the risk of fJCnctic d.:imagc is co:nparablc to 

the lcuk-:;mia and cunccr risk and, therefore, is also too high 

regardless of any special weighting that it deserves. 

Again, we strongly suggest that the up~er limit 

estimate of the genetic risk be used in this com?arison. 

The BEIR Coramittce suggested caution in the use of th~se 

esti~3tes and began its Discussion section by stating: 

A major concern of the Subco:r.;:iittee 
is the possi~le exist~nce of a class 
of radiation-incuced gznctic da~age 
that has been left out of t~e estimates. 
By relying so heavily on ex;eri~ental 
data in the nouse we may have overlooked 
~ra?ortant ef:ects that are not readily 
detected in ~ice, or the mo~se nay not 
be a pr~)er l~Zoratory noCel ior the 
stu:ly of !'.'.3!L±-2/ 

As if to ree:::;:i~:isi?e this, the c:ora:-.iittee cor:cluced this 

section by statin;: 

~~e reni:-iC. all t·:ho fl~~, :.!S::? our 
estinates as a basis :or ~olicy 
decisions that these esti~ates 
are an attem?t to ta~e i~tc account 
only k~m;n tangible ef=ects of 
radiation, and that there raay well 
be inta~gible e=fec~s in adj!tion 
whose clL~1ul6.. ::ive impact :-:-t::y be 
ap?recia:ile, al.though not no-..1cl .11/ 

There is reason to suggest that the BEIR CO;!'..'":littee 

~QI !b~d., ~.57. 
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cs tir:w. l<?:;. In the cx?crimcnts of Dr. William L. Russell at 

the O«k Hidge National Labor.:ltory, it \/as observed that the 

induced mut.:ltion frcqu?ncy at low dose rates wa~ about 1/3 

that observed at high cose rates. The factor of 1/3 was use~ 

by the EEIR Co::imi ttce. Ho'.: ever, Dr. Mary F. Lyon, et al., ha·..re 

analyzed the Rus~~ll data along with additional data from 
_!21 

e;~per ir:~ents at 10·.-1 dose ra tcs. Their analysis shows that 

as the dase rate d::0?5 belo-.-1 some 0.01 r./:-::in., the inC:uced 

mutation frequency beqins to increase. They conclt:de: 

The valt:e 

pa~ -- locus 

?.dO?ted 

per re::t 

In future esti~ates of the senetic 
haza=ds of envirc~~2~tal radiation, 
the=efo=e, it ~ould be p=uie~t to 
in~=ease t~is la5t figure to a value 
abc~~ that seen in ~ice at 0.01 r./min., 
fo:- \·:·:. ich the ::-z:·;i:--;;~--:1 l i>~e liho·:>d 
esti~ate given by the data con5ide::ed 
here is 10 X 10-e.l1_/ 

i~ t.-.e 3EIR Re?ort \·ies 2.5 x io-s ;nu ta tio:is 

o::: - ::actor o: '± 10\·Iar. 

Thus, o~ce a;~in there is little justificatio~ fer 

relying on Hie lo«·:er ::.'_;:-,i'.:. esti:-:-."1.te and prud.ent health 

The U??~r esti8a~~ o~ ~~e genetic risk (l/10) is co~?arable 

-·-------------
!.:~/ L·:·vn, !·l.:t:=:-~1 ~., D. 'J• ?a::Y~·:0:-t;1 :l!.l(1 E-!ita .. J. S. Philliµs, 
"r,-.:.:c~-~~~1~~0 :'!nd :~·..!:J~: ~: Fr0·c-'J~:~c·/ .:.f.tcr. li.r":-?:.lia~.ion o: :!ouJe 
!_;: )·~· !::'~ :t ': ':\ClQ r. i.:\ I H ;.'..:.·~~.:_.::_:~:.:::';I :i ~-1(>;..' I \" o 1 • 2 3 8 I J L] l :; 2 (j r 19 7 2 t 

.,) :·· . l 0 ] - l ~ ~ . 

1 ., I 
__:_'J ! '.; i·J. , :) . : 'J .; • 
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to the upper lirnit estimate of the somatic ri~k of 1/16, and 

this lJCnctic risl~, like the somatic risk, is cxcc:;siv~. \\hen 

somatic ri~~k ar.d genetic risk are combined (on a11 equal w'=!iqht 

ba~;is), the co'."lbination suggests that the e;<isting exposure 

st<rndard is <it le.:ist 10 times too high. In this Report we are 

prorosing a factor of 10 reduction in the genetic risk c.ncl a 

factcr of 6 reduction i~ ~~c somatic risk with the additional 

request as stated previously that the exposures be kept as far 

below the proposed new limits as is practicable. 

III. Pro~osed ~ctio~ 

ex;:iosure levels to radiation c.re e;nbod:!.e3. in t""'.e Code 0£ =ederal 

Regulations at !O CF~ 20.101. At present these 10 CFR 2J.101 

regulations lir.,it the •:1hole bo::ly dose to 1-1/4 rem per calenG.a.r 

qu=.rter (5 rem/year), exce9t a licensee r::ay pe:r:".lit an indi•1idual 

to recehre U? to 3 re!"'.\/s-uarter whole body dose as lone;; as t~~ 

dose to the whole bc~y when added to the acc~~ulated ccc~?aticnal 

do3e to the whole bo~y, shall not exceed 5 (N-lB) rem whe.~e 

"N" equals the i~di.~iCual's age in years. 

The o~jecti'le of the pro?osed action is to reduce the 

gc~~tic risk associated with radiation e~?osurc at the currc~t 

oc(.·up:ttior.:oil c:::o::i::l;::e l~·.;el by .:i L1ctor o[ 10 :incl reJuc2 t'h! 

sc::::1tic ris!: b~· :1 f:1c~or of G. 'l'o r.;cct th.:! ollj-::-ctivc i-cL1ti•1c 
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1. For individuals under the age of il, where M 

is not lc:;s than 45, the whole bo1:,- rat!iu.tio:1 

exposure limit shall not exceed 0.5 rc::t in any 

calendilr year and 0.3 rem in any cal~ndar quarter. 

To r.leet the objecti':e relative to the so;;iatic ris:~, it 

is pro?osed, in addition to the above, that: 

2. For i:-:dividuals equal to or greate::- t-':a:1 :-1 

years o~ ~ge, a licensee ::t~y per;;iit an indivi~ual 

to recei7e U? to 3 ren/~uarter ~hole body dose 

exc-3ed ,., -
u.~ 

t.:-ie d:lse to s0~ll ·:::ot 

equals ~~e individual's a;e in years, and 

sc::ta ti:: :- ::.s . .- :iy a facto::- of 6 be lo-.-; t:ie 

It. is 

propose~ t~at t:ie value of X be calc~lated 

using t1-:c :::-elative risk wo.:1.el as d.esc=ibed 
14/ 

more B~I~ R.epo::t. 

'.:.b~ ;>l.:.f:.r~,~ . .'...l :-';"!:~:Ci:-., i.· ~· / ~::~ .::..~t:-2~.-·/:tl f:JllC.:'.·:::"'!·.: t.:~C' :~:~0.:.it 

:._)-:~-:-:iol1 d,_,:ri:"'..c: · . ...;-.:_ ... :-:. 4..:~.c ri:::: r..;:--· .. '1::..:::...; cic··~:c:~, :-v:- c.::;.,~:::-.::; 

r1t.::.~r t> . .:1:1 1·~1.i:: .. -~· :·-:: :::tk;. .. :: ~1:: ::.:>.:? li~~cti:-~:.:~ :-;~ ;:-:~(! i: . ..:~·.'i . ..:1'...l.J.1. 
j·:.L' l"l~J.1t:i~1t..""' ~:~ ':·: :-'.-}.:~-:·l 1 . .ii!:.< t>:.:! J 1.~·.;ti.-~-:.! :~.:.-:c !'..: J::.s·.::.-.:;~i..0n 

. ~ : .. 
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It is furthc: r~questc<l that: 

3. 'l'he :me in:.;titutc hca!:ing5 to determine 

the as-low-as-practicable extent to which 

the e:·:~osure can be maintained below the 

pro7osed new regulations. 

The e:':[ect of these pro;x>sed changes will be to 

reduce t-'1c genetic ris'-' f!'om \)CCupational radiation ex:::iosure 

at the li;:ii tin; value: by a factor of 10 to about l in 10 O 

and reduce t-".e :::-isk c::.ssociate:d with the induction of fatal 

ca:-,c2!'s to a:::cu': 7.-'1e s~r.12 level. Again, it sho~ld be 

recosnized t~at t~e o:::-~inary occupational risks and t~e 

risk assc::ia~9C. '::.ith at.he~ 'b~an 1.-:hole boj_y irri!C.iatio11 

theless, the ~~ole bojy radiation risk is still quite large 

and tie:e:o:::-e, i~ is essential to naintain t~e actual 

ex9osures as :a!' below these pro9osed new li;:iits as is 

?:-:?.cticabl~. 

IV. AddiLic~al ;usti:ic2tion 

The Jt::::~ Cc:-:~.ittce of the NAS rcvic1·:e.J th<! more 

!'ec~nt ~2t:i en ~~e biologic2l effects of r~diation. They 

· 1·:c=c conccr::.:::l ::-.:i'..nly with the. e:·::-'osure o[ t:1e gc.-.eral public. 

:?". ":.'.1:.s !'C.s:~~.:c'.: t::c Co'.'.\::1ittcc co:1clud.cd tl~:1t t!1P. current 
)5/ 

<> conclusion 

l ,. ' 
:.....::_! c; t". p. ~. 



.-15-

which in our judgment should bu equally ~pplic~blc to 

~ occurH tional e~::_:io::;urc s tanclarcl:;. 

""- A Co::u;\ittce of the IC!l? in 1969 re·1:.e-.•ed the 

sa::te materiul that forncd the bc:sis for the a::IR Rcpo::-t and 

indicated that the somatic effects of radiaticn were 5 to 6 

ti~es worse t_!:\<1:1 was estir.\ated p:?'.'eviously. 

no rcco~rnendations relative to the exposure standards; 

rather, it stated: 

The choice bet~aen no c~a~;e and 
a partial an6 tentative re7ision will 
depend, so it sae~s to us, net only 
on a scientific assess~ent of e7idenae, 
but also on ~~a=tic~l c~~s~~e~at~o~s, 
such as t~~ gene=al desi=2~ility of 
stability in t>·2 reaco::-·_-:-.e:.-....:..:.:.ic::s o·v·\:!~ 

a perioC. of ye=. rs. T~e !:;a:_=.:!ce: bet:~:·::~:-i 

?ractical consideraticns an~ inco~9lete 

scientific e?idence is a ~~tter fc= 
judge~ent outside the Tas~ G=ou?'s 
frame of reference. Keve::-t~eless, 

it seer:i..:d use.:~1 t·:> gi.•.;e =.:-. exc...:.-::;;le 
in A?pendix IV of how our conclusio~s 
about relative tissue se~si~ivity to 
cancer induc~ic~ by radia~i~n rnis!:lt be 
used as a basis fo: sett:~; ~~se li~its 
for individual ~issues ani o=;ans and 
perhaps for the \·::-:ole bo:l~·. "_5/ 

l·S/ IC:'.? - P\.!:.:.l!..c~tion l~, ~~- ci'::., ?-33. 
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In J\ppcndix IV, the Ccimrnittec analysis indicnted that, 

when the sorn.:i. tic und genetic effect:; arc combined, the whole 

body cxpo~ure limit ~hould be reduced by a factor of 10. Thus, 

the chan~jl!~; proroscd here arc in accord with this ICRP Co:a:nittee 

analysis. 

Both the ICR.P and NCP..? have rccow_'1lendcd that special 

co:lsideration should be given to pregnant and fertile fe~ales. 

In fact, in January, 1971, the NCR? recon.-r,ended: 

During the entire gestation period 
the naxir:iur:i pe:::-:::lissible c.lose equivalent 
to the fetus from occupational e~?osure 
Of the exp2cta~t ~other should not exce2d 
0.5 rer:i.17/ 

The change~ ?ro?osetl in this Report would in effect acco~o~ate 

this recc::-c'."lenda t ion of the ~;CR?. 

Thell.EC, 1-;:-iile acknowledging t.'1~ greater se:-isitivity 

of the fe~us, did not asend t..'1e cose li~iting sections of t..~e 

Co~~ission's regulations (10 CFR 20) •. So far as pregnant o.:: 

fertile wo::-.en are conce:cned, the AEC noted di:!:ficultie.:; in 

sex discri~ination, right-to-work and right-to-privilcy ac 
18/ 

reasons fo:::- not changing b~e li~its. The change pro~ose3 

here, since it applies to boci. nen and women below the age 

of 45 eliminates these difficulties. 

In fur t.!1cr ju:-;t:ifica ti.on for not ch<lnging the dose 

liraits for prcgn~nt ~nd fertile ~omen, th~ ~EC ~tatcd in its 

------·---
!_7_/ ::c:u~ ~(::;,,_,rt ::o.3'1, oe). cit., p.92. 

_J_]/ !·~~:1:.:.::_c~:-~-·~:~::__! __ :_~·~:..:_~~' \':Jl.40, ~~:-,.2, FriJ<1y, ,T.\:11i.1ry J, 107S, 
::-:'· t-l'•-d'Ju. 
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Reduction o::: the dose li~its for 
all rodiation ~or%crs in o:aer to 
avoid <li~cri~!~ation aga!~st ~omen 
does 1101.:. a?pea..:: ?r<ictic0ble. Such 
a rcduc ti on in ti1e dose L.;::i ts would 
cost the nuclear industr:,-· larc;e su:-:1s 
of money in the a?plication of design 
and cnginecrin~ changes ar.d, in so~e 
cases, the en?lo;-;:;ent o::: ~~~itional 

workers in o:der to accon?l!sh essential 
work within the reduced i~t!vidual dose 
limits. The latter could ~ven iesult in 
a net increase in total ;-:;s.:;.-::-e:::s o: ex;x>.=;u.re. 
Reducti0n o::: t:":e dose li:-:;.'.. ·.: fo::: all ·.·;orkers 
would aggravate an existi~~ s~crtage of 
~vailable ~an;o~2r in cert~!~ ~ey occu?a-
t ions, £·~·, radics:a;hers, ~elde:s, and 
pipefitt2rs, t~at nay in~o~~e relatively 
high :!:"?..·::iiaticn e:·::;os~res. iS/ 

While w~ disagree with t~e philos2;~: for setting 

to 0. 5 re::1/yea:::. ""'urthemore, t'."!e 3 rer~/q'...larte:- li:".i t is 

retained for old~r ~orkers. 

should not p!acc a la:::ge burden on the ind'...lst=~· Fo::: 

?· 799. 

l 
• I 
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Data on results of personnel 
monitoring reported to the 
Conunis:::.d.cn pur::rnant to 520. 407, 
10 CFR Po.rt 20, for calendar year 
1973, indicate that 67,862 
individuo.ls we::c monitored, 29,169 
received measurable cx?osures 
averaging 0.73 rem for th~ year, 
and 3,425 individuals (11.8 per­
cent of those rcceivir.g ~casurable 
eY.?osures) had estimated ex?osures 
in excess of 2 rems.20/ 

If M in t~e pro?osed regulations were set at 55 years 

and X at 3 rem/year, the necessary rcductipn in cancer fatalities 

would be achieved. If the work force has the sarae distribution 

as the populatio~, then so~e 161 would be over 55 years old 

an~ ~he ab~~e ~~ot~tion indic?tes that o~ly 12! are presently 

ex?osed above 2 re~/year~ If M were set at 45 and X at 1.5 

ren/year, the cancer red~ction would be achieved, and so~e 37% 

of the work force could be expec~ed to be ~bove 45. In this 

latter case, by li;::iting t..."le ex?osure of \·mrkers over 45 to 

O. 5 ren fo:- 2 years, these sa::te \•ork.ers ( 12% of the wo:::l: force 

in any one year} could receive 3.5.re~ in the third year. koreovei, 

sicce there is sccj reason to believe that the present 

exposures ~=e not as low as p~actic~ble, the industry sho~ld 

not hava gredt difficulty in confor~ing to t~ese proposed 

resula tions. 
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In conclu:;ion, we note U1.:it our proposal for 

li~iting the cxpo~urc of younger workers while allowing a 

It ii;, in fact, 

sinilar to a 1955 reco:;1::1cndation of the HAS Committee on the 

Gc:-ietic Effects of Ato;nic Radiation in the BEJ\R Report: 

Fl That every effort be made to 
assign to tasks involving higher ra-
diation ex?9surcs individuals who, for 
age or other rsasons, are unlikely there­
after to have additional offsprin3. Again 
it is recognized that such a procedure will 
introduce cc~?lications a::d difficulties, 
but this conr.1ittee is convi:1c-~d t~at. sc::2-ety 
should begin to modi~y its ?rocedures to 
meet inevitable r.ew c::mditio:.s.21/ 

\·ie s~'8:-:.it t~at this :.ceco:'.1..-:-,ondation is eve:i more 

Its justification on g~~eti~ grou~C3 is 

potential of radiation is now recognized to be much greater 

and t!i.e hi:;h radiose::sitivity of t~e developing er..bryo and 

fetus is also nc~ recog~ized. In the presence of an 

ex::a!1di1!g r.:..:cl2"'r industry, the tine to i;n,;:.le.-:ient this 

rcco~:.e-!!d?-..tio:-i ~ns a~rived .. 

2 }_ / ::.\.5 ~:::.:"\~ n.r:.~ :y:;,,:::., : • ..J. tionil 1 ,~c..:?dE~::iy of Sc:i~nccs, '"rhe 3 io lo.:! !.cal 
E~~~c~~ c~ Ato~ic R~~i~tion, S~nm~ry Rep0rts, Report of t~2 
co~·:.~i.~-:.;;;-c;;c;~~:,2:i~·-z-r-~-.;-e:t·s of t\t.omic R:i.clii"..tion, l<;t:>hingt,:;n, D. C., 
)')::;;;, !,).29. 
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Exhib~I: C 
( fl\l..~<I.,..;,\ . ., ~ IW.-..1 ~\ 

. ~ .. .,_\.,..,,._ . I 

l·>.-tirnall·tl 1u1111li,·r .. ti( th•:1th, 1u.·r 'l·:ir iu chi•\·. S. p11pul.1tio11 al tril1ulaltl1• t11 n111tinual t'\l•n .... tll't' al a r;1le uf 
0.1 tt•m µt.•J' 't•:i r. h.L ... t.·d on morl .die~ fr um h.-u?,t•mio1 a1ul f n1111 all ut lwr mali;.:n;11u·il•:r-. ru111hinl·•I. 

Jrr~di~tion ABS OJ.UTE RIS:\ ~:OOEL(] REL.\TI \'f. RISK MODEL'' 

Durin~ Period E:\CC$S u~.,; :;j Du~ to: };lt~CSS l>c.ltns llut? to: 

J-.1:!•1:.:. .. ~~i.J ,\ i l \) ~ h~ r C 1nc~ r Lcnkc~i :i ,\ll other i:.1rtcer 

In l!t~ro 75 75 56 56 

0-9 y~ars 164 (•) 73 93 (a) 715 ,., \ 12 ~ (b) 5 6'19 

I 

!O + years 277 (:!)l ,062 569 (a) 1,665 
(b)l,2S3 (b) 2,415 I 

I subtotal 516 (a)!, 210 

I 
738 (a) 2,430 

I (!>)_~.~a; (b) 8,3~0 

!rcrAL (a) l, 72£. = o. ~·. i:ic:-. (a) J,174 - 1.0':. incr. 

I ( b) 2,001 = 0 . .;·. incr. (b) 9,078 - 2. 97, iri~cr. 

a The figur.?:; .;:-_,):,..''.'\ ar-e ~a3c<~ -:::-. t:-..e :ol !o·.:ing as::•...:::lpti..o~s: 
(1) 1967 U.S. vital s:a~~~::cs c~~ b~ csecl ~or a;a specific ~e2th 

r2tes ~ro~ let!~~~ia a~~ ~11 othe: cance:, a~J fer total U.S. 
popu I~:':. i;.':1 

(2) Vzlue5 ~~r the jurat::~ (a or b) r.[ t~e lA:ent period (the 
lengt~ cf t~=e af~a= ~~~~~i~:io~ ~~fo~ a~y exce~s c[ cance~ 

.death:; cccu:-), Cu:-.:::·::-: ~: r-i5k ("plat~~·J regic~··), 2:td 
~agni:~~e of avera;~ ~:-:=~~~se in annual ~ortali:y fc~ each 
group are a5 show~ :~ :able 3-2. 

-
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l'rcr ace 

Thi!> r<•pnrt of tlw :\atiunal .-\l'aiil'n1~· or So.:i­
cnccs · :\atinnal Hc,•:atTli Council ..\dv'isury 
Com111it tC'c •111 th' I :ic1l•1i.:ic:il Etrl',·b of lr1nizi n~ 
Hadiatil':1;; (BEii~ r,rn111:ittcel dt·als with the sci­
entific ba:<is fvr th,, 1·>talili.;l:t::1:nt of radiatiun 
protection :;t:u~dards nnil t:th:nr11p~1.:'St's a re· 
view anrl rc·.:\·aluaii•rn of cxi,:tin;: scientific 
knowll=ds.,:c conl·L'rnir~~ ratliJtion l:'.'\po~urc oi 
hu·man µopulati<1?>.;. The prl·::cnt h::;i> of radia­
tion prot<·ction i.' -'·"'"~ntial!y th.: e;:ahli::h111L'llt 
or sin:-"Je upp<:I' Ji:nit5 for indi\i.!ua! ;;nd Jlll[>U­

lation a\·.:r~g-t! (1 Xp1,~urc:-: \\·ith the un._i1..lr~~and­
ing th.at any bio!1J'..!ic:1l ri:=:k~ =--h1Ju~d be nff~et by 
conrnk:::rnrate l•,'lll'tlts •llld thal tht>SL' ri,;ks 
shou!d be kep• :!; low as pranic:1bit•. It ha,; 
bc~ome appar.-?1: that th~;c Ctl!T(·n: conl·L·pl5 
of l'i:!diat!.:111 pi C•~O:t.:tion 1~~;1~· r.cit hi:: ~l~!~~;uate in 
a futurr~ tl:2:~ nf L~rz::-·::c-::!e "-'~t· ·.if :~':..:clo::·i~r i>?1t~r­
gy. ln;.i.:!t"iu~:L':; 4~r:!=:t:~ b(·t•~L:~·.· tl;::!'t: l:; the po­
tential fc11 rat!i~~i.i!l l'\'.f)O:::un.: (1 :· i:>r:tire popu.1a­
tions a:~d ~uLh ex:)•:i:.::urc- n1:1y L..:: :-t?~ :i..:tt=irn:~tive 
tooth~!· typc:5 c;:· h~z:irJ5 .1s. :·{·:· i.:Xat~lplc. tht: 
sub:_::.titu~i~>r: of ~·~~di·.ii!•.:ti\·e ('o:·.t.·::~~in:uH:: frorn 
nucle,1r pLn1.· 1~r r,:~~r.:5 for tht.1 f"Jn:bu .. tion prot.!­
ucts ir01;1 frJ35iI :'\.; . .;\ pL-.nts. Th:..:.' th(·~·e is a 
·ne~d so:nt•h'lw to make comrari~•1n~ of hi(Jlogi­
cal risks and b-:!~i:i;1t:; not 01~!~· ior radia:!on but 
for the:ilt1:rn:1;i;-"' r,~nions. In ;hi~ rc•p.1rt it ha~ 
not bC't.:!l p1.,:;~ib:2 f0r us to d::a! with critic:'.l 
intt>r:u:~t i:~'..! fa.:·t;:1!·~ :;uch a3 :o:t>ti11-l·l" 1>non~it$. 
encr~y n,:t"'d~. ar:.: .. ~~)r:!par~.tivt· ..:·ff\.'.'ct:S of other 

iii 

toxico:o;.:ical ai.:ents: Mr ha,·e we attemplc<I to 
explore in •lctai! technolngical matters such a . .; 
su~tainetl eng:ir~et.•rir~~~ pcrfor111ancc of powl!r 
r~actors. laq.:e->Cafe Wa>k iJj5po:;a], or the 
prvblC'm of catastrophic accidents. Neverthe­
Je;s. ,,.e have fL'lt it urgent to call :1ttcnt:on to 
these i5>UCS because uftitr.ate!y, uecisions wi\f 
have to be made involving them, and public 
acceptance i_:aincd 'lll th~ ba5is oi providing­
::oc:ict~· with the s.:n·ict'S that it net>d5 at a mini­
mi.;:n rio;k to health ar:.J tbe el1\·iron:1:.,nt. 

The 8 EIR Co11:mitt~e ha; endo:a ;-c>rcd to en­
::ure th~t no sources o;· r-:'le,·ant knowledg~ or 
exper~i.-c: wct:e ove:-!•)•1kc"<! in its study ar.d to­
\\·ard th;, end h<ls e.-::;h!i:<!:ed :ind maint.'.lir.e•i 
liai~on wi:h appropri::tc r>ational ard interna­
tionn.! c1rg-t'.niz~ti(.i?~E. ar.d has solicited the 
opir.ic.~1~ <1.r~d cou1~::;~; of in~!,:!du~tl scie~ti:;ts. 
Tbt: Co?~·:mitt::e 'si=-!u·~ to t-X8!"i::i5 z.ooreclatlo~ 
to ti·wsi· who s.er\·~d 0n th-? s·~~bco:·:~:;:~ttee~. ar.:l 
to th'e mhny or~~~ni1:2:ior;s and !nd~.,·idu~ls who 
}141,·e cvc1 perat 1~d by ~r0·.-i<ilr:!? \':e-.~·p~1int.:; and 
in:0rmati(1n. T~c ?!~t:!;:1be~-5 of tr.e Commit:c2 
a::d Subcom:1~it:212~ a':t~.J as i:;di\·idu:ds. no\.. :'.!5 

re~r!:'~E-litatii·i?s or th· .. ~!1· or~nr:izat!on:!. 
Chapt.;?-s I\" th:-ou~h \'I! repres~rit t~e re­

ports of the rt?sp:-cti,-e Subcorr.r.:it~c-:?5 but :-::(1.y 
ha-.-e b~en modif.~d b:; the Cv!":':~.itte~. All r.ie:rt· 
1:-e-r~ of the Cor:1r:·.i:t~~ ap;:iro\·e the sub:.t::!t:('e 
D:- the rt..~port if not r.~C'essari!y eJ.ch sp~ci:lc 
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PRIVACY ACT MATERIAL REMOVED' 

':'~tiST Tf.~iUTO!lY OF T!!E 
I'.\CII' IC ISL.i\."lDS 

) 
) 
) SS 

:·!.~.:~Sli.\LL ISLMlDS DISTlUCT ) __ ) 
, b~ing duly swor;i, 5tates: He is 

;:\ r.ieMb<.!r of the Pco9le of BikL1i and one of the named plaintiffs 

.i.:-: this u.ction. 

He was bo;::n on , at Bikini Atoll, :iarshall 

!3lands, and resi~ed at Bikini until the remov3l of his People 

fron 3ikini on ~arch 7, 1946, when he was nine years of aqe. 

Ther('!aftcr he lived with his people at Rongerik ~.~.".ill 

.:::· = l:J-11 f:=ora eati:ig toxic fish. 

The!'eafte::- he lived at i<wajulein ;._toll for. si;,,,e:.·.:;oi 

:-:c:-. ~.:-:.3 a:-.d then toge the;: wit~ the People of BD:ini, wa::; :c.o•.•:!·:i ·.:o 

~ . .:., --:=ict Cc:-:t:e= o: ~he =·!arshall Islands to attend ::-itara:te'=::..~t:! 

Sch::icl i'1 1953. .::..fte::- ccr:ipletion o: Interr:tedia-::a School, :,e was 

cs a -·~.;ilt~ .n.ide wa.:; C0:".1?leted in 1958 . 

. From 19Sa to 1959 affiant was er:iployec as a Health 

In 1959 affiant reoved to Cjel3ng Atoll as a Heal~h 

'! :~~ .• _ned at ~jel~n~ eight ye3rs. Then, aftar aorvice ~gai~ at 

\ .. :::~. 
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For ol?P• .... <imat-:?ly JO montlu affioln_, to')c:Jther with hi3 

wife and seven children lived in t~a interior of Dlklnl I3land 

at che place ~arkcd in the aerial photograph attached her~to 

with a red ".X" in Janai l'leto, where external CJ·lml'Tla radi.:1tion is 

botween 65 and 75 microrocntg~ns per hour. 

Affiant and his family consumed well water an<l ate locally 

available foods as well as imported foods. 

Affiant and his family consumed bananas, potatoes, papayas, 

p~ndanus, coconut, and fish, all from Bikini Island. 

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

urine sam2les frcm affiant and his wife, but not from any of their 

children. 

Aside fro~ the urine sa~ples, no other tests were adrninis-

te:ed to affia~t or his family. 

Affianc no'N knows thac ~e end his fa~ily, like others 

w~o have lived or are living at Bikini, has been placed at risk 

?Osure and, if ~ecessa~y treat ~esults of that exposure, extensive 

Af~iant, as a trai~ed and experienced Health Aide, kno~s 

exa~i~atio~ a~d possi~le treat~cnt. 

Dr. Cona=d ~~ew, when urine sam?les we~e t.J.ken from 

af~~a~t ana ~~s ~if~, tha~ they ~ere living in ths interio= of 

Siki!:i Isla~d. 

By th.J.t tixe (late 1974) Dr. Conard reasonably must have 

~nown of the pro~ability of extremely high radiation risk to a:fiant 

~evert~eless n~ith~r Dr. Conard nor .:i.ny ocher 2~~A or 

"..:.- physi:::i<l.1 :u::nis::ed a!:fi.J.nt or his family with .:i.ppro;:iriat~ 

exa~inacion or care. 

~-0 confid~ncc in Dr. Co~ard or other E~DA-

Affi.J.nt b~licv~s he anrt his fa~ily 
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~ave a right to ~cl~ct thair'own phy~icianM for tho examination 

.:ind ;:ioss.ibl>..! t.t"ea t;r.~n t they now rcqu ire. 

Dy reason of ERDA's having allowed affiant and his fa~ily 

to h.Jvc been pluccd at ri:;k to hi9h radiation (e:<tcrn.J.l gamma 

<los<J.gc appro:<i~1:.itel:; 20 timcz grc.1l:er than in American cities 

~:'ld 35 times greater than elsewh~re in th~ Wcztern Pacific I~l3nds) 

:!:':i:rnt believ.~s F.?JJ.l\-.:\EC should bear the cntir-:? expense of 

exaraination of hirnsalf, his family and others similarly situated, as 

well as the expense of treatment if remedial treatment should be 

i:'ld!cated or possi~la. 

Affiant is willing to have physicians he chooses release 

res~lts of examination of himself and his f~~ily to Dr. Conard a:-:d 

E:?JJ.'\-P...:::C but affi.:i:-:t is not willing to entrust his or his fa~ily 's 

:-ie-3.l th ca=e to Dr. Cona::::l. or !::R~.:\-.;E(; as af:iant has a reasonajle 

basis to beliave, :or t~~ raasons set forth above, that Dr. C=na=d 

~~~A-AEC and not ~ith th~ Siki~i ?eo?le. 

s~~sc=ib~d a~d s~o=~ to 
je:o::~ ma t~is 7th c~y o: Oc~o~~r, 1375. 

PRIVACY ACT MATERIAL REMOVED 

. ··-··-.. 
:Jo:.arv 9 1~=:.1 ic 
LILLL.\.-:S- ~.f. _.,,_\fl'.~i::W, !'lo~:'.!";: ?:i~'.ic 

rri..:sr n:~~tr0~: ~ ._,, ri:E PAC!i'IC 1~:..,s:::is 
lilAl!i<,.\L:. l.'1-\:-.D.:i tJ:H~ICT 

~ .~Y ·:l".''.'71;-::L~J:·:":l ~x ;.~:e:S on the 

__:_•fa.7 L ~ • !:J - . 
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