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Since January 1954 there have teen several emissions of radio-rutheniwm
particulates frca the Redox stack that have colleciively estatlished a
grourd coatexmication pattern core severe than any that has becn observed
at this site in previous years. Iofor=al status reports on thls topic
bave been suhzmitted to you from tize to tize. The purpose of this re-
Fort is to briag such reports up-to-date, end particularly to ocutline the
current situation as it affects off-project locations.

2. Sequence of Contaz=irating Events

The history up to July, 1954 has been docu=eanted. (Ref: D.P. Erright

to W. A. ¥cAdonms "A History of <the Redox Ruttenius Proble=" - E4-32L73,
7-16-54)

There follovs a brief reviev of the salien: features ¢n note fors.

(1) Harch 8, 1952 failure of causti{c scrubber. local con%ia=iration
(2) April 3, 1952 highly active parzicle (LO rads/hr) Zound oz su:7by
{rstruzent
(3) April 29, 1952 videspread conta=ination irn Redox areas read!ngs
up %0 800 =-ads/hr. fprogra= of exa=laing dejosi-
Lion 03 glass fiter zats tegan
( ) large Zlorzy particles of w==cnlu= niirate carTy-
ing Xu coaza=irazion
. (5) Septester 15%2 30-fold trsrease o Fars
(8} 3
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Juae 24, 1652

= yarzicle degosition
August 1y, 1333 large fra.ct20ts OF AITINRIUS RItSAIC. VP D osevwer
{nches leszgzth and vidth and 1/L f{ngh thick.
curvature coziatille viIth origin fn statk llinzr,
. dose rutes up 9 15 rads/hr
(7) Sept. 5,8, 1753  approxizately il¢ furley of ruthenlus released.
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(9}
(10)

Jan. 5, 1954
April 24, 1954

(11) way 22, 1954

(12) May 24, 1954

(13) June 10 -

July 18, 1954
(1%)
(15)

June 20, 15sh

June 28, 1954
(16) August, 1954

(17) 1late August,

1954

August 30,1954
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approxicately 70 curies. possibly caused
ing. contaziration lccal to Redox aresa
small contazinated area Jound oze mile frcx Redex ;lans.
eaission date rot xncwn. traasfer oy VInG actign unliely
because main ground dejosition at this tize appeaced to
caiatala position

by swats4 Jlush-

strip of conta=ination
Wahluke Slope
fimilar strip east through construe%ion areas in ZCO-E.

construction halted and 300 acres of affected ground
cleaned

zorth through 10Q0-B Ares acd on

Redox plant shut dovn.
made

contaminntion detected outside perizeter tarricade ia -
direction of Richland. Richland itzelf essentially clean
ten-fold increase in sctivity levels oo coatrol plois es-
tablished around Redox plant in Jacuary. believed due to
release of old caterial from stack itsel?

plan developed to coutrol access to areas off roads ia
about one~half of the recarvation (Refs.:.l - Letser, H.M.
Parzer to D.F. Shav -« Control of Ground Contanination
E4-32808. 8-19-54,

2 - Advice to lManage=ent Iururmation Croup - Control ot
Ground Contaaination - 8-20-54) .

{mprovenents %o stack air systez

contanination spread off-site.

Exozples: Richland - approx. 1 particle per 1000 sq. It.
on grassy areas, 1 per 3000 sq. ft. on tare aceas.
maxizus dose-rate abdout 1£0 nmrads/ur.

conta=izatiox at Ringold, Mesa, Benton Clty, Zaterprise -
cax, 700 mrada/hr. Coata=ization probable but =o: yet
reasured {n all other local co=sunities.

This spread is presuzed due to vind action.

current stalus again reyorted vertally %o AEC by W. E.
Johnsoa and E. H. Parker. Cceaizsion proposal i3 0
control vhole of reservation. Ur. Bugher, Div. of Blology

and HMedicine will te asked to visit the size for consulta-
tioa.

s+ Co==ents on Dercsition
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, Soze cf the listed events vere caused by la~ge eatszsions recorded by stazz =znt
Othiers cleurly occurred a% tizes vhen stack =ozitor read!r

beyond question, these vere due to release ©f ccating material frez the stask

The evidezce cz sulsequezt zo210B 0f oance deposited jarticles '3 conflisilzg. ™o

dovn !z early Jamuary vas generally zalntalned, alsh
dual partizles vere “cund to te =obil P
certalaly due 20 winl azz:on.

a3 vere aO".’—‘X—,
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A plausitle explanation is thnt true prizary emissions occur as srall particles
that attach thezselves to vegetation or sand. Subsequent modility vill te
deterzined by mobility of the host. Sccondary emissions as larger particle
zay be uore freely mobile in the vind, once they are on the ground.

As a graphic {lluatratiocn of the severi{ty of the current deposition at off-
rescrvation locations, cne cen picture the entire population of Richland lying
unclothed on the ground for one day. There would be about 25 1dantifiabdblce
rarticles in contact vith skin; not more than thrce vould Ye in an activity

tyre range that could produce a significant effect; not core than one would
prodbadly produce an efrlect.

Nature of Particles

The prirary szall particles are presumadbly cocposed principally of rutheniunm
oxide RuOy. Typical dizensions sre on the order of 2 microns. The caxiru
activity of such a particle 138 § x 10-3 mc. 1i3 survey dose-rate vould be
approxizstely 0.5 ::ad/hr. The particled of main current concern are large,
typically about 100 microns across, vith.dose-rates up to 20 reds/nr and
activities up to adoutr 200 « These cust be soze fora of agsregnte on a
carrier ®ace, vhich is sopetizes c——onium nitrate and sozetizes sand. Com-
Plete categorization of particle types (s laborious and {3 not telng pressed at
this tize. On the vhole, the particles are about ore part astive rutheniu=
oxide to LD parts izert carrter. The conta=irnanta in the articl e: re yredszi-
rantly RulO3 and RuiCO and their respective daughters RhiO3 aad Rn2CO, 7Tme

daughters hae short half-lives. Thcrefore, the ruthenium paresis ccntrol the
rate of decay. ’

Tte radiochemistry of {ndividual particles undoubtedly varies. Typlcally, the
content ol dangerous isotopzs otbiir than ratheniuz 13

Strentiun-89 acd Strontiun-90 < 0.3%

Rare em‘és plus y:trium <1.0%

Zirconiu=""" <C.%%
The ruthsniu= ecntent is on the order of 54, although this has not %een dezon-
strated by precisc radiochezical talance.

Particles collected on the inputr side of the 7Frocess sand filter tave a dexon-
stratly different coc-position, since this girean colliects Cisslion product
activity from steps in vhich rustlhenius Lc no% belrg specifically te;lr; ed.
These jariicsles typically contals aeut BO4 ruthenlum-lC] and 1CE, 1T . 5%
rare earths and 1 - 24 strontiv=-89 azd ©0,

The calzulazicns i1a this reviev are btased cn the typical e::t:ed sasticles vish
all the aciivizy considered to te due 20 ruthenlus,

Li%e ¢ Sha Fawe'eles and Parsistisnze 0f <t Provlex

L
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The {sotopic ratio Ruil u106 48 a fuscsion of the ize after Teactor lrTal-
iation, aud can therefore be used as a =easure of the age of paviicles,
CurTent process =aterial has an izotopic ratlo of 2 %0 L., Yaxy gf the 7ar-
ticles on the ground originally shoved ratics Lo she range of C.4 %o 1.C.

This {8 cozjpatidble vith a hold-up in the siack of betveen tvo and four =cntha.
Since the start-up of the Redox plant in July, ez=itled particles have showvm
the lcw {sotopic ratic of 0.8 to 1.0, Presi=adbly, the ezissioxs are ncv prine
cipally purges of previously held-up epaterial.

New rarticles vill have a nixed decay rate characterized Ly:

First half 1iZe 2 zonths
Sccond hal? life 3 zonths
Third hal? life T contks
Subsequent half lives approxizately 1 year

The contazination problen for nev particles stould be dowvn to 125 of ita
original {ntersity {n one year, and w{ll thereatter shov a one year half-lifc.
For the existing pattern of vontaziration, the intensity of the prodle= shoull
be dovn to 205 of 1ts present voluc in ore year, snd vill therearler shov g
half life of one year. Unfortunztely, the hazard is governed =cve ty Rulto
ttan by KulY3, The true peroiotezce vill te greater than s indicated by total
decay, and pay spproxizate a half.life ¢f cne yoar throughout.

Persistence rzay be reduced by gsoz=e dissolution of the particles by raic ard by

cover by naturally blovn sand and dust. Ve are urabtle o evaluate these fac-
tors at present,

6. Solubility of Particles

The par<icles, normally classed as relatively {nsolutle, iz facs shev variatle
and fairly high ultizate solubility. Particles iz the {nhaladle ra=ge vecse
tested in seru= to sizulate lurmg conditicas., Solubili{ty {n 36 hours ranged
Velveen «U% und 80%, Jepending on the size frast{cn used, wish as cver-all
average of 7%, )

large rarticles (several hundred =!crons dlaszeter) vere %ested Zor ingestion
hazard bty solution in situlated gastric Julfce. Sclubilisy in 48 houss, orprox-
izately the mavimus travel tize through the gast meinsestingl.trart, varied
frez 33 to 703, Such variadility (s presuzably related to the different sethoéds
of binding of active caterial and iners carrier iun the large pariicles,

The solubilily i{n ra'n vater has a0t beex
0f contazination jatterss through a ralnst
strate hal soiub:ilily ls nut spestazular.
there (o evidente of grnmerallized aztivity g
Tocls, Wough jossitly due 0 & zmuliitude o
as guch,

tmectily Teasured., The pers!
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Btological Excerizents

Uptake of rutkeniu: in the gut of rats vas =eagurec Jor jassicle and solutis:s

contazinaticz; uptake {ro= soliutiva vas 100-Tuld b.rnicr.
experizents shov uplake also 100-fold greater 2k

CU'(-E. .
the *n-ues qusted

LR gl

-U\l..

iz NCEP

Handdbook $2. Provisionally, permissidle dose 'o- ingestlicn can te reasozatly

gt

cozputed directly from the bandbook, as the vwo ’a-:or: vou.d ccox=jernsate.

Lung exposures are in process, but there are no results to date.
case, cleararce of rutheniu=m activity Zroz the lu~g "sd a bdlolog!

liZe of *tvo %0 thres veelis.

S=y

Ia oze human
2al halZ.

large particles vere applied to the siia of pigs for five to seven days.

Results vere:

acrcss; 8 == deej

Survey Dose Rate | Total Skiz Dose Elfect
=rads/ar rads
Loo ,;, 500,00 nooe visidble
10 Ar 00,000 redderning
2,500 7~ 2,000,000 dezqua=ation
11,000 ~~ 6,000,000 tissue destructiosz
21,000 ~ 7,000,000 tissue, degiructicn 2 ¢c= .

Total dote refers 1o the hat epot divessly talow "he particle, and {g vall
only ss to corder of eagnitude,

Qualftatively, Jalaxe does not set L= a* as 1ov a doee as anticiyated, tus
{8 jerhajs Tore ex%ensive than vas anticijated.

at very hiéh csse, (t

Plg skin and tu=man skin Are sufficlently slike <has ¢
“C0 mrad/hr parsicle for Tive days, § would be williz

d‘yo *

Nu=vrous reeearches a
so,uliony ¢ yiluantd e

Ceortamtnasicos of Yenl.
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¢s ¢n venicles £l the subiesuen
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3 Livestock Cozts=ination=

Cround cozta=‘ratics vzs found iz orcha=ds azi fleld crop areas.
ceszed izzlude 2500 jeastes, 2 lugs ¢f plimsg, 2 lugs of gares, 130

r -
-

r
vas detec%ed,

zavker*,

Ve have cozsilcered ke tazsrd 20 cattle and other livesicsx. O ¢t
Sloye, cattle droppings are de=szsirably teontasinated., Zovever, he
alle coxzle=izaticn shsulld not presexnt an appreciadle dires

s20ck. As & secondary tastasd to =aa, Jze need consider ond

-
s =
readily dislcdzed oo

-
[*9g =)ot ]

30 ears ¢ fomm and <0 czatoes. XO partisulate contasization vhatslever
Cre3s IT3= aflected aseas tave teen slloved %20 proceed o

aerp -

—-—a
rr=-23,

sy

Wakluve
sValle

< hazard o0 llve-
xidzey azd liver..

Ve wvere Izzerested {= ttialning sush orgazs fred local steck, tul sould =3l

-

¢o 1% witlhout risk of exzitirg tco =uzh commozt. As kid-sy ard liver are a

lov percezzsge of tie zor=al dlel, 1t seezs safe to ass=
zaT vould Ye fzsignifiszs

- -
wve

0. Tcte on Losimesry
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Ariefly “ere a particle rveading 173 =rals Fer bous tas a dlax
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3y comrarison vith the gtatemencs = Section 7, it may jerhars Se inferres
LY )

- r
I really amsizivate thas a LOO zred FeT hour partic
venld ens rendic e mAse Aa=azes Than aespre ervihera ar .de
$Xin - 2hat {3 an exterded deose of adous 2200 rads. In o2
Suspect that the zos=inal effective Tacge, adbove, 0f J0C-2llC
arcu=d aryroxizately 300 rals.

TEls point can be amsvered ozly by human experizentation. Th's a;peass to
te an extirely sa‘e procec1Te, and four volunteers are available. As an
added precaution, the opizioz of selected persozs familiar wish teta-ray
expesuTes is belng solicited 2irst.

11. Slclocical Fazawds ¢ Richland a=d Vieintey

-

8. Exterzal Radlasicen

Pariizles of the activily fcumd {n Richland and other zelgktering v
co——uzities can give skiz coxztact doses vell above convestiozal safe
1i=¢2s. Hovever, as shcwva atove, it can reasonably be exyected

tbat actual {zjury to any izdividual vill te «ither absen: altcgether
OF lizited to redlezing over an area of less than 1 cz=2. As the .
vors:, there vould de a s=3!l zecros=!s area, perhars cozjarableé wish
the effect of Fiuzgizg a lighted =atch head on to the skiz, My best
guess (s that t=is vould =03 Eazpen {2 ore day's contacs vit: the
Lotlesst kaown off-site Farticle.

b. Inkslacien

conalin 20t pore than 0.0

M. Ia the 2.~ range, core reckable o
szhalation, the zaxizuz a

2TLVETY 24 3 x 130 ue. Tze jes=issible
izfalation lcad of Ru--% ¢35 0.6 As/dary.  The upparent Tazas3 of lung
Cepcsition, crf-si%e, i3 therefote lov.

Iztalution {nto the lung is essentlally li=fted %o Fartisles under

9 ;% clazcter. The mottest jossible Farticle of this size, vithcus

carrler, vould zeztala 0.88 e Ru. The tyyical s=all rariicle woul?
£y

i Sexe ‘larger jartisles coutd be retaized tezjorartiy iz tze urper

TesTiTalory Imast., These wveould TRATAZtaristiral’yY Te zaved by ciliary
Froctsses, azl the chazge of sigaifisant irradiaticn &3 lowv. (See
Frenaix H)

The lung depositioz limtt ‘s Fredicaled 03 soluble =aterial. The
fazasd frez that jostion thal S1y be effectively ingaluble i3 diffisuls
T evaluats. Calrulaticn veuwlld gnav cte FO43TLILTy oF mighiy
Calized cxjoeres UF SO N Tads.nr, ] teiists tnat =ose cxFeris
vIulld net e alarmed vy ook

<t Fariliulate izhalation rlgg 3t these levele.

e —— s - .

STV e
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single pac=icle aztivizy (o2f-sice) cf spproxizately it i3, otnie Tasasi
even 0 c:ulldren plarizg, is rTe=ste. Sizilasly. oy s friit sootesii:ie
tioz veoula have 0 te Tery severe before reosiristiiis vese ceecel.

Ecvever, the gqucted 1i=ic (3 Tased o= assi=eld mifors dlgpersicn ¢f 2
Taterial {r fecd or valer., As pasvwisulates, o srild visuallite s
situaztion {n vhich scze localedrradiaticz of Fat 2iizg ssswrTed, asd
12 this lod <o punmsture 2f ke put wvall, the siTuatioz wonll te uzm.
favorabdle, &2 =27 Telieve that this Ls possitle. Tut IToaTy wvich
betler kncvledge of hizan physiolesy Souwld offer =Ire Jefizitive cri=-
toas o3 this joini. (Sée Ajpeziix ¢)

In s=ary, altbcugh ttere are defizize ave sl wosertalzty i e
tlolegizal evaluatiosn, 4 43 =y o7inios that t:¢ geverity 32 lztury of
any yerscl at off-site Lozaticss uznler the Frese=t orziitilzs ¢f measooe-
zent vouwld bte =izizal; iz additioz, Tze protarility of soziast wisth
active particles under dissdvantasecstws conilticzs is Lov. Mailtirlyiss
these fastors cf z=izizal severity atd lov prorarilizy of sosusTente, ie

total risk is telleved %0 Ye lcov.

lozlcal Tazards o= the Eegermtic:

a.

Ixterza) Radiazics '

Tze availatle jasiicles on site are =ore €3picus Ty & faswsr ¢f a% least
100, azd the maximics ASTiTITY i3 a3 =itk 33 tizes greazer, Recosmizatle
severe skin da-age 13 possidle azd tte chazmse ¢° %8 cotousTenre Quite

Plnie

Control &3 telzg =alntatc-ed by regulating assess %O tha wiTit areas.
CurTenily, ttere are Jexzczstratle vesk-esses 1= the fcntrsl rrogras, €3-
Fesially as applled 2 suc: orgasizaticzs a3 the militart firres. CozITols
are belzg strengtzezed as reajilly =2 ossitle.

AN enzourygl

§in3 Jeature ls tle atiezie ©f 2ozozoumabls lzuset ol dace.
22iTeTly, Tl surTosts o Ytelied At Do damase wiALL sostur off-site.

Irkalation . :
L LRI

The Zakimazm seveTity 1o the fame a9 10 ly offesica. The prodebilicn of
Farsicie 3 Tu3z gTeaisr. fQ:ze FCIIILv2 sade 1y €own, PEIL T
contvit vas J.IF ur, winsk ls Yelrv the prrmissille dally Lzmtave. -
[
(R
RE M




“13, TFeasitle Protective Measures

On-site control will be obtalzed by resziriciion of "a::'c 20 =aizn roalis

and zonitoring of areas, vhere secondary road travel !s needed T VOTZ crevs.
Clore ccoperation with the AEC on these control projcsals has teex malz-
tained. (Refs.: (1) FM Farxer to IF Shev, Control ¢f Ground Coata=iration
E4-328C8 8-19/54. (2) Rough draft rejiry (to te desu=ented later) I7 Shav
to WE Johnsen 8-31-54. (3) Preli=inar: Advice 20 zanagesent grouy -
Cecntrol ¢f Cround Contamization B-20-%4) .

Present status is that control zethods and appropriate signs have teca
egreed upon; signs vill be cade as rapidly as possitle. (estizate - 2-3 veeis)

Off-site, the cost of complete resoval of particles Is prohiditive. Partial
clean-up vould be feasidle 1if one could be convinced that particles telov a
certain level (e.g. 100 mrads per hour) could be iguored.

Clean-Up York load - Richland

!
Detection Lizit Hethod | Man-Eours
(mrads per hour)

2 by hazd 10,000

20 by hand 0.0

¢ 1c0 motorized " <,000
equipze=t

The mnat promising approach {s %o apply techrioues used in defezse agairst
vizd erosion of soil, ra=cly to plov or dig irregular trenches ‘n the keavily
iafested areas on site. These stould jreferentislly catch parsicles zoved
by the vizd. This {3 be ng tested exjerizenzally.

Other si=plifying techniqun: being conmsiZered include the heavy spsinkling

of tad areas vith {nmocuaus fluorescez: jarticles 22 Sesve as =calicoriaz
tracers.

For direct protecticrn of Tersonuel, ssr=al peranmal hymiene vould scez Lo

proviic adeguatc protection.  Thls suypposits our feeling that nothing i3 o
te galzed by {nforzing the public of a Tisk that, S77.23%C, 18 FroZAtly none-
exisicnt., The test proteztion s alrvaly telns u:i:::ei.

14,  Perventicn 0% Resureessas

Process =¢ d‘fi°a::c-s are 1a the o
Vrernuluoturing Lep
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during the shutdovn of Ju=me - July 1334, there has Yeen no evidence of
significant particle escr e through the syste=. GEovever, the resyon
organizations are not re: cozpletely sssured of the adequacy nf the 3
ventive measures, .

oo~

Elinication of the head-exd treat=ezt and sulstitution of a tall ¢nd treas.
zent is & Teserve defense zeasure ttal {s belzg carefully studled.

The stack conitor systex 2as undergeze substantial chazzcs 1a the caze
pericd. The Mapufacturing Depart=e=: operates a strip Tilter at the 20-fcot :
stack level and will scoz have si=!las- syste=s at the inlet azd cutlet of S
the sand filter.

The Radlolegical Sciezces Departsest operates fillter-scrudder cc=binatioans
at the 20-foot and 190-Z00t stack levels. These are relladble systexzs vwith
one exception. Sampli=zg should te done under (so-kinetic condisiszs; this
i3 not possidble at presexz: vhen the ujper sa-pler can be presented vith all ;
sizes of particles fr-x the sub-zicroa range to the one inch jletes fre= e {
stack lining. Those e=issions tkat lead to large particle deposistion (and

sperently to the malor tarzard) ray te missed. Developzent in 2his Zleld s

being atte=pted,

Infor=ation to the ATC

As the current situation has develojed, the Co=issi{on has been Xept fully
inforred by verbal cozntazts and exhiditions of co.ored caps, vhich are more
effective than vritten reports. We lhave the Co=—ission's vertal arproval

ttat this rmethod of cox=anication adequately dischasges sur centrrstual obe

llgations in the patser. If a=d w=sz zhe condition #labllilszes it would

geex uppropriate o sut=it o for=al amalysis. A copy of this report would
also provide a general suT=ary for tte Coz=issicn's use.

Before the close of thils veek, one copy of the current =aps of lepcsition
{2 color will be sub=!<%ed to the AZC.

. -

Also through AZC cooyeration, Dr. J. C. Bugher, Director, Divisioz of Biolcgy
Al ad -

ard Medisize, AST, Waehingion vill visit Richland *o reviev the rrodlez.

Tte lecal aspects of the prodlea kave teen discussed vith Ceorze C. Butler.

T sce=3 2 Yo anreed hat {f g drmsmntoable Razard o the Tublic exists,
arprogriate velcases shculd te =ale officlally by tne AEC, azi 4 esfect
Joiztly Ty the Coxmission and the Cozjany. As an !‘ntercediate step % czay
te deter=ined that state jolluticz efficials should Ye advigsed. Ve have
Frevicusly had excellent cooperatlion fro= this sourse (a2 zatters of Colu=cia
Hiver contazization. Thls pgliit will le dicided during Dr, Zughor!

We are viclehearicdly in favor of sush a co=unisatioa.

s erdad
w» Sawaws
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Notes Added after Consultasion vish D-, J. C. Busher

On Septecter 10 and 11, 1,54, the sbove rejor: and the genmeral jariicle
contamination problenm vere discussed vith Dr. J. C. Sugher and Dr. R.oOALSers,
Washington Atomlic Emergy Cozs!ssion. This section will 4otuzent ile -
cipal areas of disagreezent or zodirfication ol ezphasis Uelvexu e o
sultants and curselves. '

a. External Radiation

Referring to Sestion 11, ve have 1imited tke discu:sicn on sxia re-
actions to the scute stage, includizg the possible iaflax=story pro-
cesses. o pejor concern vas expressed by the consultants In thls
area. Our proposal to rake hu—=an skin tests vas sircngly endersed. Iz
fast, the conculltants recos=ended carrying the tests 10 S0Te severe re-
actions than we had planned to develop.

02 the adversc side, the consultanis vere guite coazerned about the
possitle developzent of late palignant changes {a _rradiated siiz.

One ras to concede that this contingency is possible; to cake a
realistic appraizal of i%s probability is difficull.

We have roughly examined the case uzder three pcyular hypotheses of
carcinogecesis in skin. On the basis of socatic rutation, the hazarc
can be completely dismissed, belng substantially less than that iz- *
volved in the conveatioral per=tsaible veekly dose. Oa the tasis of
subcequent aberrent grovth of cells once irrzdiated to dazagizg levels
(several thousand rads), the hazard will be lov becausc of the scall
total volume of tissue exposed at this level. Ca the tasis of tle
ef%ect necessarily folloving an ecute infla==utory cozdillua, thd

hazard would Ve lower than for the secord postulate,

In a recent reviev of radiation carcirogenesis, Fursh and Loreszz
state that "Skin tuzors do rnot develop follcving irradiatlion viilout
an attendant reversible infla==asioz.” They also siate thal "It s
ncw vell castablished that a single local exjosure is likely tu cauid
a n«oplasm only under exceptioral circu-stanles , . . . ",
In aummary, it {s @y opinfon 2hat the yrctadility of tuzor izducilis:z
in off-site persoznel, at lcast, u=der Present possitle conditiczs ¢f
exposure, (s 30 szall as to be izdistirgulshable 773= Zero.
Xevertheless, an an‘=al experimentasion prosrTas viifr the speclifiic ja~-
t -

re
-

tisles will %e ztarted i‘=—ediately 20 test he jolnt.

Ve alss ;aizmsed cut that vorTy ahous cwncinsgenesls cculd be elizinated
by pazing & s=all exc{sioz of tissus at the site of & dzzcnsiralle tels
Tay burn. Siace whis sipple defens ve Teafle LF ATTTERLLY
ridiculous, I belleve thal 43 puts the rise ol wanlel 370
projer versyeztive. It would not te ridfculcus 2 lix
fer annual exaairation all areas exhiticting severs s«
Sizge the silitary j;ersonnel on the siiv aFjeer W5 %
SUsN & FrCSTAM FOr thez is telng ensoutaged.

cm - e ¢ aeem e cmsm e e ——-

05089425




O 0

vay @mals
Tdec:lz
Se-<o

b. Inkalation

The remote possibility of tuscr fnductiox in the lung vas izplled iz
our reser—ations on the effects of insoludle particles. This jyolnt
vas raised 13 cur first "particie problexm” gix yeare 235, TheTe tas
been little sxperimantal progreas ta dats on this point. The present

particles do not have specific activity as high as those encountered
in other problexs.

Dr. Busher canfirmed my axsumpticn of mation along the urper rexnira-
tory tract, my value being quite conservasive., An excepiion vould te
the case or an individual vith a prior clinical defect in the cillary

process., Obdviously the probnbility of such a persoz being fnvolved
is extrezely lov.

c. Imsestion

While conceding the qualitative reliability of the Appendix C, I7.
Bugher pointed out that trapping of particles {a the G. I, tract is
quite corzon, the mouth of appendages such as the secum or eppendix
teing favored locations. The risk froz a large ingested parzicle (s
therefore greater than I had {=plied. A practicsl probability vill e
derived by anizal experizentation.

Vith these exceptions, our gezsral conslusions on the hazard vere es-
sentially confirmed by the visttara, and theiy coursel vas appreciated.
Soxze of the plans for blologlical experizentulion wvere discussed {a
voae deluil, aud belpful criticiems and suggestiions vecre rescived

Sy=arvy
prCne—

A brief account of the videspread conta=ization arising froa rutheniun
e=issloas in the Redox process is given. Physical nature, radfochez=istry
and persistence of the offendics jarticles are cutlired. Notes on the .
relevant blolozical and biophysical experi=entation tearing on the trotlea
gre given. As a base poirnt, a pasiicle reading 1CO m=-ads jer howr c=
routine survey has ant;s {pated lizear diz=ensions of atout LD micrens, cons
tains abtout 1,1 /uc RusY3,iC0 gad caz give a2 $7:n centass dose of atcut
160,000 rods {n 2% Luars. It s estizated that this pasticulate {rradis-
Tion veuld te rmore nearly equivalens 0 c00-2000 rads (:erha's'~/ U rads)
&8s ccaventionally given over a sz=all extended area (a fev e¢n™). Inhslutloz
and {nzestion hazards are alio consicdered: vitlh sczs reservatlions these are

lesw lixely to be critical under exising conditions of conta=ination.

It ¢s gugsgested that the probab:li:y of a signiflicant intury %o ,e-so-..-
Nffesi{te I8 an lov that a drezapsTrasle Tebiie hesilh nasard eons 0TS €xi8%.
On the reservation there appears 22 Pe %he jotentlal for vncomforiable
superTicial tnsury w0 tissve., No wvidente OF such injfary huc neen noted,

For conveniens reference, the aciual &l
Zeasures are mentioned., laforz=atisa chans
diszussed, Appendic2s give soze dise Tall:
vith duta on density and geverity of jastl
locations.,
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Xotes vritten after the consultation vith Dr. Bugher sare {ncluded. e

prizcipal ctarge in exphasis is {2 soze coacern over develcyzent of tu=ors
in {r-adiated skin areas.

Apnendix A

Sa=nle Calculation of Sxin Dose from Particle Contact :

Consider a particle A of B%%gé ratlo of 0.75 wvith a -urvey dose rate of
100 mrads/h=, The a:tivi%y of such a particle s about 1.1 yuc, ead its .
probable diaceter L0 microns. '

Consider also a similar particle B of survey dose rate 1 rad/ur vith acti-
vity 11 and dia=eter 120 microns. When particles A azd B are in coa-
tact with skin, the dose rates in tissue below the pariicles coa te cczputed
by methods developed irdependently by W. C. Roesch and J. 4. Zealy. Suzh

cetheds are interually conststent to a factor of 2 a=d are proba“l/ realis-

tic vithin a factor of three. The doses quoted below are apprexizate
averages of the twvo cethods.

Dcse-rate
D2:pta Below Surface -rads ver hour

- 1% -9 Particle A | Farticle 8
0007 6,600 2":
0.1 3,20 16,580
0.2 90 5,9C0
0.5 X 650
1.0 28 150
5.0 0.7 6.5

10.0 0.1% 1.9

Fer skin over the greater part of tre tody, 0.07 == s the ninizua depth °§
interest, as this corresponds %o the tuicktesa of the Yoray layer (7 mg/e=<).*

On the palpa of the handa ard soles of the feet, the minizun thickness of
interest 1s 0.4 to 0.6 ==

The zaxizu= range of the beda particles {n 2{ssue {3 adbout 17 ==, but the

phero:e on {s alzost entirely lizited to s practical range 0210 =m. Witk-
in this range, the ga=ca-ray cc=jozexl i. lcca thaz 1% of the beta-ray come T
porent and i3 not {rcluded,

*Je assuze that tlsz:e has specific gravity L
4

e=ent 0 the regl
specilic gravitly of 1.02 ur 1.33 o s

ar vursersginviag,
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The average cnergy atsorption i texistheres centered on the particzle
is of interest, and Is approximately as follovs:

AVETTET  Ioergs Abssrptics
Radius of He=isphere Tais ver howe LT
e= Particle A Farticls 3
0.5 3se 3500
. 1 90 750
2 21 190
3 9 : a3
&4 L5 4
‘ 5 3 26

Throughout the preseat ealculations, {t is assu=ed tnai survey dosee
rates coa be tronslated 4o activity through the relation
1 /uc-—b 60 txads per bour survey .

Cbyiously the relation is & fuiction of rutheniim {sotoplc ratfo. Syue
thetiz sources gave these valusas: :

-

%Bé%?é% ratio :rud:/h://un'
3 - £6
1 83
0.75 87
0.5 R .
0 115

Refinezents 1n calculation to cover *his point are not recessary siczce
all ccoputed skin dozes cay bde vrozg by a faztcr cf 3, We have -2hosen a

vaigg that veights the results in favor of the tore dapgerous cozponent
Ru .

Tose != Felat=d Ixsoye—e Clroistances

. .
TOT coTyarisosn, v imcludn dose d2%a on tvs fazilias ceses:

I. I 13 cormoz radlotherapertis prastice %0 {(nser g0ld seeds cone
tainizg 1 =2 ralsa iz tissua, The seedy tavs 0.2 == gold vall end
the ezitted radiatien i3 prizarily ss=—3. The asztivity decays viih
8 kalf-11%a 07 3, days azi 755 0f <he e=srgy {3 released !r 4%e
24r3t veak, '

i —— | 05089428



Tose dsts ave:
Fadfus I=itial) Tove = To%al i
= Joie=rnta Tirat dcel coce .
ads/he Tads rads :
0.3 9,0 79,002 1,390,(00 :
C.5 3,3%C ALY W, 40D :
1.9 £20 8,00 110,080 :
2.0 33 3,200 4,00 i
13.9 .2 SCO 1,1’:0 ;

Sveh gold seeds produse severe local reactlon rosmally {zslullng a zecrod!
ares arcuz=i *he seed, Recovery 1s evectually essezslally cszpleste, I7
ve cotpare this vith tte radiaticz patiera of particle B, (¢ vould appear
that 4te patterz vould te sizilar to that of a 0.2 e gold seed; ozze {2 s
a2zitted that tissus vill dio &% & razius cf atset 0.5 =3, the higher dose
at cotusl costact 13 irvelevans, Therefore ozs guidepolt s that a
jaTticie readizz § rads/ar survey vill stov dazago 03 the saze order as a
cezveaticaal 1 e gold secd icplaztastion.

IT. P32 veea Tay exposures vith 1 inch disseter ¢isks Rave bean given wo 0

i odort 1CC0 ruds, Tho observadle rerules ere teaning, prolozged erytheza and
soe desguarasian, The skis eveatually sesovers,

The dose pattern was aprroxizataiy s follovs:
Tepth Tese ATiloge Ezergy Abseorpticoa
= ™4 t0 the $%4%ed Tepsh (rale)
—_—
O.CT ~ ICOO - -
C.1 QL2 A G2
0.2 83 STy .
0.5 €0 A EX
1.0 11 ~ fca
2.a 184 ° ~L3n
Cs:;arei Vith partiszle frmadisdlcs, the deore fz thYs =ace 23113 off —ush =or
Slovly Vith depsn, Tuls {3 TrosoImatly sSush ToTe lazssirg, Tue sigmiflzans
dif%crenze 13 2te IATge area foTudisted, We 282 allov Yo 4nis Ty “omrvting

iztemml loser %5 givea dartatis,

¢ emamemipem @ s me @ e wm— e - ———— tea o mite am -
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o8 pial 19,5 1
.0 16 25,800 PR
2.0 34 L2,000 12
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#The dizexzslon 1s the radius ef s bezisphere fo> the particle azd the slad
thickzess for the dise, so the dats are zot quite ce=paradle,

” -

I l2e essexstial phezomezsn occurs 4=
1500 particle A hours voull equal the
for &) davs or pareicle
exte=led dose,

Thals lice ¢f ressozing adds gome credanmce 20 tte esticaltes
Scwever, I vould expect (¢ possidly %o give an
prticle hezaxd,

1Q,

8 dizezs?oz of 0.5 %0 2.0 =
disz exyeswe., Trat s, par
R for 6 days vould give adout 1002
Tils s zot {nses7actitle wish 2te Tis skin

- w ace

I =cv of =5 suwtheztic caleulaticas o= <%is point. This sectioa !
a3 a tarzet feor discusaicn,

A ZT M daceter partisle {3 adous ots Crier gize izl fos lacnal
Eh:s 3322, The relevant contact Jose-rate {2 o= dte grder gl SO0
“s?:. ~ne ellective razmge Tor hetry irradintiez 43 o the ordsr o

; .
Cilla sveep 4ta zonme at % 0 & C)Cler per 3zivcd. Tue brolatillcy
Particle rezalaing withia o 1 = s2o=e for as =uch ay cne-hal? Nou-
Swovaniahlegly amet| Tearafome 204l doss 4p iimited ez dos-s ks
Protestien will alao de provided Ty 4%e zusous Lizizg vhick 49 t%a
tevel several %izes ger koo,
13k oF Tultivle exposurvs ©f consoiuTaie o the saze avea ‘g

, about
ticle A

Tals equivalez?
exycswe daza,

Siven in Sectio=
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Lememes

note on Jut Timediawsias

Cozsider <te totlest jarticle Zs%ected :ls vear /23 rsig e sumver) <o =ave
wnifor=ly th:o.sh i sasiro-iztestizsl 2rveT and te Safmtained io casenas
Vith 2tz gut wBll. Toe essemcisl Bi5z Lcose phesczencz Y3 Limited 2o a razze
of rot =cre than 1 =— Tais w1l te ersversed iz 1 %0 2 secozds, Th-e
contact dose-rate s a‘o"* 152,000 r3ds se= ouw,

o . delivesed dosg ¥ <3 - 30 rads
It follews 4hat serious ¢sexblg 2z tha 2-te stize could 2evelcp ozly Svem ‘a-
gestiox of an ‘{z=concelvadly TEe Ti=Ver ©f particles or from dh tolleuy {2
one locatiea Zor 3 comsiaratle Tize; ttis is ot (nsozceivadle but 1t does
not apresr prodadle.

Iz actusl Zact, passagze through the fntessiza Protected Ty lrzert wvaste zaterial

vith {nsignificant expostse 20 4hs E<% WIll stoulld Te 2te cormal case.
(3=t see also Sectis= 37 -
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Rizhlezd - gemaral 2,%c0

Rizhloz2 2SSy exons 1,%00
Pugsoeloz=evick ‘ L,000
S2z%tca CiL7 to ;:tc_,.-;c 3,300
Toztea City to ColDlis Jazp 2,580

Wahluvs Slsts 2,090
Hasa (=11 sazple) &

Cez=al2 TeC :
Ri=-21d z,~00
Riz551d to Pasco o 2,20
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