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The writer, and the crganizations for which he has been privileged to work
in Realth FPhysios, heve established that it 1s reagmable to maintain r.
safety factor up to 10 beyud recognized health safety standexds (1),

Tms while the maticpal standard for permissible caposure Lo extemal
radiation has been 100 mr por day, the Hanford oporation hee been cm-
ducted with an averegs exposure of about 5 pr por day. Thie hes never

bean regarded e vasteful of monsy or time; it has been recognized as a
omtriduting canse of the complets aveidance of radiatim injury at Hanford
Works, snd of the decired high moraulo and afficiency of the operating forece,

—

vhen & similar paiiceopny is appiled TO MOYe NObuLous hazards, Suoh as the
handling of plutemiwn producte, there 18 clearly an obligatiom to operate
with voridng limite evem further below the temiatively sstabl 1ahed
cwandards. This bas been oxpressed ap follows:

“conpervation 19 essential when desling with inocompletely evalvated
bazards. JXf X pg 18 tho tolerablo depositiom of a toxlo slement
deduced from early animal experimsutation, and it later tuwrms ot
that 1/10 pg 4a the limit, then the health-physicist who has a
omuzber of colla.gnes with a body contenmt &’ thls slament batween
/10 and X Pg ocoupise an infelicitous positiom."(1)

BEST AVAILABLE COPY

The whole hintory of radiatiom protection hae beem tne of pteady reductim
of permigeible exposure. The only limit which is eupposed to stend c-ltical
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investigation 15 thet for gemeral body exposure $o penstrating radiatitm.
The Rational Comittoe m Radiatiom Protection is currently engeged in
formlating resommendetione for the further reductim of this limit, It
1o highly probable that the hastily Fomiated limits appliceble to
plutonium toxioily will be emmtimu - wly reduced as knsmrledge adwancee,
Two such changes have already been mads., The indtial value for permise
sible deposition of plutonium in tho skalsten wvas 50 pg. This vas
quickly changed to 5 mg, and them to 1 ug. The writer maintains that
there is little or no definitive svidence that such a deposition 18 herme
lasa to the indiwidnal $n the loms temm ploture. It is & beach tmrk
Pudlt on shifting cends, and a fim famdation may mly be found vell °
below this mark. Thorefore, the presant legitimate exposure to
plutmiun is that minimmm resulting vhen sll feasible cpexating precau-
tions are applied, If this limit is more than me-temth of the current
formal permiasidle erposure there is reeamm to questim the safety of
opematim. If it falls Delow this, there is Jrobable satisfactiom, but
S gtill no abaolute ascurance of eafety, and certainly no Just accusatiom
“of wagte of mmey m excessivsly comaervative opentim. v e

@ ?

»

Let this genorml philosophy be applied to the lmown specific hazarde oi’
ﬁplutmmn manipulatio,

1. criticel Mas ©

(&

@®
Current manipulatione at Hanford Works are such (hat this hazard is essentially
omtrolled by basioc plant design. It is anticipated that physical cantrol
in the 23%~5 operatimm will be straightforvard.

2. Beutron Eriseion

QJ
%'hic nay erise fraz euboritical sccumlations of the mterial, or from
meclear reactiong as vhen plutniun and fluorine are in mtimte con-
tact. Current methois of mmitoring nrwtrum exposure of persomnol
are inadecnataly dswvoloped, Movecwer, recent radicticlogical atadca
have introduced two umemmties into the permuicaidle exposures -

®
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a. Slow Fautrons ) - @ v
-

] P
The work of Henshew et al at Ozak Ridge has shown that the biolcgicel

Offeﬂfiim "*"ﬂ f_‘g -_1:‘! hM\’mb ‘A IV m lnnmas{;a as S

overall time of the expoource 18 oxtended. For lomg term work, the
Alor nentrm begard may be as mch as five times greater thm is
ourrently suppuwed.

52

b, Fest Newtvone

Fast neutroms of emrg leas then 2 Mev are certainly u~io
damaging frr* equal tissue 4 aization than the more emsrgetic
cyclotrm neutroaw on which the effectivenses ratio 1 rep = L rem

- was eatabiished. It is axpectod that a matio l rep = 10 rem will
hencaforth b0 applicable,

o

7. Depoeitim of Flntomium in the Body

The principal sites of depoeitiocm are: DECLASS‘F
a. skelotm & ’ED

b, liver
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o ., Apparently, depositim studiee have been made gnly with more w\leas solu-
¥ 3], owmpounds eg. Pu Cl3, Pa (WO3)y, Pu'l citrate and Pul(NOztn. (2).
' Depoaition in both skeleton and liver was found to depend on the chemical
! fom, Jeta ongliver deposition from the Chicago, Berkeley and Los Alance
leboratorios 18 perticularly eonflicting, and pregumably quiteecensitive
o the biochemieal eituation. I. Pollows that the intake of pertioulate
oxlde conteminatiomn as®from metal machining may yield a guite different
deposition pattern. Specifically, 1t would not he unlikely®to find =
much higher liver deposition, making that organ the site of primary
o interest. Such poseibilities must be conaidervd if and vhen the Henford
® progran includes tgsee forms of exposure,

®

@rhare is no recognized technique for eatimating the total depwitim@cf
plutondimr in liver. In the skoletn, the depoeition 13 deduced frem

the lov and variable excretion in urine, The beot data the :
excretory rate has bosn prepared by V. H. langham at Los Alsmee., His
recent findings are unawniledbls at this oite, Tut fairly recent perecmal
! R comunioatime show two well established pointe on the curve

1. At me mmth, daily oliminstion by urine = 0,016%
2, At%mo year, 2aily eliminatiem by urine = 0.004%

Less certain ia a wlue 0.1% at one veek, and as mich ae 0.9 ir the firet
) day or two. Until proven sthervise, it will be asoumed that +he excretory
" »  rote omtimies to fall slowly beymd me Jear, decoming say 0.002% after
two years. Asswiing these data®*, ms can canpute the net axecretion rate ©

& after contimous sxposure for sgveral years., After two years thie will
Yos o ) : o

@
® a. 0,004} per day, if thuere has been no intake vithin the ®e
few deye preceding the urine collecticn ®

. b =bout 0.0} if there kae boen uniform daily intake up *
- to the last day. ®

@

@
After five years, the rato my bo guscsed to be about_0.002% per day, %+
[0

@

The measured aotivity in tho urine will be highly sensitive %o tho intale
., of the last few days before test. Ono ocan teko frequent samvles and

nope to detest intake by thg favorable Signal of recently deposited
fractions, or one can take less frequent samplos and gear the program
1o tho cosurptica that all the deposived piutonium is of long standing,
say half the exposed career of the individual., The lacter is the more
conservative courso and is folloved at Hanford Works.

——

Assume the not eliminaticn rate to bo 0.004) por day with 1 pe Pa in o,
the sieloton; the 2k-hour vrine samply wiil yield 5.6 die/mil. The

o mothod of asnalynie ie na'anlly sencitive to a fev parts of a dis-
integratiom per mimute. Nominal results ebowe 0.65 dlsfmin (ie: ot more

Y

*If tho figures are scmewhnt cbenged, ihe gmoral conolusions vill act be
arfected

#%ie bave previously aseumed that the exoretim yate several yoare after
the intexo of new plutonfum will bo 0.001f per day
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than ©,12 pg Pu depocited) are rotested. Howaver, due tg poor etatistica
at theee Low levela there. is a 307 chonce of miceing a retoet 1f the true
activity of the pemple Just exceedn thie 1limit, but c=ly o 0.2 cbance of
nissing twioce thie amountt. An roaiye.s of 3150 Eanford wrine samples
has chown an aversge activity of 0.136 dis with a standaxd deviatim
of 0.161 dis/minf)Blank samples gave an average of 0.133 disfumin, with
standard deviation 0.140 d1s/min.® In other vords, the Henford rersonnel
15 statistiaally Ivee from plutanium depositima. Furthermore, no single
individual has showmn a confirmed emiseion of more than 0.7 dis/min, or .
an assymed maximm depositiou of 0.125 peh. o

@

This locatim is pot pered 4o accept a aystem which regards 7 counto
por minnte or 1k dis/min in the 2h<hour urine eample as .. permissidle
level, for three yeaooms: ° @

® [ ]
@ E)

1. Acoonding to looal views this mey imply 2.5 8 Pu depositim
no, end » pg 4f omtiaued for O yeare arore.

2. With a formal lintt of 1 pg Fu, there is uncasinesa abolit
ectual depositizms above 0.l pe. ° ®

3. Signifiount depuaitice has boen ehown to be umecessary ia the
‘@31 Pullding operationa, withuut absurd dr restrictive procavtiong.
Thoro 1€ no resscw why 234-5 Fullddng operations should not te as
aleanly conducted. @6

[0

©

¥ @
The foreeseebld modes of emtry for evenmgl@‘bme dopositim nYe: g

o 1, 1ingeetion © °

= 2. inhalstim - transmittel ‘bhr%x@: the lung lining or remcval by
ciliary action with secondary ingestim > ® o ©

3. Aimplantaticen, as by a wound

L, abesorption throngh intast or hroken skin

]

2 @ ® )
Protection thus involves ° A @
L)
) @ ®
a. clean enrfaces throughout vork roms ®
b, clean air @ ] © ] o
~ ¢, protectitn aglnst wounds ® ® e R
d. protection of avnonad ghin ” @
(9}\'/‘ ®

®
Tho proposed & aign of the 25h.5H Bullding hq% been predicatod o satisfactory © °
tenagementt of theee phnses, ‘as demmstrated in the 231 Building, =

® ® ) ®

L. Inhalatim of.Plutmium and its Compounds

2
[

om

The inhalatim hazard falls partly in the bone deposition hazar¢ as sh
sbove. OSeparato i tho risk of direct irrediatiom of the lung end ag-
soolated lymph 1.9des by more or less permanently fixed depreits. The
generally acoepled pemmlssibls cuncontyation in air 18 5 x 10~1C pug Pufce.

Thle 18 the concemtration holleved to lead o a lung irrediatice of 0.0i rep =»
per day If the biological “half 11fe” in the lung 18 a fov montbs.®# Three,
recoat fagtors fawor rediction of this “imit: ? .

®

&

*J. G, Bamilten reports the "alf 11re” {n rat.lung es 6 monthe. See Fef. 2

a
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. cxoeed 10-1L mg Fufoo. Infortunately, the readings of eir omtamimeticn
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1. 'The binlogicnl effectivencen m<lo of alpha radiation to
game rediation wag takem an 1 rep = 0 rem almost arbitrarily,
because it mst be higher than tho fast temtrmn to gumma ratio
1rsp = 5 res, Einoc this 15 now to Vo :hmnged ¢~ 1 rep = 10
ren, the alpha-gamma relation must gt tu 1l yep » 20 or &) yem.

o 2. mnp:mhiblemklywuto o to 0.3 rem instead
of the previons 0.1 rem per day. (1) amd {2) togethsor give a o
reduction by 2 faoctor of about 5. -

@

®
3. Reoent emphasis oo pert’ioulate comtsmination points up the
poseibility of local damage to the lung even vhen the total de-
positicn 19 far balow that vhiciPlesada to & toleredle condition for
the unifoom depvel ion presupposed 1n the earlier cmpumticm

The local Hoalth Instrunent PAivision favers a reductim 'by a factor of
at least 50 in the permissible air coacentyatim.

jte

®

®

“ Thexe appears tobenomethodnfmasurmgtbemmtatplutmmmmthe

lung, Control hinges m maiztenaned of clear air, end of clean kandas,
if ofic can picture met rial being "miffed" off the bands, At Mox'd
Works, assanlt r=ske are woom if the omncemtrution in air 15 known to

are aftor-tne~faot, The wearing of reeks 1s thus a mmtter of opereting
Judganent., It §s imperstive that the dsalgn of all work areas be such
&8 to mBintaln the air-cmteminatim delow 10711 mg Pufoc, ©

.. Subowancme Inplamstic

In animals, lcgmm.wtheekm»mdneea degemerative chnga in me
year: A rmoch ‘smsllor amount has to bo omeidersd ultimately hnzardous
in man, There is no cmvenient method of detecting such accidental
implants other than by iocal axcision, It is ocomoolivadle that a
aliver o metel oan snter withmut detectim by the individual. Such
injuries mmat be avolded by eliminatim of possidle injury « a sig-
nificant advance in protectim is offered by the remote cal
type opermation. With scluble plutonium compounds there 137the added
riak of smtriduting t- the skolotal lead.

6> Absorption through the akin surfaces | ?

o

o3
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mtue%mmmmemwwmwwmmmxymann

teais at Hanford, Prosumably, it 1s adequutely comntrolled by noxmal
stendards f Lkin cleanliness.

o) D
-t )

Present psrmigsible limite of exposurs to plrtonium both for akelatal
dopeaition and lung dopositicn are not well-foundod, and reasms are
advauced why they should be lowered. Other sitee ne depogitim
(liver or subowtansous 1mplant) carmat be d'smissed ae insignificant.

@

£

Methodfs of meesurement of body cmtent e?.ther lack precisim (uv&ml;rs&s)

o are nou-e-istent (lung). o
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It folloss that conservative operating poliocy reqnﬁ'ae the application®
of the nost efPective nwn methods of yrotectlon, and omtimm effcrts

to adwince the protective art. o .
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