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In Re: Uranium Tolerance
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A, Tolerance of Uranium Depleted of U238 S

Ordinary uranium consists of three i : pe,

UR35 = .71s%- - | o .
u23% = 006 . A
’ Pbrhaps traces of 0233 0230 U237, 239 ot . ‘ ‘

. dm t.he magnetic separation of 0238 if there
we might expect to end up wit.!v

L.

is a small deplet.ion of 023“

u§§8 5. oox o - .
U -

Une curie of this mixture of isotopes would be distributed as follows:

| Isotope |  Activity Mass Half Life | Energy (Mev)
y238 N XS 1370 = | 4.51 x10% y 4.15-
u235 . 5.6 25900 . 1 7.07 x 108 y k.52
k|, 165 | 2.69x 105y L71
B TR 100.0 FL35 gm . wolghted , .o .
. : . ‘laverage U7

1 have shown 4n 'CH-2801 that, if a ra:l.oact.ive subs...ance is unlfo‘rcly con-
centrated in a body orban, the: t.olem.nve may be expresse.. as,

A

.
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fixed in the body argan per sewnd which will ' 'ive a radiation e.xposure
R (roent.gerw ine t.im t (sec)

in t.hi.s equation, ' ) N " ' )

P = /(curies/uc fixed in the body organ -
R = roentgens. exposura to the body organ in time t sec-
f = (fraction-the organ is of the total body
, B= total body »eight in pounds ) ' ¢ o — e , 5
» fB = weight of body organ'in pounda P me e oy
f = density.of bogdy organ in gm/emd . :
. T= el'fect.ive halif-li.fe of radioa.ct.ive element i.n secads
'r -.‘ TOTP ,f. L * o ' : - S e
: ot | \ N R .
Te = body olimlnat.im half-li.t‘e ' o R 3 o
Tr = ‘radicactive hal.f-life S . ‘
t’ ‘, tlm Of expoa‘:ure e e T . . 2 : | 'e
1. That the 1ungs are among the body organs receiving the gmateat .
» 7 radiation exposure from inhaled uranium. '

The medical groups agreed in June 1945 that & pair of hmgs—m————
an average weight of ~~1000 gms {{B = 2.2 lbs)

3. Density of lung tissue, f: 1.

4. Of the inhaled uranium it'is' assumed ‘that 25% 19‘ ?ei‘.a...ned by the

“ . lungs (f, =$.25),°25% is .exhaled and 50% is depositad #h the 'nose
and large resoirat.ory passages. "The biological hai.f-life is assumed
to be two months (Te =60 days or T—»60 days).

5.0

Tolerance radiation level of an'oCenitter when fixed in t.he body
is assumed %o be O. Q¥ roentgens equivalent physical/d.ay,

6. The weighted aveérage &ne&'gy is 4.7 kev. -

7. the averuge breathing rate of a man is taxen a.s 2200 ¢c//sec.

(The
. average when standing is 130. cc/soc

) the ayerage whan walhi.ng at, o
- -arate of 2 ai/hr is 230, cc/sec . 0
8. « curie is defined as 3.7 x 10 dis/sec and the “-a.l.f life of _rad

8- -Alcsn as .LNQL yaa.rs .

*the corstant is wnt.t.er rere as’ .,.% inst,e.:." wf L. 38 bacause Liere are
L ¥ oev iy in oth e\c‘“e of o particlas ﬁ roec.  Jam. Pmil. See

. thid. See., Meerdh 1ouLt. TN

. -
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“~-Differentiating equation 1), placing dR/dt = roentgens/day and T4 = half-
"life in days, ws Have: ,

' oy £ . _5 ’
P=g ‘dt 6.02&2 - ,,f eouries/sec is tolerance . _ (2)
N rd \l"e .u.rj‘i.'{ Sd )

rate at which radiocactive
material enters the -body.

Substituting the above values in equation (2) we have,

?ll B N R P -

—i— & - Akcuries/cc is tolerance (3)
20(.25) %07 soncentration in the air. »
Q = 2. 71. x 105 Pl /gns/ cc is tolerance concen- | (&)

" tration in the air of ura.niLL.
deplet.ed of =238 '

1

, 'l‘able I shas the time required to obt,a.i.n the t.olerance con¢sntration of this
! T uranim mixture m the hmgs

N
~

A v

: | LT Table 1Ix - - S
| . | Tolerance Values for Urenium Mixture A
S : C 2&033,%55 235and065023‘0 ‘
"},-’ ) ' L ' . ' ' . o R - =
Time in which the " Tolerance rate of | Tolerancs con- | Tolerance con-
tolerance amount  concentration, P | centration in jcentration in
. of uranium is built inMc/mec in- t.ha | air iname/ec lair in gn/cc
.- up in the lung * lungs . - (P1) . . f’ .
. lday 5.31 x 107 | 862x109 | '2,-.36 x 104 |
S 10 days” | ° 4.70 x 10-8 . 9.40 x 10-10 2.58 x 10-%
A 7100 days...® | . 7.56.x 1079 1.512 x 10710 | 4 3 x 1076
S3b¥days, Ul P8 x 1009 1.050 x 10-10 - | 2,88 x 10-6
:Tom dags 5.17 x 10~ 1.03% x 10710 | 2.8, x'10-6

~T. .
. . ' . .9

*&.t.ipl;' t.olera.nce values in table- by a 2 to-»»get t,clerance va.me% ror a
' 4O hour wweek,

»
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Wolerancé of Nafural Uranium
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In ‘the case of natural uranium, one curie woul\.

N [} . ;
.
. e 8
o e

ara

. 3 . ( be dlstfibuted as follons.

Act.ivit,y (%)

Nass (gm)
by

e WU

3 Present

e, iy -

walght

. y238 8.

1,1.60,000 ' 4.15
2. 4.
U3 | 48

L0
:6“.
33

wi.energy

99.28%
LY

L8, 5. K71 .00
- , 1A70 525gm)| T L.43 99.932

)

- The aasqmpt.ions are the same as before uxcept the weighted aver
&re t.he same as before,

"is 4. 45 Mev,

Bquat.ions (2) and (3)
(L) be ames, %.

. Ln
- . - ‘-v> . -

- . '4-

ura.nium.

‘ps_t;leu II shows the t.ime Nquired to obt:dn ‘t.hé tblertmce conce

'l‘able II“

- . To rance values for' nat.ura.l uranium.
- (99. > and .0058; 023:,)

B . ~,
R L U sererarit

- -

Q' =1.47 x. 106 Py Mgms of natural. U/cc is talerance
. ~concentration i air of natural.

&89 energy
but equation

. nt‘wat.ion of
i natarel-urandas- (freed of m of.her elmm lmpu‘rities) 111 t.he hmga.

-
o

w?t

Time 1:1 which the

. Tolerance con~'
centration in
air in/“c/cc

(Py). :

: '-Tolerance rate of
' tolerance amount

© | coneentration, P
of uranium is builtb_&/\c/aec in the
up 1n the lung T :

*

X
4

‘Tolerance con-
| centration in |

air in ~gn/ce
(Q’) »

1. 9.16 x 10‘3
‘ll § 11@ X, 10~
10 1.608% 10-10
“1.116 x 10-10

Yday -5 | lpsg 1077
10 days N
100 days - . 8
365 dm hd w . '.g' 4
% R days j 10“9 .
-# . — . >

1~.1oo x 10-10 |

»J

¥ . *Multiply tolerance Values by L 2 to get t.ole
1, .,’ -
’ - weak.

RS

-

rance values for a LO hour _



PR

A

aw,..‘." ‘,.\: .
. _.ezé@_t_lg__o rance - l/lh/a6 o
G gm:on of Tolerance of Uranium with t.hat, of Plugonium B

In t.hia case the aasumptiona are t.he aame a.a before except the enez'gy ia
5.15 Lev, The biological half-life sesms in:gzenaral to be "about the same,

| S e adey 3.93x 107

- ‘:' . radiation tolerance for these alpha emitters when\expyess

- Actually plutonium consiste of a mixture of 1isotopes but for simp.l.icity
x W—t&—l&-&e&e—she-eaae—of—&mfﬁqmﬁm—mm, ‘ TR
~ . Q¥ = 16 n /lgms of Pu/ce is t.olerance concent.rat.ion ' (A,)u- S~
in the air ; » ‘ I "
'l'ablo I]’.I skwwa the time required to obt.ain t.he t.olerance concentration of
plutmiu.m in the lnnss. .

| E.

ol x of |-‘Taleranse.con- | Tolerance con- - -
_|'tolerance amount of {-.concentration, P | centration in | centratior in| ..

: Plutonium 15 buiit: 'ﬁ"f“"/“c in the | air in.Ac/oc’ | alir in )'(sﬂl/cc et
R . N uP u thﬂ llm AN IWG' ‘.‘ ' | (Pl) Q’/) o

86 x 209, | lz6xlo-7
x 1‘0-104 | 1.3 x'10-8 '
210l

- - -l SN

4emee et rater ] i m m 6 .‘
,“P %5 daﬂ . " ! . ho

c T
179
9

58
g S - s 7
9.58 x 10711 | 1,53 x10-9 |
Ly % 1071 | 1,51 x 109

. .
A : -
R .

D7 Digcussien S
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PO .,.,.,.,,;.,..,. .c~.’..».....;,............,......,....‘....a...u PETETEPETETETEN

The values given in t.he above t.ablee indicate con; idera le variation in '_
ed in microgramg .  °
ger cggic centimeter ‘of air concentration (2.88: % $10~6 for uranium deplet.ed

1.64 x 1074 for natural pranium and 1.53 x 10~9 for Pu) but very ,

) lit.t.le variation in microcuries per cubic centimeter (1.05 x 10~10 for..
uranium deplet,ad in U238 1.12 x 10-10 for nat.ural umnium, and 0. 958 x 10~10
o for Pu) .

]
! 3

. - This 15 m'obabfy aq ovarsimplif‘icat,ion of the problems involved but. - for o
‘. ' ’gemra.l radiatlon tolerance values the results are as accurate as-the- e
. tonsthnts used im the golution. Perhaps the most questionable assumption

. is that all these alpha emitters have an effective half-life of two months

in the - luags,— This—half-tife of ur@ntomr or-plutoniwn depends iri “thé chemical |
form, the size of nha dust particles the humid).ty. etc, MNany. biblogical )

Fhultiply toleranoe values by L2 to gﬁrf tolerance Vcllues for a LO-huvar wek

AP I I ]
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\.



" inhalation experiments have been performed end somé of the data.is not as
consistent as onb would ldke. -Dr, J. G. Hamllton has showrr that the half- -
.11fe of plutonium i the lungs is about two months and this ‘value seems to
be a good average for ‘uranium dust also.. However, one can show that the
tolerance concentration decrdaseg only by a factar )

‘ of teh due to . change
in effective half-life from two weeks to six monthe and since the effective
hatf=Itves—of Tost oI the ¢

\

QS (1T ——

Q@pounds of plutoniug anﬂ*ur;mhm do not range
. beyond these Aimits, it is belisved that the two months -effective half-1ife
~ 1s satisfactory 'as a genersl vaglue. e T

o et

E. Suggested Laximum Permissible Exposure o

" - The value used as the maximin psmmisoible éqngeht;ratim at’

, cﬁ.nt,gn Laborateries. . . -

“for plutonium for the past two and a half years is 3,1 x 10~ ﬂéfcchf.;a;.x;:_ Do

' § y of 3 for continuous exposure ahd a" "
“factor of isafety of 13 for 4 40 hr/week exposure: as determised 'from Table I1I -
-+ for one ysar e7aosuz~e.v Ev-1s suggested -in this pa '

:This value contains 'a factor of safet

per_that this value of '
' 3.1 x 107 He/ec be used also for uranium., ..~ » .l
U URIIPRTTIRTPRR TSR PSR RIS E ‘“. T ' N

A4
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. : iments with animals ex
vurious.co_t_ngogg da and concentrations of u mnipm.' .

Theeé experimsnts were

Dowdy. Even a cursory review of these reports for/the year 1945 reveals a

woalth of informatioh. A few examples are given below. Perhaps in most
-animal experiments the damage was

_ _ was produced by chemical toxicity rather than
by radiation. However, it is of some interest to compare tliese exposures- -
with the tolerance levels f

obed to- air conﬁaihihf’

- s

K3 - P

. Cor natural uranium in Teble II in which we fourd, 7
T LT x 10-3Mgns Ufec as the

‘ 10 day’ talerance and 1.6/ x 10"‘!/1@113 U/cc as
the one year tolerapce, - " .. - . LT A o

"1.

o i S _
Above_tolerance exposures * : C =y .
o, N S, 4 . v
: .. - - Inhalatige.of--UF,-dust in-a-
~-of.atr (27 times 10 day. tole)

“after a_few weeksjexposure.

ce) by various species of ‘animals was lethal

.

: : -1t wds perceptibly taxic at a concentration of
2% 208 Ufec of dir (L L ‘

tides 10 day tole ancel _

" Dogs exposed-to infialation of .(.102 in' a '-c.bndentrd’tidh of 107%mgn
U/cc of air 425 tines 65 day tolsrance) for 65 days showed a slight weight .
loss. No effect was noticed when the dogs were

cgmepmn e o
-

‘exposed 65 days to 10~3 #m
Ufce of air (2} times 65 dap tolerande). . | ANRENG |
- v - - R . " eI S e

.

Rl

2. ' Near Tolerance h.igos(_x'i'oa v

Lnhalation of Uogkp in & concentration of 7 x 1074 gm U/ce of

_air{exactly 30 day tolerance;

for-30- duys- caused-tie, death uf “3-out of 33—
rabbits und 3 out of %40 mice.

The evidence is not very conclusive but this

“This tolerance, value was suglested for pblonium in & letter by K. Z. Morgan
to L. C. Leverett on 10/6/L5 and for Thorilim in-a letter by K. Z, Morgan to -
H. 3. Stone on 11/29/45. . If tnis value can be accgpted for all thepe alpha

_ emiftars in the laboratories, it will simplify the survey efforts and pro-
cedures for measuring the;air contamination, . This value is <beligved to -be on
the conservayive side for all these elements and it {s cons

iderud within the
“limits of attalnment withoat hampering operstions. : o

Ll
DI
.

. x 3
T s . .

p . sede o

-

o

. . . /' .. <‘ . .
performed at Rochester under the directioh of A. H. "> - . :

L

— ™
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» and other experiments indicate that UO2F, and. UFg are amosig the more hazardous
uranium. compounds. kvert though the damage is) most certainly from chemical - 5 - -

-5 7 vexicity rather tfian from radiation, the radigtion measurements with precipitrons
. and filter dust collectors.present one of the most con¥ehient means of monitor~
ing this contaminated air. If the maximum 1

, ‘ _ pemiissible level in ths laboratory
is maintained &LL&JO:.Q,&:/M&

2 : dr—Lortrrbo-10-5rgmof nrtumal Weg

of air), this would give a factor of safety 0f 6nly .15 above the level in -

this agimal experiment with UOZF, in which deaths resulted. S - "
- 'The table below indicates the relative; ha,zjl*dfpre_sént.ed by UFg andUO2F2 o

.

I8 1 % Mortality dis to| % Mortality due to. | -
w. Jot- . 1.24x10~2 gn Ufce | .94x10-2

gms U/cc i ; " .
_ orm-of UOF, | . ° - R
(~13 times 30 day | T -

tolerance) . ' o

S.«fj‘eci.eo " air in form of UFg | air in
- " (~~18 times 30 day
I ‘ __ tolerance)

. ‘Rabbip Soed0 . | 8y P IR
' Rat - © - T S R P
Guinad ‘hig "\ 4 . : Y ‘

- Troe oo P w0 w0
_'.'? ... - ; . . . A 1 : . :v ’ ‘:‘ » . N . = .
. _"_Exposure af animals to 5 x 104 urgn U/oc (0.7 ‘timés-30 day tolerence) of ' © .
~ 7+ -adr-in the fomi of UF) dust produced no, deaths in (2@4 days but retarded the - -
' + welght of rabbits, ratig.‘,ﬁﬂg’gninea pigs. ' . o . LY T .
< {4 v, In an inhelation experiment with i-nitrate in.the concentrition of 1.5 x 1075
e El/é’cj”(lfb of 20 day tolerance) dogs an'véd slight to moderate rensal. . : R
- | damage after 500 hours exposure in 1) dayss..' . - ..o oo, o
. . e . e s e 3 e 5 . » . PR 3 N LA L z’ ) ) . ‘ N .‘:’ » . . R . N -
I aau; exposed to UFg in the coricentrati®n of 0.5 x 'J.Of’*,_«'gm- Uee of air for - .
57 days-{(~0.1 of 57 day tolerance) showed slight decrease in growth rate. . . .
. jnimels exposed to this .sams concentration, of the nitrate ‘showed no abnormal = .- .
' ef«f@c'ts', v L -.’.' :‘ . ) . /v. ',' . . . es o .o X e

. [ -
e : E

- Bespiratory Deyices Tested for' UFg and UOF, by the Rochgster Division under . .
. the direction of ,A. H, Dowdy. The table below gives some¢ of the results:, . '

]
v

. r N .
T b Ty L . N ¢
Y . » . . . tlar F

S, ! R ’
~ . i 3
. Do : A
. . . vre . . : . . 3 . . .
: . . L . - b . N " X LN
’ . . . o . : . Ll -
9 N e . [P A- . ) - , o v
K - . s ' : >
’ ' oAt vy s ' ) o : . . T v ' ’ :
.. N . s - . . ' . . . . . -
', . R - - .
. . o . . : - o . ' . : &
' ) ‘ o s
. » ‘e -t i ] e vt b e
’ . " > Y M * ’ E -
' ' o . ) - b . . . L
. Co e : - ‘e . v ! ¥ .
- ’ . - ' o ' : : o T
! - N . ' LI )
. . . : «r
- N . " ‘'
- b .
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T,

~Respirator I Acceptability - ;f |
“ ' - - ) . : B B L . ’ ;
N . Willson dnivursal I Acceptable for -
. | Canister with filter *.9ix hours o .
... element et : -
g ‘ R v - ‘ -4- S - [
’ Vine Safe't.y. Appliance Acceptable for ' | A
I Co. All-3ervice GCas - 8ix hours S ' )
g Mask BN . | . C
i ) Mihe’uafety Appliance | Acéeptat)e for ' . C ‘
. ‘[ Co. Guc-l Laniater B only 15 minutes . ‘
. ) . "Aerbsol" fiiter with - § Accepqable I¢r U= .,,f:f; ’ .Tw' e
; .. . | Chemical Watrfare .| “tomponent, not | . Yoo
:  |-Assault Mask - | for HF I B y !
_— .1}, "Confo" .A1l-dust Res~ . Accep,able for U- ,ib X
. T pirator with BN-2133 compquent not for A“ L
© . Filter . o ° 'F ! \
R . X - . . i . ‘ , . R . S' . P ‘ . :‘p . -.‘ v - | N
. Conclusmns' C oo IR X f‘ L0

px‘esent.s radiat.ion hazards—= v
of ‘the same order of nagnitude as plu .ortia;n On a weigh’t. b%"i’ nat.ura'l '
uranium is only about TU=T ‘times 45 Tid a8 plut 238

. fluorine) presents.a. much great,er hazard than the’ radiatioh.

. for:. natural uraniuh in the a rt shoult not ercesd 3.1 x 101
§ oftalr € = 4.6 x 1072 Agm U/cc of alri,

. ‘however, would correspond to only 8.% x 10"7/“@13 G/cc of air ahd wwld

'ura;ﬁ.mn 18 ~530 times as.bad Trom' £iw standpoa.nt of radi&tion damage. [
_principle damage from plutonium is _probably produced . by the radiation.:.
The chemical toxid¢ity of uranium compaﬁnds (especia.uy those contaiﬁing

- Because of N
UFg, «%e. the maximum pgmi:mible value
Lcpries/ee
“This gives an addedyfagtor of -

safety of .. 3.5 above the one year rcdiat.ion tolerance value’ for-na'bural .
.uranium talculated in Table 11 as.l. (2% x 138 /‘gm'llﬂuc of airt, I case S
9ne i3 work.i.n,:‘wit.h uranium depleted ‘n 02 ’ aa shown in Table I, the\ » ’

*%the extréme toxicity of .UOoF,,

~ tolerance value may still remain at-Z.1x 10° l/“curioa/cc of "airs s, A

be [xr ] 2

. st.andpoint of radistion.
. determined def}nlt,ely by.its chemical toxicity but the hazard for urani

bgm_m_mua_of_cnmmal_;mxy_rw_ :
studiad. There woauld fs a factor of : rafefy of only abcut 3.4 from the

‘In g¥her wcrds, ‘the hazard for natural uranium i s
depieted of U<38 iy det.ermimd by the radiation dwnage 1c produces in t

ot |

*The tolerance valye for rmt.ur&l ura.nium ueed on soms of Lhe other sites

is 150 mym/cu metuxr of, adr (orr1.5 x lb“/‘gn U/cc) This checks with  °
*re value calculat.ed in Table ll ' S

o TERLSSER
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> ) \{66123 and there 1s nol much margin of safaty bétween . the umounts reguired .-
M———to gause SIIgNT $amAge and Geath.

- ah enormous amount of natural uranium in the lunbsﬁef
_'In the case of plutonium or uranium.depleted in U2

Uraniuzm Tolerance ~ l/Whé

~.‘ "9""

body. I1f one exceeds this curie tolerance of 3.1 x 107 11/"c/cc of air
for natural uraniym, the chemical damage is observed in a few days.or

16 an &8 ‘However, on a granx basis . this’ represents

ore damage results.

~in the upper respiratory Jassages and this is later gwallowed,

_body organs.

, the damagé- is from
radiation-and—in-goneral—the-harmful—effects

T

sniyafter
sonths or yea.rs of overexposure. '

The Ioregoi.ng diecuaaion on inhalat.ion of uranium and plutonium has con-
sidered only the radiation damage to the lungs. This is not the complete
picture because, as we have .assumed, 50% of the uranium or plutonium lodges -

Some of
this is absorbed from the. gast.ro-int,eatin 1 tract into the blood stream
and carried to various pa-ts of the body “here it produces damage

to many %
For.example, some of the plutonium is carriedeto the bone’(

where it produces .damage .0 the bone marrow or uranium is carried to. the .
kidneys to cause them damige.. Also, some bf the mat erials -are. absort;ed L
~directly into the blood f ‘om the lungs.~ However, lculat.tons on the basia

of damags to other body ©'gans seem ‘to indicate tolerants Values of ehe

*same order of megnitude t:r not as bad) as given in Tables -1, AT and 111 '

-and so will bs pmitted he “e in order not bo prdlong this dlscussion.m__ .

- - 1 :’i.
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