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7. 1. Boutine Urine Survey $~249-MLE-3601%) ' iri

s .A. ‘Urine Specimens 'Receilved

R “ Chicago ' °. 8 o o o6
B Other .- e e e o o e s

" -%g CLASSIFICATION CANCELLED
LT TT pane_o JAN 11 1967
S For- the Atomic Energy Commission

L " Bs Backlog o._fj,j_ép‘ec_lmm'st:fi.'

H

'dhicago‘; o6 e e 0 ...., ,3

e . " "RAYMOMD A. CARPENTER &~
Other Te e o e ‘» o o o0 o"o"o . ! :

for- tha

1
8 .
Chlef, Declassification Branch

v
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c.

. Specimens Analysed
. AP . ) ‘ : / "
- Chicago e ¢ o s e o o o . ¥ .69

. Other ¢« « ¢ « o o o o o e o o s o38

L]

- _, 0f"the Chicago specimens analysed, 7.3% showed a body- .
. content of plutonium greater than 0,1 ug, 32% showed negative -
counts (maximum being 1o ss than 0.1 count per minute)and the . I
remainder showed less than 0.1 ug retained in the body. . _._ . =~ . ,

st The laboratory which was designed to be dust-free in oo L
=57 order to avold outside contamination has not met the specifie~ -~ . -7
catlons. However, control urines have been run quite ISR
"~ frequently and none have shown g\ counts in excess of 0,1 -
- count per minute per 1000 ml sample. . : o

Special Urines: Two humans were injected with 94,91 ug of
Plutonium on December 27, 1945, The composition of the

- injected solution and the volume injected is given in Table I.
The urinary plutonium excretion for the male subject 1s given
in Table II and for the female in Table III, ... . : R
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’ Table I

composition of Solution

~” Plutonium Boncentratlon. . 421,67 ug/mln-

.Volume injected (each) .‘...4 4ml..--
’ H e .0.*.". o« ‘-6 o e o @ o’ . iqDe i '?',
Sodium citrate o« o o o5 e 001 M Se
Iaotonic Saline '

. LI SN
L, RSP S
LT e Table II ;.__f._” AT

-.“ REER AN

'Daily Plutonium Urinary. Excretion (Male)
T MX-200 1.0 CQ\"
."' 4 (W&

P—
. '.

Da s a.fter '24-hour~, : Specific‘ e Tof 1njected

]ection Volume ' Gravity " doee excreted
1% . - 1180.mkY - 1.014.CL0 N ST
C2 o L 14251500 0 0 1,018 003 SRR
3> - 9400400, , 1,012.70%2.
4. . 14001230, .7 15012029
5. . - 1160.120% - 1,012:7)0: =
6 % g 1270 20 . . 1,014:3 277 o :
7:'.._‘-1_& s 1290 WS . Cy.012-E
8.1 ¥ & 01,0123 g .
9 1.012.:;*';3‘:/:3'..1..;; I
1,012 . I s E
1.010 . . o ot
1,010 .. o Tl SRR
1. 010.n: avsetsi SR IRATNN
:."-.-:-"»z el o ARG '
el AN 4,J_§.--___ p" .'.,-; .
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-{Daily Plutonium Urin
ton {Femalaowx-ﬁggg

S

.-_'_24-hour :,'}4 E '-" % of Injected

Edose excreted'4+'

\ .
" lutonium Theragx Studies are being completed on. ﬁhe effect PR
_of pd and citric acld congcentration on the diffusibility of = i . -
-7 "Pu(IV)- through- cellophane membranes using low pressure: ultra- » 00
;ﬁh_ 'fi1ltration techniques. A report summariging the results Tt
._ %" . obtained in preliminary studies of Pu therapy 1s being prepared.'“??,'
Results of ultrafiltration to _date show that a pH of about '
. 2.6 immediately precedes a:. steep drop in the extent of Pu(IV) !~ - ax::’
I“which 1s diffusible, thus indicating, it 1s presuged, the" onset 't
- of definite colloidalitye. At a.pH of 7.3 aund 1n the presence .- Lo
- of wvarying amounts of citric’ acid, it is found that ¢ g;‘ e

e "(a) As 1ittle as 0.0001 M citric acid appreciably 1ncreases 5fff”
", the diffustbility of Fu.. . Pt

"(b) A minimum in the dif;usability of Pu occurs at .005- 008M
citric acld. This phenomenon, 1if confirmable; may be related R
-to the neutralization of a positively charged Pu colloid by
the negatively charged citrate ion. -Migration experiments .
are planned to- study the s*gn on the”Pu colloid and complet
directly. BERE ; ) * :
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.Vef lts half lite as 24,300 years, and the fact that: the N

Following the dlecovery of plutonium, the determination o

"mnteriul 1s alpha uctive, it became obvious that elrborate

;precautions were necessary if the worker‘wes to be protected"

'fron}hnrm. prerienee 1n the redium tndustry had indicated

..‘

clearly that very small amounts or the radium element de—

posited in the body were<oapable of producinp serious J"

‘ 111ness or doath. As a result of these considerations, the

regulattdhs and devices. ‘ 51:"ﬂ\.

' condltlons under which plutonium ls handled in the labor- ;;

atory'have been rinped about with>elaborate protective R

' In addition, however, 1t scemed’highly dosirable,if

.not cssential, to know.as preciﬂely as posslble the amount

of plutonium in the 1ndiv1dua1 worker.‘ Animal oxperimen—

‘tatlon indicnted thet the plutonium content of the urine -

and feces would be a, useful pulde to the total amount of

Caansad U’_.‘,li

plutonium in the body. It wus declded to use urine ror “the :
routine detenmination(a) primarily because of the greater'
case 1in handling urine samples. Ae will boe discussed |

below, it appears that in numans the amount of plutonium d

‘ excreted.per day i1s greator in the urine than in the fecos.

L }

- Initinlly, a'tentative naximum'permissible hody cone
t«nit of plutonium was nstablished on nn arbitrary basis.

From purely physical considerations 1%t secmed that plutonium,

.



weight.for weiqht, should be approximately one-’iftieth
as toxic as radium. SLnee the tolerance amount of radium
aE

T genorally acﬂepted aa 0 1 microgram in the body, the

" plutonium tolerance value was 1nitially aet at 5.0 microrrams

in the body. - i |
 In order that one might estimate the plutonium cortant -

‘ef the body through enalysls of'the urine, 1t was nocessary ;';“

first to establish the exeretion rete. Preliminary oxperi-

ments(l) wlth rabbits indicated that after the riret two

g or three weeks of plutonium lntake, approximately 0.01% of
'Qef.- . that rotained in the body is excretod in a 24-hour urine .

specimens lany oxcretion experimcnts'with other animals

and man ﬁ?ve'shown'that'this is neag}f the correct value
S . ror the sub-acutc excrotion rate. Recent work discussed

Qﬁsi ‘ elsewhere indicates that this Tigure may be groatcr than

A

e

;;;ﬁ - the. true oxcretion rate or plutonium which has been in the

body for a ycar or more. It ie po sible Lhat the rirure of

1

[ 0. Olp mey‘have to be reduced 1n the futureo‘

b I s mlcrograms 1s to be the body threshold, and 0,01%

:excrntion is essumod, then nnalytical procedures capable of

}‘ ' 'dotoctlnw 23 alpha counta per minute (plutonium) in a
24-hour urlne specimen, or 2 counts per minute ina 100 ml

‘spocimen should be udequate. An adsorption procedure,

T —— e

douserioud letor,-uas.dcsignud speeitically'to assay 100 ml
| » spocimons. Any speclmen showing lees than 2 alpha counts

Por mlnute was not considered sipnificant. This procedure

3005508
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A“*fdoscrtption of the methods used 1n the detection of’ plu-gﬁff»§5¥fff7L

“‘;;operation of a 1aboratory for the detection of plutonium Tl

" element.

—— e — g
+
-

" .urine “e carried out under-"ster*le" conditions,

It is the purpose of this chapter to uresent a detailed -

'

“tonium in humans and to briefly discus< the results. - In"-

i .
clusing, suggeations are given for the establlshmant and

k

-~ in individuals w rkins with or in arees confamlnated by the e

.('.

i
Yoo

"2, lstimation of Plutonium in tho Body

2.1 Methods of Uring Analysis: A'éurvey of the analytical d

methods for plutonium used by the chomistry d%vision rc-"

~{

vealed tngp with certain modificutions some of these might
be used to assay urine. A direct ladéganum iluoride pre-

clpitation from a amall volume of acidified vfine is
adequate for many purposes.i Where’tne olume 1s largo and
the concentration or plutonium is cxceedln ly small, such
a mothod 1s not applicable as too large a quantity of

lanthanum is required. Ina dditlon, certain salts in the o

" urine may cause difficulty.

In the development of analytical methods applicable to

1ur1ne analyoio the tims clement as well a8 manpower requlre-

ments to assay a plven number of samples werc considerod. It
vas felt thot an adsorption proceduro ‘would- offer tho greate
ast possibility of routinely assaying daily the largest

rumber of apacimens with 2 minimum of porsonncl. As vas




from the body in the urine at a falrly conatant rate-—the _-

onzrabbits(l)o‘ Subsequent experimenta on mioe, rats, and 'f‘“‘;
dogs shoued thet the excretion rate may vary by a factor of _
'i: : _:_ five in the difrerent species(lll It was felt necessary to .
1 eatablish Inaependently the'excretion ratech humans.

1 .The fecal plutopium cxcretion, poﬁever, varied'aspmuch aa-
_i.: . a thousand fold from speclea %to specles. Thls made 1t'd£rf1- l

cult to assign any rate for human fecal plutonium excretion.

4.1. Resulfs of Human Excretion Studies.i

(¥

Urinary excration of plutonium. J?ﬂfee experiments were
 begun within a Tew weeks {one at Chicago) in which plutonium
was 1njeeted into a human and the plutonium excretion followed |
dally. During the first 15 days of the experiments there waa.
less than 10% difference between theciaily urinary plutoniun
';‘ . excrotion of the individual . studied by Dr. W, Langham and
*'é' assoclates at Los Alemos and the’ lndivldual atudied by .
; Dre Je Jo Nicksan, E, R. Russell and associatea at Chieago.

The individusl studied by Dr. J, G, Hamilton at Berkeley

snowed a slightly lower excretion but nou by a factor of 2.

Following the initlal period where e’rapid decrease in the
i oxerotion rate i3 obaerved, there was a slight divergence

in the results obtalned from the thres subjects. The individual

800551 )

1% was previoysly mentioncd that plutonium 1s eliminated o

}if;:"‘ ‘rate being approximately 0. 01% per day. This figure was pro-;ibﬁﬁk***’

.. ‘posed on the basls of some very preliminary excretion studies :lff '



L " . s
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‘ithese experiments were completed two additional studies have -
.?been made at Chicago. The ‘excretion rate of one of these'iﬁ""

 individuals after the,first two weeks has romained between>;f]j

e - ———
PN pom—-

stud;ed st Los Alamos showed an average dai 1y excretlion of

; slightly less than O, 02%, the one at Chicago sllghtly above 3ﬂf{§fi]7:'

V.012% and the individual at berkeley allgntly less than

. 0. 006%. These values persisted over a 100-day period. Since '

LI

0,010 and O. 015% per day. The otker 1nd1vidual was not

available for further atudy after the 16th day.

In view of the fact that the majority of the urinary
plutonium excretion studies on humans haye 1nd1cated that N
a sub-acut;A:xcrctlon rate of 0.01% per day is very nearly . -
correct, this valua appears to be at th s time a reasonsble

one to use in determining the concentration of plutonium in .'."jﬁ

. the body of workers, It may be pointed out that the urinnry-“°'

plutonium excroetion of dogs(13) parallels that of man. _
Fecal excretion of plutonium, In addition to following
the urinary excretlion of plutenium or the above individuals,lgi;#ifP‘i
the plutonium contant of the cdally feqal specimens was'also ‘ |
determined. It has been predicted by several workers on theff';ff‘

basls of animal excretion studles, that the plutonium fecal

- excretion rate would be greater than the urinary excretion

rate. It therefore appeared that stool depermlnaﬁions would'kl
bo easier to interpret. All of the human studies that have

beon made have falled to confirm ﬁhis thesis. Piutonium in

35512



The average daily fecal: plutonium excretion for the
. - that contained in the body. From the difrioultias onoounterod |

. 'that surveys of poraonnel through feoal analysis would be .
7 atfriculte’ R S

1. 4.2 Distribution of Plutonium $n_the Body: The development o
é§_ . and underntanding of any satisfactory means of plutonium

1 therapy 1s depeandent upon & knowledge of t?o distribution of N
the element: {ﬁatho organism. Since nearly~90%Aof the pluton-{fi;
.i,i' jun finding its way in the body 1in retaindd there for man& )
years 1t‘1s vitally 1mportant that we week some means of

1ncreasing the excrotion rate., The first step in dovising" A
.;?? means of therapy 1s to 1earn 1n what organs the plutonium is S

l"~

" concentrated.

ot

There have been man;_oiperimenté/involving animalalin:
which plutonium was 1njected.and at'some iater date its |
d;ntribution,dotormined."The majoritj’of theso'tos;s have _

,Ashown that the liveo, spioen;_bone uarrow; and lymph nodes are .
] tae prlnoipla sltes of deposition. Tho same general diairibu-
..}‘ tion has been found for the one fairly.uo?mal human whiou was

’ studied. The distrlbution data 1s given in Teble I. In !

1 .laddition.tho diatribution of piutonium in a.femala;ooutaiaiug

6070

213

()

a 24-hour fecal specimen 1s from 2 to 4 times less than that |

f%7f¢oin a corrosponding 24-hour urine apocimon.;..1!uf“<f<~-Wé««w RESR

{70 four cases studled 1s. 0.003% - ranging from 0.001% to O. 006% of ;Téf“f"’

f‘_ in detecting 2 x 10-5 microgrems of plutonlnm, 1t would appoar
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. approximately 90 microgramswas deﬁerﬁinéd'(aéa Table IX.)
This individual had many'abnormally functionlng organs and
h’therefure the distribution may not be rdpresentatlve.;

o 1nterast1np to note that even under these oonditions the mar-

It ls

| row and bono are emong the princlpla sites of deposition.

c\, Lwﬁe be
'.l‘a’ble I v "2 Q 1&./17/7-1,
L Distributioa of Plutoniun ins Gemyear, ¥hite Male '
wy: (185 days after injection of 6.5 ug of plutonium as the citrata) '.f.g
: e ; co I o T
Plasue . Grems of ' =~ct3/kram . #Relative - - R
' S ~ tissue of tiasue Affinity for. . -
analysed . Plutgnium —
Harrow (rib) 0.8292, ' 70.9 " 10.13 fgia ‘
Liver L 34 11 ‘ 59. a - 8,54
T T L,. .
Steraum o b. 38 o 20.6t «*f,,. *}.2.94»._ .
Perlosteum - 0,1215 : 20. o 2,86 .
Spleen 32,02 11, 1 . 1.59
Tumor (lung) 2,03 7. 4 .7;-'531.06;;_5_
Cancer Tissue -  2.87 -7 2, 1403
' - R e
R1b (cortex) 11,0125 7 - * 7.0 2 1.00.
L.Nodes. (sorta) ' O. 63"€"ﬁ;__ C 6.7i% 1 0.96"
o . RIS TSI i
Lung - 15.39 %w”?;' ~2.61" 0437,
Teaticle ~ T 4 3425 '2,31 O 33 15'
- (glandular) - | ‘ 4 i
Kidney ' 2?«35" S 1.7 _T.0.24
Heart - 4.9435 1.2: ©1 0.7
Diaphragm 35.73 1.0° 0.14
Abdominal Fat 17.05: . 0.2 - 0403
Bile 8 ce ? . -

= cta/gram found + cts/gran assuming equnl diatribution
throughout, the body. ’ : ~

6005b1l
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© Rib (cortex)

~Liver

Table IX

;jé. '<1L1l06<y¢ (}nuL jz f
| - i ' '??t! v ll{lq/

Distribution of Plutonium 1n a 54-yaar, White Female

(16 days after 1njection of 94.91 :g of plutonium cltrate) ?ilﬁ?

_ szsue cxots/gram ,

. .

- __Annlysed

G*sma of -

- tilcsue ’ of tissue

*Relatlvo

- Affinlty for -

‘ ?lut01igm

' Marro;_(rib

."Callus and bone'v'"

G'V'.r Callus (bone free)

Kidney
Thyrold

Contents

iR
Pancreas -t

Periosteum (rib)
LungA

Fat

Sploen

Tumor (liver)
Heart .
Ovapy'(l.)t

L. Node (abd.)

1.

Intestines (small) _
Intestines (large)

duscle (striated)
Blood {(heart clot)

. f'ﬁ.0.2065:‘_:¥ :
0 0.430 - ;

'10 0S

(lower bowel) B e
| 870 .. llee o

.'5*31 97 . -

,;.‘Q3L40Ax'rf}}§jai
fr;:fl 975 ' )
V 3; 1 53;”

eer clias

,Lii'a.oo'ﬁizuyu qgsaso"':'
"j%;~z.64;y

 5.045 o 1ap

0.461 . i';;‘23 -. e
14,40 ‘

15.860 - . - i 96
10 850 .. ,»gg;_it;

il en

15.32 1 40 .
1.835 22

51599 o

- B8.49.

5,02

~’*?Ta 17k

2.18 10
187

' ""-".3#1.11;-*'"= ‘

i 1400 .
©0.90 .
- 0.75

. 0465 -

- 0.58

Ll 0487 |
2
V0,48 el

Si;O.SB_};l{"

0.2

0437
" 0.26
0.24
0,153

# = cts/gram found e cts/gram aasuminp equal distribution

throughout the body.
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(o0) Frnt bt
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DAYS AFTER INJECTION

“iiure 11

oy

‘ietion of Pllﬂ’-onium in the feces of a sixty-eight year old white male following
Tavenous injection of 6.50 micrograms of plutonium citrate,
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7cti) szowstion of l._ sonimn for 133 days ic cotimeiad as 8.18 paoeont of tho
tniinhol doso. 11.!‘ urirary exerotion 43 csbimiad c:: 5.2L poooont of “uk oz R
Joutil Gozsy tho fecal exersticon as 2.99 m;‘canu of tza fndostod doce, T
avaings czcrotion hru:c are milidpliod by the e:-v*‘cr;......t,o foctor in sxoiving
- ab tho 8bovo estimtea, 8irce averagoe fiu o6 only aco g*ven tLrougho Esch

" of tho poricd of study. ' f :

s '.':jf:’_:*&,ls.adina of Pm':l_th‘ml Bg_j, s cz.a.ngea wome obcervod In tho honoe
- tolzzicnd coastituants of tho poriphorel tlcod which covld ko etfributed 4o o
aoticn of the lootcna e.dmmsterod Zhoso éate era recordad in a.b..a VZend in

“i,,..\..a III, IV ard V.
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Total white blood cell

» polymorphonuclear cell, and lymph cell counts per cubic
millimeter, in Cass I. ' '
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ot Ierton Fipdinga, Tho patient died 155 days after the injection of plutoniva.
ue ennlytical data is recorded in Table VII,. The spoclusn of marrow and spicules
shovad the greatest activity per gran of tissue, The plutoniun content per gmam
of liver vas ncarly os great, The activity of tho cortex of the rib sms cae~tomta
that of the bone mparrow, o activity could be detected in the sample of bile ama=
lyzed. The effects of plutoniun on normal and tumor tissue was looked for in the
post porten mterinl by H. Iisco. Ho found no changes which ha felt_could be
attributed to the action of the plutonium, B

D

<

Y

=3

e
o i *

Table VII.

Distribution of plutonium in tissuss of Caso I, 155
days after the injection of 6.5 microgram of plutoniun.

T gsue Geights of Gos of |Observed {Cts/zm | uz/gn Reintiva

: ' Organs (gns )] Tisous Counts of of Affinity
. | Analyzed | sexr/min, | Ticsus ﬁsmgB for

por/min} (x 1077) Plutomm’i
Uarrog ¢ Spicules 0,82R 58,8 70.% 1.043 20,13
3 Lieeyr _ 2050 32,11 2 0.01 59,8 .} 0,3 o5
Sternun . S 2,38 P11 20,6 0.303 2,%,
? vivateun (rib) o 0.1215 | -2.12 ] 20,0 0.299 2,08
Salcan - 260 32,12 fié..q 11.1 0,14, 1,59
g Tumor . 2.03 ¥ 14,8 7.4 Y 0,102 1.0%
Cancer Tissue 2,57 | 20,9 7.2 0.1¢5 . .03
Aib (cortox) - 1,025 | 6,05t} 7.0 | 0.103 3.00
L. ilodos (aortic) ) 0,63 o 47 6,7 | 0.059 «S3
LURSS [ 1950 15,29 ) 1&007 :‘\:6 - 0-033 0,37
Tosticle (gl. portica)}. . -} 4e3425 | . 10,0 2.3 0,034 C,33
ilineys o .30 - J27.35 " 53.3 1.7 0.C25 0,24
[oart .~ © ] 49435 . 6.0 1.2 0,018 0.17
Sicphraga 35,73 " 33,3 1.0 0.015 0.1
2t *(atd.) | 17,05 © | 3.4 | 0.2 0.003 0,03
Eils S { 8 co " © 206 ? 0,002 s ~——
. t

# Counts per gram/counts-per gram assuning uniform distribution of plutenium,
1 504 correction factor zpplied to observed counta to give actiml counts/gnm.
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Frcrotion Studicg. The urinary excretion data is liated in Teble VIIT ard plotted .
in ¥igure VI, Unfortunately mo- comparicon of focal and urinary axeretion can oo
rada in this case. Tae collection of scparate urine and stool stmples wes lmpos= -
gible. In fact tho graph of urine excretion in Figure VI pight with grsater truta

_ be called the graph of ‘total produst excretion. '

The 24 hour excretion rate was 0,152 percent of tho amount injected. This repro~ .
sents an excretion of 0,144 nicrograns cf the 94.9 micrograns injected, Followling
the initial 24 hour period the excrotlon rato was comparcvlo to that in the othexr .
cases studied. The total lnown excretlon wa 0.68, percent of the amount injected,
or 0,9 micrograms. : - s :

" fable VIIT,
Daily Plutoniun Urinory Excretien, Case II,

Days after - 2~howr - Alphs Counts/min/ . % of Injeched’
Injection - o Volune ! .7 100 ce, - A Dose Excretad
1l . 160wl . i 59% - 70,152

2 - X725 o622 T 0,207

3 PR 1750 . (. 250 0.c47
4 ' . 1150 - . 7185 0.033

5 aen ., 2020 o v 4134 0.042

6 1360 . . i 207 . 0.042

7 1190 : o132, T 0.0243

8 1500 : .10 . : 0.4

9 1400 .. 89 ' 0.019

10 . - 1280 , 154 - 0,030

i3 i . 2o 208 o 0,019

1» < 940 BRI (0.2 EE - 0,01,

13 RS : 74 B i 25F% - : 0.034

RIN - 630 ¢ o099 0.C09

15 830 - - e X2 - 0,016

16 150 _— P , 16‘ ' ’ ’ 0000;". e

$tmien of the Periphoral Blocdr Io altcrations in the hematological constitiants
¢t the paripheral blood occurred following the aduinistration of 97.2 microzrans

¢i plutonium which could be attributsd to tue presence of the olomont. The inter—
nrctation of chonges in the tayool turbidity and csphalin flocculation testz, ard

: lneShac amouab of bilirubin ir the tlood serun w8 a0t possible tozause of o

teroinal state of the subject. These data are presented in Table IX. axd ia
figere VIT, - A - _ T
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Dlstritution of Plutonivn in the Tissnes, The Plutoniun content of the tiassusa

.* gralyzed is listed in Table X, The porrow and rib specinens showed the highost

. gpreific activity, os would be expected fron the aninsl vork. The plutonium
conteat per grem of liver itissus wes3 roughly ons-tenth that of the bome marrez,

Tho specific ectivitios per gran of muscle and fat wore rospectively one-tuentieth
and one~thirty-£ifth that of the bone porrow., H. Iisco reviewad the histological.

1 : material for evidence of changes sinilar to that attributed to plutonium in the

' experinental animnls. Mo such chongo was observed. It should be pointed out
.thatthaamountspergrmofbodyueightweregrentarintheanim]smwhich
chanjes were seel. . , . . S

| . Table X,
' Plutonium Distribution in Tissue 16 Days after Injection.

. o ok ‘ 1 : 3 %
Tisgua Weight | Woight of | Total Countsl Countal/ | icrogrens | RBolativo |
' ‘ of Sapplo in Somple | gm of | Plutontum/}Affintity.
Crean (eos ) : i | Tissus | gren of for * ,
(gma )} - EE tioaug - | Plutonium
. i 1 (x1079)
Ihrres (Ribg - 0,2065 289 - 139 - 20 8.9
Rib (Cortex) .. 0.430 ] 558 ., | 1299. | 18.6 7.83 -
Collus and Bons® ] 0,1933 S 360 o) Te2s n2 | 5
fdesy . 190 6,00 2162 . 360 5¢1 2,28
Tayroid 2,64 597 i 226 3.2 1,37
Coatents (lozmer o
bowel) | - 10,05 1833 ¢ 183 2.6 ~ Lol
L&ver 110 | 8.7 1405 -1 1S 263 1.Co
hncrc&s : 60 600‘)‘5 ’ 893 :* . 148 2'1 0090'
Porioctoun - 0.461 . .57 ;’ 123 - 1.7 0,75
ng ) 490 14040 1533 it o 107 ! las 0065
sk, Lesenteric - * 5,850 560 i %% L2 0,53
Spleea 85 {10,850 el i, {0 9% 1.2 0,57
ooz (Liver) .1,970 - | A0 71 . 1.0 0.43
Mooz | 250 | 940 -} 60l | 70 1.0 0,42
Ovary, L. . 1,975 . 122 i " 63 . 0,90 0.33
Lrooh Fode (abd.) | - 1,53 72 48 0.70 0.29
Ictesiines (small) 340 51 . 45 0.8 0,27
Istcstinas (large) 6.87 29L - 43 0,60 0025
iuscle (Str.) 15.32 613 20. 0.57 ot
Bicod (Bzart Clot) 1,835 40 1 22 0.31 0,13

1- Alpha counbs per minule fron plutonium. -

2 = Counts/man found divided by counta/gran asmx:xing equal distribution of thn
plutonium, ’ o

6065b3b
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DISCUSSION =~ )

It must bo emphasized that the data dlscusocd cbove, whilo obtained on humens, eay

not be applicable to the population with which we ore wostly concarned. The eajor-
4ty of occupationally exposed persons aré in the 20~40 year ago group and are in _

geod goneral health, The persons discusscd gbove both bad carcimomns, ons of which

* _had widespread metastases. In case #2, the injection was mdo bub seventesn days

*bofore death and the toruinal state may have influonced tho nstabolic bebavior of

the eloment. In case £1 no gross ovidenco of other than local diseaso, except far
the netastaois to tho lung, vas noted at the time of injection. Thus, borring
clterations dus to age, the carly distribution of the plutonium wms presumably &
*physiological" one, Hovever, it must be pointed out that ve bave no informatica
on tho early distribution pattern of the plutonium in this case. The data given in
TableVII represents the distribution of the injectate 155 days later, after profound
patabolic disturbances, causing his death, had occurred. It is impossible to say
what influsnce this moy have had in altering the early distributicn pattera.

- As is woll-lmown, the biological bekhavior of a given agent vui-ies graatly £ron ona-

apocies of mommal to another. Hence, experience with humans injected with plutonium
was vital to any interpretation of the data obtu.}?d;fmm nma o .The rato of
plutopiua excretion in rats 2), nico (2), rabbits(3) and dogs'é) varies widoly. The

. routo of excretion vories from cpocies to specios(2,4), Since our esticate of the

body content, and hence ultimately of the dosirability of removing a given workex -
fron his job, depended upon the excrotion rate of plutonium in the human, it tecaza
neccssary to determine that rate directly in the spécics concerned, Enowledge of
tho distributiod of tho eloment.as well as its rate and route of elimination fron
tho human body prowided information which could bo gorrelated with the vore cxtens
sivo experimental investigation in anirals and pr cd information which cado pos=

3iblo tio estination of the amount of plutonium alrecdy deposited in the workors by

ths doternination of the daily plutoniun excretion rate of the individual concerncd.

€lipizel Picturo. Insofar as can be doterninod thie clinical course in neither of

"the %wo coses vas influenced by the injectlon of plutoniun, In Case #1, the cen=

1 to produce damage is far greater. .Ta.hlo II lists some of the experimental values “

‘|- centration of that matarial was 0.035 nicrograns per ldlogran of body veight irncdie-

ately following the injection, In the cecond case the concentration of plutonium
tas 2.46 micrograns. per Ikilogrem of body weight. - _

That the agount of plutonium injected in thedd subjects prodused no appresicble
clinicel effect is likely in viow of the fact that the amount of plutonium necass‘:(,,

Table XI, & ,
Comparison of Dose Levels of 6 Plutonium in Animnls and Their Effects.

wg/kg ‘ Effocta Tics
Rats 700 - 1000 ID 5074n . 30 Loye
Fats. 200 « 660 1D 50%in 150 Ioys
Bzts 1 ‘ ' Iona ‘ Z20 Dagsa

T3 =471 ba acor thed tha levzl of 10 niavoprops per klngraa is approxicately 147
wizes the dosoge lavol ia Casoa I and 4 times tas dessgu level in Cage 11

-
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-
*

)

!
o

*
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| faematolord.cal Studiea., No hematological ‘chonges o.f.' "the periphercl blood were

obscrved in eithor gubject. In vicw of the vory sloz excretion rate and lozz belf-

11ifo of deposited plutonium it might bo assumed howevor that e condition coxparable
{to that deseribed by Lartland(5), Castlo(8) and Bomford ond Rhoads(9) in ind.vidu..la

gith chropic rediunm poisonming (severe arsmia, leulopenia and t.xranbocyhopem’.a with oz
githout bonms sarcoma) might well dovelop in cither caco ware 1t possibls to obsarve

" -{subjocts over extended periods of timo. The difficulty which arises in atteopting

" . lto-oxtrapoiate from the rsdium domage data on tho humen fo the expected effect of
plutunium is, among other things, due to the difference in tho excrotion pattern and
" ]the irpossibility of estimntdng what the ingested doco righi have been in the :

individusls who have succumbod to radium poisaning. (ihile bane sarcomas have bean

" {reported in individuals with e total of 0.5 mg of rodium in the body at denth, little

-

*mfomtionisavnﬂableaatothaamuntwhinhwnsinthabodyinitdaﬂyandthis
initdal dose may be the critical emount, ;

Cage I

Everotion Studies, The fact that the rate of excretion of piutanitm apperently had

{pot rcachad @ constant oven 1C0 days after injcction desorves emphagis. The rate of

fall is slight but definite, This point desorves emphasis as it my indiecate that
tho cxecreticn rate 1000 deye after exposurc may bs even loss than the average of 0,012

- Ipor cont found after 150 doys in this ecaso, Evidancs for contimed dimirtion in tko

exerotion rate of plutcnium 228 {icotope of plutcrimm 239) is found in the patiand
studicd by thoe University of Califorria group which is descaribed in-the 'b:.ology volunoa

{5
]of this report. Ia this patient, 158 doys after injoctian, tho daily excretion rate
T

is approximtely 0,C015 per ceat of the injooted doge(6), a £igure definitely lower
then our figure dfﬂ)Oszer ocent onehundredandi‘n‘tydayaai‘berindcction.

Stould the lower f:.gure praove. to boe the more comcy/ons tho diffionlty of dotocting

.tqlemnca conceatratiors of plutoniunm by moans of tha urimry excroticn of that elcment
is materlally increased,

It is intaeresting to note the totals of winary and fecal excrotion for ths tims
xriods of 0=24 hours, 2~10 days, ard 11~100 doys. Table XIX givea these data fo

g Iintams ofpcr cent ofthainjected doses 5@

T 22
LY .

Summnry of Piutbﬁ;iﬁrﬁz-c'cratiea for Todlcated Time Periods, Case I

Tiro - Urirs . stoel Totel
M2, howrs - | 2.53% : oo..,,;,ﬂs_ ' 2,768
ha10 A _ 0.635% | 1.725% . 2.385%
_ J.-lCO days 1

ogm% _ 09707% ' o 2 669)-1

6005638



"It 1s epparunt that the total excrotion is roughly ‘equal for cach of the various
pericds. One might speculats that the noxt ordar of rognitude, that is 101-1000-
doys, nizat alse show a total plutoniun oxcrsiioan of approximtely 2,5 percent. -
If this porcentago excrotion for the 101-1000th days poriod is subsequently boinmo
out by e:xporipental observation, it weuld paind a rather discoweging picture from
tho polni of view of tho norcal exerstion rate for plutoniun, L :

] Tmo fecal excretion pattorn is similar to that described for the excrotion in tus

"~ urins, Il sharp caerly peak in the axcretion rate is noted howsver. On the othsye
.~ band, the rapidity with which the rats fells is not co marked., Indoed, tho total

1 . piutonium excreted from ths second to the tonth day is greater in tho feces. Eoue

evor, as pointed out above, the facal excretion after tho twentieth day is distinctly
-lose than the urinary excretion. _ .

It will bo noted that throﬁghout this papor the excretory rate is glven as ®porccnt

:~ per day of tho injectsed doso". It would bo nore acourato to spealt of the parcont

por day of the anmount in the body. Becauso of the low rate of excrotion of plutonium
the corrcction factor is smoll end it is folt that tho small imaccuracy introduced -
- by this practics is juatifiable, particularly in prelinminary studles, :

Digtribution of plutoniuvn in tho Bodye It may be useful to cooparo the relative
- concentrations of plutoniun in the wvarious organs in the two cases, It is recog~

nized that such comparisons cannot be pushod too far bocause of the pany uncontrolled

' voriables.

. For caso of cooparisor, tho valuos fron Cazo I in Talloe XIII aro adjustod to an in~

Joction anount ofr94.91 picrograus, tho amount injocted in Case II, assuning tho
sano digtiribution wgonld occur with the larger dose. /

.In both cases the bono marrow shows the greatest ccnecontration of plutonium pse
an of tissue. On the bacis of animal expariccatation it ic fell that the plutc—
piun probubly indtizlly locallzos in tho osteooblastic end collagenous tisgus
swreunding tho spicules, forming tho orndostoum, Since the proportion of thia

| tissus is groatest in the mrrew spucimon, it chows tho highest activity, 3. is

1. of inlerost also o note the much higher proportiomel sctivity of tho bono cortex
in Case II, whawe the cortex shows almost as much cotivity a3 the marrow. The do=
"“ealeification of the bonos noted in this cage would rosult in a greater propartion

{ of plutoniun=-containing tissus than found in the comparable specipsrs in Case I,

{ where tho calciun content of tho bones wus appustntly normal, The specimen of

1 callus froo tho rib in Cape II did not show o3 high concentration as the cortex o

PP

tarTow spocimens ‘do. Since the callus represents a healing pathologic fracture p it
is entirely possible that the uptake of plutoniunm wes abnormolily low.
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- Table XTI

Comparisan of the concentmtion of plutonium per gran of tissus. For
eose of comparison the valuss from Caso I arc edjustod to an injection-
anount of 94,91 mlcrogrons, the amount 1nje¢bod in Case II, :

-— - ;i‘.- _ » - .
. . 1’: ‘v; . o .~'. - .

- Ticsue .+ Case I

G % | g‘af Fetem

= iosue | G gmtiaam
'0"’) 4 & 109

' Bone Larres + Spiculea 152 S e 2000
Kidney co v o 0636 o R 5.1
Idver . . o o .. 1248 0 bt 2,30
Iong PRI RO IR X SRR | AR Py S
Splasn 1o 0239 o o L2

- Tunor e e 1e89 i o 1.0
OVOI’Y . S A - Ues
Teaticle . 0.50 A
L. Noden , Lodd oL ' 0,70

The anounta in the livers are & coasiderable interedt. The reasons for the wido
discrepancy shomn die not knour at tho prosont time, Ir Cose I tho liver content
at doath, some 150.8nys after inj ctlon, copnstituted xizately czo=-thizd of
+n injected anount, This velus is faor highor #ro data £ron ozperimontal
animnls would lead one to anticipato(2). It 1s trus that early valuos comparzble

to thc ons Jisted hore moy be found in the exporimental enimal. Amost undformly, .7

houcear, the initial high volue has dropped by a- factor of fivo or ten by tho
huzdredth day(2). Why, in this instance, the livor should have reotained plutoniun
go. teraciously is not understocd. Indced, it must ve adaiticd that wa cemnot rule
out tho posaibility that the amount in the livar wos at one tims lower than the
firnl valus. Iiver bilopcies would bo axtremsly uneﬁxl in following tho plutoniun
contont of that organ over a wids timo ra&,c.

{ In Cace II tho comtent of plutonium in tao liver ucis‘ 'appz-ézd.mtezty ono-pixth of tho

anount noted in Case I and constitutod spproximptely one percont of tho amount injesteds
This figuro is, if anything, somcwnat lower than omo would oxpoct the coacentration
in tho liver to boe on the 16th doy after 1n;laatiozz, judgim_,, egain fronm the resulta of
cniml expericents, (2)

Tao concentration of plutonium in tho splean ia Cuso I,uhich showed sone cone_,oatien

‘tus no othor ovidence of patlplocic cm.nc;e, was distinctly groaver than the caacon-

‘L_. AL

ation in e spleen In Case II wlicre o morked myeloid ositaplasia wus otsazrvad.
Tio relative conceontoatlen of plutcmimn in tho splcon obsorvcd in theso tzo cases givoa

i horo aro disticetly losa than thoso obgerved 4a oz.?or.lnontul animls, particularly in

tegs{4)e In most instances the plutcnive cencontzation in tho splosn compares fevorably

: zlm. that of the ™eao wirrow, Coricinly tho difforcnco noted botuoon ths resulis in

:
i

.itho two humn casos are far less than tho difforcnco betweon spocies(2,4). Agnin
ito oxplanation for this fact con bo glven at this timd, -

8005640
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o cases reported elsevhero) the following tontative conclusions my be drawn, It
.. 'pust bo recognized clearly that these are nol in the trus sense of the word con-
+ -~ clusions but are only working hypotheses that nust be confirned and elabora.ted

{ " ypon by subsequent invest.igationa.

(1) The urinary rate of excrotion of plutonium in humens i
. . ezceedingly iow, The best evidence avallable at this tine
" would indicate that the "chronic® (150th day) excretion :

. . rate does not exceed 0901 porcant per dny of tho amount
- fixed in tho body.

- (2) The fecal rato of exzcrotion of plutonitm fixod in the body
. _ 18 lower than the urinary rato by a factor of approximtely ‘

4hree. that evidence we havo would indicate that the rate -

~ of fecal excretion does not exceed 0.003 percent per day of

"~ the amount in the body.

. {3) The highest concentration of tho plutoniwn fixed in tha
~ body is found in the bone marrow, Thoe liver concentreation
- has varied so widoly in the two cases hare reported that
* 1t is impossible to predicit on & reasomd basis what the
general picturo night ta. i_ ) . :
(4) Tho concentration of plutonium in the neop]n.stic t.:.saua _
‘ of these cases was not high. v

| ¥ ! Al
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¢ ' Liser = D05
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Pl Ui : i | eclassitication Aum,,,,ae &oftec ,ﬁg;'-’

R : TABLE 3 bdte—LZﬁL_._.,whﬁ W
Ay O : _—_——

AS l)'l’\
\)?" \ 4 - »uﬁ.—uol

DTS'“RIBUT!OV GOF PLUTONIUM IN HUMAN L3 FOLLOWIN
INTRAVERQUS WNJECTION GOF . DLU“‘D\H 1 SALTS

.,v

|v. L8

R
S

k) e
) “hsi Q%ﬁubyect@ ar! S‘; of In)cL%éxposgg. of T ;jsue Rel. Pu Org. Clm
Tissue!2) | Hp-5 | Hp-v | Hpoli Icm.‘r dni 7Y Hp-1z [cal 1| av. B/ | Atfinity'®? | we /et | %/0cga: |
Bone Marrow -- -- | .0098 .oxsé» 0210 ] - | .02%0 | .0187 13.3 3,000 (56.1)0N
Radius { Frag. head) - -- -- -- .018%¢ - - - - -
Liver .0320 | .0144 | :0683- | 0130 |-—0024 —~ ). - 0136 9.7 1,700 23.1
Rib (Cortex) - - - | .0015+] o161 -- |.otr0 .o127- o1 | - -
Patella -- -- -- - - .0109 - -- - L .
Vertebra 0071} .0080- | 0070 |  -- - - -~ | o073 52 [ -
Sternum ©.0070-| -~ | .0100 | .0044 *{ -- - -- .£071 51 |5 J‘,uz&-——— 65.7(5)
Rib (Whole) .0050 /| .0038 | .0068/s| -- - - -- 052 | 31 [ ' -
Periosteum (Rib) -- -- -- 1| .0043 | .0019 -~} 0048 | .0031 26 | - -
Spleen .0007 | .0015 | .0043 | .0024 | .culd -- {.0018 | .0921 LS 200 0.4
Kidney .0002 | .0002 | .0015 | .0004 | .0054 -- -- .0015 1.0 300 0.4
Thyroid .01 -- | .otco -- | 0034 -- -- 0014 1.0 30 -
Adrenal .0004 -- | .0022 -- -- - - 0013 1.0 I --
Lung .0003 -~ | .0016 | .GUC3 | .0016 -- -- 6011 0.8 950 1.0,
Pancreas 0002 | 0002 -- - ] .co22 - - .0009 0.6 65 --
Gonads “H%03 | -~ | .o6%2 | o005 | .coos R 0.5 - -
Lymph Node -l -- -V oun 1 guol -- 2 / .6007 0.5 700 0.5
Teeth (Av. of 7) -- -- -- -- -- L0006 - -— -—- - --
Haeart .0000 | 0000 -~ 1 .00u3 | o1t -- -- .0003 G.2 350 0.1
Lacge Intestine . 0002 -- .0004 -- BRENVYN -- -- .0502 u.t 2,300 .S
Smail Intestine 0901 -- } o003 -- | .cco0! -- -- .0002 © 0.1 } - -
Lluscle and Skin .0%00 -- | .0002 | 0002 ; .0801 | - - L0001 0.1 38,500 3.9
Blood -- -- -- A P P -- - - 5,400 0.2!8)
Balance -- -- - -- I R -- wocor{?) - 9,600 0.9
Total ) -- -- - -- fe- - a- i - -- 70,000 96.7
1t )"‘h° various subjects received the following doses of plutonivri:  Hp-9= 5 ug ;- 1ip-9 = 6.3 ug:
Hp-11= 6.5 ug; Chi. I =65 p2; Cui. Il ='94.9 pg; HP-12 = 4.7 u3; cu.z-ms..g ~ s
(2 )szsues were obtained at the fullowing times after injection: }\‘ta Bays; hp 9 ;58 days;
Hp-11 5 days; Chi. I 155 days; Chi. I 16 duys; Hp-12 5 dayz; Cal. I 4 days.
(S)C:xlcuhted by dividing %/g of tissue by 4,3 of body weight i a unit dose of Pu was cqually
distr, in a 70 Kz. man.

(4)Herln:u:n Lisco, Memorandum io AEC, July 21, 1947, Project Siandasd 2an.

i
5 H
( )Assumpt.on miade that vertebra, sternum uad whole rib represeat average boue of ckeletel syuem. i
(G)Ecne marrew not included in total recovery because boie samplés were not Irzed of marrow be- ‘
fere anzlrsis
(7}

Balance ossumed to have same Pu content as muscle. ) : H
(B)Vﬂue for blood taken at 30 day point, Fig. 3. i
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APPENDIX.5

' _ . _
Reconstruction of whole rib from divided samples. - Original data

were consulted and cbmputational and typographic errors corrected.

 Pu conc
Case No. Sample (%o/8)
Chi-1 Sternum 0.0b47
Rib, cortex 0.0016 -
Periosteum 0.0046

Marrow & spicules®  0.0160
Whole rib (calculated) 0.0079

Rib, cortex - 0.0210

Marrow < 0.0196
i -f.

Whole riB (calculated) 0.020

Cal-1 Rib, cortex 0.0072
Periosteum 0.004%
Trabeculae - 0.0349
Marrow 0.0490

Whole rib (calculated} 0.CO381

a .. . . ce . m
Origin of marrow sample noted as ril: in ?
b

8005b48
Ao L-20R S0

128,

. "Whole rib sample weighed before divisivn in > four separate samples.

R

Sample % dose
weight in
{g) sample
4.38 , _.
1.0125 0.0016
0.1215 0.0005¢6
0.8292 0.04133
- 41.963 0.0155
0.43 - 0.0090
0.2065 0.0040
0.6365 0.0013
9.0 0.065
0.445 0.00216
0.84 0.0269
- 0.019
140° 0.113
21C

-

P Nickscn (Ref. 47).
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CIC oot TJ0iB30 -
: ﬁh “M el 51757/ -
Der ! Coansity S
7 Ly, D Ehubre

‘/ ) 5¢
. /]
DAYS PCST | { ;_PLl CENLJ OF LUECTED DUSE EWCRETED PSR DAV SNy,
INJECTION | Eip-1| Hp-2 | Hp-3 | Hp-4 | tip-5 | Hp-6 | kip-7 | Bp-3 | Hp-9 | np-10] Hp-12]c er"cm ARich 50)

, 1 J81¢) 472 ) 569 | s | 2o3.] - | .2wn] ar7 | .04 sm f 00| w5t | 283N e <80
2 L1484 204 1269 | 235 | .163 | .215 | .212 | .232 | .035-| .330 |-.103.] .182 .153- 1670 1 150
3 L) .17a ) L112 ] 221 | Lotr f o127 | 137 | 123 | .069 | .213 | .088 | .033 .184 087 .120
4 (093 | 1231 0107 | 132 | 032 { .112 | .096 | .140 | .066 | .170 | .078 | 077 .133 .033 .031
5 .069 | .16 | .078 | .110 | .030 | .076 | .652 | .c33 | .047 | .009 | .063 | .026 | .032 .042 037
6 .083 | .081] .043 | .119°} 020 | .057 | .c52 | .078 | .052 | .060 | .043 | G256 | .029 .042 -
7 .032 | .062 | .043 | .077 | .033 | .044 | .c35 | .0s6 | .050 | .079 | .089 | .c2c1 | 024 .024 -

8 .055 | .043 | .049 | .031 ] .023 | .c33 | .037 | .057 | .032 | .065 | .060 | .0227 | .023 .025 016
9 051 1 .046 | 022 | .095°] .027 { .c32 | .033 | .047 { .032 | .051 | .043 - .027 019 .06S
10 .c45 | .038 § .027 | .081+] .022 | .031 | .023 | .050 {.035 | .044 | .033 | .0082*] .034 | _.030_| .02
1 .040 | .048 | .027 | .075°] .021 - 1.018 ) .ca4 | .026 | .04l | .033 | 6097 | .047 .0l9 .038
2 .033 | .039 | .015 { .072+] .626 | .02¢ | .019 | .023 | .030 | .038 | .027 | .coS3 | .047 0 029
13 031 | .045 | .020 | .087~| .023 | .023 | .019 | .037 | .027 | .029 | .030 | 0256 | .0!8 .034 -
u .035 | .036 | .020 | .0s8*| .010 | .020 | .013 { .035 | .c30 | .029 | .038 | .007 034 .009 -
15 .034 | .039 | .c28 | .050 {-.015 ]| .022 | .012 | .c35 |.030 | .025 | .029 | 0050 | .023 | o018 013
16 .02 | .024 | .024 | .033 |.c20 | .0t73} 012 | .035 | .0%9+| .028 | .023 | 0105 | .0u2 004 =| 016
17 .027 | .027 | .021 | .032 |.c20 | .013.] .011 §.c52 {.033 | .023 | .029 - .023 - .0056
18 .028 | .620 | .0i7 | .037 |.020 §.015,}.011 | .029 |.027 | .02L | .0%5 - LZ5 - .01
19 .025 [ .01 | .o18 {.032 |.018 |.015°] 010 | .c31 [.020 { .017 | .020 | .0022 | .015 - 0G5
20 017 | .021 | .01 {.025 }.021 | .013 }.0038 | .c32 |.029 | .0i8 |.032 | 0098 | .033 - 043
21 617 |.0t7 § .01d.} 029 {.020 | 012 | 010 | 629 }.032 | 22 | 25 | .ute | o3| o
22 .018-1.015-] .04 | 035 |.018 [.012 | 013 |.021 |.632 | .0t6 | .u25 | .0Md5 | .027 - 0659
29 .025 | .018 | 014 | .Ci4 - - {.008 j.021 }.032 | .015 |.039 | .0151 | .29 o .005:
24 021 | .04 - - - - |.008 ;.c25 |.032 | .016 |.023 | 0120 | .620 o 0076
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CENTER FOR HUMAN RADIOBIOLOGY

Uo! C-AUA-USAEC

Argonne Natianal Labaratary » Massachusetts Institute of Technology New Jersay Field Station « Southwest Field Station

TO: s MM Shanahan "MIT Radioactivity Cbenter
_FROM: - A. F. Stehney | RER Division,

SUB]'ECT: Exhumatlon of CHR cases with pref.l.x number 40

.Enclosed are'folders containing copies of all CHR information on ten
radioactivity patients in the "40" series. These are 2ll the cases in
this series for which we now have death certificates.

Please take the necessary steps to locate relatives and obtain permissions
to exhume any or all of these ten persans. It should be noted that we want
to examine the remains in order to determine the microscopic dxstnbution

of residual radioactivity from past medical treatment.

Date A. F. Stehney, Deputy Director
Center for Human Radiobiology

Today, I recewed from A. F. Stehney cop;.os of folders for the followmg
ten CHR cases: .
' 40_-001 40-005 .40-008 40-011 40-015
40-004 40-007 40-010 40-013 40-017

Date M. M. Shanahan, Deputy Director
‘ MIT Radioactivity Center

dk

cc: R. D. Evans
R. F. Rowland
CHR Record; Room

8005653

CENTER FOR HUMAN RADIO3IOLOGY
9700 . Cass Avenus, Airgonne, filinois 60339 Tel. 312-733-7711 Ext. 4825
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Orig.: Purch. Dept.
cc: F. E. Rowiand
h, F. Stehney
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