b
M

S0 U AN

LE220(

o o= - sy,

/\/AKA-(%ZQ 74-A~ 735

CARBIDE AND CARBON CHEMICALS COMPANY

A DIVISION OF UNION CARBIDE AND CARBON CORPORATION

- LT
4
nerosirory MARA Bbitol Brdyyes PosT orrice sox P ACH1.950818.034

OAK RIDGE, TENN.
COLLECTION 32(! b3AR109(p .
é'ox No. 104\ ed, Becfis 0L ‘M\// cfe.

F ' I-/J\ 3 §
OLDER %;&ﬁ%\_%gg@h + da C‘/‘\/

\-\/ Dr. W H. Sweet
Massachusetts General Hospital
Boston 14, Massachusetts

March 22, 1954

Subject: First 'Results of Uranium Distribution -
and Excretion Study

Dear Doctor Sweet:

Following our discussion with you and others in the Atomic. Energy
Commission and at the Oak Ridge National Laboratory, we agreed to provide
. analytical services in.exchange for additional data, not.directly concerned
with the therapeutic application of uranium to the treatment of brain tumors.
‘This ‘experiment, as you well know, provides a wonderful opportunity to
.secure "human data' for the analysis and interpretation of industrial uranium
. exposures.. We have completed the analysxs and assembly of the data taken
. .. .from patient number 68927. The purpose of this letter is to inform you or
. our general observations concerning the results obtained on this subject.

It might be of interest to restate what we beheve to be the obJecuves
of our cooperative effort. These ob;ectwes are:

‘1. Concentration of uranium in normal fluids and tissues and in
tumor after intravenous admim’.stration. '

2. Concentration of uranium in blood with respect to time after

inje ction. /I[l’p[m l;

3. Distribution of ‘uranium within major organs and bone. E/{Z

’ ).
B IR AR

4. Build-up and disappearance of uranium in urine and feces.

5. Evaluation of urine excretion curves in terms of our method of
' analysis.

On November 11, 1953, patient number 68927 received, by intravenous
‘administration, 12.9 milliliters of sterile isotonic solution containing 1.60
. milligrams of uranium 233 and 3.90 milligrams of uranium 238. This is a
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dose eguivalent to .30 microcuries per kilogram. of body weight.

Urine Excretion - (Table I.) The elimination pattern.is .as expected, i.e.,
large.quantities of uranium.appear in.the-urine immediately following in-
jection,. followed by .a .gradual decrease in rate of excretion; there are the
usual fluctuations in individual samples; and a large percentage of the in-
jected dose is eliminated in the urine.

| onpsy Samples - (Table II.)

Bone -. Tlus tissue shows-a sxgmncant uptake of -uranium.-at..one hour
post injection -and- remains fairly constant throughout the remainder of
the study.. . The-variations in -the. samplge concentrations indicate that
the technigues .of sampling .may have. resulted-in- contamination of the
small samples because -of the existing .high activity--level in the blood.
However, the amount - of -the injected dose found in the bone (14 percent)
agrees well with. previous experimental findings. -

- --Muscle < The muscle data similarly indicates the possibility of con-
. tamination, with. added factor of -vascularity in this tissue to further
this possibility.. 'The samples taken from 8 hours to 32 hours post
Jectmn show httle uranium -depositing in the. tissue.. :

Cerebrospmal Fluid - The lumbar fluid shows a slight concentration of
uranium at one hour. with subsequent samples showing comparable amounts.
.The veatricular fluid exhibits little uptake of uranium for the first 16 °
hours post injection. However, at this latter time an elevated value appears
which' is higher than previous values by a factor of approximately 10.
This observation is again evident at 32 hours post injection. The signifi-
cance of these elevated values is unknown to us. In comparing lumbar-

- fluid with ventricular fluid it is evident that the former exceeds ihe latter

* consistently, with the exception of the ventricular samples at 16 and 32

" hours post injection. . Here.again the explanation is not obvious to us.

-Blood - The activity in the blcod at one hour after injection is not
indicative of the rapid decrezse that is expected ‘to occur during the first
. 60 minutes. Considering the injected dose and assuming a total volume
of blood for the standard man of 5.5 liters, it is seen that the blood

concentration has decreased by an approximate factor of 10. Following
the rapid decrease, the blood concentratxon is observed to deminish slowly
for the duration of the study.

Autopsy Samples - (Table III) The kidney, as expected, contained ‘the
highest concentration of uranium per unit weight. -The next three sites

in order of decreasing content per unit weight are pancreas, brain and bone.
In summary the data are presented in the following table.
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Distribution of Injected Dese at 57 Hrs Post Injection

Site , : . . Percent of Injected. Dose
Bone . ' 13,6
Kidney ' - 11.2
Soft Tissue (other than kxdney) 13.3
Urine - 54.3
Total s 92.4

The results.obtained in the first. experiment..are--generally incomplete
and .inconclusive -due to the -brief duration of the study.- Furthermore, there
are discrepancies in duphcate samples which--appear-to have been caused by
.eross contamination. -We. ‘have -discussed with you the inadequacies of our ‘
‘experimental techmque and it is expected that the changes we have maugurated .
will. lead to more precise results. , . -

' _ S Smcerely yours,
‘ e T _ ’ . : John C. Gall.unore Jr.

' Associate Health Physicist
JCG:as

- Encl. _ e T -..

o Approved by;

Y

Edw. G. Stru fess, Supermtendent
Health Physfcs Department
Y-12 Plant
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K // : ~ TABLE 1
( "\r NUMBER (ml) TDE (hours) (courlits/migu{e)-[ S céi:;t:/;ﬁ.:ﬁ%‘;/h;g)
Urine 1 65 1.1 14182 | 1,350,667
2 30 2.2 | 12392 686,326
3 20 . 3.0 10677 : 60, 620
l 20 . L2 8576 563,901
s 28, 5 7068 ‘ 733,563
6 2 6.0 oSk . 571,68k
7 . 16 7.0 ' 75 192,351
8 20 . 8.0 k : ',- 5606 1 113,018
9 23 el T B . e
P 10 2. w0 S S 291;,328_
S n % 1o . »'.13607' L 7, 255,81k
L™ 122** 2 2.0 - o160 - '- - 196,000
tﬁ 126 28 120 - BT - ameee
B 13 2% . 1o - w5 L 220,93
” 1 8 4.0 o '_2219 o - 38,259
., 15 .25 . 1s.0 . 12995 . o . 29L,259 -
16. 9 .. 1.0 .. - L4753 : L .‘ 68,549
17 12 wo . s 69,920
18 19 18.0 : SRR B R 132,810
19 21 191 s eg,a16
20 30 20.0 7015 ' 213,906
21 3 2.0 1832 - 2,187
22 2 22.0 ﬁ ﬁo7 | 7,155
23 2 drops  23.0 I - I . | 1,210
/\ ) 2 10 20 29L6 3,019.°
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TABLE I (cont.)

SA ﬁ_\Fm SAMPLE VOLGHE POST INJECTION ALIQUOT ACTIVITY URINE CONCENTRATION

i

7

drine

-

NUMBER (ml). TIME(hours) (counts/minute)

25 35 25.0 11,528
26 650 33.0 - 6,550
27 10 L2.0° 7,511
28 1020 54,0 7,985
29 12 57.0 1,196

o

'I
e

2002241

i _(counts/minute/hour)

10,kL10
89,000
39,533
2,258
2,296



(grams)

BIOPSY SAMPLES

TIME (hours)

TABLE II

) (counts/%inute)

R

(counts/minute/

gra

—

O ME W N HE Y O N W o

2002247

0.1339

0.182:

0.180L

0.1396

0.1536
0.1502
0.1581
0.L771

To.0h32°

0.2667
0.0698

0.2768 - -
| 0.liiko
- 0.3475

0.1686

1.1
2.1
L.3
8.4

C 1.
16.6
20.6

32,0

" u3.8

1.3

2.3

b3

8a

12.5
32.3

15 : 109

18 ’ 99

53 293
28 . 203
16 . 103

23 " 167

.25 o 16

3 S 223

b2 R

-

a1 - 13

w3

N o 22

188



' TABLE II(cont.)

AMFLE SAMPLE VOLUME _ POST INJECTION  ALIQUOT ACTIVITY  TISSUE CONCENTRATIC
YPE NUMBER (m1) TIME (hours) (counts/minute) (counts/minute/hour

1.0 o % 2
21 1.0 2 | W
1.7 2.1 28 16
2.0 L.k N s A

20 o 55 | o
1.0 - 12.0 o | 12 o 12
L1 0.9 - 16l €2 EEAE %

CSF s . po
(Ventricular)l - 1.0

| 8
3 2.6 1.0 18
g a0 ms el Wc
9 13
n S

2.0 8.0
- . /
.0 12.0 .

" 13 20 73 A T L st
g s 20 #a - S b

. 1
w0 10 3o . oW W
‘BloodX - o 10.0 R T .. : ': o 60 -‘ : I | . 6.
| 1 0.0 0.9 | 396 o - 39
2 10.0 . 2.0 L36 | 218
3 0.0  ° 3.0 . 630 | s
Lo 10.0 b3 o - 207
6 10.0 6.1 . 319 126
7 10.0 7.0 , . 385 128
8 L.l 8.2 k(I | . 139
9

CJ T

. L
-

2002243 8.0 10.0 o 620 ' | 78



TABLE II(cont.)

NCLL

[YPE NUMBER (ml) TIME (hours) (counts/minute) (counts/minute/hour)
3lood 10 k.2 10.2 109 97
(continued) 8.0 1.1 69l 89
1 _ 10.0 11;..1 327 33
15 _ 5.0 15.4 539 108
16 8.0 16.1 691 86
17 B 2.5 17.1 . us L6
& 18 s 183 e, Lo
Y o . 9.8 - Lis 5
% 20 5.0 20.2 289 58
A 6.0 2.5 239 Lo
22 10.0 32.5 | 262 26
3w 43.0 .. . . 19k 30
2 .80 .l 573 72
., Uskoown " 9.0 T 62l 72
E Unknown 0.0 098 110
Unknown 10.0 560 56

()

~
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TABLE III

AUTOPSY SPECIMES

BTXN

200224"

A tE SAFFLE WET WEICHT . TISSUE COWCENIRATION
YPE NUMBER _(grams) (counts/minute/gram)
iiver 3.1 2.0
Muscle 1 30 2.3
2 © 2.0 8.6
3ladder -1 1.6 .31.0
' 2 1.6 28.0
‘Heart 1 0.7 , _28.2
| 2. 06 l’ e
Lung 1 "o .0
2 Ry 13.2
"Stomach 1. 3 - 6L.3
*> 2 o 1.8;;'. 26,0
ey 1 a3 7032.0
2 L0 £187.0
. Cas 50
: L 3 - 7620.0
‘ 5 17.0 6665.3
- R 51,0
| . 7 B, 0 7121l
Necrotic Lung 1 O.ls | .315.3'
2 0.k 33k.3
'left Kidney 1 2.0 86L0.4
| 2 3.4 9246.2
Small Intestine 1 1.3 . 25.2
{ ) 2 1.h 33.2
fancreas 1 0.9 L1kl
2 0.02 2216.1



TABLE IIXI (cont.)

/ \ : . AUTOPSY SPECIMENS
. LB SANFLE WET WEIGHT TISGUE CONCENIRATION

YFE NUMBER (grams) (counts/minui;e/gram)

worta® 1 0.3 121.0

2 Y X : 172.0
Skin®* 0.5 Lo.8 .
5all Bladder™* ' o 2.0 o -
Subcutaneous Fat® ' . 4 0 - ; - 8.6
0.38- . .8k.2
03 - ¢ . ours
11 '_" © o 17.0
11 - . 1510

Right Adrenal Gland®

(N I

Left Parietal Lobe®
R - %)
s . 5063
Loz - ﬁ1; '\f.'.4 - 393. |

1.6,_'1 T 100
TL9 e “ 2661
X ¢ P : ~204.0
[ X

Left Frontal Lobe -

g £ from Tumor*
(-2

-

Si:tlelenx ',

R Y — N R R N T T D

skun¥X - S ¥ T X

Thoracic Vertebra® 0.99 . . o ’ 623'.“8
0.92 " 79.0

1.17 B 283.0

H o e

RibX
2 2.7 | 208.0
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TABLE III (cont.)

‘ }E —SANFLE ~ASH WEIGHT T1SSUE CONCENTRATION
TYPE NUMBER __{(grams) (counts/minute/gram)
Feces _ la ‘ . 0.80 ' 1552.0

b | LA 327.0

e 00 3L8.3

¢ - 0.83 . 321.0

" The following table lists the limit of error (95%) associated with the above results.

-q:.Designation‘, T Linits of_ Range Average Hecovery
| - - None - - S 138 ‘ | |
X - gl6 - BT.k%

Patient B-1 Injected Dose (diluted to 2000 ml)

vl : : . (sent 12.9 ml) - (sent 12, 65 ml)
E . . Average ¢/m/ml= 8h19 : ., "Average c /n /ml 8!431

“ "1 Injected 12 9 ml of so].ution having 2h/39 X 0.2 mgm- ot U 233 and 13/39 I 0.9 mgm of U 238

In;)ected Dose = 8390 § g-zx 100 S 18,47 x 1(:)6 counts/minute (5.50 mgn).
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.Hospltal Number - 68927
/ ige - 26
‘ Sex - Male

Weight - 55.9 Kilograms'

NOV..9, '53 | NOV. 10, '53| NOV. 11, '53| NOV. 12, '53 'NOV. 13, '53
. Day 0-2 Day O-1 . Day O Day

=
&
L]

N

Tﬁe

hoo
2

1600
2000
Loo
8001 .
1200
1600
2600

2357 | 28838 | ¢

o~
v-‘l-lN . !

1600
2000

" Loo
800
1200

’

800
- 1200

- 2300

Electrolytes e e t

Na (meg//%) lbg _
K L
- v/ O nio
,. POy, (meq/L) . ' 3.0
= k. Phos'tase | | . .
(unit:!")_ e o ho 55
Ca (meq/L) T 8.86 . Lo . h8.0
NPN 1L s A R
| e (meady | 52-0 3 R B X
- | BUN. (ng %) SR IR VY S A Ty,
’f’ -“."w c°2‘ (meq/L) . EF M ‘ 2‘1.0 .. R -.‘ | 21.0 .
| ‘pﬂ.-" AR - I AT .38

g |07 e TR 2,
glb.(Gnm %) . . . . 3.8 - S o
amylase . L w0 : S 250

]
—_—

W)
)

135 0.

107 (o]
3.7

.-
no
\.Al
.
O

[o -]
(e Yo R fo]

 —d
1]
|

URANIUM IV -

oMb

N o
.

14 ke

wn

EXPIRATION —————>

wN‘QU\.~l By

L. 0N

Liverrunctionf; t '.' IR “ SR . "

@ b} | [ SR B R |
‘Ceph: Floc." 3""21‘0_ o R R PRI 2+’2h° b
‘- ! :.. . . . 3+0h8° o . . . .'_ '._.. ‘ ‘ ., 3+ ha . '. )
. Thymol I-‘lo;, . f S IR B N
Cholesterol | : . c. e CNal "
N R A R R Y R
Chol. Esters , S , | 163 -

(mg %) k9 . S . 53. }
Van den Berg 0.6 .o . o o 6.8

(mg %) ‘ o 1 :
Prothrambin | 15 sec . - ) 17 sec
(W=14) 758 o | ey

0NP24°




. fmcPah.. ] -
¢ (mg/min)

Time

CSF ~ Lumbar

Glucoss (mg 1)
Protein (hg'i)-
Cl (meq/L)

CSF - Ventric.:

- |Protein (mg %)

. IV Glu. Tol.

Control (mg’ £)
" .
60 .

.,. 90 "'.,
] ; 1500

" 'Inulin (cc/nu.n)

iGll.xcos.e (mg %) |

‘Hdlearan.ce's' | -.; .

NOV. 9, '53
Day 0-2 -

888§8

-:QN

05 -
. 238 |

129

NOV. 10, '53

Day O-1

88353

000

' .7_9'.5 | -

Nov. 11,
Day O

153

88888 |

i

6T

EXPIRATION —>

XN B
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S hOV. 9,4 '53

Day 0-2

NOV. 10, 'S53
Day 0-1

NOV. 12, 153
Day 1

NOV. 13, '53

" Day 2

Time

Hematology

WBC (mm3)
RBC ' (mm3)
Hgb .
Diff,

Sed. Rate
Plat.
. Retic.

EXQ

~ —

X

U §

. -

- e .
hd - -
Py 4 -
v .

B

Epio cel].s T
Eryst.

Casts

Bilirubin

. ?nnﬂﬂ.r;f\

. koo

.800

. 1200
1600
2000|.

1 0.01 77 -

' 8-12
‘ ;.Occ.

.:'Occ.'hyalin,

p :!.

L
adsy |

-~ -

0 -

1-2. ..

0.:

Granular

-, 005

.{f-

Qv5§3pi
0 - ﬂ'

‘.

L -URANIUM IV

0.09,

-

Loo
8oo
1200
1500
2000

20,3
3.17
11'0‘
‘P97 g=1

a—

Normal .

- Qece.

Occ.

Cell ' ..
Cast . tz.cranular
ut

2000

2300

888
EELE

EXPIRATION ————>

. Noo
- - 0cC.
Amph. .
’ Phoa." A

-~
- o




