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March 1h, 1947

Tos Dr, Bazssstit
Froms Statistics Division
Reg _ Plutonium Excretion Anslysis

Chapter I - JHTROLUCTION

This report is based on data obtalned from a study of the bodily
disposition of an injoction of approximately 5 micrograms of plutonium into
11 subjects (Hpﬂa), Three measures were taken from esch subject. These ares
(1) urinery excration of plutonium (2) fecal excretion of plutonium and
(3) plutonium content of the blood. These measures were obteined dally for
€ period of 22 days after imjection and then at irregular intervals. The
major analysis presented below is based on the first 22 post-injectlion days.
The observed individue)l measurements gre presented in Tables I through IV,

Chapter II - SUMNARY

The repert presented below can be surmarized with the following
tentative conclusions;

(1) The rate of excretion of plutonium after injection of 5
' micrograms is very smsll varying from a mean of .470% for
the first day to .OL5% on the 22nd day. The fall 1n rate
of excretion is rathsr rapid during the first 10 days;
thereafter i% decresces very gradually. The amount ex-
creted is relgisd to the plutonium content of the blood.

{2) The urinary ernd fecal excretions are highly correlated.
The amount of urinary excretion is directly associated with
the amount of fecal excretion.

(3) Theors is a high degree of association between tha'plutonium
contont of the blood and the excretions.

Certain interesting speculgticns can be made about the date on the basls of
curves fitted to the initial 22 dayss

(1) If the curves fitted to the values for the first 22 daya
continus to express the relationship between amouni ex-
creted and the passege of tima, it would take 50 years to
exerete 15% There is this same probability (of unknown

- degree) that the doss would not be excreted during a nor-
zal life span., The half-time value, or the length of time
it would take %o gscrete 50% of the injected materilal,
based upon the fitted equation i3, in terms of years, a

6 digit muber,
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(2) The masn urinsry excreticn value &t say 30 days as a
basis for disgnosing exposure to en initial injection of
5 micregrams, as o result of the data stucdied, might be
the extrapoleted mesan, 0147 2 .007%.

Chapter III - FICURFS AND TABLES

Figures 1, 2 and 3 present plota of the daily poste-injection
means of urinary, fecal, and urinary-fecal excretioa of plutonium in per
cent (Z) injection dose. Figures Y4, 5 and 6 depict the *theoreticel®”
curves which were fitted to the data and their ferror bandst, Figure 7
presents the plutonium content of daily post-injection blood semples in
% injection dose for the 1l subjects and also their dally means.

A8 noted gbove, the fitted curves were based cn the first 22
days after injection when meagsures were availeble for all 1l subjects.
The cbeerved means are presented bayord the 22nd day for the available
readings and are based om from 1l-9 individuel measures. The %theoretical®
curves extend beyond the 22nd day but in this recion the curves are merely
extrapeclated extensions of the curves for the first 22 days.

A plot of the plutonium content (in % injection dose) of blood
sgmples by deys after injection is presented in Figure 7. When the number
of individual rosdinge wes § or larger, means were calculated and are
shown on ths graph.

Tebles V, VI, VII and VIII present the observed and "theoretical®
peens of the weriouve measuree, stardard devietions, and the approximated
fidueinl limito. The romainder of the tebles will be referred to im the sub-
sequent discussion, '

Chapter IV - DISCUSSION

An attempt wes mde %o fit mathematical curves to the mean urinary,
fecal, and urinsry-fecal execretioms of plutonium in F injection dose for the
firet 22 days after injection. Thes2 curves were based on & consideration of
the relationship between the per cenit excreted and the number of days after
injection. The type of equation which seemed to best fit the observed means
was found t be the negative power function

=b
Y =a&¥

where ¥ = amount of plutonium excreted (expressed as
% injection doce) :
X = time after injection in deys
and a end b are constants derived from the observed data
by the method of lesst squares

|
'
3

\

® The derivotion of tho *theoretical® or caleuiated curves is discussed balowo
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The mmericel equations obtrinsd are as followe:

(1) TUrinary Fxcretion

Y:-—:’-ﬁﬁ?—-—*
x.9h30

(2) PFecal Excretion

Y= —‘-3..4@—.—.
x.78214

(3) Urinsry-Fecal Excretion

Y = J.IA;%—-—
x-87’414

A8 can be secen from a comparison of the observed and “theoretical®
means (derived from the equations above) in Tables 5, 6 and 7, these curves
£it the observed values very closely especially from the 7th to the 22ni day.
Beyond the 22npd day the fitted curves alse fall rather closely %o the few ob-
served values,

+

Despite the fact that it is rather hazardous to speculate about
the coursse of thozs trends veyord the observed periods; it may be of interest
to extrapolate. In this.way, some idea of the rete of excretion bsyond the
22-day period moy be obiaoined if the curvea fitted to the initial 22 days
continue to eupress ithe relationship between the emount excreted and the
passzge of time. Some of these hypothetical values are entered in Tables 5,
& ané 7. As can be seen the fitted curves very rapidly become asymptotic
fo the base lime so that the rate of excretion scon becomes very mimute.

The 0’2 and the approximated fiduciel limits of ¥ 30 are also
presented. These fidueicl limits give a rough test of the relisbility of the
meens, A fidueinl limit et the 1% level, for example, can be iaterpreted as
followss Values at or beyond the limits expressed might be expected to occur
by chance with %he probability of 1/100 if a great pumber of similar investi-
gations vere undertaken,

The %theorstical® equaticns as given above express anr amount
likely %o b= excreizd on a given day. In order $o reproduce the accumuleted
emount excreted up o and includleg e given day, the eguaticus may be integ-
rated. The integration results 1n a value yielding the area under %the curve,
This valus approximates the sccumuleted total inr a8 muck g3 the abscis?a is
expressed in discreie units of sinqle days.. Because of geometric considera-
tions, this is obteined by integrating from limits of VY, — R +¥ days,

-
= i
A%
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The iategrated expressicas follows:

(1) Urinary Excretion

n'>l/2 91430 n+l/2
. o .0
A= 9358 X ax = 0358 b. 4 570
. 0570 - (-358)(160863)
1/2

/

(2) Feecal Excretion

B+1/2 a+1/2
‘ -0 7821 « 2179
A =38 X @ = 348 X - (:348)(3:942)
22179
12
(3) Urinary-Fecal Excretioa '
Bel/2 _ a+1/2
A 71'2 » =‘087M 01256
YL X : e 7h
e TR R = (.T42)(7:299)
1/2

Table TX presents the actual amount of plutomium im % injection
dose excreted from urine, feces, and urine-feces dvring the first 22 days for
each subject and the *theoretic® emount 35 determined by imtegration. Table X
is a listing of the *"theoretict velues of urinary-fecal excretions of plutonium
in % injection cose for varicus tims pericds.. It nay be noted that according
to ths "thooretical®? equations only about 15% of approximate 5 microgram initial

- dose of the material is excroted in 50 years.

Correlation between mean urinery and mean fecel excretions of
plutonium is8 r=.76. This ia for 11 subjecta for the first 22 days. If the
first 2 days are excluded the correlation is r=,98, Simce individuel varia-
bility end errors of mecsurement are likely to be largest at this time it may
be advisgble to cmit the fira%t 2 daya, There would seem, then, to be a very
high dogree cf esscciation between the Two excrations, Figure 8 is a scatter

disgram showing this relationship..

Another correlation shileh was obtained was that between mean
plutoninm content of blood camples and mean urinary-fecal excretions in %




injeochion dooe, Here teo there fasius 50 bs a high decrse of asscciation
betweson these variasbles @8 might be cxpected since both measurzmenihs tend
to shor deersasing values with tims. Ths corrslation is 1=.99 f{or %the
available 6 peirs of values, Whem this corrslation was done with the
available individual matched reedings rather than with ths means, r=.77,
Tigure 9 is a escatter disgram of the individual maiched roedingge-~blood
content vs,. urinarye-fecal excretion,

Another prcblem studied at request was the possibllity that
Hye) was an ebnormal subject and that the measurements yielded by her were
sggnificantly different from ths other subjecte. In @8 much as all techw
nigues for rejecting extreme variates are arbitrary, it was decided to
apply Chauvenst?s® Criteriom which is very commonly employed by statis-
ticians to obtein the probability of a measure not belonging to & sample
at hand. ﬁp"k°3 results of this i{est whemn the blood was studied are shown
in Table XI. It can be seen that st 4 hours, 10 and 15 days after imjec-
tion her measurements would be rejected as abnormal if the criterion of
rejection is agreed to. At 3 days, 6 days and 22 days, however, Hy-)
falls withirn the region of acceptebility as pert of the population under
consideration. On this basie there seems to be legitimate grounds for re-
garding this subject a3 somevhat atypical of the remainder of the sazmple,

Helen N, Baldwin
Lecnard S, Kogar

Sees ;
. % 2The Troeatment of Experimental Data®, Worthing ard Geffmer, 1943, J. Wiley
& Sons, Inc. p.)70-171 for further discussion of this criterion.
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Table I Body Velght « Blced Foluxrs - Injected Initial Dose of Plutenium -
of Hp Subjects g
: Injec¥ecd Doge In jected Doae
. Body Weighis Totals»s of Pu in of Pu in
Subjeet  Sex , in Xga Totalsg/blood ml/bloed Micerograms ¢/m
Hp-1 M VT3 4634 413 46 321,500
Hy=2 | 68.5 452 k240 5.0 350,000
Hp-3 F 6l k | 1186 . 3986 ka9 343,725
Hp-li F 5509 3633 3460 La9 3440200
Hy=5 u 601 3526 3739 Sel 353:6%5
Bp-6 M 49,1 3191 3039 503 369,500
‘Hp=T7 F 74,9 1868 1636 €03 439,250
B,-8 ¥ 53,1 381 - 3267 6.5 454,500
By-9 M 63.9 4153 3955 €,3 432,000
' By=10 3 2.8 4732 1506 6o1 424,000
Hy-12 ' ' ' bo7 . 330,000

*Todal welght of blood fakon as H.5Z of the total body woeight.
#%Specifie gravity of vlocd {akch ae 1205
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Teble V
Observed and Theoretical? M=aps and Standard Deviations
for Amount of Plutonium (in ©/o Injection Dose) Excreted from Urine

—

MEAR g Fiduolal Error Bands
Days Aftoe Theo- Lizits (1 9/0) M, 2 23K,
Injection Observed 1 Thecretie gpscrved petic o o 3a, {5 °/o} o
1 0323 10 2358 0155 0155 0786 0 oh52 <264
2 0230 11 «186 0072 0079 oh26 0 0234 138
3 133 11 +127 2052 2052 289 0 0159 095
4 0206 11 6097 <034 0034 2208 4004 o117 o077
5 2077 11 0079 <023 2026 o146  ,008 0095 <063
6 »060 11 0066 2025 «025 o135 0 2080 0052
7 0057 11 4057 «015 2015 0102 o012 «067  .OL7
8. +052 11 2050 2018 2018 2306 0 2060 4040
9 ’oou 11 ) 50145 + 020 2020 : olOZl 0 0057 0033
10 <039 1 80l 6016 0016 . <087 0 «051 +031
1 _ 2038 10 <037 0017 6019 «089 0 049 4025
12 +032 11 2034 2015 2016 o077 0 +OLk 2024
13 0032 11 +032 001l o01} o074 0 2040 <024
14 2030 11 0030 0013 »013 s069 0 2038 022
15 0029 11 2028 2005 0011 OLE 5014 0034 o022
16 : 2026 11 2026 2010 2010 2056 0 032 o020
17 0025, i1 2025 2008 2008 2049 2001 «029 021
18 2023 1 0023 0007 2007 0Ll 002 2027 o019
19 022 11 0022 007 2007 043  .001 0026 +018
20 021 11 +021 «008 . ,008 «OLS ] 2025 9017
21 «021 11 o020 . <007 <007 90&2 0 e 02" 0016
v} 020 11 <019 ~008 2003 2044 0 2023 0015
23 +021 Q <019
24 +020 7 018
25 . «017 8 «017
2 0018 7 6017
27 <016 7 »016
238 +017 6 Q15
29 2016 6 «015
30 2016 ) o0L}
32 0015 5 <01}
32 5013 5 2014
3 1«018 5 «0d2
Bo 2018 2 ©G1}
ks . 4015 2 <010
50 2014 1 <009
55 «029 2 -008
60 s011 ) oC07
65 +011 kR =007
70 ' 2006 ,
75 . n006 !
80 i 9006 ‘\
100 2005 .
125 ' 2004
150 +003

1145202
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Observed and Theoretical Means (Coniinued)

ME 4N g Tiducial =~ orXor Bamds
Days After Theo- Limits (1 %/0) ¥y = BoFog
Injection Observed N Theoretiec Observed petic ¥ = 30, 5 °/c)
175 «003
200 002
250 »002
300 o002
350 0001
400 <001
500 0001
600 <0009
1500 2000}
3000 20002
5000 »0001
* Based on Equation Y= -235.2__
o l;."O
X 943
»0 S.E, - Eg: o= Qbserved
Ry ; o= Calculated

1145203 O R




Toble VI Obezrved a2d Thoorctical® Means end Standard Deviations
for Amcunt of Plutonium (in ©/0 Injceiicn Fcao) Pxcreted from Feces

_ MTOAT g Fidusial : Error B%%de
Days After Theo= Lirity {1 /o) ¥y 2 28oBapr,
Injection Observed N  Theoretic Obssrved retie 3, =. 20, (5 °/0)

. 1 2147 11 0348 5119 0119 o504 0 nl20 o276
T2 2226 11 0202 »107 «100 <547 0 2262 »142
3 0221 11 o148 009l .083 2503 0 0198 5098
§ 2166 i1 2118 099 0099 ol{f)ﬂ 0 o178 ~058
5 2152 11 «099 »087 2087 s J13 0 0151 ~047
6 0109 10 2086 2048 2056 2253 0 »120 +052
7 2076 1 076 W02 L0Lb 0202 0 0100 ~0h8
8 2068 1 2068 wGhl #0041 391 4] 092 sOhh
9 »065 b1 «062 o043 =013 0194 0 - 5088 2036
10 L0571 »058 «039 2039 o1 7h 0 0082 034
11 057 10 «053 .036 +036 0165 0 0075 4031
12 054 11 »050 «036 2036 0162 0 o072 o028
13 0052 11 o047 2037 2037 o163 0 069 »025
13 ©0L5 11 aOlily 0032 2032 o121 0 <08 o024
- 15 w0l 11 o042 2032 2032 0 140 0 2062 4022
16 2029 10,040 201} w01k <071 ) 048 032
i7 200 1 »038 o0h1 o041 a163 0 o062 201l
18 4038 11 =036 2001 <0l 0161 0 2060 ° ,012
19 0028 11 +035 -018 018 082 0 o 0L5 0025
20 2028 11 2033 <017 0017 5079 0 2043 023
21 027 12 2032 0019 2019 208k 0 204 5020
22 2025 12 +031 2018 2018 «079 0 »0h2 0021
23 ‘ =024 9 2030
2k 0021 7 2029 .
25 5021 6 2028
26 2021 6 0027
27 5018 6 9026
28 o017 5 «026
30 s021 L <02l
31 «023 3 s02h
32 023 3 »023
35 +023 3 2022
4o 5011 ;1 +019
-~ U8 0011 2 0018
50 +008 i 016
55 2010 i} 015
60 0007 2 2014
65 0013
70 . =013
[b] ” »012
& <006 2 011
100 <010 .
125 0008 \
150 <007
175 el

200 2006 . _ :
5 e B _———=



Observed and Theoretical Mesne (Continued)

_MT AR A g Fiducial Error Bands

Days After Theo- Limits (1 %o Eay : 28;3':.

Injection Cbaexved Theoretic Obscrved retie Y Z 30, (4] °-/0) e
‘300 2 00h.
350 2004
koo 2003,
500 2003
600 2002
1500 =001
3000 20006
5000 » 0004

S Basedon ¥ = _2.:2.{@..._,.
5 7823

145203

o = Qbserved
¢ = Caloulated
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¢ Cfor Amount
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—ura e, ore

VUSEIVeu auu Tlusocesical® Means and Standard Deviations
of Pintaainm ( 1_n %/0 Tnjection Dose) Excreted from Urine and Fecet

reeey

MR AW R .rror Bands
Days after ) Thecw i 2 28.B. 0
Iniection Wearved M Theorevis  Choooril petic ' (s o/ 0) :
i 31570 11 971‘2 93.*61 nl?6 ) 8&8 0636
2 o -’.'36 11 01}05 n089 =072 alﬂﬁ 0361
3 035’.} 11 c28![. 0086 9079 0332 ';'236
b 0272 13 0221 s078 »103 +283 0159
5 2229 11 2182 «073 2306 o2hb 2118
6 0169 11 <155 <OLly «060 .19 6119
7 5133 11 0135 .032 o0l 0165 »105
8 2120 1 0120 a032 sO42 o1hb «094
9 0109 11 0109 0034 2053 o141 2077
1o ¢ 096 1 2099 . 030 - 049 0129 o069
1 2095 11 2091 0029 2050 0182 2008 2121 <061
12 2086 1 008k <029 <OL8 2173 0 0112 5056
13 <08, 11 o079 2029 JOW8  LATL 0 107  +051
14 .075 11 s0T7h 0025 2039 0150 0 2098 o050
15 073 1 <070 «020h »039 olLk5 6001 <094 5046
16 2055 11 2066 2012 «018 2091 «019 2078 o054
17 N 11 2062 2030 o047 «155 0 2090 0034
18 3061 ll [ 059 « 030 ©° Oh& -3 151 0 a 085 0033
19 2050 11 2057 0013 0022 2089 0011 2071 2043
20 2049 11 0054 « 01k 2024 0091 0007 2068 » 040
il o0L0 11 0052 201l 2023 0090 <006 0066 »038
22 oOl5 u 2050 ' L0l 002L .087 +003 206k +036
23 ] 026 9 091}8 -
25 oOML 7 2046
25 »038 6 N
26 ® 039 7 005}3
27 o034 7 20h2
28 -034 5 0010
29 <03hL 6 2039
30 =037 6 .038
31 +038 5 037
32 2036 5 .058
3 o043 5 2033
0 +029 2 .029
Y 0026 2 =027
50 0022 1 s 020
55 <039 2 2022
60 «018 1 s0ZL
65 2019
70 2018
75 +017
&0 2016 i ’
100 «013 \
125 0013 -
150 16009 o
1145200 = X
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Observed and Theoretical Mcans (Comtinued)

Page 2
, MU AN . 9 Fiduoial ®rrer Bands
Daye Aftcr . , Theo- TAnity (1 %) Fy = 2S,Fo,.”
jection. Oboarrad Theoretle  Obszivel  petie o 2 30y (5%, °
175 ' 2003
200 007
250 0006
300 ' 2005
350 o004
400 00N
500 6003
600 0003
1500 000X
3000 a0007
5000 2000L
42
o Based on YT = -S.Z..‘._.......
- o87hh
X
. O
23 SQEQ ~ =
2 "
0 = Obsgerved .
¢ = Caloulated
\

145201




v

for the Period following $1 . "7.. Jay after Injection
For Varying o, of IIP Subiceta Eoscd on Availeble Data

Moz Urionsyy. Fesal, and Urinery-Focal F ot-inm Luerctics in @ Injection Dogn

oy

Days After Injection  Urieary Fxerciion Peeal Tuerciicn __: Orlpary- Fegal Txercticn
Y¥oon N focn o Yean
2 2021 9 024 9 2045
22 : 2020 7 a021 7 0Ol
25 s017 8 w021 6 2038
26 2018 7 6021 & <039
27 2016 7 018 6 034
28 2017 6 017 5 «03}
29 2016 6 <018 4 2034
30 o016 6 0021 4 0037
31 2015 5 0023 3 2038
32 0013 § 023 3 c036
33 .018 'S5 023 3 T
34 o0l 5 023 3 0037
35 +018 § 0025 3 o043
36 2015 3 6020 2 2035
37 o013 4 025 2 »038
38 <017 3 0025 2 o042
39 <016 2 011 1 0027
ho 0018 2 J011 1 +029
43 003.6 2 «011 1 2027
42 01y 2 0011 1 - 025
h3 0016 2 010 2 2026
1}1} 9011} . 2 <010 2 o02);
L5 015 2 011 2 «026
h6 0015« 1 501} 2 2026
47 Ol 2 201 1 »028
48 0016 2 008 1 2024
49 0016 2 008 1 2024
50 cOlI& 1 0008 1l 2022
51 T ,013 1 ~008 1 2021
52 "e035 1 010 2 2045
53 016 2 6010 1 6025
54 <028 2 2010 1 <038
55 029 2 010 1 2039
k6 002k 2 0010 1 2034
57 o015 2 2007 12 0022
58 002 2 0007 1 2031
52 <012 1 0007 1 2019
60 o011 1 007 1 2018
61 2012 1 008 1 020
62 0010 1 o008 1 .018
6!{. 0012 1 9008 1 <020
&5 L0111 L
> \
79 0006 2

1145208 -




Mean Urinary, Feoal, ard Urinery-Fecal = iulonius Thovoticn in & {Continued)

Days after Injection Orinary Exe: cblon Foenl Txoration Ori Focel Excreticn
Moan I Mean I Mean

L AOEET

T

% o 006
& 2006
8 o006
ah ) : a006
8 QOOé

$o3 g D) OV

149209 | T « -
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Table X Integrated Volues for Urinary-Fceal Exeredion of Plutonium

2]

in °/o Tnjccsion Dose at Various Times Based on ¥ w ——odb2 .

«87hh

X
Deya after Toars axoutit of Pu Exoreted
Injection After Injection (in ©/o0 In jection Dose)
10 2,518
20 3,221
22 ) 30316
50 30658
6o . bolTh
S0 4,988
120 5.336
150 : 5673
180 50927
210 | 2%.‘!3‘2
2L o

270 6.524
300 6,677
330 6(!825
360 1 6,961
720 2 8.083
1080 3 8,766

40 b 9,312 .
1800 5 9731
3400 10 © 11,108
5400 15 11.971
7200 ' 20 12,61k
15800 30 130553
18300 . 50 14,812

% Tha jntegrated expression iss
B+1/2
01256

w72 ?—(-——-—- - (07&)(70299)
21256

14521 | | W .




Chouvenchis - Fejcotlon Griterion

Teble X1
Teoting Abporrality of H=4
Days After Cbserved
Injection Yean ag Upper Limlt Lower Limid Value for Hme:.
1/6 33,37 16.7Th 6502k -50 70.60
3 7-16 50125 16,99 2,67 14,10
6 2,66 1.1462 5052 0 5420
10 lo!{l} 1002-"& 30 l&*’-} 0 3090
15 . (e 0502 1.57 0 1,60
22 035 0226 73 0 o631
1145212 »
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