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SREARY

Three further stadies of the blood conteat and rate of ex-
cretion of poloniua in human :mb;jecta hove vesn (ORS.

The behavior of f6 follm 'mg gingle intravemous injecticmsa
of 0.18 microcurics per kilcgram of tody weight w=a studied in
two casges.

One showed a urin: Ty czeretlon of .09 parcunt cf the cese
3 in the first 24 h'.')hu.x,o snd a3 average dally urise camtent durisg
¢ the first week of 0,125, or 0.05% per iiters Durlng tke gecord
woek afher injcciion the urine valtve averaged 0.085 of the doae
per day, o 0.05% psr iitor. DF JO days it fell to 0.0Z5 per dnr.
In the second cace 0.0T7 nereect of the dose vos cxereled in the
first éeg's urine; an average of 0.05% por day, or C.085 per
liter, during the fivet weck; and C.OMP per day, or C.03% per
iter, duripg thc sccond weel ' i
%he foeal enioretian, ciyzod cnly in ibe firat case,
averaged 0.56 pereeat of the dose par doy, or 0.007p pov gron,
auring the Tirst weok, ond J. 738 paT Cay, orf C, 0085 per gram, )
during the cseszd weok afier injention. On the 70Wn dey Q. 250
of the dese vas climlastced in the Teses,
The rapid dlcappesTance of iajsetzcd Po from the tlcod
gtream was econ in botk caces, feiling Yo 2.7 pereaal ¢f tha dose
gatimatod in the whale oula 7 imnios

and, sbhout §. 2% eircal
bload veluss wer O &
rons W avcat C‘OG

1 TO dAsT3. %he C«DuCL X
than in plasgma, and sc

) by Eovtnu The

sul,-,jeﬂt, ‘?GA 1505

; first blood g mplo, t=iter cae hovr af c\:ninistrau,ox cf ¢

! 4083, CORTAS ed 6 5' 16725 o2 tb.e deoe per ¢c», and ¢he firss

3 vrine bample,_ a2t =% kours, lO"h’ cf the dose. 7 U4S hours
the wnole bilood conconirayion z'cac’%d. h 107%% of the dose por
cc., then after tbe bgh day, dce cd veiry gTe 'ual.;,, to a baraly

detecisvls vc.luc,, loss then LG“’J doge, e2o 8% 230 duye. Ially

urine excretiorns of Sw 7 = ..O’)p of %he doea were seer for 30

days post-ingostica, thea greduslly feoll te aboui 2 x lO’*’\,: at

230 deys. Blocd sad uvrins values vers sbowt 1/10 of those founrd

after intravenous edsinistration which, if the humen bebkaves

similarly to the rat, wouldé irdicaio sa absorpilon of congida radly

less then 10% of the dose. Feeel elinisaficr amounived to 17% of

the doge by the cad of 3 dayu; averaged 0.26% of $he dosc per dz7,
r 10=2% ver graw, herhucen "0 and 30 days; and finally foll %o

3 % 10~3% at 23C dsye. Dy this Lime probebly loss thkan 0.6 ne

romsived iz tha bedy, giviazg 10“1 }m., in dzi?,; fc2on 2nd lC"Dg

rer dey in veloe.

12b1088
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Datz on Individusl Experimeants: :

Intraverous adricistration::Case No. 3

, & 39-yeer old mele satlent, with chronic myeloid
leukemia, velgbing 65.2 kgs., w2s injectsd intravenously wi th
10 cc, of sterile physlological saline, pH 7.4, containing
12.03 sicrocuries of poleaium chloride, at 10330 As b, 5/22/L5.
Thedoze wes oguivslent to 0.182 microcurie per kilogram of body
welghte The zatient bhad & moderagely.clevated‘blood ¥, P Ney |
53 ng. % prior to the injscticm, GO ze.% oz 4the 6th day, im=

iceting a possible mild disturbasce in remal function.

The esxcretlon dzip Sfroz thiz czao zre sbown in Table la,
znd Pigures 1 and 2. Totzal delly Pe in thc urine was Talrly
cobsiant for soveral days after injeciion. It averaged 0.097
parcent of the duse per day for the L 18 days, and f2ll to
0.C2% 2% 70 2eays. The polonfum zyiea r the urine 28 eerly
2g gpe hour a2f%er injection al a concesimnhiz
scen 4wo orf three days later, Frad fna &
iz
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in%to 2 ccnical 12 ml. cent-
be rod cella seitled to ths
g conplate after 2% to 3 hours in the
5 le wuired b or 5 hours. The
u post of the plasma, were thea czrefully
szcond c2 he two fractionz cente
r &0 misutas; bd3th hesatoerite recorded; and he
nlasaca removed £7om Dotk tudes combinsd for analysis. Tae
;amglea talzen 2t 3 asd 5 hours after injeciion vere lefs gtand-
ing ocverzight bafore drzwing off the white cells and centrifuging.
The analytical resultis are given ia Tablo 1o and Figure 3.
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The imjested material dfsoppeered repidly from the blood
stresze Oa the Ussis of an ectimeted total tlood volume of 4.9
liters {75 of the body welght) and the observed concentrations
1a vleof and plasma, we find that only 2.3 percens of the dose
wns prescat in the whole cirenlation, and 1.3% of the dose
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in the cireculatiizg plasia, at the and oL 15 mlnutes. The lowest
vlood valus was fouad =% 3 housrs but this iz largely accovnted for
by the drop in plasra comtsant, to less traa Q.36 of the dase in
total cirsulating vlasma, while the red c2lls alresdy shoved a
parked wpiciie of Fo. A portion of the ceoll uplaks ssen 1a tha

sarly blood samples prodadiy ook placs im vitro walle thess pazples
stood in the tLest tudbss for 3 to 18 houra. The plasma conteatd ‘rose
by the fcurih day o about ten times ths 3-bour level, and thea
gradually fell g6 that by 70 deys it was asair similar to the 3~hour
value. Eed cslls, with a concentraticn slwsgs twoe to four times
that of the pvlazms, contzined around 2 X 107 percont of ths dase
per ec. during tho second week after injcctlon, and thea began fo
dzersass L0 avont a tendh of that levsi at 70 daye. White cslls v
showad a scmewbet groater upteke than reds even as 9002 as 15 mize
utes &nd 1 hour aftsr injacticn. Ve have no date on the dn-vitro
uptzie of Po by white colls, dul such an vptake might well affect
the resuits in the early wkitz cell sansles. After the 6th day,
whea the white cell csateat reachad 3.6 x 10~3 percent of the dose
DOr cc., 1%t dcerezsed %0 & vilue close to that of red cslls on tha
16th dag. :

Intravenouwa Adcintatraticas Caco oo Y
20x3

.

Tha fourth subiect fer iniravenous zd@inlsiretloz vwias

a biegear 0ld famzls patient weizhing L6 kgs., receiving pelliztiva
redlo=-therapy fov chroale ayelcid lewkemiz, Sa2 wss glven an irn=

; ’ travanmous ojecticn of 2:65 microcurics of polonium chloride (0.13
microcuris per kilo) 4n 10 ez. of aderils phrslolegical wsaline,
of adjnetod iz T.CG, on 7/3/45. BHo fscal collecticns ware made in
thig egss, D% the uvrire sad biood were foliswed for 13 cdays after
injscticn.  Tho cata ars given ia Tadle 2 and Flgo. U ead 5.

The Ammadinta urins output, SL2? is 1a tbe firat 1C0 mizutes,

was relatively bigh {3 x 10~%5 of ihe doeo p&T ccC.) in caaparison
A
1 4

8 2
" lessz than for and only a fifth of the averago first day value
for o previsuply reporied casz2s. Tha 4ally excreticr zaowed &
very graduvel decreass durlag the next 12 days, witk a2 average daily
value of 0.05 ver csat of thz dosz. Concontrations rexeipsd fairly
fir

S
cemziant av a level zboul ons tanth tha i fouad ia %he 3% sample.

3 o
with Casa no. 3, yait ise scial first 2l-kour excretion was somewhal
r

Tbs loss 7Tosl the blcod stresm was rot quite so rapid as ia
caze. Thure was an estimatad 5.2 percent of the 4030 in

the total circulstvlon at the end of 25 mimutes after iajectlon.
Tha lowest ovserved blood valuo wvas at 23 hours, when the total
locd conteat was about 3.4 zad the $otal plasza content adout 1.8
porcent of the doze. Both calls and plasva rose again, cells mors
than plagua, so that the highsst whols blood val ue, 2.3 x 10-3
percent of ths dose ver cc., was seen at 4 and 5 dzys. Separate
rsd and whita coll enalyses wers done on two accasions and showed
a higher conceniration in whits cells. A% 23 bours the psrcent of
the dosa per ¢C. @&s l.1 x 10-3 in red celle, 1.5 x 10-3 1a the
white; 2% & days reds wers 2.7 x 10-3 and whites 4.1 x 10=3. 1In
tha table anrd grapho, calculated combined cell values are given for

. .«
S J PO
A
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‘these times %o be conelstent with the other data on total cnlla.

1 VL G T MY

. In comparing these two intravenous experiments with ths two

proviously reported (raport no. 2215), ve find essentially the sane

J urinary excretion rates, in terms of the average concentrations of
Po during corresponding experimental periods, as in the mres normal
of the other subjescts. The total urine content of who shoved
8l1gbt clinical indications of recal dysfuanction, was somewhat higher,
though not as high as in the moritund case reported before. :
fecal excrstion of Po was gbout ons-half as fast es -~ Doth
ceees of myeloid levkenle showed sbout a thres~fold lover whole

~ blood content of Po, at the end of 24 hours, than theother two,
diagroeed as lymphosarcoma and lymphatic leukemla, though their later

y blood values wers gessntially similaer. 4Alao %the dirrecences betwesen

cel) aad plasma concentraticn vers not guite as marked as imthes earlier
cagebe

e bt 583 i e i 3

o

Oral Adninistrztiond Case No. 5

a 3i-year old mole patient, welghing Y5 kgs., hospitalized

for X=ray treatmsnt of chronic myeleid lesukemia, was glven 18.5
microcurlss of polonlum chloride imn 2 cc. of 0.3 B acld, diluted in
a glassful of tsp water Just before drinking, at 9:30 A, M., 3/29/u5.
This oTel dsse wes sgulvzlent to C.19 microcurie psxr kilogrzm of body
welghts. Siarting ons hour after the inzestlon, four blood samples,

5 ec. ezch, were drawn at fwo-hour latervale daripg the first days
Therenfisr, the ssmples wers taken at the end of esch Zdehour period.
Th2 vrine samples of the firat few hours were 2180 kept sepzrate for
analysis, but after the firet dey were pooled in 2U-kour collections.
211 gtoal spzcimars represected 24-hour collections, except om two
ccesions vhen 4€obour stocls were passed. After the patlent®s dis-
charge fran the hogpliial, he bas continued to brimg sexplos ir when-
ever he oomes for a check-up.

o o S it AT 31512 i i 3 AT 35S o .
.

) A emell amount of the ingested nzterial was found in the first
urine sezmple, collected at 2% hours. Although nearly 20% of the first
dey’s uripary output was excreted duzing tha first 7 kovnrs, it is
cledr from the urine concentration figures {Table 3a) thet the ex-
cretlon rate lagged untll sometims aifter y hourg, The fourtn day's urinse
content showed a sudden ten=fold Increzss to nearly Q.05 percent of
ths Jose, &x amount comparatle 1o ths early excretlioms following in-

/ travenous aduminlstration of eimilar doses. If not simply due to con-
teminstion, this aight concaivably be related to the retention of feces
during thes same dsy, possibly causing a somewhat highker absorption
rTate in a2t perlod. Except for the fourth dey, the daily urine
valuse ramsined falriy comstant for thirty days, fluctuasting between
4,5 and 7.4 x 10-3 percent of the dose, and then gradually declinad
to 2 x 10=% 2% 227 days after the beginning of ths experiment.

The fecal elimination of tha ingested poldnium was negligible
durirng the first 24 hours, but by the end of the third day 76.5 per-
cent of the dose had beer oliminated by this route. This elimination

e e i e . e L AR R R S b X N0k b S
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rate then fell sharply to leoss than one percent of the dose ver day

by ] days. Betweon 11 and 32 days, it remainod abtout the lovel of

10=5 percent of the doss per gram of feces, thoreafier decreasing
graduzily to a conczniration of 10-D, or abaut 3 x 102 per day,

227 days after ingestion. Im plotting tho dally fscal excrotlon

data in Figure 6, the average of %two comscoutive days was used wherover
possible in order itc equalize the misloading irregularities in de-
facation. Daily iotal urinarr excretlions arz alse skown im Figers

6, and the concentrailons im terms of percent of tha dose per gran

or par cc. of feces and urine zre pleited in Fig. 7-

L8 showa in ‘Table 3Ib, the Po bhad already appeared in tha blood
stream by the end of one hour after ingestion. Tho highest observed
blood value was 5 x 10=# percont of the dso par cc. wholo bdblood at
48 hours. Ko blood sample was obiaimod om.the third day whon 1% is
quije likaly that the peal conceairation occurred. Afusr the fourth
day, ths wholo blcod content dscreasoed qults sieadily to thc nolghbor-
hood of 1G=Y percent of the dose per cc. by tac 116th day. Tho upe
taks ia calls vas approzinetely 1/5 of that ia tho plasga duriag sho
first four days. .FProm $hom cn piasma gnd c2il coacontraitlens romainod
esgentizlly the same. Thls is im sharp comidrast with rat imgssiion
experiments in whieh,at ton ¢ays, the coil comceatratica vas fowad
to be in the order of 100 times that of the plasma (repori nos.

1717 & 3633). Plaasma and ez}l vl wes arse shown graphically i

Figure 8. The broken limss % end from the Si-day coll walwo ara wsed
t0 indiczte an obvicus guastiom comcerning thc aceuracy of iaal
pazticular deteralnation, By who 2268%h day tho Dlood activity was
barely detsciable, 7 2 1079 parcant of tha {ose paT CCo

Aay attemet %o sstizado absorpiion of noloalwa frem ths salre-
intestinal tract, with the dsta aveiladle in thig case, is
corjectural. The values for toth blood snd urinz ara appro toly
ten-fold less thanr thse corresponding walues found following iatra-
vencus administration of similzar doses. This fact indicates ihal
possibiy 10 percant cf the dose, at the utmogt, may bavo bzon abe
sorvsd. The absorvad material may, however, b2 deposliod in guch
organs =nd in such.a chemiczl form that allow 1% %0 be mors rosdily
mobllized into the blood siresm and exeroted through ho Xidnoye
then sfter injscilon., Something like that scems %o havs izkonm
place in the rat ingestlon szparimsnss in walch the wisazry ounipnt
and the blood concentration, in rolatiom %o 2ae amouny found 1= o
body after sacrifics, was much higher than ia injected animalg. 1if
tals were the case in this humar experiment, the data would indicate
taat comslderably less than 10 percart had bDaen absoxDed.

_Resal officiancy in poloniuvm Xewovall

Having a considsrablo collection of dsia availlabo from thess
studles, 1t scemed that scms expression of ths effectiveness of
the kldneys in removing Po from the blood siroam wuld be useful.
Evang has showre, for ons humarn radium polszoning case, vtha% only
about one percent of tre radium presentd ir the blood sivezn a2t any
ons time was excreisd per day in 3he urine; that is, leoss than
0.0 parcent of whet paossd through ths kidnsy circulation.

2

Wantnata 15 Aub. J. C;, Evang, B, D,, 8% alc-Ann. Iat. Med., 11,
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Similar estimaticns on the basls of whols dlood content in our five
hupan sabjects, as well as in several ret sxperiments, gave about
the samo vslue for polomiua removal as for redium. .

Removal of plasma constituents iz, however, usually considered
the bettsr expreseicn of kidney efficlency since that fraction 1is
presumebly more availabe for excretion. Totel Po in the circulating
plasma at the end of each 2U-hour pericd was calculated from estimated
individusl dlood volumes, =nd bematocrit and Po concentratlion values
of each gample. The Po in each day's urice wes than expressed in
terms of percent of totel Po in plasma at the ond of the corresponding
period. This valus remalnod essentislly the same 1ln each case
throughout the period of obdservation; in gpite of day to dsy fluct~

uationge Both . (the intravencus eudject, reported here, with
the mors normzl kidasy fuaction) and (the orsl administration

case) excreted on ths averags l.5 psrcent of thelr plasea Fo every
24 bours, Acsuming, =8 Evans did, 100 paszages of the blood throwgh
the kidneys per day, this means that legs than 0.02 percent was

cor tlnuously removeds  The other intravenous case, with slight remal
malfunction, showed 2 scmewhat & ghc*' averzgo rate of Q. 05% con-
tinuously removed {rom the circulating plasza.

Calcoulating etanderd clesarvacens for Fo in those experiments,
and frcm cingle scts of dlood ané urins data ca 16 pracumadly normal
individwals, we find esxiremely low valuss raagl from 0.0l to 0.08 cco
of whsls btlood clearsd psr minu¢z. The average Po C; for each of

X the thres experimental subjacts fell close to the overall zverags
: of 0.0, Clearance values during the firct few bours after injection
woro soclavbat higksr then the indivicuwalie average while in the
early period after oral administratian they were lover thav the
eveTags. Judging Ly 2 very curcory glance at the literzture, thesa
valuecs for polozium clecrancs Oy t: kidmers are considerably lower
thea Zar cama sikilar cetals. ;.r:u‘o for gzample, may ho clcoared
ond oT tywo hundred timee faster, end sel=ziuz 2t least fifty times
o0 “haw Foo VYhnether Shis iz due 9 exirsemely elcw glomeruiar
racioa or % e kigh temdeacy for rezabsorptlion of the material
s impossible to sy at preseny. :

Corrections for Nadlaactive Decay

In this report, as im 211l our nravious reports, except when
specifically stzted oiherwise, ihe “‘4 Doee® values given are those
which would bhave bgen found if thsre had been no decresss in
activity due ‘o racdloactive decey. Iz tolerance calculations the
:.d\_nmncl loss of polonium frem the body cdue to decay should be
taken into accounse. This additionel loss 1s agproximately 005 per
day for short pericds (half-11fe o 140 deys).
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b Table 1 con'd. , e
e T _  1b - Cuncentration in Blood )
E Timp aftar % of dose per cc. X 10 '3, in _ -
g ingesticn  Wsole blood - Plegma - Red cells - White calla
3 15 mins .52 : .58 - .25 .79
: 1 bour by 3T .43 .72
: 3 nour - <35 © .11 - .6Y : 63
8 5 hour .95 - 1o - .84 1,70
2L bour .95 .67 1.15 1,40
2 deys 1.1 - 1.02 .67 1.85
3 13 . -5 1.50 2.26
L 1.5 1.1Y4 1,85 , 2. 08
. 6 - 1.3 .81 . 2.12 . 3.55
7 1.2 .80 .83 .. 3.03
8 1.2 « 73 2.C6 2.17
3 g 1.0 a2k 2.30
1 10 1.3 .75 2,12 2. 718
§ 11 1o 2 - 51 1,43 2.90
; 13 1.2 .66 2,27 . - 210
] 1k i .55 .55 1.87
15 e —— 1,39 : 2. 4G
S 1.0 .09 .77 , 1.85
17 =95 69 - LTy ,
1% 1.0 Y 10631 -yalues includs
E a0 Jhh WJUI V12 } ©© yhlts cslls.
72 .25 w200 W32,
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Percent of tho dosc in blood and urine G
Told Lewkemia) aftor intravcioue edninis

RLTATCHOND
curioes of polonium chlorido per kilogranm of body weolznt.

cr ¥y
Pl
rJ
o]
>
[¥]
[y}
-
(2]
)
lt.
<.
i

Injectlon 9% of doso % of dosefce. Sonconhrotion  in Bleod

tine excroted in - fs of Acgs moT €Ce X LO b
Urino Upina = 10 7 Time YWholo Plasme Colls

-~ . - Pa—s _

25 mine 1.7 2. 59 oy

Q0 ~ 1.7 EZ- 018 o532 1L pour 1.5 .50 <75
2,3 © 2.2 £ 58 1.50
1.7 - 35" .00S .0Z% W% © 2.2 1.G2 2.56
3.5 - 24 " Q42 Q057 22 * 1.L0 .G 1,20
i —a L - =
1 dar 068G (to4al) ——- - J— —
2 . 063 Nos 1.7 2,30

V- ~ T

1} ° 096 e O‘J.? Ze D) 20 85
5 . 0oL . Gl 2.3 2.82
6 . CE0 .0%6 z. 2 7,80
7 . 0”2 .CSG . 2,03
8 Q57 ST 2. G 2,05
g et 0BT e Z.7C
11 . Qul . 020 1.5 2. 33
N - ~
12 aouro 502:, j..? 20 3}“
3 - G338 G31 ioq 2. BC
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Page 19
: Table 3, continued

3 b. Concentration in blood.

mime after % of dose per CC x 10 in
Yhole blood - Plasme - cells

ingestion
1 bour .6 - SL2 el
'3 hour . .5 o Bl .38
3 5 hour 1.3 2,06 - 134
A 7 hour 239 .3
¥ 26 bour 2.6 k.22 g2
A 2 days 563" 7 B85 1.84
: y 4.2 - 6.%2 1.72
5 1.9 2,28 1.50
6 2.2 2.57 1o 8k
1 1.8 1.88 1.52
8 2.6 3,28 1,60
11 1.6 1.68 1o 46
12 1.2 1.3 . 1.10
13 1.1 1121 1.00
1% 1.3 1.%3 .22
15 1.1 1.05 1.27
18 1.3. 1o 15 1002
19 1.1 1,03 1.15
20 . &0 - 78 o Bl
21 o8l 3L S5
22 75 c.—(;]; ° 79
32 .71 <57 « 69
b2 83 g 1,22
54 .26 L0 - .10
88 . — 0 2L .39
116 1.% . C8 o1
Lk -CS .09 .05
193 211 .10 .12
228 o CT .03 <06
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