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Project Name: Unknown.  Project involved Date S ta r t ed :  Sept. 1967 
study of metabolism of promethium i n  Date Terminated: 1 year 
humans and ef fec t  of DTPA on metabolism a f t e r  
a n d  excretion s t a r t  

Ident i f icat ion:  Unknown 

Principal Invest igator(s) :  H .  E .  Palmer, Occupational a n d  Environmental 
Protection Department, Pacific Northwest Labora tory  ( P N L )  , Richland, WA _ -  

Responsible Government Official  ( s ) :  

Objective(s) o f  t e s t :  The study was conducted t o  determine the u p t a k e ,  
re tent ion,  distribution and  excretion of promethium i n  huaans f o l l o w i n g  
both  oral  and  intravenous administration a n d  t o  study the effectiveness 
of DTPA in removing promethium from the  body. 
relevant t o  possible exposure o f  plant personnel. 

These considerations were 

Short description: 143PmC13 was administered t o  14 volunteers by physi- 

S i x  o f  t h e  volunteers were 2150 injected 

cians o f  the Hanford Environmental Health F o u n d a t i o n  ( H E H F ) .  Whole body 
c o u n t i n g  and  excreta measurements wer2 made by P N L  for  one year following 
administration of t h e  142Prn. 
w i t h ’ D T P A  a t  various intervals  before and a f t e r  the administration o f  the 
1 4 3 ? m .  Bo th  t h e  HEHF and  PNL contributions t o  the study were funded by 
AEC. 

Fol1 ow-up date : Ther was n fo71 ow-u 
doses t o  the  human subjects. The es 

RECOSCTOAY PNL 

m m n  B o w -  
a f t e r  one year because of the low 

imated doses were .036 rem t o  the 
l i v e r ,  .008 rem t o  the bone, and  .005 t o  the whole body for in jec t ion ,  
and ,038 rem t o  the upper large in t e s t ine ,  and .077 rem t o  the lower 
large in t e s t ine  for  the ingestion cases. I 

References: Palmer, H. E . ,  Nelson, I .  C. and Crook, G.  H .  “ T h e  Uptake; 
Distr ibut ion,  and  Excretion of Promethium i n  Humans and the Effect of 
DTPA on these Parameters,” Health Physics - 18, pp .  53-61 (1970).  

Attacfiment( s) : Stated reference. 
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H C ~ I / I  P/ysic.r Pcrpnon Press 197U. 1.01. 111, pp. 33-61. l'rintcd i l l  Sortlrcrir Ircland 

THE UPTAKE, DISTRIBGTI.ON AND ESCRETlON OF ' 

PROME'THIUhl Illy' HUMAXS AND 1'HE EFFECT OF 
D'TP A 0 N 1'13 ES E PA Rtl kI ETE R S * 

1. INTRODUCTION 
IAHCE scalc separatioii of 1 4 7 1 ) ~ i ~  fission produc~ 
waste and prcparation of thc rnatcrial for 
scvci-a1 applications constilulcs a potciitial 
sourcc of radiation exposurc t n  workcrs in th i s  
ficld. Sincc 1 J T m  (T, = 0.73 yr) is a low cnrrxy 
bcta cmittcr, atid thc niasilnulii cncrgy of ~ l i c  

beta j~articlc is only 0.22 hlc\', iiitt:im:il d e  
pnsitions of 14Vm cannot bc clircctly dctr.riniiictl 
b y  \v l io lc  I)ntl~. cotiiil,iiig. *l'liei.cfi)ir, aiiitlysis o f  
I d y  C S C ~ C ~ ; ~  rillrst I)c i-c.lictl r i p t i  to pi'ii\.itic ii 
basis for botly brirclcn cstirnatcs. 111 oidcr to 
dcvclop an cscrction modcl for diagnosis of 
promethium in humans, to form a basis for 
radiation csposurc. and to clc:crniinc t l ~  dose 
from nccidcntal csptxtirc, tlic uptakc, rctrrii iwi. 
distrilxihrr2 and cscrctioii of pronicthiuni in  
humans i i i i i c t  Iw k t t o w i .  - -_. . . .- I__- - --- - 

* 'I'liis l>;ipc*r i 9  I:asi*cl 1 1 1 1  \vork .Iw.rlhrnirtl iriiilc.r 

U l i i i c t l  Staic.s . \ i o i i i i i :  l . h . r . ~ y  (:oriiniissinrt ( :ontract 
.V?<45-l)-ltW. 



be usc.l'ul in cv;tluiAlg cast's ol' accidcntnl 
cspu>ul'c 10  ~ J ~ l J l l l .  

2. SIETIIOUS A S D  YROCEUURES 
l ' i .~i i ic~i i i i i i l i - l~~ dccays Ly clcctroii cqiturc 

and subscquciit giiiiiiia ray emission. 'lhc 
ganiniii ray ciicrgy is 0.74 AlcV and is csccllcnt 
for  whole body ccmrltiiig pui.puscs. ' l l ic 1"l'ril 

used in tliis cspcririIciit \\"as prcpircd by Oak 
Icidgc Sational 1.aboratory using liigli cncrgy 
protori irradiatiuil of ctiriclicd liJSd,OJ 
(94.473.l' srnall ainount of 1441+i1 was also 
formcd. 'I'he1~~1'1ii \\'as separated lioiii tlic irradi- 
ated neodymium at Uattcllc-Sortlnvcst by an ion 
csclisngc mctliod usins L)o\rcx 5x4 lioc riicsh 
rcsin aird eluting thc 1*31'~ii csscntially carrier 
free with 0.25 N a-hydrosybutyric acid at a pH 
of 4.6. The scparaccd lJ31'in was sent to a 
radiopliarmaccutical laloratoi-y whcrc it \*'as 
sterilizcd, dissolvcd in isotonic saline solution, 
made acidic to a pH of 3, and pyrogcn tested in 
rabbits. 

Localization and distribution of die l43Prn 

withiri the body was followcd using a shadow 
sliicld \\hole body counrcr.li8' X 2-iii. widc slit 
colliiiiatur ovcr tllc 9-318 ill. dia. SaI('11) dc- 
tcctor perinittcd dilfcrcntial scanning of the 
suljjcct as he rravclrd under the crystal. \\'hole 
body counts \vcre iiiadc pcihdically to dctcr- 
Iiiiric t h c  total '43Pi1i iimiairiing i n  the body and 
these counts wcrc continued for 1 yr after 
injection. Urinc, feccs and blood saiiiples were 
collcctcd and anaI)-zcd for 1XJPiii Tor cncli 
voluntccr for periods up to 85 days aftcr in- 
jection of the ,143P~n. 

T h e  1'3PniC1, \\*as adininistcred to a total of 
fourtccn normal liuninii volui~rcers by physicians 
of the Hsnrord Environmcntal Hcdtli Foun- 
dation. Six volii II  tccrs rcccivcd aly)rosi iiiatcl y 
0.1 pCi or 1 ~ 3 l ) i l 1  iiitravcllously aiid t u a  volun- 
tccrs receivcd mi o i d  dosc of 10 pCi. Another 
six volunteers wcrc injected wit11 0.1 pCi of 
143Pm and thcn injected with DI'1':l a t  various 
intervals to study thc cffcct on 143fni retention. 
Thesc dose lcvels werc chosen as a balance 
betwccn cnougli activity to nicasurc thc body 
burdcn for at Iiiast onc ycar with a \\*liolc body 
countcr and thc. sr~iallcs~ possil,lc d41sc to lhc 
voluntcer. '1'11~ 1-adhtjoii &JSC using standard 
man paramctcrs and promcthium organ distri- 
bution in  dogslll) and pigs"2) was calculatcd and 

Organ Dose (rem) 
- -_ 

'ro1:lI Irody 0.00 1 
Bone 0.00 I 
Liver 0.00 1 
Lo\\.er large intestine 0.077 

Small intestine 11.009 
S t onuch 0.005 

intestine, is about 0.5% of the maximum per- 
missiblc annuaI h i t  for occupational csposure. 
Uoscs to other orgaits arc cven siriallcr in 
comparison to their rcspective .limits and in- 
significant in terms of radio10,qical safety. 

A yaninla ray spectrunl of the 1431J~ii obtained 
from a wllole body count ofonc of thc volunteers 
is shown in Fig. I. The smaller peaks at 0.695, 
0.615, and 0.474 hie\' arc from the decay of a 
small sniount of i'lJ1ii which \\,as also prcscnt. 

3. INJECTION STUDIES 
.4 typical distribution of 1431'm ia a liuinan 

volunteer with tiiiic following intravcnous 
administration is shown in Fig. 2. Thc uptake 
in thc liver is vcry ripid with most of tlic Iivcr 
fraction arriving 1livi.c witl i in 90 SCC. 'lliis was 
dctcriiiined by placing the colliinated dctcctor 
directly over the liver arca of thc subject before 
injection and monitoring the count rate after 
injection with a count rate nieter until i t  
appeared to be constant. A rough nieasure of 
the amount in the liver was made from the 
wholc body scan and found to bc bctrvccn 40. 
and 50% of tlic injected dosc. \\'Iiolc body 
scans after 24 Iir show that tiic distribution in 
the body remains unchanged for a year after 
injection with the evccption that the pcak over 

Upper large iritcstiric 0.038 

-- ------ --- A_--- --- 
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the blvddcr itrca disappcars during Llic sccorid 
day. l 'hc 14yP~r~ \\~hicli docs not ~ C J  irnmcdiatcly 
t o  ilic livcr ~ L ~ > I I C ~ I S  io i u i i a i i i  i i i  tlic t~lood for a 
sliort tiinc and gradually deposits in the bone. 
Tlic total mtiiiiittcd coIitcnt of1431Jiii i r i  tlic blood 
as a function or t i i i x  wi ts  obtained by aiialyzing 
periodic blood sarnplcs of t\vo vriluiitccn is 
sliown in Fig. 3. YIie 1431Prii activity was not 
dctectabk in thc blood at 24 lir. 
. Aftcr intravenous injection, pronietliiurn cx- 
ciwion occurs by both urinary mid fecal routcs. 
Figiirc 4 sho\\.s tlic daily urinary cscrctiuir ratc 
Ibr 50 da);s and thc daily Iecal cscrction for 7 
days aftcr iii~icriicJri, AIosl ( J f  thc u r i i i i i i y  cs- 
crction w l i i i - 1 1  o i m i i . s  i l i i i , i i i g  t l r c  l i i w  i w i  i~icmtlis 
ixxiirs JIII  iiig I I N .  liixl rI:iy ; i l l11  t l i c :  riit(* dc-c.rc;tsc:s 
ixpidly tlicrc*aIic.r. '1'11~ iwiiiaty cscrction is 
greater tlinii tlic fcciil escrctiori ui i t i l  thc 
scvcntli clay \\ lien the)- Ixco~nc  a1JOllC equal. 
1)ilily fecal siuiiplcs \\.ere stoppcd iiItcr the 
hcvcntli day, liowevcr. t h c  a \ . c r q c  '431'111 in rhc 
f r cd  saxiiplcs oil dit. 15th day a1'trr iii.jwiiwi \\.as 
0.075 % ol' tlic injcctcd amount \\hereas tlic 
;r\*cragc uriric coiltent was only 0.03 "/;',. l'licsc 
cscrctiori ruts arc quitc similar to tliosc ob- 
tilincd \\.it11 a pig iiijcctcd with 1431'~~iC:I,(1) and 
~ W O  dogsllll iiijwtcd with 1471'in(C10J)3 ercepc 
the first days urine cxcrction in liuinans was 
twicc ;is 111~1cli as that or tlic pig and tlic dogs. 

.\.!est accidcritiil iiitcriinl csposur~s  t i )  lJ'lliii 

occur by iiilialaiioir ol' tlic Iiiiiicriiil with SU~J>C-  

l'roni the lungs to thc I~lood StCcaiii. l'licrefore, 
iiicsc cscrciions xiid I.ctcntioli cui*vcs ol)i&cd 
f ro in siriglc injcctions arc not dircctly applicable 
for cstiiitatitig liiiig arid 'sysiciiiic body lJUrdCllS 

of j>roii~cthiu~n after inlinlation. Howvcr, since 
c:icli daily traiisL-r of "71'1ii l i w i i r  lung t o  blood- 
strcani can IC considered as an  injection into 
11112 1)lood strcniii, tlicsc ciirvci providc il basis 
for the dcvclopnicnt of'niathcmatical niodcls for 
use in estimating the systrmiic burdcn of 143Pin 
a i d  the ratc of transfcr of tlic 14'Piii from the 
lung  to thc blood strcaiii. l'hcsc niodcls arc 
prcscntly being dcvclopcd and tcstcd and will 
hc pul>lishcd ac a ];iter datt.. The  rcsults of 
tlicsc cspcriincnrs sl~ow that thc  nici:il)disiit of 
J > i ~ ~ l l l i ~ ~ ~ i ~ L l l l l  in I I I I I I I ~ ~ I I ~  is siriiilar to tliat in 
1;irg~: iiiiiiii;tls sui.li ;is pigs aiic1 dolp 1 , 1 1 1  qiiiii* 
dillbrcnt than tliat in s~iiall aoinials such ;is tlic 
rat. I n  humans most of die promctliiurn is 
rctaincd and the escrction rapidly drops to a 
very low ratc. It quickly beconics distrihutcd 
hetwccn livcr and I,oiic and rcmaiiis c~sc~riti;;llp 
uiic1iaiigc:cl Tor ;it  Icast a ycar. Thc rcti*iitioii i l l  

the rar is Jiiudi I o \ \ .~ r "~ )  with thc liver gradually 
losing most of its initial cnrly dcpo5irioii of 
proiiictliiuai and rclativcly high ariiouiits arc 
cscrcted in thc fcccs. 

T h c  rcsulis disagrec witlr tlic liver uptake 
paranicten listcd by the ICRP.(l9) Tlic rcport of 
ICRP Co~ninittcc on pcrrnissiblc close Tor 

cIllCl1t 1,.1ndua1 trader of SC)IOC rrnciioli of l J r I ' ~ ~ l  
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i t i tcr id  radiation lists tlic frx&xi goiiig liortt 
blood t‘o livcr as O.uG, wliercas, this cspcriiiiciit 
show this fraction to bc bci\-.*ccn 0.4 and 0.5. 

4. INGESTION SI‘IJ1)IES 
’I‘wo volunteers orally ingcstcd 10 p(:i ol‘ttlc 

1431’~~lC13 solution niixcd with ormigc juice. 
Subsequent cxcrction analysis showed that 
essentially nolie of tlic material i v a s  absoi.bcd by 
the body and all of it was excrclcd in the feccs. 
N o  activity was dctcctcd iii thc  uriiic samplcs. 
Mtcr one wcck a rcgular wholc body count did 
not indicate any activity rcmaining i n  the body. 
However, a one hour count directly over the 
livcr of one of tlic voluntccis showed a livcr 
contcnt of about 0.0001 pCi. The  1431)m con- 
tent in the liver rcrnained constant in subscqucnt 
counts up  to a month latcr whicli confirmed 
that tlie activity was actually iii thc livcr and 
not temporarily lodgcd in the GI tract. Thc 
uptake by this voluntcer was estimated to be 
about 0.001 % which agrees with thc ICRI’(l9’ 
estimates of the uptake of promethium from 
irigcstion. 1)roiiictliiuni-I 43 activity was iiot 
detcctablc in thc other voluntccr and the 
uptake was probably less than  0.0005 %. 

5. THE EFFECT OF DTPA ON ESCRETION OF 
PROMETHIUM IN HUMANS 

T h e  eKect of calcium trisodium diethylenetri- 
aminepcntaacetate (DTP:\) on the cxcretion 
and retcntion ofIJ3Pm i n  humans was studicd as 
a function of tlic tiiiic interval Lctwecn tlie 
injection Q f  ~ ~ ~ I ’ I I I  and tlic iiijcctioii of DTPh. 
Onc  gram of D’I‘PX was yivcii at dilrcrcnt tiiiics 
to 8 subjects from 5 min before to 80 days after 
injection of 143Pm. Figurc 6 shows thc urinary 
excretion of 1”Pm with timc up  to 6 d a y  after 
injcction for G subjccts who wcrc givcn DTPA 
according to thc schcdulc shown in Table 3. 

T h e  excrction of the injcctcd 143Pn~ varied 
from 100% of dosc for thc casc where DTP.4 
was iiijectcd for 5 r i i i i i  bcforc’thc 1431’~ii injection 
to only 20 of dosc wlicn DTP.4 \\*as adniiii- 
istcrcd 24 Iir aftcr tltc 1 4 3 1 ) ~ 1 ~  injcctioii. In tlic 
tlircc cxcs  whcrcIlTPA w a s  adrninistcrcd \cithin 
an  hour or  lcss after 143Pm injection, 80% or 
niorc of tlie I T m  was cxcrctcd ; howrvcr, two of 
tlicsc c a m  rcccivcd additional injcctions of 
DTPA. Thcsc rcsults indicatc that DTPA is very 

Clr‘:ctivc ill sigilitic*nntly rcducing rlic Iwdg 
contcnt of pronictliiurii wlicn adiiiinistcrcd 
~ i t l i i i i  about an hour after it ciitcrs tlic blood 
sireaim If  tlie DlPX is giveir 5 111- latcr, the 
body l~uix.lcir will dccrcax by o d y  about 50% 
and wlicii givcii 2-I Iir latcr oiily 20:/, 01. tlic 
143P~ii is csci-ctcd wliich is only 10 % iiiorc tliaii 
the aniount cscrctcd without DTl’X adminis- 
tration. 

iutcrnal dcpositions of promcthiuiii, DTI’;\ was 
given to two subjccts 80 days aftcr a prcvious 
injection of “3Pin. Urinary excretion ineasurc- 
nients indicated that ouly about 5 % of thc body 
content of I43 \\.as excreted during the following 
week but tlic \% liolc body countcr iiicasurcnients 
showed a total body loss of 10%. I n  following 
the excretion of 143Pm from tlie body after 
DTPA administration, it was found that the 
wlrolc body counting results always indicated a 
greater loss than did the excretion results. 
Sincc the 143Pm in tlic livcr is counted with a 
greater eflicicncy than that in tile bones, thcse 
results indicate tliat much more of the 1 4 3 P ~ i  
that is cstractcd by tl ic lJl’P.4 coitics froill tlic 
livcr tlirrn from the boric. Furthcr studies arc 
needed to mort accurately determine the 
relative cscrction raws frorii li\scr and boric. 

Tablc 3 also show; the totaI i43Pn1 cscretcd 
in each volunteer in both urine and fcces during 
thc six-day period after injection of tlic laaPm. 
Both thc urine and fecal escretion of 1J31’rn are 
cnhanccd by DTP.4 administration, arid it is 
interesting that although the urinary cxcreciori 
dcpciids upon thc intcrval of timc bctwccn the 
143Pri i  and DlPA injcction, thc fccal cscrctioii 
is quite constant cxccpt in the case’ wherc 
DTP.4 was adrninistercd bcfore the 143Pn1. A 
possil>lc esplanation for this constant fecal 
excretion is tlic fact tliat xilost of tlic livcr 
deposition of 1 4 3 P ~ ~ ~  occurs imincdiately (within 
90 sec) after injection. L . W J W A ~ ~ ~ ~  has suggested 
the injected fraction of lA3Prn which hydrolyzes 
into colloids and deposits in the liver, brcaks 
down and beconics protein bound, and is re- 
moved Ly tlic hcpatic cclls into the bilc and 
fcccs. It appcars that DTPA enhanccs this . 
mechanism and a ratlicr constant fraction of the 
livcr dcposition is cxrrctcd in this innnncr. The  
urine excrction rcsults larpdy fronr the DTPA 
complcsing of the 1Wn still in tlic blood stream 

‘10 study tile cff’ect of DTPA 011 lollg tcriii 
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arid of coursc sliould dccrcasc \vi l l i  loiigcr tiiiic 
intervals I)ctwccii ~ ~ V ~ i i  atid 1I'rI';l iiijcrtioii. 
ullrol.tlll13tciy, I'ccal smplcs  W C ~ C  11ot collcctcil 
fro111 tllc volurltccts ~ I O  rcccivctl orlc gran of 
D1'P.A after 80 days so the fecal cucrctioii from 
IoIig-tcriri burdcns of prornciliium in huiiians is 
not kiiowii. 'l'l!c \vholc body couiits itidicatc 
iliac up io Ilnlftlie cxcrction could iravc occurred 
by thc fecal route, I~owcvcr, this cstiniatc nccds 
to bc corrcctcd by the difTcrcricc iri counting 
cfliciciicy ol'tlic liver vs. the total body. 

I t  sliould bc notcd that if IIl'PX is givcn d t c r  
thc 1 W n  has csmitially :ill 1cft dic blood 
stitam, for. irrstaiice at 2.1. hr, ilic fecal excretion 
i!, cnhaiiccd niucli morc than tlic urinary 
escrcrion. In  tlic casc of subject 6 iii Table 3, 
the  urinary cscrction \\ithout L)TP;\ during the 
first ci days W I J I J ~ ~  Itoi.iiialIy Ix about i-1U ol' 
tlic initial Imdy 1)urdcn. T h e  DTP.4 only caused 
ail additional 2-5 to be cxcrctcd. 'l'lic i I w I i i a l  

fecal cscraio1l for tlic lii.si G days is orily 1.3 % 
of the initial dose but  DTPA causcd a n  ad- 
ditional 7.4% to IC cscrcted. In tcrrns of 
pcrccntagc incrcase tiic urine excrction \vas 
iiicrcascd by 41 % wlicrc;ts tlic lccal cscrctimi 
was irrcrcascd by about 570 7; \ v i l l i  II'l*l'A 
aciministraiion. ?Iicrcforc, to YSSCU tiic rcsults 
of  the removal of promcihium and probably 
other rarc carth isotopcs from the body by U'I'I'A 
administration, i t  is ver). important that Loth 
urinary and fecal escretioris Ix carefully col- 
lected and analyzcd. 

Since only one voluntecr \\'as studied in cach 
variation of U'L'PA acliiiiiiirtratioii, further 
conclusiQns arc not warranted. Studies of the 
cffcct of DTI'A on lr3I'm retcncion in a much 
greater nuiiiljer of miniature s i rhc  is presently 
under way at Battcllc Sorth\vcst Bio1o.q); 
Laborator)r and these should indicate tlic ' 
vai.ial)ility of results to bc espccted between 
i I idivid uals. 
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