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2. 3fETtlOUS AND 1'ROCEDC:HES 
l 'r~11ictl~iui~r-l-+3 d c u p  by clcctroil caprurc 

and subscqucrit gaiiuira ray ciriisriotl. 'l'hc 
ganlriiii ray crrcrgy is u.74 >IC\' and is csccllcnt 
for \vlrulc Lody cuurihg purpusa. 'l'lic *4Sl'rii 

used in t l h  cxpc~~iiiici~t \vas 1)rcp;rrcd by Oak 
JUdgc Sotional I A o r a t u ~  using lligl1 cnci-yy 
proton irrvJiaLiori of ciiriclrcd J*S~zL)3 
(%.40/;).1' sliiall amount of J4411~11 \vas also 
formcd. 'Thel"t.'m was rcparatcd lioin tlrc irradi- 
ated n e o d p i u i  at Ikttclle*Sorthwsr by an ion 
exchangc mciliod using h w c x  SX4 liac iiicsli 
r a i n  and eluting the J W n  wcnuallp carrier 
free with 0.25 S a-hydroxybut)ric acid at a pkl 
of 4.6. T h e  scpararcd 1 V r n  \\*as sent to a 
radiophamamxiuid lalorator). where i t  t t x r  
sterilircd, dissolved in isotonic a l inc  solution, 
made acidic to a pH of 3, ~ ? d  pyrogcn tested i:i 
rabbits. 

Locali-adon and distribution of the lh3Prn 
\&hin the body was followed urjiig a shadow 
shicld \\*hole body countcr.t1*1 A 2-ill. \t.idc slit 

- colliiirator ovcr ~ l i c  9.318 iri. din. SaI(1l) dc- 
teetor pennittcd ditkcntial scwning of the 

- su@jcrct a s - h c n a d c d a d t r t h c  -mi. \\"hole 
body countl \ m e  nude  pcriodictrlly to dctcr- 
: ~irincr)rc toul "Vmmsx&iing in thc body and 

h a c  couau \\.en conriiiued for 1 )T after 
injection. L'rinc, ~ C C S  and blood ~ n ~ p l u  were 
collecxcd m d  and\xrd fin 1'jPm for cadi  
volunteer for periods up to 85 d a y  aftcr in- 
jection of tlie 'WPin .  
The 1'fPniCI, wa.. admirLittered to a total of 

founccn nornial liunion \*oluntwrs t y  physicians 
of the Hanhrd Environmcn'tal Health toun-  
dation. Six voluntmm tcccivcd upprosirriatdy 
0.1 pCi of 1%ii iiiti;rvorausiy ;rid two volun- 
teers receivcd an oral dosc of 10 pCi. Another 
s i x  volunteers were injected with 0.1 pCi of 
laPm and thcn injected tdrh DTP.4 at various 
intervals to study the d c c t  on IUPm retention. 
These dose levels were chosen lis o balance 
between mough activity to mCjSurc she body 
burdtn:,f$t at Icut one ycar with a whole body 
c o u n t c h n d  tlic rrnullcut possilk dlwc to the 
voluntcm. Tlrc radisrion dosc usirrs standard 
man puuncrcrs  and promethium organ distri- 
bution in  dogsf1') ;nd pigs") was ulculatcd and 

- 

-. .. 

- 

Dose (run) Orcan 

'i'oul hodp 0.001 
Bone 0.001 
l i v e r  0.001 
Lower l q e  intestine 0.077 
t'ppcr large intrrtinc ' 0.038 . 
Smdl i n ~ u t i r ~  U.OC9 
Sionuch 0.003 - ----- =-- 

intcsrine, is about O.j?.< of the maximum per- .- . -. 
niissiblc znnuzl l i c i t  {or occupational csposurc. , 
Doscs to 0111~ orgaiis are cvcii srrlvllcr in 
cornpaison to their rcspectivc .limits and in- - -  
significant in rems of radiological sdety. - 

A g u n m i  ray spectrum of the 1 r 3 1 h  obtained 
from a whole body count of onc of thc voluiitctrs 
is shown in Fig. 1. The smalfcr peaks at 0.693; 
0.615, and 0.474 Xfel' 3rc from the decjy of a 
small aiiiount of 1 9 i n  which \vas also P~CSUX. 

3. ISJECTJOS STUDI&S 
.4 typical distribution of 14Vm in J Iiurnan 

voluntcer wit11 ririic following intravenous 
adnlinistration is shown in Fig. 2. The uptskc 
in thc livcr is wry rapid with rnost of rhc liver 
fraction arriving tlic-rc widiin 30 SCC. 'l'liis w z  
determined by placing the collimated detector 
directly over the liver trca of the subject bciorc 
injection and monitoring the count rare after 
injection with a count rate meter until it 
appeared to be constant. A rough measure of 
the amount in the liver was made from h e  
whole body s u n  and found IO be between $ 0 .  
and 5o;i of tlic injccrcd dorc. ~\'lrolc body 
scans after 2 4 1 ~  show that thc distribution in 
the body remains unchanged for a year after 
injection with the otccptjon that the pcak over 
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inicrr~id radintiotl I ih ts  iIic f l x i i m i  gniilg r m i l  

blood to livcr as U.uC, \\11erca~, this cspcri~ncnt 
show? this fractioji to bc txt\r~ccri U.4 and U.5. 

1. INGESTION STlJDIES 
I 'wo  volunteers orally ingcstcd 10 pc:i ol' ihc 

1*VrnCI, solutioii niixcd with orarigc juice. 
Subsequent cxcretion analysis showed thzt 
essenrially noire oftlic material \ v i s  absorbcd by 
the body and all of it cxcrctcd in thc feccx. 
No activity was dctectcd in the ur im samplcs. 
After one \vcek a rcgular wholc bodg count did 
not indicate any activity remaining in the body. 
However, a one hour count directly over the 
liver of one of tiic voluntcc'n showed a Ijvcr 
contcnt of about 0.0001 pCi. The 1°Pm con- 
tent in the liver rcmained constant in subscqucnt 
counts up to a month later whicii confirmed 
that the activity w.at actually in thc livcr and 
not temporarily lodged in the G I  tract. Tlic 
uptake by this voluntccr \vas estimated IO be 
about 0.001 % which agrecs with the ICRP'191 
estimates of the uptake of promethium from 
i n g d o n .  P~.omctl!i~n~-143 activity was n u t  
derectablc i n  the other voluntccr and .the 
uptake was probably less- than 0.W5 %, - -. . -- 

' 5. THE EFFECT OF DTPA O N  EXCRETION OF 
PROMETHIUM IS HUMASS 

The cfiect of ulcium trisodium diethylenetri- 
&ninepcnuacetate (DTPA) on the acretion 
and retention of IC3Pm in humans was studied as 

.. a function of the tinre intefial tci\vecn the 
injcction of J ~ J P I I I  aiid tlic injcciioil of DTYA. 
One grnm ofD'fP:\ yivcii at d i h c n t  timcs 
KO 8 subjects from 5 min bcfore to 80 days after 
injection of Ic3Pm. Figure 6 shows the urintr?. 
excretion oflUPm with imc up to 6 days after 
injection for C subjccts who were givcn D T P x  
according to  thc schedule shown in Table 3. 

The otcrction of the injccted J43Pm vaned 
from 100 ./a of dose for the casc where DTP.4 
was injected for 5 mi11 bciorc 'thc 1a31Jm injection 
to only 20% of dose when DTP.4 was rdmin- 
tc& 24 Iu' d t c r  ihc 1 4 V ~ ~ 1  injection. In  t l x  
t I i & ~ t a  whcrcDTPh \ v u  administcrcd within 
a n  Koit or Icss after 1UPm injcction;80% or 
morc of the I ~ V m  was cxctcicd; howcvrr, two of 
thc-c cascs rcccivcd addiiional injcctions of 
DTPA. Thcsc results indicate that DTP.l is very 

, .  
. &  

I 

rcducing ilrc h d y  
when adn~inisicrcd 

strrarii. I f  the DTPX is given 5 lir latcr, the 
body buldcri \\.ill dccrcvhc by 0 1 1 1 ~  about 
2nd ~ l r c l i  yivcri 24 Irr later oiily 2U;i ul' tlic 
14Jl'111 is ac rc tcd  \vliich is only 10 % more than 
the iniount cscrctcd \4tllout DTP.4 adminis- 
tration. 

'I'o study the cflict of DTPA on lorig term 
iiitcrnal dcpasiiiolrs of promctiiiulir, DTI';\ was 
given to two subjccts 80 dayz aftcr a previous 
injection of 1CJPm. Urinav  excre:ion inewxc- 
nients indicated that only about 5 ;< of the body 
content of 143 was excrctrd during the following 
we& but dic \r.holc body countcr I I I C ~ U ~ C I I I C ~ ~ ~  

showed a t o d  body loss of 10 %. In  following 
the acretion of InPm frorn the body after 
DTPA administration, i t  was [ound that she 
whojc body counting results always indicated a 
grcater loss t!an did the acretion results. 
Sincc the WPm in the iiver is counted with a 
greater cficicncy t l i ~ n  that in the Lone, these 
results indiwre &at much niorc of the laPm 
that is cstrarxd Ly tile l.Yrl'..l: COIIICS from i h c  
livcr than front the bonc. Funher srudia arc 
needed. 'm more accurrtdy- determine the 
rclative cscrctjon raws fro111 li\*cr and Lone. 

Table 3 also shows the t o u t  JUPm cxiycted 
in each volunteer in both urine and fcccs during 
the six-day period after injection of thc 14JPm. 
Both the urine and fecal excreuon of "JPm are 
enhanced by DTP.4 adminktraion, and i t  is 
i n h e s u n g  that drhough the urinary 'cxcreu'on 
dcpeiids upon &e intcwrl of th.c bctwcen die 
I ~ ~ l ' i n  and DTP.4 injccLion, thc fccd cscrco'on 
is quite consunt cxcept in the w e  wlwc 
DTP.4 was administered bcfote the l'?ni. A 
possible esplanauon for this ' constant fecal 
excretion is the fact tlist most of tile liver 
deposition of I4Vm occurs immediately iwirhin 
90 sec) after injection. L~ITMA'~~) has suggested 
the injected fraction of laJPrn which hydrolyxcs 
into colloids and deposits in the liver, b ruks  
down and becomes protdn bound, and is rt- 
movcd by tlrc licpatic cdls into the bilc and 
fcccs. It appears that DTPh enhancu this 
mechanism and a rather consunt fraction of the 
liscr deposition is cxcrctcd in this manner.. The 
urine excretion raults largely from t h e  DTPA 
complcxing ofthe 143Em still in b e  blood stream 
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FJG. 6. T h e  cficct of DTPA on IUYm rrtcntion in humans. 
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100 I) 5 min Idore 
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arid. of course Jiould dcci33sc wit11 longcr tiriic 
intends &ct\\rc11 1Wrn a i d  U'1'1';I iiicctinii. 
UIJortulurdy, I'ccaI su~nplcs .IWC J I O I  collcctcd 
frorir ilre V U ~ U I I ~ C C ~  W ~ O  rcccivcd oiit giain of 
DTPA after 80 days so tlic fecal cvcrctiorl froni 
long-L~I-III burdens of promchiurn in humans is 
not kiio\vii. 'l'lic \vliolc Imdy couiits iiidicatc 
ihat up IO lialf ilie orcrction could Iin\x occur-rcd 
by drc fecal route, l~o\~*ever, ~ l i i s  estinratc necds 
to be corrccicd by the diflcreilcc in counting 
cfliciency 01'ilic livcr vs. rlic total body. 

I t  sliould bc notcd [hat j f  L)Sl'A is gi\.cn d t c r  
thc l W 1 1  has c ~ c n i i a l l y  all lcft ihc Liood 
stiram, fnr iiistancc at 24 lir, ~ h c  f e d  excretion 
is aihairccd much morc than die urinary 
excretion. In  ihc casc o1sul)jcct 6 hi Table 3, 
the urinary cscrction without UTI';\ during the 
l i i r t  C Jays would I J U I . ~ I I Y I I ~  I x  about ?-lU;< ol' 
r l~c initial lmdy lmrdcn. The DTPA only caused 
an additional 2-9 to be excrctcd. 'l'lic iiuniral 

fca l  cxrciiot1 Tor 1 1 1 ~  fi1.s~ G J;rp is 011lg 1.3 :; 
of the initial dose but DTPA caused an ad- 
ditional 7.4% to Lc cxcrcted. In  Terms or 
p e r c e n q c  incrcasc the urine excretion ~ \ J S  

iiicrcascd L). 41 "/6 \~Iicrci~s  i l ic Tcc.al csci.ctinii 
. was jiicrcsscd by a h u ~  5700,; wit11 USPA 
admitlistration. l'hcr cforc, to assess tlic I -CSU~KS 

of ;he- removal of promchiurn and probably 
other rare u r t h  isotopcs from thc body by UTPA 
administration, it is v e q  important that both 
urinary and fecal excretions bc crrcfully co!- 
lected and anal\zcd. 

Since only one voiun~eer \cas studied in clch 
variation of DTP.4 adtninistratio~r, further 
conclusions are not warranted. Srudies of tile 
c f k t  of DTPA on I'aPrn retention in a much 
g r a t e r  nuniter of miniature SU inc is presently 
under way at Bancllc Sorrli\\.cst Bio1o.q 
Latontor). and these should indicate the 
variddity of ruults to bc expected hctwetr! 
individuals. 
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