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Abstract-—\n experunent was performed 1o study. the upiake, rewention, distribution, and

excre tivs o promethium in humans. Six volunteers were injected with 0.1 i of H3PImCly
and these parameters were studied for a period of one veur alier jrction by whole body
counting and excrotion measurement techniques,  About one-half of the injecied 3Pm
became depasited in the liver within a few minutes and most of the M3Pm renuining in the
blood stream became deposited in the bone within the next 5 hro ‘This initial distribution
betacen liver and bone appeared 1o remain unchanged for at least | yvr. Only 107, of
the injected dose was excreted within the tirst 20 days. The hiological halt life ot the major
portion of the dose cannet be accurately determined from this experiment but it is much

greater than 1000 davs. ‘The initial uptake of 3Pm after ingestion by two volunteers appearcd

1o be nor more than 1.001".,. The efiect of DTPA on the removal of ¥3Pm after injection
was studied in aicht volunteers, The elfectiveness of this chelating agent decrecased rapidly
with the leneth o tine between injection of the "™ P and aduinistradon: of the ITPAL
The DTTA removed 0%, 237, and 5°, of the ¥ from the body when administered
30 min, 21 hr, and 50 dave respectively after injeetion of the "1'm.  Fecal exeretion ol the
H3Pn s enhianced be TP and the total amount exerared in the teees s quite constant and

is independent of the

1. INTRODUCTION

Larce scale scparation of 37Pm tission product
waste and preparation of the material for
several applications constitutes a  potential
source of radiation cxposure to workers in this
field. Since W°Pm (T, = 0.73 yr} is a low cnergy
beta emitter, and the maxiinuin cnergy of the
beta particle is only 0.22 MV, internal de-
positions of Y7 Pm cannot be dircctly determined
by whole body counting. “Uhercfore, analysis of
body excreta must be relied upon o provide a
ba<is for bacdy burden estimates. In order to
develop an excretion model for diagnosis of
promethium in humans, to form a basis for
radiation exposure, and to deicrmine the dose
from accidental exposure. the uptake. retention.
distribution. and excretion of promethium in
humans nst be known,

* ‘This paper is based on work performed under
United States Atomic Fnergy Commiission Contract
AT 43-1-1830.

time interval between '¥3'm and IIP.A injection.

A number of animal studies have been per-
formed at Battelle Northwest Laboratories and
clsewhere on the metabolism of promethiwn in
animals. =19 \Vhile these various reports give
values for orgun content of promethium at
sacrificc and discuss histopathological findings of
the dosed animals, very few excretion -retention
data arc presented from which models may be
developed. Tninstanees where exeretion data has
been obtained, its refationship to excretion of
promcthium by humans is not clear. An experi-
ment using ¥'Pmand human volunteer test
subjects was perforined to help resolve some of
these prablems and to. detcrmine the necessary
metabolic paramcters. Whole body counting
techniques and urinary and fecal measurcments
werc used to study the course of the promethium
following hath intravennus and oral adminis-
tration of 3PmCl 1o humans. The results
provide a correlation between body burden and
urinary excretion of promethium which should
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5t UPEAKL, DISTRIBUTION, AND LXCRETION OF PROMETHIUM IN HUMANS

be uslful in evaluating cases of accidental
expuosure to M P

2. METHODLS AND PROCEDURES

Promethium-143 ('lcc..\,\'s by electron capture
and subscquent ganmma ray cmission.  ‘The
ganuna ray cnergy is 0.74 MeV and is excellent
for whole budy counting purposes. 'The 3P
used in this experiment was prepared by Ozk
Ridge National Laboratury using high energy
proton irradiation of enriched MNd,0,

S (94.4°.17 A small amount of Pm was also

formed. The¥Pm wasscparated from theirradi-
ated neodymium at Battelle-Northwest by an ion
exchange method using Dowex 3-X+4 tine mesh
resin and eluting the M3Pm essenually carrier
freec with 0.23 N w-hydroxvbutyric acid at a pH
of 4.6. The separated "' was sent to a
radiopharmaccutical Jaboratory where it was
sterilized, dissolved in isotonic saline solution,
made acidic to a pll of 3, and pyrogen tested in
rabbits.

Localization and distribution of the 43Pm
within the body was followed using a shadow
shield whole body counter. ™ A 2-in, wide slit
collimiator over the Y-3/8 in. dia. Nal{11) de-
tector permitted  differentiul scanning of ‘the
subject as he traveied under.the ¢rysial. Whole
body counts were made petivdically to deter-
miine the total 3P yenmuining in the body and
these counts were continued for 1 yr after
injection. Urine. feces and blood samples were
collected and, andalvzed for 138Pm [or each
volunteer for periods up o 83 days after in-
jection of the 133154,

The PmCi, was udministered to a total of
fourteen norniul human volunteers by physicians

of the Hanford knvironmental Health Foun-

dation. Six volunteers recvived approximately
U.1 pCiof Py intravenouwsly and two volun-
teers received an vral dase of 10 (i, Another
six volunteers were injected with 0.1 uCi of
M3Pm and then injected with DTPA at various
intervals to study the effect on 43Pm retention.
These dose levels were chosen as a balance
between enough activity to mcasure the body
burden for at least one year with a whole body
counter and the smallest possible dose to the
volunteer. The radiation dose.using standard
man paramcters and promethium organ distri-
bution in dogs‘11 and pigs'!® was calculated and

is shown in Tables [ and 2. ‘T'hese tabulated doses

show that the highest cxposed organ, the large

Table 1. Total dose to standard man from i.v.
injection of 0.1 3 Ci W3Pm

Organ $ose (rem)
Whole budy 0.005
Lonc 0.008
Liver 0.036

Tuable 2. Total dose to standard man from ingestion of
10 #Ci H¥3P’'m

Organ Dose (rem)
T'otal body 0.00!
Bone 0.00!
Liver 0.001
Lower large intestine 0.077
Upper large intestine 0.038
Small intestine 0.009
Stomach ' 0.005

intestine, is about 0.3% of the maximum per-
missible annual limit for occupational ¢xposure.
Doses to other organs are cven smaller in
comparison to their respective limits and in-
significant in terms of radiological safety.

A gamma ray spectrum of the 43Pm obtained
from a whole body count of one of the voluntcers
is shown in Fig. 1. The smaller peaks at 0.695,
0.615, and 0.474 MeV arc from the decay of a
small amount of ¥Pm which was also present,

3. INJECTION STUDIES

A typical distribution of *3Pm in a human
volunteer with time following intravenous
administration is shown in Fig. 2. The uptake
in the liver is very rapid with most of the liver
fraction arriving there within 90 see. ‘This was
determined by placing the colliinated detector
directly over the liver arca of the subject before
injection and monitoring the count rate 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 the
whole body scan and found to be between 40
and 509, of the injected dose. Whole body
scans after 24 hr show that the distribution in
the body remains unchanged for a year after
injection with the exception that the peak over

1008252 DOE /HQ
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i, 3. Percont Y4000 renuaining in bload .
tollowine intravenous admiistration,

the bladder arca disappears during the second
dav. The 1¥3Pm which does not go immediately
to the liver appears to ranain in the blood for a
short time and gradually deposits in the bone.
The total estnnated content of 9 in the blood
as a function of time was obtained by analyzing
periodic blood samples ol two volunteers s
shown in Fig. 3. The ¥Pm activity was not
detectable in the blood at 24 hr.

After intravenous injection, promethium ex-
creuon occurs by both urinary and fecal routes.
Figure 4 shows the daily urinary exeretion rate
for 30 dayvs and the daily fecal excretion for 7
days alter injection. Mos of the uninary ex-
cretion which accnns durine the fist two months
occurs durivg the e dany and the re deercases
rapidly thercatter. “Lhe winary excredon is
greater than the fecal excretion until  the
seventh day when they become about equal.
Duily fecal swnples were stopped  after the
seventh day. however, the average 3Pm in the
fecul samples on the 15th day after injection was
UV.075%7 of the injected amount whereas the
average urine content was only 0.039%. These
excretion rates are quite similar to those ob-
tained with a pig injected with ¥3PmCly*" and
two dogst! injected with M7Pm(CIO,}; except
the first davs urine excretion in humans was
twice as much as that of the pig and the dogs.

[0b825H

Reliable measurements of urinary excrction
could not be made after about 30 days afier
injection because the content in the urine was
near or below the detection limiv of the counting
nicthod.

‘I he rewention of the M¥3Pm was measured by
the whole body counter for a period of one year
and these results agree with the excretion results
und are shown in Fig. 5. An extrapolationof the
retention . curve between 20 and 365 days
indicates the biological half-life of 143Pm in the
wotal body is greater than 1000 days. Any
redistribution of the 3Pm between liver, bone,
or other organs was not detected in comparing
periodic counts over the legs, liver and head of
the volunteers; thercfore, the whole body
counts should provide an accurate measure of
the retention.

Most accidental internal exposures to H7Pm
veeur by inhalation of the material with subse-
quent gradual transfer of some fraction of 47Pm
from the lungs to the blood stream. Therefore,
these excretions and retention curves obtained
from single injections are not dircectly applicable
for estimating Jung and systemic body burdens
of promethium after inhalation. However, since
cach daily tranusfer of 1471 from lung to blood-
strcam can be considered as an injection into
the blood stream, these curves provide a basis
for the development of mathematical models for
use in estimating the systemic burden of 43Pm
and the rate of transfer of the 7Pm from the
lung to the blood streami. These modcls are
presently being developed and tested and will
be published at a later date. The results of
these experiments show that the. metabolisimi of
promethium in® lnnnans is similar to that in
Lurge animals such as pigs and dogs but quite
diflerent than that in sinall animals such as the
rat. In humans most of the promcthium is
retained and the excretion rapidly drops to a
very low rate. It quickly becomes distributed
between liver and bone and remains essentially
unchanged for at least a year. The rétention in
the rat is much lower®¥ with the liver gradually
losing most of its initial carly deposition of
promicthium and relatively high amounts are
excreted in the feces. ‘

The results disagrec with the liver uptake
paramecters listed by the ICRP.41® The report of
ICRP Committec on permissible dosc for
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58 UPTAKE, DISTRIBUTION, AND ENXCRLTION OF PROMETHIUM IN HUMANS

internal radiation hsts the fraction going from
blood to liver as U.UG, whereas, this experiment
shows this {raction to be between 0.4 and 0.5.

4. INGESTION STUDIES )

‘I'wo volunteers orally ingested 10 uCi of the
M3PmCl, solution mixed with orange juice.
Subsequent cxcretion analysis showed that
essentially noue of the material was absorbed by
the body and all of it was excreted in the feces.
No activity was detected in the urine samples.
After one week a rcgular whole body count did
not indicate any activity remaining in the body.
However, a one hour count directly over the
liver of one of the volunteers showed a liver
content of about 0.0001 uCi. The 3Pm con-
tentin the liver remained constant in subsequent
counts up to a month later which confirmed

that the activity was actually in the liver and.

not temporarily lodged in the GI tract. The
uptake by this volunteer was estimated to be
about 0.001 ¢, which agrees with the ICRPO®
estimates of the uptake of promethium from
ingestion,  Promethium-143  activity was not
detectable in the .other volunteer and the
uptake was probubly less than 0.0005 %.

5. THE EFFECT OF DTPA ON EXCRETION OF

‘ PROMETHIUM IN HUMANS

The effect of calcium trisodium diethylenetri-
aminepentaacetate (DTPA) on the excretion
and retention of #3Pm in humans was studied as
a function ol the time interval between the
injection of M3’ and the injection of DTPA.
One gram of D'T'PA was given at diferent times
to 8 subjects from 5 min before to 80 days after
injection of 1¥3Pm. Figure 6 shows the urinary
excretion of M3Pm with time up to 6 days after
injection for 6 subjects who were given DTPA
according to the schedule shown in Table 3.

The exerction of the injected 3Pm varied
from 1009, of dosc for the case where DTPA
was injected for 5 miu before the M2Pin injection
to only 20°; of dose when DTPA was admin-
istered 24 e after the ¥3Pni injection. In the
three cases where DTPA was administered within

-an hour or less after 3Pm_injection, 809, or

morc of the M3Pm was excreied: however, two of
these cases received additional injections of
DTPA. These results indicate that DTPA is very

10b825b

cffective in significantly. reducing the body
content of promethium when administered
within about an hour after it enters the blood
stream. If the DTPA is given 5 hr latcr, the
body burden will decrease by only about 509
and when given 24 br later only 209 ol the
143pm js excreted which is only 109 more than
the amount excrcted without DTPA adminis-
tration. ’ .
To study the eftect of DTPA on long term
intcrnal depositions of promethium, DTPA was
given to two subjects 80 days after a previous
injection of 3Pm. Urinary excretion measurc-
ments indicated that only about 5% of the body
content of 143 was excreted during the following
week but the whole body counter measurements
showed a total body loss of 10%. In following
the excretion of 3Pm from the body after
DTPA administration, it was found that the
whole body counting results always indicated a
greater loss than did the excretion results.
Since the ¥Pm in the liver is counted with a
greater efficiency than that in the bones, these
results indicate that much more of the ¥Pm
that is extracted by the DTPA comes from the
liver than from the bonc. Further studies are
needed to more accurately determine the
rclative excretion rates from Jiver and bone.
Table 3 also shows the total Pm excreted
in each volunteer in both urine and feces during
the six-day period after injection of the 3Pm.
Both the urine and fecal excretion of ¥Pm are
enhanced by DTPA administration, and it is
intercsting that although the urinary excretion
dcpends upon the interval of time between the
M3y and DTPA injection, the fecal exceretion
is quite constant excepr in the. case where
DTPA was administered before the ¥Pm. A
possible explanation for this constant fecal
excretion is the fact that most of the liver
deposition of 3P occurs immediately (within
90 sec) after injection. Laruma®® has suggested
the injected fraction of Pm which hydrolyzes
into colloids and deposits in the liver, breaks
down and becomcs protein bound, and is re-
moved by the hepatic cells into the bile and
fecces. It appears that DTPA enhances this
mechanism and a rather constant fraction of the
liver deposition is cxcreted in this manner. The
urine. excretion results largely from the DTPA
complexing of the 12Pm still in the blood stream

DOE/HQ
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1. 6. ‘The effect of DTPA on "¥3Pm retention in humans.

Table 3. Schedule of DTPA administration and tolal nurinary and fecal exeretion during first 6 davs

Subject

Time of administration of 1 ¢
DTPA relative to time of
injection of 14*Pm

Per cent
lost in urinc

Per cent
lost in feces

[= T T N R

5 min before

30 min after

! hr, 5 hr and 24 hr after

1 hr. 24 hr. 48 hr, 72 hr after
5 hr after

24 hr after

1068251

100
80
76
a1
38
12

0

7.4
9.1
8.5
8.2
8.7
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and of course should decrease with longer time
intervals between H3Pm and D'UPA injection.
Unfortunacely, lecal samples were not collected
from the volunteers who received one gram of
DTPA after 80 davs so the fecal excretion from
long-terni Lurdens of promethium in humans is
not known. The whole body counts indicate
that up to half the excretion could have occurred
by the fecal route, however, this estimate necds
to be corrected by the diflerence in counting
ciliciency of the liver vs. the total body.

It should be noted that if DTPA is given after
the 3P has essentially all left the blood
stream, for instance at 24 hr, the fecal excretion
ix enbauced much more than the wurinary
excretion. In the case of subject 6 in Table 3,
the urinary excretion without DTPA during the
hrst 6 days would normally be about 7-10 95 of
the initial hody hurden. The DTPA only caused
an additional -39, 10 be exereted. The normal
fecal excretion for the first 6 days is only 1.
of the iniual dose but DTPA caused an ad-
ditional 7.4°, 1o be excreted. In terms of
percentage incrcase the urine excretion was
mcreased by %0 whereas the fecal exerction
was increased byvoabout 37090 with DTPA
administration. ‘Therelore. to assess the results
of the removal nf promcthium and probably
other rare carth isotupes from the body by DTPA
administration. it is verv important that both
urinary and fecal excretions he carefully col-
lected and anaivzed.

Since only one volunteer was studied in cach
variation of DTPA  administration. further
conclusions ar¢ not warrunted. Studies of the
effcct of DTPA on 3P retention in a much
greater nuimber of miniature swine is presently
under wav at Baticlle Northwest Biology
Laboratory and these should indicatc the
variability of results o be expected between
individuals.
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