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Project Name: Unknown. Project involved Date S?arted: Sept. 1967
study of metabolism of promethium in Date Terminated: 1 year
humans and effect of DTPA on metabolism after

and excretion start

Identification: Unknown R

Principal Investigator(s): H. E. Palmer, Occupational and Environmental
Protection Department, Pacific Northwest Laboratory (PNL), Richland, WA

Responsible Government Official(s):

Objective(s) of test: The study was conducted to determine the uptake,
retention, distribution and excretion of promethium in humans following
both oral and intravenous administration and to study the effectiveness
of DTPA in removing promethium from the body. These considerations were

relevant to possible exposure of plant personnel.

Short description: 143PmCl,; was administered to 14 volunteers by physi-
cians of the Hanford Environmental Health Foundation {HEHF). Whole body
counting and excreta measurements were made by PNL for one year following
administration of the 142Pm. Six of the volunteers were also injected
with DTPA at various intervals before and after the administration of the

143Pm, Both the HEHF and PNL contributions to the study were funded by

AEC,
nerosmony _ PN L

COLLECTION ..&Qw:Uflum
soxno. 2= Digr Killer

FOLDER Norng
Follow-up date: There was no follow-up after one year because of the Tow
doses to the human subjects. The estimated doses were .036 rem to the
liver, .008 rem to the bone, and .005 to the whole body for injection,
and .038 rem to the upper large intestine, and .077 rem to the lower
large intestine for the ingestion cases. :

References: Palmer, H. E., Nelson, I. C. and Crook, G. H. "The Uptake;'
Distribution, and Excretion of Promethium in Humans and the Effect of
DTPA on these Parameters," Health Physics 18, pp. 53-61 (1970).
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THE UPTAKE, DISTRIBUTION AND EXCRETION OF
PROMETHIUM IN HUMANS AND THE EFTECT OF
DTPA ON THESE PARAMETERS*
I L. PALMER and [, C. NELSON i
Battelle Memorial Institute, Pacific Northwest Laboratory, Richland,
Washington 99352
and

) G. 4. CROOK
Hanford Fnvirenmental Heahth Fonndation, Richilund, Washington

(Received ) AApril 1965

Abstract—An cxperiment was performed 1o study the uptake, reiention, distribution, and
excretion of promethium in humans. Six volunteers were injected with 0.0 p#Ci ol Y3PmCly
and these paramcters were studicd for a period of one yeur alier injection by whole body
counting and excretion measurement techniques.  About onc-hall’ of the injected M3Pm
became deposited in the liver within a few minutes and innst of the 13Pm remaining in the
blood sticaimn beeame deposited in the bone within the next 5 hr. This inital distribution

between liver and bone appeared to remain unchanged for at teast [ wr. Only 109 of

the injected dose’was excreted within the lirst 20 days. The biological half life of the major
portion of the dose cannot be accurately determined fram this experiment but it is much
greater than 1000 days. The initial uptake of 143Pm aficr ingestion by two volunteers appeared
to be nat more than 0.001%;. The eflect of IYTPA on the remaval of H¥3Pm after injection
was studied in cight volunteers. "T'he cilvctivencess of, this chelating agent deereased rapidly
with the length of time hetween bjection of the M Pm and adiministration of the DIPA.
The, DTPA removed 909%,, 25%,, and 57, of the M3 I’m from the body when administered
30 min, 2t hr, and 80 davs respeatively after injection of 1he " Pm. Fecal exerction of the

M3pny s enhanced by 1YTPA and the toal amount excreted in the leees is quite constant and

is independent of the time interval between "3Pm and 1YTP.\ injection.

1. INTRODUCTION

L.arce scale separation of #7Pm fission product
waste and preparation of the matcerial for
several applications constitutes a potcntial
source of radiation exposure to workers in this
field. Since W'Pm (7T, = 0.73 yr) is a low cnergy
beta emitter, and the maxiinum energy of the
beta particle is only 0.22 MV, internal de-
positions of 17’m cannot be dircctly determined
by whole bady counting. “Therelove, analysis of
body excreta must be relied upou to provide a
hasis for body burden estimates. In order to
develop an excretion model for diagnosis of
promethjum in humans, to form a basis for
radiation exposure, and to determine the dose
from accidental cxposure, the uptake, retention,
distribution, and cxcretion of promcthium in
humans must be known,

* ‘This paper is based on work -performed under
United States Atomic Energy Commission Ceontract

ATi45-1)-1830.

A number of animal studics have been per-
formed at Batelle Northwest Laboratories and
clsewhere an the metabolism of promethium in
animals.'t-19  \Whilc these various reports give
values for organ content of promcthium at
sacrifice and discuss histopathologieal findings of
the dosed animals, very few excretion -retention
data arc presented from which models may be
developed. Tuinstanees where exeretion data has
been obtained, its relationship to exerction of
promethium Ly humans is not cicar. An experi-
ment using ¥7Pm and human volunteer tese
subjects was perforined to help resolve some of
these problems and to determine ‘the necessary
mctabolic parameters. Whole body counting
techniques and urinary and fecal measurements
were uscd to study the course of the promethium
following beth intravennus and oral adminis-
tratinn of ¥FPmClL 1o humans.  The results
providé a corrclation between body burden and
urinary excretion of promcthium which should
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be usctul in evaluating cases of accidental
expusure to M. '
2. METHODS AND PROCEULURES

Promethium-143 decays by electron capeure
and subsequent ganmuna ray cmission. ‘The

gamma ray cnergy is 0.74 McV and is exccllent

for whole body counting purposes. LUhe 1%3Pm
used in this experiment was prepared by Oak
Ridge National Laboratery using high energy
proton irradiation ol enriched ¥Nd O,
(94.49).7" A small amount of ¥ m was also
formed. Thel¥Pmwasscparated from theirradi-
ated neodymium at Battelle-Northwest by an ion
exchange method using Dowex 5-X4 fine mesh
resin and cluting the %3P essentially carrier
free with 0.25 N «-hydroxybutyric acid ata pH
of 4.6. The scparated ¥%in was sent to a
radiopharmaccutical laboratory where it was
sterilized, dissolved in isotonic saline solution,
made acidic to a pH of 3, and pyrogen tested in
rabbits.

Localizution and distribution of the 3Pm
within the body was followed using a shadow
shicld whole body counter.M® A 2-in. wide slic
collimator over the 9-3/8 in. dia. Nal('l1) de-
tector permitted differential scunning of the
subject as he traveled under the crystal. Whole
body counts were made periodically to deter-
minc the total 48P rémaining in the body and
these counts were continued for 1 yr after
injection. Urine, feces and blood samples were
colledted and anulyzed for M¥3Pm for each
voluntecer for periods up to 85 days after in-
jection of the H3Pm.

The ¥3PmCl,; was administered to a total of
fourteen normal human volunteers by physicians
of the Hanford Environmental Health Foun-
dation. Six voluntcers received approximately

0.1 pCi of ¥3Pm1 intravenously and two volun-
teers received an oral dosc of 10 uCi. Another
six volunteers were injected with 0.1 uCi of
143Pm and then injected with DTPA ac various
intervals to study the effect on ¥3Pm retention.
These dose levels were chosen as a balance
between enough activity to measure the body
burden for at least one year with a whole body
counter and the smallest possible dose to the
voluntcer. The radiation dose using standard
man paramcters and promethium organ distri-
bution in dogsV and pigs''® was calculated and

00085681

is shown in Tables 1 and 2. These tabulated duses
show that the highest exposed organ, the Lurge
Tuble |. Tutel dosc to stanidard man from i,
tnjection of 0.1 uCii W3Pm

Organ Dose (rem)
Whole Lody 0.003
Bone 0.008
Liver 0.036

Tuble 2. Total dose to. standerd man from ingestion of
]().uci Hipm

Organ Dose (rem) .
Total body 0.001 .-
Bone 0.00! )
Liver 0.00!
Lower large intestine ©0.077
Upper large intestine 0.03¢
Small intestine 0.009
Stomach 0.005

intcstine, is about 0.5% of the maximum per-
missible annual limit for occupational exposure.
Doses to other organs are cven smaller in
comparison to their respective limits and in-
significant in terms of radiological safery.

A gamma ray spectrum of the M3 obtained
fromn a whole body count of onc of the volunteers
is shown in Fig. I. The simaller peaks at 0.693,
0.615, and 0.474 MeV arc from the decay of a
small amount of M™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 sce. ‘T'his was
dctermined 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
whale 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
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6. 3. Percent ¥ pemiaining in blood
fullowing intravenous administration.

the bladder arca disappears during the second
day. The 43P which dous not go immediately
to the liver appeurs to ranain in the blood for a
short time and gradually deposits in the bone.
The total estimated content of 1335 in the bisod
as a function of time was obtained by analyzing
periodic blood samples of two volunteers s
shown in Fig. 3. The ¥3Pm activity was not
detectable in the blood at 24 hr.

Alter intravenous injection, promethium ex-
cretion occurs by both urinary and fecal routes.
Figure 4 shows the daily urinary excretion rate
for 30 days and the daily fecal excretion for 7
days after injection. Most of the urinary ex-
cretion which accurs during the first two months
occurs during the tirst day and the rate decreases
rapidly therealter. 'The urinary excretion s
greater than the fecal excerction until the
seventh day whien they become about equal.
Daily fecal samples were stopped alter the
seventh day, however, the average Y3Pm in the
fecul samples on the 13ch day afier injection was
00759 of the injected amount whercas the
average urine content was only 0.03%. These
excretion rates are quite similar to those ab-
tained with a pig injected with ¥3PmCl,™ and
two dogs'!! injected with M7 Pin(ClO,); excepe
the first days urine excretion in humans was
twice as much as that of the pig and the dogs.

0008b83
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Reliable measurements of urinary excrction
could not be made after aboum 30 days afier
injection because the content in the urine was
near or below the deteetion limit of the counting
method.

The retention of the H3Pm was mmeasured by
the whole body counter for a period of one year
and these results agree with the exeretion results
and arcshown in Fig. 3. An exuapolation of the
retenuon  curve “between 20 and 363 days
indicates the biological half-life of #3Pm in the
otal body is greater than 1000 days. Any
redistribution of the M3Pm between liver, bone,
or other organs ‘was not detected in comparing
periodic counts over the legs, liver and head of
the volunteers; therefore, the whole body
counts should provide an accurate measure of
the retention.

Most accidentil internal exposures o H7'm
occur by inhalation of the material with subse-
quent gradual rransfer of some fraction of #47Pm
from the lungs to the bloed stream. Therefore,
these excretions and retention curves obttined

fromn single injections are not dircetly applicable -

for estimating lung and systanic body burdens
of promethium alter inhalation. However, since
ciach daily transfer of 4P from lung to blood-
strecam can be considered as an injection into
the blood stream, these curves provide a basis
for the developnient of mathematical models for
use in estimating the svstemic burden of ¥3Pin
and the rate of transfer of the ¥'Pm from the
lung to the blood stream. These models arc
presently being developed and tested and will
be published at a later date. The results of
these experiments show that the mictabalism of
promcthiuny in humans is stiilar to that in
large animals such as pigs and dogs bt quite
diflerent than that in small animals such as the
rat. In humans most of the promethium is
rctained and the excretion rapidly drops to a
very low rate. It quickly becomes distributed
between liver and bone and remains essentially
unchanged for at lcaxt a year. The retention in
the racis much lower4) with the liver gradually
losing most of its initial carly deposition of
promcthium and reladively high amounts are
excreted in the feces.

The results disagree with the liver uptake
parameters listed by the ICRP.% The report of
ICRP Committee on permissible dose for
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internal radiation lists the fraction going from
blood to liver as 0.U6, whercas, this experiment
shows this fraction to be Between 0.4 and 0.5,

4. INGESTION STUDIES )

T'wo voluntcers orally ingested 10 xCi of the
13pmCly solution mixed with orange juice.
Subsequent excretion analysis showed that
essentially none of the material was absorbed by
the body and all of it was excreted in the feces.
No activity was dctected in the urine samples.
After one week a regular 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 voluntecrs showed a liver
content of about 0.0001 x#Ci. The ¥Pm con-
tent in 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 ICRP??
estimates of the uptake of promethium from
ingestion.  Promethium-143 activity was not
detectable in the other voluntecer and the
uptake was probably 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 13Pm in humans was studied as
a function of the time interval between the
injection qf 3P and the injection of DTPA.
One gram of DTPA was given at diflerent times
to 8 subjects from 3 min before to 80 days after
injection of 43Pm. Figurc 6 shows the urinary
excretion of ¥3Pm with time up to 6 days after
injection for 6 subjects who were given DTPA
according to the schedule shown in Table 3.

The excretion of the injected *3Pm varied
from 100% of dose for the case where DTPA
was injected for 5 min before the 3P injection
to only 20% of dosc when DTPA was admin-
istered 24 hr after the ¥3Pm injection. In the
three cases where DTPA was administered within
an hour or less after ¥3Pm injection, 80%; or
more of the ¥3Pm was excreted ; however, two of
these cases received additional injections of
DTPA. These results indicate that DTPA is very

0008685

cffective in significantly rcducmg the body
content of promulnum when  administered
within about an hour alter it enters the bloed
stream. If the DTPA is given 5 hr larer, the
body burden will decrcase by only about 507
and when given 24 hr later only 2094 ol the
43Py js excrcted which is only 109 more than
the amount c\:crctcd without DTPA adminis-
tration.

I'o study the cflect of DTPA on loug term
internal depasitions of promethium, DTPA was
given to two subjccts 80 days after a previous
injection of ¥3Pmn. Urinary excretion measurc-
ments indicated that only about 53 % of the body
content of 143 was excreted during the following
week but the whole body counter measurcments
showed a total body loss of 10%. In following
the excretion of ¥3Pm from the body after
DTPA administration, it was found that the
wholc body counting results always indicated a
greater loss than did the excretion results.
Since the Pm in the liver is counted with a
greater efliciency than that in the bones, these
results indicate that mnuch more of the **Pm
that is extracted by the D'T'PA comes from the
liver than from the bone. Further studies are
needed to more accurately determine the
relative excretion rates from liver and bone.

Table 3 also shows the total ¥3Pm excreted
in each volunteer in both urine and feces during
the six-day period after injection of the M*Pm.
Both the urine and fecal excretion of 143Pm are
enhanced by DTPA administration, and it is
interesting that although the urinary excretion
depends upon the interval of time between the
183P and DTPA injection, the fecal exerction
is quite constant except in the case where
DTPA was administered before the #3Pm. A
possible explanation for this constant fecal
excretion is the fact that most of the liver
deposition of 3Pm occurs immediately (within
90 sec) after injection. LAFuMA®® has suggested
the injected fraction of ¥3Pm which hydrolyzes
into colloids and deposits in the liver, breaks
down and becomes protein bound, and is re-
moved by the hepatic cells into the bile and
fcces. It appears that DTPA enhances this
mechanism and a rather constant fraction of the
liver deposition is excreted in this manner. The
urine excretion results largely from the DTPA
complexing of the ¥3Pm still in the blood stream
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Table 3. Schedule of DTPA adwministration. and tolal wrinary and fecal excretion during first 6 davs

Subject

Timc of administration of 1 g
DTPA relative 1o time of Ter cent
injection of 43P'm lost in urine

Per cent

lost in {eces

D Wn N -

5 min before 100
30 min after 80
1 hr, 5 hr and 24 hr after 76
l hr, 2+ hr, 48 hr. 72 hr alter #1
5 hr after 34

24 hr after 12

0

7.4
9l
8.5
8.2
8.7

59
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and of course should deercase with longer time
intervals between '3Pm and DTPA injection,
Unfortunatcly, lecal samples were not collected
from the volunteers who reccived one gram of
DTPA afier 80 days so the fecal excretion from
long-term Lurdens of promethium in humans is
not known. ‘The whole body counts indicate
that up o half the excretion could have occurred
by the fecal route, however, this estimate needs
to be corrected by the difference in counting
cfliciency of the liver vs. the total Lody.

It should be noted that if DTPA is given after
the M3Pm has essenually all left the blood
stream, for instance at 24 hr, the fecal excretion
is enhanced much more than the urinary
excrction. In the case of subject 6 in Table 3,
the urinary excretion without DTPA during the
first 6 days would normally be ubout 7109 of
the initial body burden. The DTPA only caused
an additional 2-3 % to be excreted. ‘U'he normal
fecal excretion for the first 6 days is only 1.3 %
of the initial dose but DTPA caused an ad-
ditional 7.49% to bLec excreted. In terms of
percentage increase the urine excretion was
increased by 419 whereas the fecal exerction
was increcased by about 57095 with 1TPA
administration. Therefore, to assess the results
of the removal of promcthium and probably
other rarc carth isotopes from the body by D'T'PA
administration, it is very important that both
urinary and fecal excretions be carcfully col-
lected and analyzed.

Since only one volunteer was studied in cach
variation of DITPA administration, further
conclusipns are not warranted. Studies of the
cffcct of DTPA on ¥Pm reétention in a much
greater number of miniature swine is presently
under way at DBattelle Northwest Biology

Laboratory and these should indicate the’

variability of results to be expected between
individuals.
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