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which, hopefully, d l l  clarify i t s  need, the materials used, the place of 
animal studies, and safeguards for the fndivldual t e s t  subjects. We have 
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DIAGNOSIS OF PROMETHIUM DEPOSITION - 
A CASE FOR CLINICAL INVESTIGATION 

t P. A. Fuqua, M.D.* 
I. C.  Nelson, M.A., C.H.P. 

INTRODUCTION 

I n  the  Pacif ic  Northwest Laboratory alone the re  are some 50 workers 

who could be at r i s k  of exposure t o  s ign i f icant  quant i t ies  of promethium-147. 

The pr inc ipa l  mode of exposure f o r  these individuals i s  through accidental  

inhalat ion of promethium-147 oxide. 

low energy be ta  (0.2 MeV) and bremsstrahlung and i s  not easily detected 

from outside t h e  body. 

es tab l i sh  t h e  presence of 147Pm i n  these workers' bodies through use of such 

The radiat ion from 1 4 7 ~  consists of 

Consequently, t h e  a b i l i t y  t o  quant i ta t ively 

devices as whole body counters is  v i r t u a l l y  non-existent. In  t h e  absence 

of such techniques, analysis of body excreta must be re l ied  upon t o  provide 

a basis f o r  body burden estimates. Pr ior  t o  commencement of t h e  Pacif ic  

Northwest Laboratory s tudies  of t h e  excretion and re ten t ion  of 143Pm i n  

humans, there  were no data  upon which t o  deduce a model f o r  diagnosis of 

promethium i n  humans. Without such excretion data, no r e l i a b l e  estimates 

of i n t e rna l  depositions of promethium i n  workers could be made, and t h e i r  

protect ion from radia t ion  exposure due t o  147Pm could not be concluded as 

sa t i s fac tory .  In  some cases suspected of being severe exposures, t he  

chelating agent diethylenetriaminepentaacetic acid may be given t o  increase 

excretion of t h e  mater ia l  f romthe  body. The administration of DTPA 

* Hanford Environmental Health Foundation, Inc. 
t Paci f ic  Northwest Laboratory, Bat te l le  Memorial In s t i t u t e  

I 
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f'urther complicates e f f o r t s  t o  es tab l i sh  t h e  amount of body deposition. 

Animal data are inadequate t o  formulate needed diagnostic procedures. 

Even i f  t h e  data were abundant, there  are many uncertaint ies  i n  extrapo- 

l a t i n g  animal excretion data t o  man and l i t t l e  confidence could be generated 

i n  models so developed. The 143P, studies  i n  volunteer human test subjects 

w e r e  i n i t i a t e d  spec i f i ca l ly  t o  resolve these problems. 

"he use of human t e s t  subjects poses some addi t ional  e th i ca l  consid- 

e ra t ions ;  however, these s tudies  a re  f o r  development of diagnostic methods 

only and do not involve determination of tox ic i ty .  The s tudies  are t o  be 

performed using amounts considerably below those amounts generally agreed 

upon by au thor i ta t ive  bodies as unlikely t o  produce untoward radiological  

e f f ec t s  and are severa l  orders of magnitude below leve ls  a t  which chemical 

toxicological  e f f ec t s  might be expected. In  the  s tudies  involving DTPA, 

only those amounts which have been demonstrated i n  e a r l i e r  s i tua t ions  as 

being without deleter ious e f f ec t  would be used. 

ANIMAL STUDIES 

A number of animal s tudies  have been performed here and elsewhere on 

t h e  metabolism of promethium i n  animals. (2-17) While these various reports  

give values fo r  organ content of promethium at sac r i f i ce  and discuss 

histopathological f indings of t he  dosed animals, very few excretion-retention 

data are presented from which models may be developed. I n  instances where 

excretion data  have been obtained, i t s  relat ionship t o  excretion of prome- 

thium by humans i s  not clear. There are ,  of course, short  term experiments 
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conducted on animals l oca l ly  i n  t h e  Pac i f ic  Northwest Laboratory's Biology 

Laboratory t o  ver i fy  t h e  pyrogen-free qua l i t i e s  of t h e  materials t o  be 

administered t o  humans. These are usually done at about 100 t i m e s  t he  

dose t o  be administered i n  humans and cons t i tu te  a f i n a l  short  term toxi- 

cological  safety check. 

There are a l so  p a r a l l e l  animal s tudies  which are planned i n  conjunc- 

t i o n  with t h e  c l i n i c a l  investigations.  These s tudies  a re  not in3ended 

primarily as protect ive e f f o r t  f o r  t h e  c l i n i c a l  invest igat ion work and be- 

cause of t h i s  they need not be done p r i o r  t o  the  c l i n i c a l  investigations.  

These s tudies  a re  intended t o  s a t i s f y  t h e  need t o  obtain addi t ional  

knowledge on the  s imi l a r i t i e s  o r  d i s s imi l a r i t i e s  between t h e  metabolism of 

various radiochemicals i n  man and animals. Through experimentally 

es tabl ished correlat ion between t h e  uptake, excretion, t ranslocat ion and 

re ten t ion  of radionuclides i n  both man and laboratory animals, t h e  use of 

and confidence i n  animal s tudies  can be maximized and t h e  need fo r  c l i n i c a l  

investigations minimized. 

dence i n  the  extrapolation t o  man of t h e  r e su l t s  of experiments carr ied out 

at histopathological l eve l s  i n  animals. 

This knowledge i s  a l so  needed t o  improve confi- 

RADIOLOGICAL CONSIDERATIONS 

The radionuclide of po ten t i a l  exposure in t e re s t  i s  147Pm; however, 

t h e  use of 147Pm i s  contraindicated fo r  use i n  c l i n i c a l  investigations on 

three counts. 

re ten t ion  estimates made by t h e  cumbersome material  balance technique; two, 

One, it would requi re  radiochemical assay of excreta w i t h  
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no indicat ion would be given as t o  favored deposition si tes o r  transloca- 

t i o n  between organs with time; and three ,  t h e  amount of material necessary 

f o r  detection would most l i k e l y  result i n  excessive radiat ion dose t o  t h e  

t e s t  subject. 

use i n  c l i n i c a l  invest igat ions,  it w a s  found t h a t  143Pm could be prepared 

at  moderate cost ,  could be measured adequately i n  vivo by whole body 

counting techniques, and would result i n  an extremely s m a l l  dose t o  the  

human volunteer. 

formed was 14'Pm. 

t o  144Nd, which, however, i s  an extremely long l i ved  radionuclide and i t s  

decay does not a l ter  t h e  dosimetry s igni f icant ly .  

I n  searching f o r  a more su i t ab le  isotope of promethium t o  

In  t h e  preparation of 143Fm about 10% of t h e  promethium 

Promethium-143 decays t o  s t ab le  Nd, whereas 144Pm decays 

To a r r ive  at a bas is  f o r  admissable exposure f o r  t h e  t es t  subjects,  

t h e  recommendations of t h e  Internat ional  Commission on Radiological Protec- 

t i o n  were consulted. (la) 

Commission are: 

The Maximum Permissible Doses recommended by t h e  

Gonads and red bone marrow (and, 
i n  the  case of uniform irradia- 
t i o n ,  t h e  whole body) 5 rems i n  a year 

Skin; thyroid; bone 30 rem i n  a year 

Hands and forearms; f ee t  and 
ankles 75 rems i n  a year 

All other organs 1 5  rem i n  a year 

While t h e  minimizing of occupational exposure t o  rad ia t ion  i s  always 

t o  be desired, t h e  I C F P  concludes t h a t ,  "However, i n  t h e  l i g h t  of present 
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knowledge, occupational exposure f o r  t he  working l i f e  of an individual at 

maXimum permissible values recommended i n  t h i s  report  (ICRP Publication 2) 

i s  not expected t o  e n t a i l  appreciable r i s k  of damage t o  t h e  individual o r  

t o  present a hazard more severe than those commonly accepted i n  other 

present day industr ies .  " 

I n  the  studies of 143P, i n  c l i n i c a l  investigations,  levels of 

0.1 pCi  143Pm f o r  intravenous in jec t ion  and 1O.pCi  fo r  ingest ion were chosen 

as a balance between enough a c t i v i t y  t o  follow the  body burdens f o r  about 

one year and t h e  smallest possible dose t o  t h e  volunteer. 

standard man parameters were calculated i n  the  manner appended and are  

The doses using 

tabulated as follows: 

Total  Dose t o  Standard Man 
f r o m , ~ . ~ .  Inject ion of 0.1 vci 143m 

Dose - Organ 

Whole Body 0.007 r e m  

Bone 0.012 

I Liver 0 055 
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Total Dose t o  Standard Man 
from Ingestion of 10 vci 1 4 3 ~  

Organ 

Total  Body 

Bone 

Liver 

Lower Large In t e s t ine  

Upper Large In t e s t ine  

Small In t e s t ine  

Stomach 

Dose 

< 0.001 rem 

- 

< 0.001 

< 0.001 

0.108 

0 053 

0.013 

0.006 

Comparison of the tabulated doses t o  t h e  previously presented per- 

missible levels  of occupational exposure shows t h a t  f o r  t h e  highest exposed 

organ, t h e  lower l a rge  in t e s t ine ,  t h e  one time tes t  subject dose i s  l e s s  

than one percent of t h e  maximum permissible annual l i m i t .  

organs a re  even smaller i n  comparison t o  t h e i r  respective limits, and it 

is  concluded t h a t  t h e  dose administered is  insignif icant  i n  terms of radio- 

l og ica l  safety . 

Doses t o  other 

OTHER TOXICOLOGICAL CONSIDERATIONS 

Assurance of the pyrogen-free nature of t h e  material was  obtained 

by in jec t ion  of about 100 times the amount of PmCl3  t o  be used i n  humans 

i n t o  a 70 kg Hanford miniature swine which w a s  observed f o r  about th ree  

days before t h e  first human inject ion.  

t o x i c i t y  from t h e  in j ec t an t ,  w a s  noted. 

No pyrogenicity, o r  other  sign of 

(2) 
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3 Gamma spectrometric measurement of each syringe loaded w i t h  PmCl 

w a s  made p r io r  t o  and after in j ec t ion  of t he  mater ia l  by t h e  physician t o  

quant i ta t ively es tab l i sh  t h e  correct  content of t h e  syringe and the quan- 

t i t y  injected.  

The approximate quant i t ies  of t h e  in jec tan ts  i n  terms of mass were 

as follows: 

e1 
N a  

Nd 

hn 

0.6 mg 

0.4 mg 

% 1 x mg 

3 x 10-8 mg 

The amounts f N a  and C1 T _re known from amounts added t o  obtain t h e  

desired solution. The amount of Nd w a s  l e s s  w e l l  known because it was 

removed f romthe  F’m as much as p rac t i ca l ,  i .e . ,  u n t i l  it w a s  not detectable. 

The maximum Nd injected,  had no pur i f ica t ion  taken place, would have been 

0.1 mg. 

radioact ivi ty .  

The mass amount of Pm i s  known qui te  w e l l  from re l a t ion  t o  i t s  

Although no data  have been found which spec i f ica l ly  es tab l i sh  the  

t o x i c i t y  levels  of t h e  r a r e  ear ths  i n  humans, t h e  amounts of Nd and Pm 

introduced are much, much smaller than those amounts found t o  be toxic  among 

inorganic compounds i n  general. (19-25) 

CONCLUSIONS 

The need f o r  data relative t o  re ten t ion  and excretion of promethium 

i n  humans both i n  the  presence and absence of therapeutic administration of 
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chelat ing agents has been established. 

have provided gross estimates of b io logica l  half t imes,  permissible body 

burdens, e tc .  

invest igat ions by t h e  pharmaceutical house preparing the  mater ia l ,  followed 

by checking of i t s  pyrogenicity i n  our own l abora tor ies ,  i s  considered t o  

be su f f i c i en t  pre-c l in ica l  animal s tudies .  

because the  human s tudies  t o  develop methods of diagnosis of body deposi- 

t i o n  of promethium a r e  conducted at  t r a c e r  l eve l s  which a re  orders of 

magnitude smaller than amounts which chemically o r  radiological ly  can be 

considered tox ic  t o  the  human body. 

Past s tud ies  of animals by others 

The pyrogen t e s t i n g  of the  materials t o  be used i n  c l i n i c a l  

Again t h i s  view i s  taken 



APPrnIX 

Doses f o r  selected c r i t i c a l  organs were calculated using t h e  ICRP(’) par- 

ameters and t h e  equation 

where D =  
c 

f 2  = 

q =  

m =  

E =  

t =  

T =  

dose i n  rems f o r  t i m e  period t days 

f rac t ion  from blood t o  organ of reference 

amount i n  V C i  taken i n t o  t h e  blood 

mass of organ i n  grams 

ef fec t ive  absorbed energy per d i s in tegra t ion  

of t h e  radionuclide 

time s ince entry of radionuclide 

e f fec t ive  ha l f - l i fe  of radionuclide i n  organ 

of reference. 

where hvi = energy of emitted photon i n  MeV 

f = f r ac t ion  of dis integrat ions resu l t ing  i n  photon 

of hvi 

’en cm2 
- =  mass energy absorption coeff ic ient  i n  -. g 

P 

Coefficients f o r  muscle are used f o r  a l l  organs 

except bone. 

coef f ic ien ts  are used. 

For t h e  l a t t e r  compact bone 

(2) 

( 3 )  p = 1.00 gm/cm3 f o r  muscle; 1.85 f o r  bone. 

X = ef fec t ive  radius of organ of i n t e r e s t  i n  cm. 
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Tota l  Body and Small I n t e s t i n e  

X = 30 cm; p = 1.00 gm/cm3 

1 4 3 m  

i - 
hvi 

MeV - f 

1 0.74 0.46 0.032 0.96 

2 0.038 0.76 0.073 2.19 

3 0.006 0.14 > 10 > 300 

E = CEeff = 0.236 MeV 

Eeff/dis 
MeV 

0.209 

0.026 

CI, 0.001 

Liver and Stomach 

x = 10 cm; p = 1.00 gm/cm3 

143% 

Eeff/dis 
'"en MeV - - cm2/g 

hvi 'en 
MeV P 

f '  - i 

1 0.74 

2 

3 0.006 0.14 

- - 
0.46 0.032 0.32 0.093 

0.038 0.76 0.073 0.73 0.015 

> 10 > 100 'L 0.001 

E = CEeff = 0.099 MeV 
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Upper Large In tes t ine  and Lower Large In tes t ine  

x = 5 cm; p = 1.00 gm/cm3 

143pm 

'yen 
- 

7 

cm2 /g - - MeV - P 
hvi f "en 

i 

1 0.74 0.46 0.032 0.160 

2 0.038 0.76 0.073 0.365 

3 0.006 0.14 > 10 > 50 

Eeff /di  s 
MeV 

0.0503 

0,009 

0.001 

E = CEeff = 0.060 MeV 

Bone 

x = 5 cm; p = 1.85 gmlcm3 

- 

143pm 

Eeff/dis *" en MeV - - cm2 /g 
hvi 'en 
- MeV - 
0.74 0.46 0.040 dr \ I7  0.373 ' 

P 
f 

<'a 

i - 
-0 

0.106 ~ 3 ' ~ '  
- ,  

1 

2 0.038 0.76 0.36 3.330 0.028 

> 50 0.001 3 0.006 0.14 > 10 

E = CEeff = 0.135 MeV 

"he biological  half- l ives  i n  t h e  organs of i n t e r e s t  together with the  com- 

puted e f fec t ive  half- l ives  are as follows: 

Total Body 

Bone 

0 0 0 9 b 4 3 Liver 
656 265 189 
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Residence t i m e s  of ingested radioact ive material i n  t h e  G.I.  t ract  are 

(1) taken t o  be: 
Days 

Stomach 1/24 

Small In t e s t ine  4/24 

Upper Large In t e s t ine  8/24 

Lower Large In t e s t ine  18/24 

c 
The values used f o r  f2 ,  t h e  f r ac t ion  of t h e  radionuclide going from blood 

t o  t he  organ of reference and t h e  masses of t h e  organs, are as follows: (1) 

m 

Total  Body 

Bone 

1.0 70,000 gram 

0.35 10,000 

Liver 0.409 1,700 

* Estimated. The ICRP value i s  0.06. I n  more recent s tudies  vith IV 

in jec t ions  of 147Pm i n  miniature swine, t he  f rac t ion  of t he  injected 

dose i n  bone was 0.4 and i n  t h e  l i v e r  was 0.4 at t e n  days after in jec t ion  

f o r  two animals. ( 5 )  

of 143Pm i n  bone w a s  0.58 and i n  the  l i v e r  w a s  0.24 at 100 days after 

in jec t ion  f o r  one animal. 

I n  another experiment t h e  f r ac t ion  of injected dose 

( 6 )  

Lett ing t i m e  become l a rge  compared t o  t h e  e f fec t ive  ha l f - l i f e  i n  equation (11, 

the t o t a l  l i fe t ime 'dose  t o  t h e  organ of i n t e r e s t  i s  obtained. 

equal t o  one, t he  dose is  defined on a per  y C i  basis. 

By s e t t i n g  q 

Equation (1) then 
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reduces t o  

D = 73.8 f; Tm-l rem/pCi 

Subst i tut ing the  values of t h e  parameters presented i n t o  equation (31, t h e  

doses from intravenous in j ec t ion  of 1 pCi  '43PmC13 are  as follows: 

Total Body (73.8)(1)(0.236)(189)(7~10~)'~ = 47 mrem/pCi 

Bone (73.8) (0.35 (0.135 (225 ( ~ J - O - ~  = 79 

Liver (73.8) (0.4) (0.099) (189) ( 1.7X103 1-l = 360 

Since the time of residence of t h e  radioactive mater ia l  i n  t h e  gastrointes- 

t i n a l  compartments is very small compared t o  the  physical ha l f - l i f e  of t h e  

radionuclide, (1) may be rewri t ten as 

51 E v  
2m D =  (4) 

Where 'I i s  t h e  residence time i n  a given compartment, m i s  now the  mass of 

t h e  contents of t h e  compartment, q i s  the  amount i n  p C i  ingested, and t h e  

f ac to r  1 / 2  i s  introduced t o  account fo r  t h e  f a c t  t h a t  the  dose t o  the  

i n t e s t i n a l  w a l l s ,  i s ,  on t h e  average, only half  t h e  dose t o  the  contents of 

t h e  G . I .  t r a c t .  

Then subs t i tu t ing  parameters i n t o  ( 4 )  t he  following G . I .  t r a c t  doses a re  

obtained. 

Stomach 
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, .. 

To calculate  the amount of dose t o  t h e  other  body organs as a result of in- 

gest ing 143P,, the f r ac t ion  of material reaching t h e  organ of reference from 

ingest ion i s  needed. These values are as follows: 

Total  Body 1 x io"+ 
Bone 3.5 x 10-5 

Liver 6 x 

Using these values i n  place of f; i n  equation (3) ,  t he  following doses are 

obtained. 

Total Body (73;8)(1x10-4)(0.236)(189)(7x104)'1 = 4.7 vrem/vCi 

Bone (73.8) (3.5~lO'~) (0.135) (225) (l~l0'~ ) = 7.9 

Liver (73.8) ( 6x10'~ ) (0.099) (189) (1. ? d o 3  )-I = 5.4 
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The previous calculations are repeated t o  obtain t h e  organ dose per un i t  

quantity of 14'~m in jec ted  or  injested.  

Tota l  Body and Small In t e s t ine  

X = 30 cm; p = 1 @/a3 

144- 

"en 
- - cm2 /g 

hvi 'en 
MeV P 

f - i - - 
1 0.474 0.46 0.032 0.96 

2 0.615 1.0 0.032 0.96 

1.0 0.032 0.96 3 0.695 

4 0.038 0.78 0.073 2.19 

5 0.006 0.14 > 10 > 300 

Conversion electrons 

E = CEeff = 0.977 MeV 

Liver and Stomach 

x = 10 cm; p = 1.00 gm/cm3 

144pm 

'"en 

0.46 0.032 0.32 

1.0 0.032 0.32 

1.0 0.032 0.32 

0.78 0.073 0.73 

- - cm2/g 
hv 'en i 
MeV - P 

f i 

1 0.474 

- - 

2 0.615 

3 0.695 

4 0.038 

5 0.006 0.14 > 10 > 100 

Conversion electrons 

*e?f/dis 
MeV 

0.134 

0.379 

0.428 

0.026 

% 0.001 

0.009 

Eeff / d i  s 
MeV 

0.060 

0.169 

0.190 

0.015 

0.001 

0.009 
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Upper and Lower Large I n t e s t i n e  

x = 5 cm; p = 1.00 gm/cm3 

1 4 4 b  

en 
- - cm2/g 

hvi 'en 

MeV - P f i 

1 0.474 

- 
0.46 0.032 0.16 

1.0 0.032 0.16 2 0.615 

1.0 0.032 0.16 

0.78 0.073 0.365 

3 0.695 

4 0.038 

5 0.006 0.14 > 10 > 50 

Conversion electrons 

E = CEeff = 0.247 MeV 

Bone 

X = 5 cm; p = 1.85 gm/cm3 

- 

144pm 

i 
hvi 

MeV f - '1.1 en 
- - cm2 /g 'en 

P 

0.46 0.032 0.296 

1.0 0.032 0.296 

1.0 0.032 0.296 

0.038 0.78 0.07'3 0.675 

1 0.474 

2 0.615 

3 0.695 

4 

5 0.006 0.14 > 10 '90 

Conversion electrons E = Ex5 e f f  

Eef f /d i s  
MeV 

0.032 

0.092 

0.104 

0.009 

0.001 

0.009 

Eef f /a i s  
MeV 

0.065 

0.182 

0.206 

0.014 

0.001 

0.045 

E = CEeff = 0.513 MeV 
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The biological  half- l ives  of 144Pm i n  t h e  organs of i n t e r e s t  together with 

t h e  computed e f fec t ive  half- l ives  are as follows. 

Total  Body 

Bone 

Liver 

656 400 248 

1500 400 316 

656 400 248 

Again equation (3) i s  u s e d t o  ca lcu la te  t h e  doses of i n t e re s t .  

Subst i tut ing t h e  values of t h e  parameters developed in to  t h i s  equation, t h e  

doses from intravenous in j ec t ion  of 1 pCi  a re  as follows. 

Total  Body (73.8) (1) (0.977) (248) (7X104 )'I = 255 m r e m / v C i  

Bone ( 73.8 (0.35 (0.513 ) (316) ( 1 i ~ o " +  1 = 419 

Liver (73.8) (0.4) (0.444) (248) ( 1 . 7 ~ l - O ~  = 1910 

Similarly, subs t i tu t ing  values i n t o  equation (4)  the  following G.I. t r a c t  

doses as a r e s u l t  of i n j e s t ing  1 V C i  of 144Pm a re  obtained. 

Stomach 

S m a l l  I n t e s t ine  
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Total Body (73.8)(1x10-4)(0.977)(248)(7x104)-1 = 25.5 urem/pCi 

Bone (73.8) ( 3 . 5 i ~ O ' ~ )  (0.513) (316) (1~10-~) = 41.9 

Liver (73.8)(6x10'6)(0.444)(248)(1.7x103)'1 = 28.7 

Assuming the  mixture of 143P, and 144Pm i s  such t h a t  there  exist 1 V C i  143Pm + 

0.1 u C i  1 4 ~ P m  i n  t h e  in jec tan t ,  then t h e  doses as calculated above combine 

as follows. 
_ _  

Total Body 72 mrem 

Bone 121 

Liver 550 

I n  t h e  case of ingest ion of 1 p C i  143Pm it i s  assumed t h a t  0.1 u C i  144Fm i s  

ingested and the  r e su l t i ng  doses are:  

Stomach . 

Small Intestine 

Upper Large In t e s t ine  

Lower Large In t e s t ine  

Total Body 

Bone 

Liver 

0.66 mrem 

1.3 

5.3 

10.8 

7.2 urem 

12.1 

8.3 
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A'BBOTT 

LABORATORIES - .  

RADIO-PHARMACEUTICAL OPERATIONS 
_ -  

Abbott Park 
North Chicago, Illinois 60064 

May 23, 1968 

P. A. Fuqua, M.D. 
Hanford Environmental Health Foundation 
Medical-Dental Building 
1001 Goethals 
Richland, Washington 99352. 

Dear D r .  Fuqua: 

This w i l l  acknowled e the  l e t te r  form D r .  Palmer requesting more 
information on the H43FmC13 w e  d i lu t ed  and s t e r i l i z e d  f o r  you l a s t  
October. 

..... . ,. 

W e  dissolved the  residue i n  90 m l .  of Water f o r  In j ec t ion  containing 
0.9% sodium chloride and 1.0% benzyl alcohol. 
3.5 with 1.OM HC1 and then d i lu t ed  t o  100 m l .  The 100 m l .  was  divided 
i n t o  n i n e  10 ml. samples,  two 1.0 m l .  samples, one 5.0 m l .  sample, and 
one 3 m l .  sample. The samples were autoclaved f o r  20 minutes a t  121'C. 
"he two 1.0 m l .  samples w e r e  used f o r  s t e r i l i t y  t e s t i n g  f o r  seven days 
i n  th iog lyco l l a t e  media. The 10 ml. samples were he ld  un t i l  s t e r i l i t y  
w a s  assured. Pyrogen tests were a l so  performed as s t a t e d  i n  t h e  U . S . P .  
Three 3 Kg. r abb i t s  were in j ec t ed  with one milliliter each. No temperature 
rise i n  any animal was  experienced during the th ree  hour test period. 

The pH w a s  adjusted t o  

. 

I f  we  can be of fu r the r  he lp ,  p l ease  contact us. 

Sincerely yours, 

B. JI Green, C h e m i s t  
Research Service Support Group 

BJG : cal 

cc: D r .  H. R. Palmer 



PREPARATION OF PROMZHIUM-143 CHLORIDE 

H. E. Palmer 

The promethium-143 used i n  our experiment w a s  produced at Oak Ridge 

National Laboratory using high energy proton i r r ad ia t ion  of enriched 

%%03 (94.4%). 

The 143P, was separated from the  i r r ad ia t ed  neodymium at Battelle-Northwest 

A s m a l l  amount (about 10%) of 1 4 4 ~  was a l s o  formed. 

by an ion exchange method using Dowex 5X-4 f i n e  mesh r e s in  and e lu t ing  the  

l S 3 h  c a r r i e r  f r e e  w i t h  0.25 normal a hydrowbutyric acid a t  a pH of 4.6. 

Ten mg of sodium chlor ide was added t o  the  solut ion containing the  143Pm 

and the hydrogbutyr ic  ac id  and t h e  solut ion was then evaporated t o  dryness 

and t h e  residue shipped t o  Abbott Radiopharmaceutical Laboratories. 

t o t a l  separated 143Fm a c t i v i t y  w a s  about 125 pCi.  

The 

Abbott Laboratories dissolved t h e  residue i n  100 milliliters of 

s t e r i l e  pyrogen f r e e  s o d i m  chlor ide solut ion containing 900 mg of NaCl 

per 100 ml of solution. Hydrochloric acid was added t o  br ing t h e  pH of 

t he  solut ion t o  3.0 t o  ensure t h a t  t he  lS3Pm remained i n  solution. The 

e n t i r e  solut ion w a s  autoclaved. 

and pyrogen react ion w a s  not detected. 

nine v i a l s  of 10 m l  each, with each m l  containing 1.25 pCi of 1 4 3 ~ ,  on 

October 10, 1967. 

One m l  a l iquots  were in jec ted  i n t o  rabbi t s  

The solution was sent t o  HEHF in 



. day of . , 1967, between THIS AGREENEPiT made t h i s  

of 9 

(City & Sta t e )  
and Hanford Environmental Health Foundation, Inc., a Washbgton nonprofit corporation. 

I n  consideration of the sums indicated i n  the attached schedule of payments, I 
hereby volunteer and agree t o  take part in experbents  and studies of the e f fec t  
of radioisotopes in humans. 
w i l l  provide valuable data for  use in possible treatment of radiation and con- 
tamination victims as well as basic research information. 
doseqof  rsdioisotopes in the low-level range of 0 . 1 t o  0.15 roentgens w i l l  be 
administered by in jec t ioc  (needle). 
samples, including urine and feces as indicated i n  Appendix A, attached. 
agree t o  examinations which'would include the use of a Whole Body Counter as 
indicated i n  Appendix A, attached. 
t o  me. 

I am in sound mental ana physical condition and am part ic ipat ing i n  t h i s  experiment 
of my own voli t ion.  
experimental and are  not f o r  purposes of treatment or  diagnosis. It is Further 
understood that the said procedures are t o  be performed a t  the Kadlec Medical-Dental 
Building o r  W l e c  Methodist Hospital, o r  both, and w i l l  be perfo-med under the 
direction of Dr. P. A. a q u a .  He is  authorized t o  u t i l i z e  i n  the  performance of 
these procedures the services of physicians and members of the Foundation, the 
Kadlec Hospital staff, ahd other par t ies  as selected by him. 

It has been explained t o  me that these experiments 

I understand tha t  

I a lso  agree t o  donate blood and excretion 
I a lso  

A l l .  these proceduras have been fully explained 

I understand that the program and the techniques involved are  

The nature, procedures, and probable effects ,  possible consequences involved and 
the f ac t  that unforeseen r e s u l t s  may occur have a l l  been fu l ly  explained t o  me. 
I have had an opportunity t o  ask questions about the experiment, procedures aad 
risks before signing this  agreement. 

For the purposes of these experiments and studies it is understood tha t  I am not 89 
employee of the m f o S d  Environmental Xealth Fobadation, the Atcmic E.hergy  omm mission, 
o r  any of the parties'performing services o r  providing materials o r  equipment for  
tFe conduct of the experiments o r  studies described herein. I have not been urged 
o r  ccerced t o  particiDate i n  t h i s  program by anyone. 

I w e e  t o  assume a l l  the d i rec t  md indirect  risks involved including injuries 
which I nay sustain as a regul t  of th i s  experiment, and hereby absolve the Hasford 
Environmental Health Foundation, the United States ?Jvzex?ment (EL? represented by 
the Atomic Energy Commission), Kadlec Methodist Eosgitd., till physicians and staff, 
and a l l  other par t ies  performing services o r  providing materials o r  equipment in 
the conduct of the experiments or  studies described herein, from any l i a b i l i t y .  



I 

- ._ . 

I c e r t i f y  that I am 21 yeaxs of age o r  older. 

Signed : 
(Volunteer ) 

Address : 

Date : 

The foregoing agreementwas read, discussed and signed i n  my presence and i n  
my opinion the person so &ping  did so f ree ly  and w i t h  full knowledge and 
'understanding. 

Signed: 

Address : 

Date : 



. .  . 

The volunteer agrees t o  donate excretion samples, a l l o w  blood samples t o  be taken, 
and allow whole body coudting measurements t o  be mde according t o  the following 
Bchedule : 

Urine Sam less d hour W p l e s  f o r  each day for  fourteen (14) days before Injection. 
2. 
3. 

4. 

Total 24 hour samples f o r  each day for  fourteen (14) days af'ter inject ion.  
Total  24 hour samples f o r  Tuesday, Wednesday and Thursday of the th i rd  and 
fourth weeks a f t e r  inject ion.  
Total 24 hour samples f o r  Tuesday, Wednesday and Thursday of the first week 
i n  each of the following eleven months, If requested. 

Fecal. Sam les 
d h o w  samples f o r  each day for seven (7) days a f t e r  injection. 

Blood Sqaples 
1. ' cc blood samples a t  minutes, minutes, hour, hours, 

hours, and dai ly  f o r  days. 

Whole Body Counting 
1. Whole Body Counts at  one (1) hour, six (6) hoFs ,  24 hours, and da i ly  fo r  

' f ive  (5) days a f t e r  inject ion.  
2. 

3. 

\?hole Body Counts three ( 3 )  times during the second week, one (1)  tine per 
week during the th i rd  and fourth week a f t e r  injection. 
Whole Body Counts one (1) time per month during the next eleven (11) months, 
if requested. 

Whole Body Counts w i l l  require one t o  one and one-half hours each. 

Signed : 
(Volunteer ) 

Witness 




