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-- L ~ ~ ~ ~ . A  - November 18, 1957 
-- 

Lt .  Col. L. S tand l f e r ,  Chief 
Lockland Area Office 
US Atomic Energy Cornmisalon 
Cinc inna t i  15, Ohio 

Mi>R - -- 

i 
SUBJECT: THE NEED FOR INFORMATION CONCERNIN0 THE 

TOXICITY OF RAD= MID RdRE BdRTH COnPOUNDS 

Dear L t .  Col. S t a n d i f e r :  

There I s  a v i t a l  need f o r  d e f i n i t e  information on the  
t o x i c i t y  of s t a b l e  radex and rare earth compounds. 
This I s  p a r t i c u l a r l y  t r u e  concerning i n h a l a t i o n  and 
s e n s i t i v i t y  s t u d i e s .  T h i s  conclusion r e s u l t e d  when a 

been performed f o r  i n h a l a t i o n  s t u d i e s  w i t h  these  mate- 
r ia l s  t o  determine t h e  tox ic  response. Also, personal 

the same conclusion. 

F!;.ziene Unit t o  preaent  thla problem t o  t h e  AEC t o  

and reques t  that a research  program be i n i t i a t e d  i n  
the  near  fu tu re .  

The following reaaona are l i s t ed  in o r d e r  t o  accent '- 

t h i s  need f o r  such ac t ion .  

TECHN1:AL BR -LAO 

lengthy l i t e r a t u r e  search revealed that  no research had _ _  

contac ts  were made with acknowledged toxlcologista with 

It is the purpose of the  ANP Department's I n d u s t r i a l  I 

- -- 
n' :, r; 

I _ _  

TSSK FILE I 
_ _  _ -  

---I stress t h a t  a t r u e  need e x i s t s  f o r  t h i s  information 7 5,- - LE 
- - *  - : p- T,S-;. I 

1. U n t i l  t h e  l a s t  few yeara,  the coa t  f o r  these  
materials was p r o h i b i t i v e  and I n d u s t r i a l  
a p p l i c a t i o n s  were a r a r i t y ;  however, recent 
processing advancement8 and t h e i r  very 
desirable nuc lea r  p rope r t l ea  have skyrocketed 
the amount of material reaching the  m e e t ,  
pr imar i ly  f o r  t he  nuc lea r  Indus t ry .  

-.- A Y Y 
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L t .  Col. 

2. 

3. 

4. 

L. S t and i f e r ,  November 18, 1957, Page 2 

Unt i l  now, t h i s  Department has been processing 
these materials i n  gram and pound l o t s .  Within 
the  next  year ,  t h e  following are the  amounts t o  
be proosssed. 

- /  7 -  r f  
a. Radex-10 t o  20 tons per 78a.r. / e -  f4 

t- w r -  * a  

z i  2 - - - p  
~~ 

b. Various rare earth mater ia l s  such as 

C. 

gadolinium and &u?&ciub-on8 ton per year. 

Metals, 0xide8, hal ldea,  aiid hydride8 w i l l  
be proaessed I n  both the powder and Sol id  
s tates. 

' N / J / *  &fw2 '4 7 

A possible l e g a l  problear'"hr¶.88b by t h e T a c t  
t h a t  c e r t a i n  phase8 of t he  process  a r e  sub- 
contracted t o  ou t s ide  companie8. 
request  information from the General Electr ic  
Comp&?y on t h e  t o x i c i t y  ar,d hazards when handling 
the materials. 

-w.- A T  

They l a  turn 

Considering the desirable Proper t i e8*Whe8e  
ma$Wala, It i s  obvious that  t h e  yea r ly  consump- ** 
tlon will h c r e a s e .  *a=-*- 

5?The use of t h e s e  materials undoubtedly48 no t  
x s t r i c t e d  t o  t h i s  I n s t a l l a t i o n  and should be 
considered on a na t iona l  basis. 

6. A lack of such information tends t o  produce 
delay8 in production scheduling. 

7. Personnel are r e l u c t a n t  t o  handle mater ia l s  when 
the hazardoua proper t lea  are unknown. 

8.  The e n t i r e  nuc lea r  Industry would b e n e f i t  frosr 
such a program. 

For the  above-listed reasons, i t  I 8  requested that  the 
Atomic Energy Commlasion des igna te  a research g ran t  t o  
determine the actual hazards involved. 
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Lt. Col. L. Standlfer, November 18, 1957, Page 3 

A report by Dr. H. E. 8tOking8r, ehlef,  toxicologic services, 
USPHS, accompanies this l e t t e r .  The t i t l e  18, 9ackground 
Toxicologic Information and a Sug e8ted Program of Toxlco- 
log ic  Research on the Lanthanons ?Rare Earths).” 

Very truly youre, 

Po C. Adams, Industrial 

PCA:DY 

Em, **’ _. ’ 

I 

r*rc).- 

. 

- .  c“ . .  
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BACKSPCIURJ TOKICOLGII= l!TOitF~.?'i(Yi - X'TE!@.WdE, SLFdLV 

Tnere has been A pher.oxer,al change i n  outlook i n  t h e  very r e z m t  

F a s t  on t h e  i n d u s t r i a l  a p p l i e a t i o m  of  t h e  laiithanons. 

has a r i s e n  as a result of tk.e i n t roduz t ion  o f  io:: exchange -lethods 

which permit  q u a n t i t a t i v e  sepa ra t ion  of  t h e  ? i f f i c u l t l y  separable  lan-  

thanons,  The methods ha=.e now been brouEht t o  a s t a g e  where the  amw+,s 

a v a i l a b l e  are currently i n  t h e  order  o i  100-pound l o t s ,  with tor.na?e 

q u a n t i t i e s  a v a i l a l e  i n  prospec t .  

This s i tut iz icn 

Associated with t h e  i n d u s t r i a l  a g d i c a t i o n s  of the lanthanons 

w i l l  be t h e  usua l  hea l th  hazards frfiz exposure by inha lh t ion ,  s k i n  ax! 

eye. k i r e d j .  I l r i t ec!  t c x i z o l o - i c  ir.for?.=ti;n %;*!iz~t,es hizh 4egrE.; 

of t o ~ c l t ;  for t he  l a t n a n o r - s  if the;: .g:hin &:cess  t o  the blood streL2 

or upon d i r e c t  coEtact  w i t h  e q o s e d  su r faces ,  suzh  as tk.e eye or m c m s  

membranes. Without adequate t o x i c o i o r i c  i? foraLt ion ,  ;he feeqree of 

co?.trol bel ieved re,.diired f o r  safe k i n d l i n g  coulc! Le unneceszz;'  Lj- 

c o s t l y  i n  p l a n t s  with good industrial hygiene superv is ion;  on tr,e otc.er 

hand, such c o n t r o l s ,  l ack in?  anong subcont rac tors ,  open the  may t o  

s e r ious  risks. ToxicDloFitz  inir ,rz, ;r t ion s h o u l d  be =viiilaclie f o r  3is- 

sen ink t ion  t o  subcon t rac tox  an-? p r i x e  cont rLct ing  a;:encies a l i k e .  

Acute T s x i c i t l .  

h e a l t h  hazards t h a t  may be expected from i nha l ing  dus ts  of these  

T a t e r i a l s  o r  from t h e i r  conta:t wi th t h e  s k i n .  The one s t u d y  by 

Grant and Kern (1) on t h e  effects of a l i m i t e d  number of lanthanons 

Unfortundtely no information is  a y a i l a A e  o n  t h e  

, 
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on the  eye i n d i c a t e  .severe e f f e c t s ,  r l lrect  o i n t a c t  of t h e  lanthan7ns 

resblting uniformly in permanent c o r n e d  opacity.' 

of s i x  lanthanons compared t o  calcium f o r  t h e  co rnea l  stroma is fa r  

greater t han  any o t h e r  nine monovalent o r  d i v a l e n t  e lements  t e s t e d .  

EDTA removed lanthanum from t h e  co rnea l  stroma, b u t  other lanthanons 

were not  i n v e s t i g a t e d  i n  t h i s  r e spec t .  

e f f e c t s  of lanthanons on t h e  eye are discussed.  There was no co r re l a -  

t i o n  between t h e  order  of response on the  cornea found by Grant and 

Kern and t h e  order of oral tox ic i ty  i n  n i c e  among t h e  lanthanon8 as 

found by Craca ( 5 ) .  

the  eye response and the systemic (blood) responses ( 6 ) o  

The r e l a t i v e  a f f i n i t y  

Other a s p e c t s  r e l a t i n g  t o  t h e  

A closer, bu t  more l i m i t e d  r e l a t i o n  existed between 

Sose work on t h e  a c u t e  o r s l  and i r i t rhpe r i tonea l  t o x i c i t y  of 

lanthanum and yttrium has been reported by b c h r a n ,  e t  a1 

i n t r a p e r i t o n e a l  LDso dose o f  lanthanum s a l t s  was far smaller than  the 

o r a l  L359 value DY a f a c t o r  of from 6-29. 

stimlirte t h e  a c t i v i t y  of s u c c i n i c  dehydrogenase as does aluminum; 

botn lanthanum and :r',trium i n h i b i t e d  adenosine t r iphosphatase 

a t  lO-314 

earths and aluminum and chromium had a promotinR effect  on t h e  succ in i c  

dehydrogenase-cytochrome oxidase system. 

lanthanum has been compared wi th  tantalum and thorium compounds i n  t h e  

developing chick embryo by Machlin, e t  a l .  (Ir). 
t h a t  lanthanum ch lo r ide  w a s  not highly toxic i n  the developing chick 

embryo, hemorrhage being t h e  most p reva len t  symptom. 

j o i n t  syndrome   as described. 

The 

Lanthanum was found t o  

a c t i v i t y  

Horecker, e t  al. (3)  ha: a l r eady  shown t h a t  c e r t a i n  rare 

The relative t o x i c i t y  of 

These s t u d i e s  i n d i c a t e  

A s t i f f  hock 

H comparative s tudy  of the t o x i c i t y  of 
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s t a b l e  r a r e  car t :  nr~n;,niinris hGr 

corparat ivc intraDeri tonea1 t o x i c i t y  of cerium, lanthamrn, neodyllium 

arid praseodymium c h l o r i d e s  and t h e i r  c i t r a t e  conplaces i n  n i c e  and 

guinea p iqs  rrere nade. 

and cormequently t h e  t o x i c i t y  of t h e s e  cornpoiinds. 

2-stage s iqns  of t o x i c i t y  were descr ibed.  !k. Sraca i s  continuing h i s  

s t u d i e s  on the acu+A and chronlc  t o x i c i t y  of a number of a d d i t i m a l  

rare  e a r t h s ,  both i n t r a p e r i t o n e a l l y  and orally. 

r-.? > r t e <  ty Sr<  ; E L  ( 5 )  i n  which the 

Complexing was shown t o  enhance t h e  d i s t r i b u t i o n  

The c h a r a c t e r i s  t i c  

Anticoagulant Effects .  

p o t e n t i a l i t i e s  of the elements of t h e  lanthanon series, Nd, i n  p a r t i c u l a r ,  

is  t h a t  r e s u l t i n g  frnm t h e  attempted use as a blood an t i coagu lan t  i n  nan 

and i n  a i ? a l s  ( 6 9 7 , 3 ) ,  

p a t i e n t s  incoaguable ( b )  ,- thromcophlebitLs o r  thrombcsis occurred a t  t h e  

One of t h e  most r evea l ing  f i n d i n g s  on the t o x i c  

When attempts were made t o  render t h e  blood of  

s i t e  of i n j e c t i o n ,  depending on t he  s a l t  used. 

j e c t i o n s  of a few milligrams each, t h e  fol lowing t o x i c  signs and symptoms 

were observed: Low fever  (101' F ) ,  headache, sweating, muscle a2d abdom- 

i n a l  pains,  nausea, vomiting, hematuria and nephrosis.  

of La and C e  i n  doses of 1.6-5 mg/kg i n  man produced t o e c  signs of more 

severe i n t e n s i t y .  

1.2-1.9 uq/Kg. 

was required t o  render t h e  blood incoaguable; t h e  an t i coagu lan t  e f f e c t  

was temporary, l a s t i n g  a few hours.  The a c t i o n  of t h e  lanthanons is 

believed t o  be on prothrombin and perhaps on thromboplastin and thrombin ( 5 ) o  

Oddly, Ueyer ( 9 )  concluded k a t  cerium has no e f f e c t  on the formed elenents  

of t he  blood as a result of s t u d i e s  i n  animals. I n  connect ion with the 

Following repeated in- 

The acebtes  

Nd produced hemoglobinemia i n  p a t i e n t s  a t  doses of 

k ?ose of L-5 mpykg body a e i p h t  i n  man of  t h e  lanthanons 



proncunced effecCYs of the la:  thanons on r e d  bleed c e l l s ,  i t  i. notewrrt,ny 

t h a t  the t o x i c i t y  o f  the lanthanoqs has k p e n  repor ted  t o  b e  g r e a t l y  re- 

duced by t h e i r  use as n i c o t i n k t e s  ( i o ) m  The 3 - su l fo i son ico t ina t e  of Nd 

was s t i l l  N ~ h l y  tox ic  to r a b b i t s ,  howeirtr, producing hematuria and 

seve re  nephrosis i n t n o  days a t  doses of 15 mg/day ( 7 )  

D i s t r i b u t i o n  and Ejicreti-In ( S t a b l e  I s o t o p e ) .  

few r e p o r t s  (11, 12, 13) almost no work has been done on the d i s t r i b u -  

With the excep t ion  of a 

t i o n  and e x c r e t i o n  of t o x i c o l o g i c b l l y  s i g r i f i c a n t  anounta of t h e  s t a b l e  

rare earths;  on the  other  hand, the l i s t r i b u t i o n  and e x c r e t i o n  0: t h e  

rare earths i n  t r s c e r  doses is  very well k m w n  (Hani l tcn,  S c o t t ,  h r 3 i n ) ,  

Hara (11) reported the d i s t r i b u t i o n  i n  t h e  v i sce ra  of yomg r b t s  o f  small 

doses ( 3  z d )  of  #dCl3> Corsicerab2e m o u n t s  were i'cunil ir. LT l i v e r ,  

spleen, l u n c s ,  s tCGc '  , i n t e s t i n e s  XI? con ten t s ,  tu; o n l y  s:,a.ll hnow,ts 

i n  \t:e kieney,  I;xxreas and h e a r t .  The feces c~i?t,zlr,c9 d2crtciab;e 

a..nour,ts of Nd, ir .dicating bi le  abso rp t ion .  

deternined the  distribution of  NcCi3 a k a i n i s t e r e d  o r a l l y  t G  rhts a t  a 

I n  a second s tudy  (12) Ha-a 

l e v e l  of 500 mg/day f o r  f i v e  success ive  days, Largest amounts were 

found i n  l i v e r  and spleen.  

~ 3 ~ 1 1  a iounts  were found i n  any t i s s u e .  

showed very l i t t l e  absorpt ion from t h e  i n j e c t i o n  s i t e .  

t h a t  Nd tends t o  be re5ained i n  i n s o l u b l e  form i n  t h e  t i s s u e s  of the 

r e t i c u l o e n d o t h e l i a l  system> 

m e n  given as t h e  in so lub le  o x a l a t e ,  very 

I n t r m u s c u l a r  i n j e c t i o n  of  NdC13 

It was concluded 

I!acbnald ( l 3 )  showed t h a t  y t t r i u m  by 

repeated i n t r a p e r i t o n e a l  i n j e c t i o n  i n  r a t s  w a s  not a "bone seeker" bu t  

t h a t  t he  contents  of t h e  t i s s u e s  of t he  r e t i cu loendo the l i a l  system, the 

l i v e r ,  spleen,  lung and kidney contained the  bulk o f  t he  deposi ted yttrium. 
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These results c l e a r l y  demonstrate t h e  d i f f e r e n c e  i n  d i s t r i b u t i o n  of 

an eleaent as affected 

yt t r ium is considered t o  be a "bone 8eeker". 

by t h e  amount of dose; from r a d i o t r a c e r  doses, 

The remainder of the t ox ico log ic  work on the lanthanons has 

been medically o r i en ted ,  i n  that s t u d i e s  have been d i r ec t ad  to f ind tng  

sites of s p e c i a l  affinity i n  t h e  body for the radioisotopes of the lan- 

thanon (Ilr). 

d i s t r i b u t i o n  and e x c r e t i o n  of r a d i o t r a c e r  amunta of t h e  l a n t h a n o ~  i n  

Thia work has produced much useful information on the 

animals and i n  man. 

The t ox ico log ic  information on the d i s t r i b u u o n  and metabolism 

of r a d i o t r a c e r  doses,  however, cannot be w e d  w i t h  t h e  des i r ed  assur- 

ance i n  app l i cz t ion  t o  possible h e a l t h  hazards t o  man. 

pointed ou t  (1s) that  conclusions from t r a c e r  s tud ie s  of b io log ic  

d i s t r i b u t i o n  of rad io iso topes  cannot always be extrapolated t o  t h e  

dosage ranges of i n t e r e s t  to t o x i c o l o g i s t s  and industrial hygienists. 

For this reason mst,  i f  m t  a l l ,  of the l a r g e  amount of data on 

d i e t r i b u t i o n  and e x c r e t i o n  of rad io iso tope8  of the  rare earths i s  of 

l i t t l e  value i n  deter-= fate of the rare earths following t h e i r  

i n h a l a t i o n  by a a n .  

t h e  metabolism of the radiolanthanons.  

information on realistic expoawe con-en t r a t ims  of t h e  s h b l e  lan- 

thanona. 

It has  been 

For t h i e  reason only brief reference is  given t o  

f ie re  is g r e a t  need for similar 

b a e n t i a l l y ,  all of the important information on the metabolic 

p r o p e r t i e s  of the radiolanthanons alone or t h e i r  chelated coarplexes is 

to be found e i t h e r  i n  K y k e r  and Anderson (u) or in Hamilton's review (16). 
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SUGGESTED P K O G F d  OF TOXICOLOTIIG HESEARCH ON THE L N T H A N O N S  

It is ObViOUS from %he above very brief but i nc lus ive  litera- 
% t u r e  survey t h a t  t h e  needed tox ico logic  information on e t a b l e  lanthanom 

t o  determine safe p r a c t i c e s  of handling t h e s e  substances is  nonexiatent.  

F,stimhtes of t h e  hazards Prom i n h a l a t i o n ,  c h i e f l y ,  and also by skin and 

eye+ should be made. kccordingly,  t h e  fol lowing research program i n  

i n h a l a t i o n  tox ico logy  is suggested as t h e  important  in i t ia l  step. 

P r i o r i t y  Substance8 f o r  Study. On t h e  bas i s  of present  and 

near-future use, t h e  following six elements are  given h ighes t  p r i o r i t y :  

Y*, Gd, Xu, Sm, Scu, Dy. 

Presen t  methods of use involve handl ing the  follouing conpound 

Soluble  F o m  

Chloride 

Branide 

Iodide 

EDTA Chelate 

Inso lub le  Foma 

Fluoride 

Oxalats 

Ye tal 

Oxide 

Hydride 

Dioctylphoaphate 

Levels of Exposure: I r r e s p e c t i v e  of the nmber of substances 

t o  be e tudied ,  a Pinhum of tm exposure levels per substance is re- 

quired,  one, designed t o  resu l t  i n  a 'no effect" response as determined 

+ I n v e s t i g a t i o n  should 'be made whether t h e  study of effects of the  
lanthanons on t h e  eye begun i n  1954 by Grant & Kern, Department of 
Opthalmology, Hanard University,  has r e s u l t e d  i n  the  type of 
i n f o m a t i o n  required t o  determine t h e  hazards t o  t he  eye from 
i n d u s t r i a l  exposure. 

it Not a lanthanon 

s 1 0 1 3 8 4  
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by t he  most s e n s i t i v e  and e a r l y  i n d i c a t o r s  of metabolic derangenent 

a v a i l a b l e ,  t he  o t h e r ,  a "borderline" response i n  which mild changes 

occur i n  some of the exposed animals. 

estimate of the degree of s a f e t y  expected above t h e  "no e f f e c t "  l e v e l .  

Such information permits an 

Suggested Procedure. It is obvious from t h e  number of elements 

and cop~pounda, t h e  minimum requirement of two t e s t  levels and the  long- 

term and c o s t l y  nature of i n h a l a t i o n  s t u d i e s ,  tha t  cons iderable  

selection and compromise must be made. A 1 1  elements and tbir compounds 

cannot be reasonably teated. S e l e c t i o n  might be made on one of the 

fol lowing bases or combinations of them. 

A. Chronic  - Two-year, L a r g e S c a l e  i n h a l a t i o n  Exposure 

I. A l l  six elements,  s tud ied  as one in so lub le  form 

(oxide ) 

(9ne soluble form ( t h e  ch lor ide  o r  n i t r a t e ,  whichever 

i s  the  e a s i e r  t o  handle)  

A t  two exposure l e v e l s  each - 
T o m  number two year  s t u d i e s  - 24 

11. Element r e p r e s e n t a t i v e  tox ico log ica l ly  and otherwise 

of t h e  six p r i o r i t y  elements t o  be s tud ied  i n  all 

its used compound types st two levels each. 

Tota l  number tu0 year studiea - 20 
B. Chronic, t ro-year  Small Scale ,  Dosimetric Method 

S tud ie s  pa t t e rned  after AI or  I1 or combination of both. 

Procedure B has been suggested by Ih.. Harold Hodge as a mecns 

of reducing t h e  large c o s t s  of test matsrfals. The basis of t h i s  

procedure is the in t ens ive  s tudy  of a feu animals r a t h e r  than statist i-  

i 1 0 8 3 8 5  
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c a l  numbers l e s s  ex tens ive ly  s tud ied .  Each procedure has advantages and 

disadvantages i n  a p p l i c a t i o n  t o  t he  p re sen t  problem t h a t  must be care- 

fully weighed before i n i t i a t ing  the  work. The choice between them 

rou ld  be d e t e m n e d  by the  f i n a l  scope and ob jec t ives  of t h e  program. 

Propoeed Research Contractors .  It is apparent  from t h e  above 

program o u t l i n e  t h a t  any i n h a l a t i o n  t o x i c i t y  s tudy  of t h e  lanthanons 

i s  of considerable  magnitude. Because of i ts  scope and importance, 

it would seem best t o  appor t ion  t h e  work mng s e v e r a l  i n v e s t i g a t o r s .  

Suggested i n v e s t i g a t o r s  and r e l a t i v e  magnitude of e f f o r t  is given 

below: 

1. D r .  Joseph G. Graca, A s s i s t a n t  P ro fes so r  Veterinary 

Physiology and Pharnacoloey, Iowa S t a t e  College - 

2. Dr. A. E. Stokinger, Chief, Toxicologic Serv ices  - USPHS 

Occupational Health F i e l d  Headquarters, Cincinnati, Ohio. 

1)1oO,OoO - S1SO,OoO per annum 

3 .  Dr. Rarold C. Hodge, Professor of Pharmacology and Toxicology. 

University of b c h o s t a r  School of Medidam - $75,000 per annum. 

Both i n v e s t i g a t o r s  No. 2 and 3 have l k r g e  and small exposure 

chambers a v a i l a b l e  for pursuit of t h e  work i f  program i s  pursued by 

procedures A I  and AIIj if by procedure B, all 3 i n v e s t i g a t o r s  would 

probably have to  cons t ruc t  s p e c i a l  chambers for t h e  purpose; t h e  coa t  

of these chambers nould not  be large, (below SS,OOO each). Addit ional  

staff would have t o  be procured probably by a l l  t h r e e  i m e a t i g a t o r s  

and i n v e s t i g a t o r  No. 1 rill have t o  provide exp- chambers. 

% Note: One pound of c e r t a i n  lanthanon 
salts may cost from S1,ooO to $20,000 

R e  E- S t o k i w r ,  P h e D e  
Chief, Toxicologic Services 
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