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U G d  NOTICE A -  - 
T h i s  r epor t  w a s  prepared as an account of Government sponsored work. 
Nei ther  the United States, nor t h e  Commission, nor any person a c t i n g  
on behalf of the Commission: 

A. Makes any warranty o r  representa t ion ,  express,  or implied,  
wi th  r e spec t  t o  t h e  accuracy, completeness, or usefulness  
of the information contained i n  t h i s  r epor t ,  o r  that the use 
of any information, apparatus ,  method, o r  process d isc losed  
i n  t h i s  r e p o r t  may not  i n f r i n g e  p r i v a t e l y  owned r i g h t s ;  o r  

B. Assumes any l i ab i l i t i es  w i t h  r e spec t  t o  the  use of,  or  f o r  
damages r e s u l t i n g  from t h e  use of any information, apparatus,  
method, o r  process d isc losed  i n  t h i s  repor t .  

: 

As used i n  the above, "person a c t i n g  on behalf of the Commission" 
includes any employee o r  con t r ac to r  of t he  Commission t o  the ex ten t  
that such employee o r  cont rac tor  prepares ,  handles o r  d i s t r i b u t e s ,  
or  provides access  t o ,  any information pursuant t o  h i s  employment 
or  con t r ac t  wi th  t h e  Commission. 
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4. 

IIL'HALATION TOXICITY OF ZIXC(;NIUM CONPOUNDS 

Abstract 

A t o t a l  of 270 animals of 5 spec ies  was exposed by inha la t ion  t o  com- 

pounds of zirconiurn f o r  6 hours per day, 5 days per  week. 

animals was exposed t o  Zr02 at  an atmospheric concentration of 75 mg.Zr/m3 

f o r  30 days; another,  t o  11 mg. Zr/m3 f o r  60 days. 

exposed t o  a mist of &C14 a t  a l e v e l  of 6 mg. Zr/m3 f o r  60 days. 

One group of 

A t h i r d  group w a s  

Zirconium oxide produced no s i g n i f i c a n t  changes i n  mor ta l i ty ,  growth 

rate, blood nonprotein ni t rogen o r  fibrinogen, u r ina ry  protein,  hematological 

vs lues  o r  h i s t o l o g i c a l  s t ruc tu re .  Zirconium t e t r a c h l o r i d e  a t  6 mg. Zr/m 3 gaver 

quest ionable  changes i n  blood hemoglobin concentration and red c e l l  counts of 

dogs and a s l i g h t  i nc rease  i n  mor t a l i t y  of rats and guinea pigs.  

Inhaled zirconium compounds deposited pr imari ly  i n  t h e  l u q  and 

pulmonary l p p K  node, w i t h  a f r a c t i o n  of a per cent i n  t h e  bone and con- 

s iderably  l e s s  i n  t h e  s o f t  t i s s u e s .  



5. 

Introduct ion r -2 

I n  recent  years  t h e  element zirconium has received wide pub l i c i ty  as 

one of the-:potentizil wonder-metals. -Today, annua2,production has increased 

from pounds t o  tons.?and, only<-metallurgical d i f f i c u l t i e s  8 l imi t .  i t s  more wide- 

spread usee  Various compoynds of zirconium, on the o ther  hand, for many 

years have, been essent ia l&y bulk materials i n  ,the;manufgctwe of enamels, 

glazes,  r e f r ac to r i e s ,   insulator^, lakes  and other  chemicals. ~ ._ 

95 
* .  di rconium (Zr, ,) i s  a , radioact ive product of nuclear  f j ss ion ,<and ccn- 

sequently,  knowledge o f  i $ s , f a t e - i n  t h e  body has possible . r interest .  The 

irn?or$,ant propertx of avenously i n j e c t e d  zirconium to,  pcevent {deposi t ion 

n_ tlje skeleton ( especia&lyxpiutoxj.um) has bed t o  r t a i n  radioelemen 

p r a c t i c a l  medical ;appl ica t io  t h e  -treatment o f  -plutonium exposures (1) (2) 

n ly  as- f,ew studles , ,on .- -. t h e  t@ci ty  of zirconium. compounds have been 

por$ed; .^  and-these were mainly concerned with e f f e c t s  when Zr was given by 

rout! wq o t  - heq X I . " .  ,t han . , inhala&ion, although,inhalation has, .been used under spec ia l  

conditions.  The metabolism ,and d i s t r ibu t ion \<of .  carrieryfree Zr89 and Zr93 . 

adminis t ra t ion t o  
- -4._*-2- " -  _ I - -  

umJ.and Sodium 

( 3 )  Hamilton, J , G .  .;y,Surnmarg . . C  n j J  . o f  Metabolism of Cacrier-Free F iss ion  Products 
i n  t h e  R a t , "  Atoni iT3i ier- j -  Corm., &DDC-1002, Declass i f ied  1947. 

s .of ,Fissj;on abol isn,"  Atomic 
Declaszif ied 19&7.-" Also r epor t s  $'$lDC-1001, 



intrapulmonary adrdni 'stratfon, t h e r e  was-_a_ high degree: of re ten t ion  i n  t h e  

lung (90% af ter  16 days). Oral absorpt ion was very low. I n  a l a t e r  s tudy(5)  

an aerosol ized radioisotope of Z r  was inhaled by rats; 85% t o  70% of:fhe Zr?? 

deposited i n  the'lungs was. retained'dafter;P2<.to 451 days, 

- The distcibuti 'on of , intravenously# in j ec t ed  rad ioac t ive  col loids-  of" 

2 9 5  ,was confined mainly to .  t h e  l i v e r  .and'spleen of micej rats,  and r a b b i t s  

when t h e  p a r t i c l e  s i z e  was l a rge ;  pr imary ' Ioca l i ia t ion  w a s  i n  the  bone marrow5 

however, when t h e  ' p a r t i c l e  s i z e  w a s  Small, Thd e bulk of t h e  co l lo id- tendea  

t o  remain a t  t h e  s i t  e of- deposi t ion t l e a s t  f o r  22- days. t 
L . +  5 

- \  

A number of s tud ie s  of 6ral  and"ntraperitonea1 t o x i c i t y  showed t h a t  

zirconium is-lof rebatAvely low . tox ic i ty  by these .  routes;  I n  a ser ies  of. 

experiment 8: by. Cokhran-' e t  a l t  

853 t o  2290 mg ZrjkgJfor .z i rconyl  ia'cetate, .chlor ide,  n i t r a t e ,  zirconium 'SUI!- ' 

fate"and'sodium 'z2rcoriyPTsulfate; t h e  acute  in t r ape r i tonea l*  LD50fs ranged 
* 

(7) t h e  acuteLora1 L D 5 0 . f ~  f o r  rats ranged f r o m  

fronic.63 to' 939'mg Zr/kg. Three cc o '  of \j a* 10% zirconium s i l i c a t e  suspension 

t r ape r i t tmeg l ly  t in tb  guinea: piksi ghve no tox ic  effects:(') c -M 

and tSchubert (9) found. the. i n t r a p e r i t o n e a l  ED50 ' o f .  zircony1,Achloride in j ec t ed  .' 

0: be 1710 mg.Zr/kg, when t h e  ma te r i a l  was dissolved i n  t r i  

sodium c i t r a t e  and 247-when dissolved i n  -sodium gluconate: 5 * - ,  . w 

(5 )  Kawin, B:,,COpp, DOH. and Hamilton, J.G.; t iStudies of t h e  Metabolism'of . ' 

Cer ta in  F iss ion  Products and Plutonium," Atomic Energy Corn. UCRL-812, (1950) 
I - _  - . _.-_ - . .  .- . L  . % * ,  * a  ..-- . _._ . - I .  

( 6 )  Dobgon, E.,L.: s ,  HOB., Kelly, L.S,, and Walker, L..J., 
"Studies with g Rddioisotopes of Y t t r i u m ,  Zirconiqii' ' 
Columbium, and Lanthanum, I1Atomic Energy Corn. AECDL2055 Declassi'f.ie 

(7)'COchaan, KoW, Doull, .J. ,;Mazur; M , ,  and Dubis, K,P., llAcute Tokici t  ' 

og Zirconium, :Columbium,' Strontiurn, Lanthanum, Cesium, Tanta l  
YttriumO1'Arch. fnd. Hyg. Occ. Med. ,I-, 637, (1950) 

Zircon. It Brit. ' J. ' Ind. Med. ; 5, 
s _ .  . , 6  & -  

(8 ) ;Hading, 
. *  > , A  , . ' * , . -  - 

(9) McClinton, L O T .  and Schubert, J,, "The Toxici ty  of Some Zirconium and a, 1, (1948) ' '  ' :-' 
I .  - 

Tfl 
+ -  

L '  



7. 

Various pharaacologic ac t ions ,  (10911912913) e f f e c t s  on n u t r i t i o n ,  (14 )  

and on enzymes ( l 5 )  have a l s o  been reported,  

I n  t h i s  r epor t  a r e  given t h e  acute  e f f e c t s  observed i n  two experiments 

when animals inhaled t h e  inso luble  Zr02, and i n  one experiment with a m i s t  

of t h e  so luble  ZrCl4 (or  ZrOC12).  

. .  

.* . .I ~.".. -. - _ . ,  . .  , _ .  . - -  

.. . . .  . .. - . .  

I 2 

f -Sal ts  of pure Z r  and pure 
6 (1937) 

(11) Mezey, E. and Mezey, K;-,flEffect of Neta l  S a l t s  on the I s o l a t e d  Heart 
Muscle. I f  Ma.cyar Biol. Kutatointezet  Munkai, -lo,.. 371 '(1938) .. - - - - --I -- 

(12) Fa i rha l l?  InGrganic I n d u s t r i a l  --Ha -9 25 
182 (1945) 

(13) Lend:le, L.,, 

(14) Richet,  C.,  Gardner, Goodbo 
and ~ngi451es-e~~onr.Nut'rit90n 2 

ef$er$ Handbuch d e r .  Expe%&6ntelle 

(15) Gould, B.S., "Effects  of  Thorium, Zirconium, Titanium, Cerium on keyme 
Action." Proc, SOC. Exptl .  Biol. Ned. &, 381 (1336) 
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Materials and Methods 

Zirconium Compounds 

iirconiurn compounds of a high degree of p u r i t y  were obtained from two 
r i  . 

sources f o r  u se  i n  t h e s e  s tud ie s .  

cases  and represented 3 t o  4% of t h e  t o t a l  weight except i n  t h e  instance of 

t h e  oxide low i n  H f  used i n  t h e  60-day experiment. The other  major impuri- 

The niajor impurity was hafnium i n  a l l  
? ,  

t i e s  as determined spectrographical ly  a re  shown i n  Table 1. 

Table 1 

Percentage of Major Impur i t i e s  i n  Zirconium Compounds 

Al < .001 026 005 
B < .00002 Trace ------ 
Ba 0 0002 .062 Trace 
Ca 0 002 .071 .008 

C r  a 0001 Trace ------ 
cu ., 0025 008 Trace 

Mi: 0 0001 160 006 
Fe 0025 0 049 0 ocq 

N i  
Pb 

. S i  

(1) Carbide and Carbon .Chemicals Division. Union Carbide and Carbon 
Corporati3n; Used' i n  60-day study. 

(2) Titanium Alloy Manufacturing Civision, National Lead Company. Used 

( 3 )  Titanium AlLoy Manufacturing Division, National Lead Company. Used 

i n  30-dag study. 

i n  60-day study. 



Spectrographic analysps weretfurnished by t h e a s u p p l i e r s  and q u a l i t a t i v e l y  

checked by-our owq l abo ra to r i e s .  - *,  

.i - _  r r -  

J i  L i  

Inha la t ion  Exposure Unit 
t , I  . *  

a r r i e d  out i n  a coppe ned chamber constructed 

of wood w i t h  o ee s ides .  The dimensions of  t h e  cham- 

83 by 2G by cm.) so t h a t  t h e  volume was 

O f  t h e  t ume approximately 2% 

I .  

- " l ' . . i  :si2 * I -  

7 - - e  L A i  - r  i 

. I $  

288 cubic f e e t  (8.17 cubic meters j .  

w a s  occupied by animals. 
. - i  - 1  I "  

3 i c -  

A c e n t r a l l y  l o c  d 'duc t  i n  t h e  e chamber served as t h e  
1 .  

1 5 -  

i n l e t  f o r  d l u t e d  aerosol .  'Baffles b e l  

c e i l i n g  dispersed t h e  aerosol  and d i s t r i b u t e d  t h e  mater ia l  more o r  less 

two fans  near t h e  
Ir I c+ 7 

uniformly throughout t h e  chamber. I n  t h e  four  bottom corners were ;out le t s  

connected, .to---an exhaust, -sy@ern:+and f o r  t h e  eake.;oQ:safety t h e  chamber w a s  

ressure_.a f e w  hundredths of an inch of. water l e s s  than  atmospheric 

pressuxe, 

change every two minutes w i t h  .no recycl ing,  

not conditioned i n  t h e  s t r i c t e s t  sense of the,  word,L it. was -cooled and 

rnqver dur ingfexposwe w a s  approximately l f + O  cfm, o r  one 

Although -the incoming a i r  was 1 

, '  

dehumidified and -thus appr,o&nated an, o,ptimal--;environment ' fo r  t he 'kes t  

animals. Wet and dry bulb temperatures were recorded on a Foxboro recorder .  
, 

. ,  

er 
' .  

1 I ,  I 
h ,  

(16) Wright, B,M, , ''A Feed Mechanism,11 J. Sci .  I n s t r .  22, 12 (1950) 
._ I -.-- - 

-I " I -  



t h e  system consis ted of an a s p i r a t o r  j e t  assembly held b y  a rubber st'oppkr 

i n  a hole  i n  t h e  bottom of a one l i t e r  round bottom f l a s k  and so  mounted t h a t  
*.," * <  . _ _  

t h e  j e t  w a s  immersed i n  approximately 200 ml. of  so lu t ion  wi th in  t h e  f l a sk .  
, 

n s i s t e d  of a s t a i n l e s s  s t e e l  i n l e t  tube  closed at %he top  and 

.O27" i n  diameter d r i  These a i r  j e t s  
( 1.: 

c i t y  a i r  a t  r i g h t  angles across 4 holes a l s o  0.02711 diameter 

< I  -;. 2 ,  
_ I "  - 

d through t h e  tubing. , 

I. . *  - : / /  

d r i l l e d  i n t o  a c o l i a r  and thus  produced a submerged spray 

c a r r i e d  out of t h e  t o p  of t h e  round bottom f l a sk .  

s e r  

arm functioned as a constant- level  and run o f f .  

m i s t  which was 
i ) ,  t i  

A side-arm on t h e  f l a s k  , .  r r  
_ A  * 

ing by g rav i ty  feed wliile another s ide-  ... 
I C,!L ;I 

$ l  e -i $ 1  t I I ' .  

& >  Exposure Conditions - -. r .  

The-means of the't*concGntrations maintained f o r  t h e  -3 zirconium ~ 

exposuces ace -given i n  Table 2. .In , a l l  cases,  hourly samples were %&en-with 

a f i l t e r  paper:,sampler 'and weighed on' 'an' a n a l y t i c a l '  balance; -spectrographic 

analysis-of .  each,day's accumul-ation of f i l t e r  paper samples was used t o  

v e r i f y  the.;yeight-samples Land to '  make such s l i g h t  adjustments ' i n  concen- 

t r a t i o n  r e s u l t s  a s m i g h t  occas iona l ly  arise from varying amounts of nuisance ' 

d u s t . '  ., I 

I n  t h e  case o f  Zr02, t h e  f a c t o r  converting weight-analysis t o  spectro- 

graphic ana lys i s  was c lose  t o  1.0. The ZrC14,  however, upon d isso lv ing  i 

o Z r O C 1 2  and t h e  s o l i d  mater ia l  co l lec ted  on t h e  f i l t e r  papers 
. > * ,  

had a composition of Zr0Cl2*8H20. Thus t h e  &Cl, exposure i s  more properly 
* t ,2 I .  1' i 

an exposure t o  ZrOC12. Theore t ica l ly ,  a so lu t ion  of ZrC14 should contain 

0Cl2 but most of t h e  H C 1  was l o s t  during so lu t ion  

Seni-quant i ta t ive determin- and by r eac t ion  with the  chamber ducts  and walls. 

a t i o n s  of  f r e e  'HCl i n  t h e  chamber atmosphere showed t h e  
- ." I _ .  - _I I 

~ 

i i I . .  
, 6 .  

, L  I . .  
1) -3 ( 1  

~~~ ._ - * - - -  J 2. 

(17) Laskin, S o ,  "Dispersion of Aerosols." UR r epor t  No. 38 (1948) 

I 



S - h a r y  of Exposure Conditions- 

Inso luble  Soluble  
3 

. I  

&O2 Z r  O2 ZrC14* 

, .. . 

Duration (calendar days) 

(hours) 
F 

Conc ent r a t  i on  
(mg. compd/n?) 

Mean 

S .  Deviation 

'Number of Samples - 

lviein Concentrationr (mg. ~r /n3)  

Mass Median P a r t i c l e  
Diameter ( p )  

Mean Temperature ( O F ,  ) 

Mean Rela t ive  Humidity ($) 

30 \ 

113 
, ?  

100.8 

6.5 

109 

74.6 

1.5 

74 

47 

60 

264 

15.4 

0.7 

265 

11.4 

60 

270 

1.1* 

263 

5.8 

1.6 0.57 

- 7 5  72 

60 53 
I '  

* The ZrCl was asp i r a t ed  as a s o l u t i o n  and t h e  composition of t h e  suspended 1, 
solid was a c t u a l l y  ZrOC12-8H20, although ca lcu la ted  here a s  ZrC14.  

. . .~ - . . -  " . .. . . .. . . 



12. 

presence of' less than 10% of  t h e  expected amount or about 0.3 ppm; t h i s  i s  consid- 

e rab ly  below t h e  accepted l@C o f  5 ppm f o r  HCL., 
i* 'L. l . i . I ipr8 1 ,  . 

ilieekly sarnples of chamber atmosphere taken with a modified cascade impactor 

and pl-ott ed -0n-a -logarktlmkc=probab~lity '  grid(@).-showed only s l igh t -  va r i a t ions  
El , i d 2 r - * ;  ' - I 

The Zr02 dus t s  i n  general  had mass-median diameters of durin$'?the experiments, 
._-.__ l"lc ___- .*~--- ~ -.- - ---- -- x I- -- - .~ - _ -  -_ ._ 

e ZrOC12 mist * - ' i d  w a s  much srnaller and averaged about 0 . 6 ~ .  Electron micro- 
4 

graphs were t aken  -of -We smaller sizes.  I*-- - + - .. 

4 '  

-"Included a l s o  ?n Table 2 are t h e  mean values  f o r  t w p e r a t u r e  and r e l a t i v e  
\ ,  C I  

f \ <  

humidities f o r  t h e  3 '%$msures. 

3 O  F. of t h e  means shown; r e l a t i v e  humidities t o  within 2 6%. 

TemFgratures i n  general  were c t t o  wi th in  2 

. _  A i  1 J -  

Animal Species 

A - t o t a l  of 271,apimals of 5 species  was exposed t o  Z r  compounds. The higher  

l e v e l  of Zr02 (75 me. Zr/m3) was intended primarily, as an exploratory.  experiment and 

consequently only 28 animals of 3 species  were used. 

, -  .- % c i  

Each of  t h e  60-day s tud ie s  

included about 120 (Table 3)  
3 .  . I  

I n  a l l  experh 'ents ,  exposures t o  zirconium compounds were f o r  6 hours da i ly ,  

5 days ber  week, 

(18) Laskin, S., "Measurement 
New your, McGraw H i l l  Book Company, Inc. ,  1949, div.  6, vol. 1, chap. 10. 

of P a r t i c l e  Size,  It National Nuclear Fnergg Series ,  

. - . . . .  ...a 



c 

A n i m a l s  Exposed t o  Zirconium 

I .  

I i l  

Level 75 :ig 0 &/In3 11 rng.z;/Il? ' 6 mg. Zr/m3 
~ 

Duration 30 days 60 days - 60 days 

- .  

4 4 C a t  ---- 

Dog 2 4 @I* * "  @ 

Guinea Pig ---- 
Rabbit 6 19 20 

20 20 

I b .  *' Four 'dogs eqksed ' to  &C14 were subsequently a l so  exposed t o  Zr02. 

_ I  , .. .' .. L> .. 



Morta l i ty  . .  

- -  During t h e  exposure of-,.anirnals to..Zr02 few deaths were noted a t  

e i t h e r  l eve l .  

rabbit. 'and one guinea pig a t  t h e  11 mg. study (matched by deaths i n  t h e  

Only one r abb i t  di'ed during t h e  75 mg 2r/d study; one 
I -. .~ - 

control .group) ,  , . .. 

Zirconium t e t r a c h l o r i d e  was more l e t h a l  t o  rats and guinea p igs  t h a n -  

The cause 
I, 

w a s  t h e  oxide, but d id  not k i l l  r abb i t s ,  ca t s ,  o r  dogs (Table 4). 

of death .was not w e l l  e s tab l i shed  i n  any case,- but appeared-to- be an i n t e r -  

cur ren t  r e sp i r a to ry  infec t ion .  

a few during t h e  second and thir'd;with 55% of t h e  t o t a l  t ak ing  p lace  dur- 

ing the fourt'h week. 

No deaths  occurred during t h e  first week, 

Weight Response 

Throughout t h e  exposure per iods of t h e  t h r e e  s tud ies ,  t h e  weekly weight 
- . - .. >" 

responses were i d e n t i c a l  with those  of normal animals. Adult ca t s ,  dogs, guinea 
* I  

pigs ,  and r a b b i t s  maintained t h e i r  weights w i t h  only s l i g h t  random f luc tua t ions ;  

both male and female rats showed small gains  cons is ten t  with t h e i r  ages. B e n  

i n  t h e  exposure t o  Z r C l  

w a s  no pronounced e f f a c t  on growth except i n  dying animals a few days before  

which caused mor ta l i ty  i n  guinea pigs and rats t h e r e  4 

death. 

Hematology 

Red blood c e l l  and d i f f e r e n t i a l  white c e l l  counts, as w e l l  as deter-  

minations of hemoglobin, mean corpuscular c e l l  vo lu te  and c l o t t i n g  t ime were 

made weekly on 3 dogs exposed t o  ZrC14 .  

four weaks before  exposure while t h e  dogs were being conditioned i n  t h e  

exposure chamber and continued throughout t h e  nine weeks t h a t  ZrC1 ,  m i s t  was 

being introduced, 

The hematological program s t a r t e d  

4 

A l l  dogs showed a decrease i n  t h e  amount of hemoglobin i n  t h e  blood 

. - -  I _ .  
-I - - - - - - -- - 



Rabbit 1/6* Guinea P ig  1/20 Guinea Pig 3/20 Tota l  
Rabbit 1/20 Rat '8/72 ' 
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I, i - ,  8 

following t h e  start of exposure; a rninimum*&as reached a f t e r  approximately 

4 weeks. 

t h e  o ther  hand, t h e  downward t r e n d  was a l s o  i n  evidence during t h e  condition- 

The maximal decreases ranged froin 1.6 t o  3.4 g (average 2.5). On 
\ i  

. _  
' .L: +.kc".. - 

ing.per iod when m a x i m u m  losses-of -  from 0.7 - to  2.-9-.g[100mle ..were seen-(-fi-g-* --- 
AS . P  J'( I I >  1 *s  t-1 

u r e  I), t A '1 L', - 
C.%':c SA4.. c 

Depre-ss&'ons'in t h e  red c e l l  counts were not as pronomeed nor a5 
.. .,. -_._ % .._". . ., ___.* .̂I_ ...... . _I _.,.... .._- ._>. .. .. . . . - .. .-. _ .  '..l.. .. . ...... . 

uniform as those  i n  hemoglobin co,ntent but  yore nevertheless  of s u f f i c i e n t  
I.\  * '  i. , r ,  1 

{9 z w \  - ~ I Z  r -  

magnitude t o  be worthy of comment, The-lowest depression occurred i n  the  I 

J $ 4 '  2 ~ " 3  :. 1 1 4  : J  - 
period of approxifnately 5 t o  7 weeks a f t e r  s tart  of exposure but was not 

un i fora  f o r  a l l  3 animals. 

um3 as compared with a downward t rend  ranging i n  magnitude from 0.7 t o  0.9 , 

rnillion/mm? during tGe conditioning period. 

t3 
r .  1 '  c. 

Maximal decreases ranged from 0 0 5 ,  t o  1,8 mill ion/  - 1'- * u. 4 
c 

'I. 

, 
No other  hematologic changes of any ,s igni f icance  were found, 

Four dogs exposed t o  11 mg Zr/m3 as 2r02 and 2 dogs exposed at t h e  

. -  

.3 ,a: - 
75 mg l e v e l  of t h e  same comixund showed no hematologic changes during semi- - - .. 

L, 

monthly. i n t e r v a l s  of a n a l y s i s  
-- . ~ - - ., - , . - - o w % - -  ... -"F-- -_1- -- 1. _-- 

. -. -., .No significant.-blood -or .ur-ine changes-were found-among--the-.criteria- - 
- 8 : 

studied. 'Blood no$?rot e i n  ?iitr'ogen and u r i n a s  pro te in  corkentrat ions were 
' - I . , < a  . 

followed semi-rdonthly i n  4 dogs and 4 r a b b i t s  exposed t o  ZrCl4 and i i i ' t he  

same number of animals exposed t o  Zr02 at a l e v e l  of 11 mg.Zr/m3. 

f ibr inogen l e v e l s  a l s o  remained constant a t  t h e  same Limo i n  4 dogs i n  each 

Blood 

of t h e  two experiments mentioned above, 

iiis t o l o a  

Zirconium compounds d id  not produce any h i s t o l o g i c a l  changes t h a t  

could be a t t r i b u t e d  t o  t h i s  element 

were found were similar f o r  a l l  species  regardless  of  dose, duration of  ex- 

Furthermore, t h e  abnormalit ies t h a t  

posure o r  conpound inhaled (Table 5 and 6 ) ,  

. .. . . . . . . . - . .I . . "  , , 
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Figure 1, Hematologic Changes i n  Dogs During Z r C 1 4  Exposure 
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TABLE 5. 

Histology Following ,Exposure To Zr02 
, I  

I C  Ratio of Abnormal Findings 
- ‘ . I  “ .  

Species 

8 

Other 

Rabbit , , 
. ‘ % . I  

Rat , 

. - -.- 

0/2 

0/6 . / .  

, 0/6 

&I; (11 mg. Zr/m3,  60 days) 
I 

_- _. - Dog 

Guinea Pig 

3/4. - - 0/4 

(4) (4) 
9/18 0/18 

2/10 

--8/10 
’ !  I t  

1/10 

--. 0/10 

O/k 0/4 

0/4 (4) 
0/18 0/18 

. 0/10 0/10 

0/10 - - 0/10 
‘ 1  3 

Rabbit 5/9 

Rat 0/10 0/10 0/10 



Species 
' <  

Histology Following Exposur'e t o  ZrC14 

- Ratio of Abnormal Findings 

. - I. ,- 

LA$) 
. .  

Kidney (2 Liver Other *.-. - 

ZrC14 (6 mg. Zr/m 3 , 60 days) 
- .  . -  

Cat 4/4 0/4 (3 I 
Dog 

Guinea P ig  

Rabbit 

Rat 

_ .  

_. .. 12/2 5- .- 

. ,  
0/4' 

0/25 - 

Control Animals 

Rabbit 1/10 (4) 3/10 0/10 0/10 

Rat 4/10 1/10 0/10 

. (1) Presence of  granular  material i n  phagocytic cel ls" ;*-  
inflammation in only one guinea pig.  

Two-animals of fou r  had some degree of  t e s t i c u l a r  atrophy. 
(2) I n t e r s t i t i a l  n e p h r i t i s ,  

(4) Prurulent  b ronch i t i s  .I 

(5) Prurulent  pneumonia. 

- ( 3 )  
$ 

8 

.. . .- .- .. I.._". . . - .  . . . . . . . .  - -  



20, - 
The lungs  showed varying, but small, amounts of congestion, edema and 

i l  ; -, >;I 7 ,p. 

hemorrhage, approximat e1 ng n i s t o l o g i c a l  les ions .  
::: 

Is, however, ex$ibited a s imi l a  . 

, ' an- apparently-granular ~ mat-eri-ail; -browni'sh;bXack and doubly 

r e f r a c t i n g ,  was found i n  a l v e  walls aAd i n  phago s.  Occasionally, 

t h i s  dus t  W ~ S  a l so  seen i n  brpnchi and ly rqh  noges. 

e ,  of  incidence. I n  a i l  ex- 
I 

. i  - 
- _.- -__  I - . *- ..-....- I - . "^--"-c ._ I --- -- 

-+ -- 

Among,.the o the r  t i s s u e s l i o n l g  t h e  kidney c o n s i s t e n t l y  showed damage. 

These r e n a l  l e s i o n s  were a l o  

or ig in .  

t e s t i c u l a r  atropiiy were note  

grade i n t e r s t i t i a l  n e p h r i t i s  of p a r a s i t i c  

Occasionally , -+paras i-ki c --gran ata were-found;--&nd two instances of 
. I ?  

- *  . -  -- -_ - ---*-...- - -  I- -- . I_ " - - .__I -- 

'Jl , - .  
Zirconium Concentration i n  Tis'sues 

? \  

The p a t t e r n  of deposi t ion of zirconium i n  t i s s u e s  was q u i t e  s i m i l a r  
, 

i n  animals exposed t o  e i t h e r  S O 2  o r  Z r 0 C l 2 .  

found i n  t h e  lung and i n  t h e  $lmonary lyinph noges (Table 7), but with l a r g e  

v a r i a t i o n s  among species.  

than was found i n  t h e  l a g s  of o t  

6g,~g~g)-.-I--n--genera-lr t h e  -pu-honary--lymph- nocte-conc-entration" was ab6ut -the 

By far  t h e  l a r g e s t  amounts were 

. <  I e' 

The ra t  lung retaine2'more Z r  (158 pg 
I - .-- - ^ _ _  _- ___^- "___ - - - __-. I-- -- -*e ̂ -I- " - -- -..- - - - ~~ 

r abb i t ,  l eas t  (16pg/g t o  
t '  I %, -- 

. A  

. 1  #-  

same a3 t h a t ' o f  t h e  lung, but tended t o  be highek i n  dogs than i n  rats. 'The 
I /  7;' 

kidney, l i ve r ;  and femur each contained only a ?ew t e n t h s  of a p e r  cent of t h e  

lung concentration (TabLe 8 )  "" 
* 0.i 

& i f i c e  schedule of ra ts  ex- 
?; 
t h a t  t h e  inhaled 

or4-a-ctxisi"d'eFablT p%rYC&'o-f 'tT-rne 

(Table 9)0 The da t  however, t o  allow curves of deposi- 

pely, t h e  Z r  removed from t h e  

lung appeared t o  accumulate i n  t h e  pulmonary lymph node with only sAmll amounts 

going t o  t h e  f a u r  and l i v e r ,  
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TABLE 7. 

- I -. 

( I 1  L 
Concentration in Tissues 

8 ,, 

.Number of  Lung 
Animals (/i.g/g 1 $7 

Species 

I p i  T I  . f  . - L  * 

I .  ' 

. r i  

R a t  220 21 

DO 12 9' 

24'' i d b i t  6 '  ' 

25-02 - 11 mg.Zr/m3 - 60 Days 

. .  . I <  

, .J  * . LI Zr0Cl2  --6 mg.Zr/m3 - 60 Days . 

361 

87 

69 

55 : 

360 , 

4 101 

201 

- , #  

Cat 

, c: 3 
Guinea Pig , 17; 

t , -  * . 

I .  , .  . . . . . . . . . . .  , .  -... . ..): j : I : .  , i . ,  . I 

..# ' . . . .  . . .  t ., . ;i _' , . I  ' ' .... A .._:irL ~., . . . ~ I ':> . <.. : , .  . ., . - 

L 

. . . . . .  - ......................... . . . . . . . . . . . . . . . . . . . . . .  ...................... 



22 0 

T n E  8. 

Pulmonaryt Conc . 55 
Lymph Nose' ' No. - + ( 7 )  

360 
( 4 )  

- >  

Kidney Conc. * 1.17 0.40 0: i 4  
No (10) : ( 4 )  (10) 

Liver  Conc 
No. 

. . -  

Jt Animals ;ere exposedduring 60 caieGdar days (2?6 hours) t o  6 mg =/de 
c ' i  



23. 
TABLE 9. 

Deposition and Retention of Zirconium i n  Rat Tissues 
- .  I .  

( C L g W g )  - 

Wick of No. of 

2 . .  

3 

4 -. 

6 

9 
1 /  

Weeks' Post 
Exposure 

4 .  

6 
I .. 

I . .  
24 

3 

3 l  

3 '  

3 

lo: - 

- -  

'> 

2 

2 

2 

2 

. - -  

. .  

81 

' 54 

119 

180 

36h 

251r 

538 

254 

346 

... . 

_ I  

0.41 

0 ,  k3 

1.19 

0. a2 

I 1-00 

1 

' 1.35 

0.97 

1.67. 

0.74 

0.16 

0.19 
i ,: 

A '  

0.18 

0.13 

0.15 

0.09 

* Animals w e  e exposed during 60 calendar days (270 hours) t o  Z r O C l 2  
(6 mg Zr/m 5 and subsequently maintained on stock d i e t  with no f u r t h e r  
exposur eo 



h ; L $ T %  l- '  ?' i ;y$ c. ;J fir 'xi.. $, 1 # r Q p b  . - , i  
be regarde'd as re 

concentrat ion of a mist of &C14 ( Z r O C l 2 ) ,  however, 

mor t a l i t y  r a t e  perhaps because f r e e  H C 1  i s  present.  

s l i g h t  t o x i c i t y  i s  probably not due t o  t h e  t o x i c i t y  of HC1 per  s e  because 

t h e  amounts found i n  t h e  chamber were w e l l  below (1/10 t o  1/3) t h e  MAC value. 

ess materiils." "'Exposure 

On t h e  o ther  hand, t h e  

I n  t h e  experiments performed t o  da te ,  t h e  physiological  i ne r tnes s  of 

zirconium compounds was not a l t e r e d  by t h e  3 t o  4% of hafnium o r d i n a r i l y  

present  but not i n  t h e  Zr02 used i n  the  60-day experiment. No information 

i s  ava i l ab le  on t h e  chemical t o x i c i t y  of hafnium coinpounds. 

The deposi t ion of ZrO2 i n  t h e  lung i s  t y p i c a l  of i n so lub le  mater ia l ,  

but t h e  amount of Z r  deposi ted from t h e  water-soluble ZrOC12 i s  equal ly  

l a r g e  and shows a s imi la r  d i s t r i b u t i o n  i n  t h e  remaining t i s s u e s .  

t h e  owch lo r ide  i s  converted t o  hydroxide a t  physiological  pH and i s  t h e r e f o r e  

r e t a i n e d  t o  a l a r g e  extent  i n  t h e  lung desp i t e  t h e  r e l a t i v e l y  small  p a r t i c l e  

Presumably, 

s i z e  when innaled.  

t i v e  t o  e s t a b l i s h  a b io log ica l  re tef i t ion time f o r  zirconium compounds, but it 

i s  apparent t h a t  zirconium 

The experiments reported here a r e  not s u f f i c i e n t l y  de f in i -  

aves t h e  lung only very slowly. 

mg. Zr/m3 for  30 days, 

i n  animals i n  

og ica l  values,  o r  h i s to -  mor t a l i t y  r a t e ,  g r  

2, Inha l ing  an atmospheric concentrat ion of 6 mg.Zr/rn3 i n  t h e  form of 

a m i s t  of Z r C l  . f o r  60 days gave decreases of  borderl ine s ign i f i cance  i n  4 
hemoglobin and red c e l l  count of dogs and a small increase  i n  m o r t a l i t y  i n  

rats and guinea pigs.  A l l  o ther  c r i t e r i a  were normal. 
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3. Zirconium Compounds were-deposiied and r e t a ined  pr imar i ly  i n  t h e  I 
one were low, and i n  s o f t  .# 1 I 

I. 

~. . . . - . ... ._ . . . . _ _ _  . I_ . .- _ _ ~  .. .. ~ ... . - ... . . .- , . 
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