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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Coummission, nor any person acting
on behalf of the Commission:

A. Makes any warranty or representation, express, or implied,
with respect to the accuracy, completeness, or usefulness
of the information-contained in this report,  or that the use
of any information, apparatus, method, or process disclosed f
in this report may not'infringerprivately owned rights; or

B. Assumes any liabilities with respect to the use of, or for
demages resulting from the use of any information, apparatus,
method, or process disclosed in this report.

As used in the above, "person acting on behalf of the Commission"
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INHALATION TOXICITY OF ZIRCONIUM COMPQUNDS

Abstract

A total of 270 animals of 5 species was exposed by inhalation to com-
pounds of zirconium for 6 hours per day, 5 days per week. One group of
anjmals was exposed to Zr02 at an atmospheric concentration of 75 mg.Zr/m3
for 30 days; another, to 11 mg. Zr/m? for 60 days. A third group was
exposed to a mist of ZrCl; at a level of 6 mg. Zr/m3 for 60 days.

Zirconium oxide produced no significant changes in mortality, gfowth
rate, blood nonprotein nitrogen or fibrinogen, urinary protein, hematological
values or histological structure, Zirconium tetrachloride at 6 mg. Zr/m3 gave,
questionable changes in blood hemoglobin concentration and red cell counts of -

dogs and a slight increase in mortality of rats and guinea pigs.

Inhaled zirconium compounds deposited primarily in tﬁe lungz and
pulmonary lymph node, with a fraction of a per cent in the 5one and con-

giderably less in the soft tissues.
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Introduction = - . F: - uy

In recent years the element. zirconium.hag received wide publicity as .
one of .the:potential wonder-metals. ., Today, annual production has:increased
fromfpoundsuto‘ppnsﬁandponlytmetallgrgicalvdifficulties;limit;its more wide-
spread use... Various compounds of zirconium, on.the other hand, for many
years _have been essentially bulk materials in:.the;manufzacture of enanels,

‘ szirconium=(Zgzﬁ) is.a radioactive: product of nuclear fission.and ccn-
sequently, knowledge of. its.fate in the body has possiblerinterest. The-
i@gqrggpt&prqperty.gf intravenously injected Zirgoniumgtggpneyentcdeposition -
of_certain, radioelements;in_ the.skeleton (especiallyyplutonium) has led to
practlcal medical -application.in the-treatment.of  plutenium exposures(l)(z)

ﬁciQp;y,aHfewq§tugie§39p3§h¢;toxicity;of_zircgnium_compounds have-been
3@59?9?Eﬁd5 and-these. were mainly concerned with effects when:Zr was given by

routes,other than inhalation, although.inhalation has.been used under special-
conditions. . The metabolism ggd,distribgtionng;carrier:free:Zr§9,and;Zr93;

was studied by Hamllton(B)(h)qw

d that. lérdaysﬁaf .er the parenteral ‘.-,

admlnlstratlon to rats about 5@% of the 1n1t1ally absqrbed Zr was present

e b oo T e hei e I e o Dt i, e hhatatati

(3):Ham1lton, J.Goy: Summary of Metabollsm of Carrler-Free F1331on Products
in “the Rat, i AtomiE“Energy Comm., MDDu-lOOZ Decla531f1ed 19h7

(4) Hamllton,iJ G., "Tracer Studles of Flelon Prodact Metabollsm," Atomlc
Energy Cormm, , MDDC—lOéZ” "Declassifiad 1947, Also ‘reports MDDC-1001,
1143, and 1275.
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intrapulmonary administration, there was.a high degree:of réténtion in the
lung (90% after 16 days). Oral absorption was very low. In a later study(5)
an aerosolized radioisotope of Zr was inhaled by rats; 85% to 70% cfifhe’Zrﬁié‘
deposited-id”theﬁiungsiwas~rétainedbafbér312~to‘ﬁéﬁdayso“' B

~ - The'distribution ofﬁihtraVenously?injectedfradioaCtivefcolloidS“ofU e
Zr95?Wasiconfinéd‘maiﬁly%touthé“li%éfiaﬁdfsﬁieen~df miceyvraté; and rabbits -
when the particlesize ﬁas large; primary ‘localizdtion was in the bone ‘marfow;
however, when the’particle:size wis sﬁallg@SJ THE bulk 6f the colloid-tended:
to remsin at the site of:deposition’dt least for-22-days.. ™ e b

- Anumber-of studies of éfai*aﬁﬁkiﬁtrapéritoﬁeal té%itity'showed‘that
zirconium is-of reldtively low -toxitity by these:roiitesi In a series.of'
expefimentéibyéCbbhranﬁetvél?§3(7) the acuteloral LD50's for rats ranged from
853 to 2290 mg Zr/kgoforizirconyliacetate; -chloride, " nltrate, ‘zireonium 'sul-
fate and sodlum Zirconyl<sulfate; the- aéute 1ntraper1tonealdLD50‘s ranged
fromié3 to 939=mg:. Zr/kg “Threé ce." of¥a"10% zirconium silicate suspen51on
injeétedvintraperiténeélly#ihtb guined* pigsi‘gave no toxic effects?(8) “Malifiton
aridEiS(:h).J.b?ar’c:(9)5'/i-'ound\'‘c,h’e‘u:'l.ni'.rap'éz"a’;’t’c")'ﬁéaZL"]ZSDS'O'~of-.i:'tr"cor‘lyl‘‘c;'lfrl(')r:i'.dé“ir»iijecte'éi_f‘j
in ligdlsidOSeéﬁtoviE1710wmg;2r/kgdehen the materidl was dissolved in tri="~
sodium citrate and 24,7-when#dissolved in“sddium~glﬁé6nate{“' L e e e

S .- L.t o . L
o RATE SRR S LAy SO IR S . LA : AT S MRS LERS

-(5) Kawin,.B., Copp, ‘D,H. and Hamilton, J.G.; "Studies of thé Metabolismof ’
Certain Fission Products and Plutonium," Atomic Fnergy Comm. UCRL-812, (1950)

"'(6) Dobgon, E.L., Gofman, J.W., Jones, H.B., Kelly, L. S., and Walker, L.J., ‘
' nStudies with Colloids Containing Ridioisotopes of ¥ttrium, - erconlum, TiL]
Columblum, and Lanthanum,"Atomic Energy Comm AECD-2055" DeclasslfledM(l9h8)

(7) Gochran, K. w;, Doully:Jdi, Mazur, M., and DuB01s, K.P,," MAcute" Tox1c1ty o
"o of Zirconiuiny: Columblum, ‘Strontium, Lanthanuni, Cesium, Tartalum and®
Yttrium. "Arch, Ind. Hyg, Occ, Med.,1, 637, (1950) : ‘:.‘ml'%,r“@'

(8)uHard1ng, H EJ, ﬁThe Tox1cology of ercon," Brlt J Ind Med 2, 75 (l9h8)

ug,' T RS g:.i'\,

~~~~~

(9) McCllnton, L T. and Schubert Jo,‘"The TOXlCLty of Some a1rcon1um and S
. THo 'um Salts 1n Rats e J Pharm, and Exptl Therp , 2&, 1 (1948)
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(10 11,12, 13) (1)

Various pharmacologic actlons effects on nutrition,
and on enzymes(ls) have also been reported
In thls report are glven the acute effects observed in two experiments

when animals inhaled the 1nsoluble Zr02, and in one experiment with a mist

of the soluble ZrClh (or ZrOClz)

Voo PO

(10) Niekerk, J. von,, "Pharmacologlcal Actlon of. Salts of. pure Zr and pure
Hf. " Arch “Fxptl. Path Pharmacol 184, 636 (1937)

(\.L»

(11) Mezey, E, and: Mezey,- .;"Effect of Metal -Salts on the Isolated Heart
Muscle. " Mapyar Biol. Kutatointezet Munkai,.10,.371. (1938)..

(12) Falrhall“ L T«—A"Inorganlc Industrial- Hazards ! th31ol“ Rev
182 (l9h5) B U £ *gfl RN T TR

S5 F U

<AL

(13) Lendle, L. ,g"Hefters Handbuch der: Experlmentellen Pharmakolog1e"ﬂ934)

(14) Richet, C., Gardner; Goodbddy, "Effects of Salts of erconlum, Titanium,
and Manganesenon‘Nutrltlonf"JCompt rendﬂalBE “1105"“(1925) :

(15) Gould, B.S., "Effects of Thorlum, erconlum, Tltanlum, Cerium on Enzyme
Action." Proc° Soc. Exptl. Biol. Med. 34, 381 (1936)
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Materials and Methods

Zirconium Compounds

Zirconium compounds of a high devree of purity were obtalned from two
sources for use in these studles The maJor 1mpur1ty was hafnium in all
cases and rapresented 3 to 4% of the total welght except in the 1nstance of

the oxide low in Hf used in the 60-day experiment., The other major impuri-

ties as determined spectrographically are shown in Table 1.

Table 1

Percentage of Major Impurities in Zirconium Compounds

z2e0f)  20f2)  zrcaf3)

Al C .001 .026 .005

B < .00002 Trace W —e—ee-
Ba .0002, . 062 Trace
Ca . 002 .071 .008
Cr .COOl Trace W —eee—r
Cu 0025 008 Trace
Fe .0025 0L9 . .0C4
Mg .0001 . 160 . 006
Ni .0003

Pb .0225 v ,

B {.,001 470 .01
T .006  .180 .001

-V - . »0004

(1) Carbide and Carbon ' .Chemicals Division. Union Carbide and Carbon
Corporation; Used in 60- -day study.

(2) Titanium Alloy Manufacturing Division, National Lead Company. Used
in 30-day study.

(3) Titanium Alloy Manufacturlng Division, National Lead Company. Used
in 60-day study°
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Spectrographic enal&sesﬁyerelfurnished by the_.suppliers and qualitatively -

checked by- our.own laborateries. - . = wiocwl e n e o

e

Inhalatlon E&posure Unlt .

Do Vv - - PRy

T ARV ot

All expeflments were carrled out in a copper—llned chamber constructed

v

of wood w1th observatlon w1ndows on three 31des. The d1mens1ons of the cham—

3 oilT

: : PRENEN . - [P
e : i J = ‘J,l LB

il

‘ber were 6 by 8 by 6 feet hlgh (183 b ZAA by 183 cm,) S0 that the volume was

4 Srenogg f . r

288 cublc feet (8 17 cublc‘meters) Of the total volume approx1mately 2%

was occupled by anlmals,'

A centrally located duct in the celllng of the chamber served as the
inlet for dlluted aerosol Baffles below the 1nlet and bwo fans near the
Layeleadoies 0 0 o0

ceiling dispersed the aerosol and dlstrlbuted the material more or less
uniformly throughout the chamber. In the four bottom corners wereioutlets
connected, to-an. exhaust system.and for the .sake: of:safety the chamber was
kept,a@_aﬁpressurera‘few hundredths of an inch of water leéss-than:atmospheric
pressure.. Air turnover 'during jexposure was approiimately 140 efmy or one
change every. two minutesawithgno.recycling, Although .the 'incoming air ‘was. +
not conditioned in tbe»strlqtespgsensegofVthe;wordggitrwasscooled and -
dehumidified‘and;thus-epppozimeted anngtimabﬁeﬁvironmentffor-theﬁtest

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

N L U R e i d ©
ey e sile o lnidee Jav Lab BEASITOVL . T0d0801 G
Aerosol Feed : o
e ~ -, - v
S f?f = ﬁ ‘,1 .1: & sl 4‘-.‘:{}&3 i 2 TEE R ,‘1‘;‘ g R " o T -

i

"S’-‘:lv ‘,‘:;4.( "‘,

ZrOz dust and t

szl anon -'a«ro;.l i R

ne ZrClh was dlssolved in water

fanr i ety {5’ Gl f Z . .Lﬂym {) ,: ujaf‘ ‘}ﬁ v L:: U e P S
to glve a spe01flc grav1ty of 1,020° (AS.S g/l) at 20° C. and asplrated 1nto
. (».) ‘7:,:(.; Lo l R A e TUR i

(16) erght B.M., "A New Dust Feed Mechanism," J. Sci. Instr. _z, 12 (1950)

e e iom . w———— nrav
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the inletiductlby, thesmistlgenerator previously“described(l7); In ‘essence)” 1%
the system consisted of an aspirator jet assembly held by a rubber stopper '

in a hole in the bottom of a one liter round bottom flask and s0 mounted that

the Jet was 1mmersed in approx1mately 200 ml. of solutlon w1th1n the flask

i BTe P

The asplrator con51sted of a stalnless steel 1nlet tube closed at +he top and

‘. gl ma e
i ! ,4.“‘,..(. @

hav1n5 h holes O 0?7" 1n dlameter drllled through the tublnv. These a1r Jets

i i N T8,
. 3 g L AT¥LS
IRES S G S a8 a3

forced hlgh velOC1ty air at rlght angles across h holes also 0. 027" dlaneter .

‘._ S

drllled 1nto a collar and thus produced a submerged spray of mlst whlch was
SR 3 S A N

carrled out of the top of the round bottom flask A 31de—arm on the flask
served as an‘lnlet for llculd flow1n9 by grav1ty feed vxlle another 51de- o

arm functloned as a constant—level and run off
T S AR TR R T LT PRSI A ;

Exposure -Conditionss.« . ro. oo

: The:means of. the-concéntrations maintained for the-3 zirconium
exposures are-given-in Table 2. :In.all cases, hourly samples wére taken with-
a filter paperisampler ‘and.weighed onan'analytical  balance; -spectrographic
analysis-ofi each:day's accumulation of filter paper samples was used to
verify the~weight-samples:and*to*make such slight adjustments in cohcen=-
tration results asxmightwoccasionally‘arise~from~uarying amounts of nuisance’
dust;;"w: e e S e : oL S

In the case of Zr02, the factor converting weight-analysis to spectro—

graphic analy31s was close to l 0. The ZrClh, however, upon dlssolv1ng in water

T IR Y A S S AT

was converted to ZrOCl2 and the solld materlal collected on the fllter papers

had a comp081t10n o ZrOCl 8H O Thus the ZrClh exposure is more properly
S0 I % TS

an exposure to ZrOClz,‘ Theoretlcally, a solutlon of ZrClh should contaln
Lo ‘“.. s . ety

2 moles of HCL per mole of ZrOCl2 but most of the HCl was lost durlng solutlon

u 3y R s
BN DI s,i s b

and by reactlon with the chamber ducts and walls. Sem1 quantltatlve determin-

ations of free HCl 1n the chanber atmosphere Showed the -

N ‘»'J'.-f'i [ T s RS A A [T
i . . P . 2 ¢ ”

T O T R i L)

E!‘
1’

Y

(17) Laskin, S., "Dispersion of Aerosols." UR report No. 38 (1948)
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TABLE 2

Summary of Exposure Conditiors’

in§qiuplg Solublg
Zr0, L Zr0, ZrCl
~Duration (calgngar days) o _ 30, ... 60 60
| (hours) , ‘| o Co a3 264 270
\Concentratlon | “ - |
(mg. compd/m?)
Mean , 100.8 15.4 14.9%
S. Deviation , 6.5 0.7 1.1%
" Number of Samples - CrEe © 109 265 1263
Mean con‘centfaﬁian’"-(mg.Zr/m3)- w6 C 11 5.8
-Mass Mediar Particle : ' o
Diameter (i) 1.5 . lfé 0.57
. Mean Temperature (OF ) o N/ 15 72
1LLMean Relatlve Humldlty (%) | L7 | 60 53

% The ZrCll+ was'aspiratedfés a solution and the ‘composition of the suspended

solid was actually.Zf0C12-8H20, although calculated here as ZrCl,,.
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presence of less than 10% of the expected amount or about 0.3 ppm; this is' consid-
erably below the accepted %Ag;gfhgwppmifor HCL., ...

Weekly samples of chamber atmosphere taken with a modified cascade impactor

(18)

and  plotted on-a -logarithmic=probability" grid ~showed only slight-variations

dufingmgﬁe experiments, %hg“ﬁyb;'dusts in general had mass-median diameters of

e e Bt s s S b St e 22w ri e et s st R

1,515 the 2r0Cl, mis}ﬁy?s much smaller and'averaged about 0.6f.. Electron micro-
graphS‘were‘takenwof*thE‘smaller“sizes;' e e T T e

*Included also ih Table 2 are the mean values for terperature and relative

humidit! Be

f
-

.::w lf:LQ . i 4 . . .4-:,',::;_;';._", . . .
és for the 3 ‘exposures. Temperatures in general were constant to within +

3° F, of the means shown; relative humidities to within + 6%.

2 y e o T
Ve gkt ) 1 e e

Animal Species

i

L&.total of 27lﬁa§imals of 5 species was exposed to Zr comppgnds. The higher
level of Zr0, (75 m§:Zr/m3) was intended primarily as an explprapggygexpefiment_and
consequently only 28 animals of 3 species were used. Each of the 60f@aygstudies
includéd about 120 Ahimals (Table 3).

TIﬁ all experiﬁggté, exposures to zirconium compoundsiwer; for 6 hoﬁré‘daily,

5 days per week.

s R et - SV

(18) Laskin, S., "Measurement of Particle Size, " National Nuclear Energy Series,
New your, McGraw Hill Book Company, Inc., 1949, div., 6, vol. 1, chap. 10.
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TABLE 3. .

Animals Exposed to Zirconium

Compound, .. * Zr 20y oo &Gl

2' e T H

Level B %5?Eé;é£/ﬁ3.; 1 mg:Zf/mji 6 mg.Zr/m3

Duration | - 30 days ... .. &0days:- . . . 60 days

i DN S T A Pt h [ Le et ..

Species

Cat . . . == B T b
Dog Ry < B RN - ) T -
Guinea Pig —— | 20 ' .- 20
Rabbit : 6 19 20

Rat 20 72 72

B e e i Ty J Ui Tl ~2i * i -

# Four dogs exposed to ZrClh were subsequently also exposed to Zr02.
oyt m L sove ‘:“': - - o doe hs s R s ~: .'?‘-';‘:;‘.b‘% t ’ - o-
Y B
L RS . e e 5
[CR LR T T i itk " DO LRIYOE das do0
sk

-
RN . - P Ty AR -
- LRSS 1 e

et AR i 4
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RESULTS

Mortalltz

) Durlng the exposure.of. anlmals to. Zr02 few deaths were noted at
either level. Only one rabblt died durlng the 75 mg Zr/m3 study, one

rabblt and one gulnea plg at the 11 mng. study (matched by deaths in the -
contrQl‘groué)@_mwx e -

-Zirconium tetrachloride was more lethal to rats and gulnea plgs than -
was the. ox;de, but dld not klll rabb:ts, cats, or dogs (Table h) The ceﬁee
of death was not well established in .any case,-but appeared-to- be -an-inter- -
current respiratory infection. No deaths occurred during the first week,

a few during the second and thifd;vwith 55% of the total taking place dur-

ing the fourth week.

Weight Response

Throughout the exposure periods of the three studles, the Weekly weight

responses were 1dent1cal w1th those of normal anlmals. Adult cats, dogs, gulnea

pigs, and‘eeeolts ﬁeietaioed thelr weights with only slight random fluctuatlons,
both male and female rats showed small gains consistent with their ages. Even

in the exposure to ZrClh which caused mortality in guinea pigs and rats there

was no pronounced effect on growth except in dying animals a few days before

death.

Hematology

Red blocd cell and differentiel white cell counts, as well as deter-
minations of ﬁemoglobin, mean corpuscular cell volume and clottihg time were
made weekly on 3 dogs exposed to ZrClh. The hematological program started
foﬁr weeks before exposure while the dogs were being conditionea in the
exposure chamber and continued throughout the nine weeks that ZrCZLI:P mist was
being introduced.

All dogs showed a decrease in the amount of hemoglobin in the blood
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TABLsEMZ"“ RN T

RN RS 5 AUSPRATEESETIS RPRNIG LFB It~ R § 3L - -
~ T e T S S N L 4 A &~ LA L P I R S S e
w0t s WA e o UL RGE L, PR { t l -t - et -
i S g ogmaard . o
ey T ¥ 59! NI i g S BERETALE 3 2% BN SV =X LR 7.
P . | R N SR T — 5 x v
— = - e r—

5B B D oy oML me /a6 mg.Zr/ud

VYRR e S R P

1T rabblt "7'1 guinea pig 0
&) s Sl i BoorL ' ; " Fremn b F
2 0 ’ 1 rabbit 2 gulnea plgs
i - & . . i ) LT P
R A OV TN ISR ATS I SR S AR A SRS oAy DE e R f
3 0 ) 0 1 " ", 1 rat
B Y . hEan 2 Lomlvem Bl o
1y 0 0 6 rats
‘. RO ToSe A SRR S I O U A 15 kae ST
5 0 0" 0
SRR L Frl H
S — 0 0
RN I HERE. - 2 B Yoo o .
7T 0 0
G 3 v
= s 3oL RS C R LY r e Pobeg A3
8 0 1 rat
LT T MIDET s TR VTS O S NS NP i
g SRR 0 6

Total Rabbit 1/6% Guinea Pig 1/20 Guinea Pig 3/20
- Rabbit 1/20 Rat “8/72

I}

LS e e o - G R L P 4 A D e

#* The fraction repre fé,t the number. of;deaths to the total

M '-r!-<,1""« ,»1“555}’ 'h.

number exposeq,«»
s #‘ Fond® 12

. L : . . N : . s . . e i s o N C
N L mm® b it bt eaam o §. f SR GEL R DASVDL DI L0 L0
LS S U «::-?C?i) & oD DL 28T L LR T
B e f
e WRirgd
~ . et
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L : LAl s : ~ o
G ¢ ! £ 250 Lidg o - - .
r ; b e B ¢
S T PRCapRar vh [ P
.
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- .
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following the start of exposure; a minimin~was reached after approximately

4 weeks. The maximal decreases rdnged from 1.6 to 3.4 g (average 2.5). On

S
~.m~v.--. e

the other hand, the downward trend was also in evidence during the condltlon—

ing.periocd. when maximum losseswofmfrom~0f7wtov2r9wg/lOOml;wweremseenwéfig-w~wv‘

re, - Mep L ’ AT
‘\;.'..‘J Soen o~ LI . (RN : R A
) Y - T

L

ure 1),

B s e
o s - ;
3

) ST TN
3¢ DA

MR e s : - gttt - . St <y
Depress&ons~1n the red cell counts were not as~pronounced nor as

B T o s e e e i USRS SURU N o me e o e ks

unlform as those in ?emoglobln content but were nevertheless of sufflclent i

T e I i
¥ E2An BEEESR A A

Amagnltude to be worthy of comment. The lowest depression occurred in the

Jf' RSP [SIENVA o

perlod of approxamately 5 to 7 weeks after start of exposure but was not

unlforn for all 3 anlmals° Maximal decreases ranged from O. 5 to 1.8 mllllon/

ate $ o

mm3 as compared with a downward trend ranging in magnitude from 0.7 to 0.9

i . e “~

million/mm3 during the conditioning period,
No other hematologic changes of any_significance were found.

Four dogs exposed to 11 mg Zr/m3 as ZrO2 and 2 dogs exposed at the

75 mg level of the same com,ound showed no hematologic changes durlng seml-

monthly intervals of analysis,

Biochemistijﬁﬁ" Fesiein "fl‘ﬁ o

3

03 e

No‘31gn1flcant~blood or-urine -changes-were-found-among--the-criteria---- -
studibd, 'Blood nbhprotein Nitrogen and urihary protein concentrations rere’
followed semi-monthly in 4 dogs and 4 rabbits exposed to ZrCIﬁ'aﬁd‘lﬁ;%ﬁe |
same number of animals.exposeo to ZrO; at a level of 11 mg, Zr/m3. Blood
fibrioogen levels also remained constant at the same time in 4 dogs in each

of the two’experhnents mentioned above.

Histologz )

Zirconium compounds did not produce any histological changes that
could be attributed to this elementn Furthermore, the abnormalities that
were found»were similar for all species regardless of dose, duration of eﬁ-

posure or compound inhaled (Table 5 and 6).
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Figure 1. Hematologic Changes in Dogs During ZrClh Exposure
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TABLE 5,

b
Species e . Ratlo of Abnormal Findings
uv' : w B30 AN

s 24 PRI RS

Histology Following Exposure To. ZrQ

Qilgpg(l) o Kldney(z) ..~ Liver . Other

s i il o -

Zr02 (75 mg. Ar/m > 30 days)

Dog - 70/2' 0/2 .0/2 (3)
Rabbit }4@ 0/6 ”9/6 - 0/6
Rat 3/6 o/6 ..0/6 0/6

'fgéé (11 mg,Zr/m3, 60 days)'A

T L

. Cat » Yy M ofy - - Ofly - 0/4 |
Dog (4) (L) ook W)

Guinea Pig 9/18 - 0/18 L ..0/18 0/18
Rabbit 2/10 .. 1/10 o 0/10 0/10

e RAb e e --8/10- - —-0/10 - - 0/10 - - 0/10

HEE R N I T

™! G3iitrol Animals

SR S LT EXOE—r vr:z:,; EUCEUIRY ) o T —
Rabbit ' 5/9 ' . . 0/95‘ *wu {2{? I ? ) 0/9

Rat e ‘»9/10‘_;";'{'f,;z_.d/io - 0/10 0/10

(1) Congestlon, edema, hemorrhage - occasional consolidation.
(2) Intersti ial nephritis.. | .
~(3) ;Gran omatious lesion: of pulmonary lymph node in one anlmal
-(A)J;Para31t1c granulomata in lung, liver, kldney, and pulmon-
ary lymph nodes of 3 of A anlmals.
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TABLE 6.”

Histology Follow1ng Exposure to ZrClh

Species - Ratio of Abnormal Flndlngs
" "Lﬁng(l) ' Kidney(z) Liver Other
zrCl, (6 mg. zr/m , 60 days) -

Cat L/b /L 0/4 (3)

Dog L/ 2/ 0/k o/

Guinea Pig L/17 17/17 0/17 0/17
Rabbit 3/10 /10 0/10 0/10
..Rat e e 1,2/.25. R 6/25 L . 0/25 o 0/25;,.

Control Animals
Rabbit 1104 350 ' 0/10 ©0/10
Rat “1710(5) 4/10 1/10 0/10° J

~Presence of granular material in phagocytic" cells,

inflammation in only one guinea pig.

Interstitial nephritis.

Two-animals of-four had some degree of testicular atrophy.
Prurulent bronchitis. P
Prurulent pneumonia. v ’
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The lungs showed varying, but small, amounts of congestion, edema and

2,41 . - Y it 3 weiyew PO S
. B S L0 S R O A AL R ARV L A S0 R O AL .
hemorrhage, approximately half of all animals hav1ng histological lesions.

oy f

Control anlmals, however, exhlblbed a similar: rate of incidence. In all ex~

A

posed animals;*anwapparently-granular*material”"browniehlblack'and doubly

refractlng, was found in alveolar walls and in phagocvtes. Occasionally,

Che e e e b e RTm e n Ak ek e R S R T -

thls dust was also seen in bronchl and lymph nodes.

Amongyphe other tissuesgjonly the kidney consistently showed damage.
These renal lesions were a logzgrade interstitial nephritis of parasitic .
origin;wchcasionallj;mparasiticwgranulomata‘were‘found;”and‘tno instances of

testicular atropny were noted among 160 anlmals

a0y

Zirconium Concentratlon in Tlssues

The pattern of deposition of zirconium in tissues was quite similar.
in animals exposed to either 2%02 or Zr0Cl,. Bfifar the largest amounts were
found in the lung and in“the b&lmonary Llymph nodes (Table 7), but with large

variations among species. The rat lung retalned more Zr (158 ng/g to 361ug/g)

P e e o ' A 1 B AT e = e s s s

A 8 o

than was found in the langs of other, spe01es, the_ rabblt least (léug/g to
69,1,g/g) T generalwthe -pulmonary-1lymph-node concentratlon was absut the
same as that® of the lung, but tended to be hlgher in dogs than in rats. " The

e

kidney, llver, and femur each\contalned only a few ‘tenths of a per cent’ of the

r}i: . TR
lung concentratlon (Table 8). o ) R v

Analy51s of samples taken 1n a serlal.sacrlflce schedule of rats e;-

" posed for 60 days to ArOCl (6 mg Zr/m3) showed that the 1nhaled materlal was
rapldlywde9051tedn n%theriung*and*retalned“for a con31derable period” of time -
(lable 9). The data weére too scattered however, to allow curves of deposi-
tion and retentlon to ‘be calculated Qualltatlvely, the Zr removed from the

lung appeared to accumulate in the pulmonary lymph node with only small amounts

going to the femur and liver.
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TABLE 7.

LTSI IR et JANE L ey EECRD -

Mean erconlum Concentratlon in Tlssues

fird o

Species ) . Number of  Lung
I ot U Animals (ng/g)

Pulmonary

" Lymph ‘Node’
(ug/e)

= IR O T DN i

ZrO - 75 mg. Zr/m —30 Days”

Rat o s
Do@eints 1m0 e maiUTt g a9

21

362 oo

Zro2 - 11 mg, Zr/m3 - 60 Days

,,,,,

Rat 10 158

]‘?og.‘— . e - - '1+ [ ¥ ) 71} 3
Rabblt - | .10 .16

Cat R o 20 .

Guinea Pig ., 18 R

R

7

Cet i e ‘-ZrOClé”—’é'mg.Zf/mBi— 60 Days =

Tl L

Rat . SRR R - 361

N

Dog R S 87

o

Rabbit 10 69

Cat ok 101

P RANE S EANCEEF R AL 88

. Gulnea Plg ‘ - 17, o201

52

360

210,
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TAELE 8.

I A S L O L S I S UL O SR
Mean Zirconium Concentration (ig/e) in Tissues

of Animals Exposed to ZrOCl,*

Ti‘S‘SU.ﬁ'eg‘“: B U St "R‘at‘w"”'"': Mi‘;z‘bbg. ﬁmhabblt e 't'“Gulrkle'éPﬁg

-~ P

s
S

Lung ~  Conc. 1361 87 6§ﬁ 101 201
... Noo . (10) (&) (10) (L) (7).

Pulmonary.. Conc.

AR i 55 360 - 269 e '
Lymph Node’ No. (7) (07 EE S — (&) ——

Kidney ~~  Conc.  ° 1.17  0.40 0.14 0.15 0.68
; No. .- -(10) - (&) (10) (&) . (17)

Liver Cone. 0.19 0.35 0.0k 0.28 -, 0,07
No. (10) (4) (10) (4) AT s

Femur . Cone. .. . 1.00 . 0.40 —-—r— 0.49 ————
0 N TU(9) L (3) -

Zin SR i

% Animals were exposedgdﬁring 60 calendar days (576 hours) to 6 mg Zr/mi.

YRS
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TABLE 9.

Dep051ulon and Retentlon of erconlum 1n Rat Tlssues

(ug2r/g)
, o - * Pulnonary
Week of No. of S e ws A0 Lymph

i

Exposure* Rats \tLung : ~Node | ‘ Femur
3 3 e — 0.3
4 3 119 ——- . L.19
| 6"h 3 180 — ! 0.82
ég"‘ idf;Y 36l i 55 REt 1.00

Weeks Post

Egpqéufé v bf'*
Lo 2 25, 79 L35
6 2 538 12 0.97

Con 2 346 422 0.74

0.18

0. 13

0. 15'_

0.09

% Animals wesp exposed during 60 calendar days (270 hours) to Zr0012

(6 mg Zr/m
exposure,

and subsequently maintained on stock diet with no further
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,DISCUSSION . . .

Coramias benlbiler b Tmerooaooooar ODELOHRGT mrl o e

be regarded as relatlvely harmless materlals° 'i&%%%&ééﬁéfighfﬁﬁis’?5“3‘h&@hi
concentration of a mist of ZrCl) (ZroCl,), however,)ge;egenniherease i tie”
mortality rate perhaps because free HCl is present. On the other hand,_the
slight toxicity is probably not due to the toxicity of HCl per se because |
the amounts found in the chamber were well below (1/10 to 1/3) the MAC value.
In the experiments performed to date, the physiological inertness of
zirconium compounds was not altered by the 3 to 4% of hafnium ordinarily
present but not in the ZrO2 used in the 60-day experiment. No information
is available on the chemical toxicity of hafrium compounds.
The deposition of ZrO, in the lung is typical of insoluble material,
but the amount of Zr deposited from the water-soluble ZrOCl2 is equally
large and shows a similar distribution in the remaining tissues., Presumably,
the oxychloride is converted te hydroxide at physiological pH and is therefore
retained to a large extent in ‘the lung despite the relativeiy small particle
size when inhaled. The experlments reported here are not sufficiently defini-
tive to establish a blologlcal retentlon time for zirconium compounds, but it

is apparent that z;rconlum‘leaveS'the lung only very slowly.

l Inhalatlon of ZrO 1n concentratlons of 75 mg Zr/m3 for 30 days,

or 11 mg Zr/m3 for 60 days produced no 31gn1flcant changes in anlmals in

mortallty rate, growth blochemlcal crlterla hematologlcal values, or histo-
pathologlcal structure. ‘

2. Inhaling an aemospeerlc concentration of 6 mg.Zr/m3 in the form of
a mist of Zr01h~for 60 days gave dec;eases of borderline significance in
hemoglobin and red cell count of dogs and a small increase in mortality in

rats and guinea pigs. All other criteria were normal.
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3. Zirconium compdunds weréﬁdé§85iﬁéd and retained primarily in the

lung;, with,cgncentrations.in the pulmonary lymph node of the same order of
iy M R A 2 I S ST BT e T e SO A T Y UL
o % . , :

The relative amounts of Zr in the bone were low, and in soft
ae YU GRS R STy e

magnitude. !

[ DO R AT

< o ’ L
tissues almost negligible.
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