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Re: Notice of TSCA Section 8(¢) Substantial Risk information for { ]

6G:2 Hd 5134V 66

Dear Sir or Madam:

Cabot is subenitting this letter as notice under the Toxic Substances Control Act (TSCA) section 8(¢)
regarding substantial risk information. We have determined that the results of an acuts inhalation study
conducted in 1994 on Cabot dimethylichloyositane, reaction products with silics, [ ]
(CAS No. 6861 1-44-9) are reportable based on the stringent guidelines for reporting acute inhalation
studies coatained in the U.S. EPA June 1991 Section 8(¢) R=o-wi ng Guide. The reported L.Cy value
falls into the extremely toxic range (i.¢., LCS0 < 0.S mg/L). C. April 2, 1999, a seif-disclosure natice
was filed with U.S. EPA Region I on Cabot's behaif by John Dubeck of Keller and Hecknia.., LLP; in
follow-up, this section 8(e) letter is being submitted within 15 working days of realizing that the study
might represent a section 8(¢) teportable discovesy.

[YSCA Confidential Business Information deleted.]
N }vnstedwdmad—howm&mhalmmmnymﬂym-a'shmmwa

smmmmmwwm‘___mur 0.54, orz.lmyL All

animals in the 2.1 mg/L exposure group and S/5 males and 2/5 females in the 0.54 mg/L exposure group
died during the exposure peciod. No lethality was observed in the kowest exposure group. The calculated
LCx and 95%% confidence limits were reported to be 0.49 mg/L (0.33 - 0.62). [ ]

Whether or not these results represented a new discovery in 1994 is unclear.  Findings of lethality at
mmbhmmfws&nﬂupm&wbmmmdmmmmm(mmuow}
Lethality was observed in a number of repeated exposuve inhalation studies in which rats wero exposed
to lower conceatrations (1.¢, < 0.4S mg/L) of compounds similar to {Cabot’s product]. Reuzel et al.
(1991) reperted lethality in rats exposed to [Compound A} at 8.209 mg /L. during a 14-day mnge finding
study mCUD(IWG)WMmdthﬁwamvmobuwed st one study,

cous” lethality was reported in 60/235 rats cxposed for 4 hours/day for up to one year to
{Cmpomdalnoosmgll. In ancther I-yesr study, lethality was reported in rats exposed for 5
hours/day to [Compound €} st 0.05 mg /L. [ B
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- . . | Towest copcyntration st |- .
} Prodect stady observed ) Referunce —_— _{
Cabot’s product] 4-hour 054 (LCw=045) Cabot (1994)
| [Compound A} 14-day 0.209° TUCLID; Reuzei{1991)
B I-year 0.08° UCLID
ICwnpoand Cl }-year 0.0s* T WUCLID

*Note: the length of exposure that resulted in ferhality is not Know,

These studics identify lethality at «ir conceatrations similar or lower o those observed in our study.
However, there are some iimitations to imerpreting these studies since the details on exposure time and
resulting lethality have not been provided. In other words, it is unclear if icthality occurred following
expostre 10 only one 4-hour exposure or 1o repeated chofi-term exposures. There is some evidence that
lethality in the other studies occurred carly on, as in the [Compound C) study. More specifically, the
exposure 1o (Compounc C] was reportedly reduced to 2 days/week as a result of unexpected lethality.
Although these data su- gest lethality following an acute exposure, they do not definitively make clear
whether the findings ar.: attributable to single or multipl= exposures.

Io sunmary, Cabot™s dats are, in principle, consistent with the results of studics previousiy presented in
the public domain. However, the lack of detail preseated in the publicly-available study summaries
leaves opes the possibility tat our results represent the lowest concentration to produce lethality 2fter a
single 4-hour exposure

Tf you have say questions, please do not hesitat= to coutact me at 978-670-6965.

Sincerely.

D . CW \\1 77

D. Cooper Rees, Ph.D., DABT

Director of Toxicology and Corporate Toxicologist

Enclosures {TSCA Confidential Business Information - uot included)

¢ Rosina Toscano, U.S. EPA - Region |
John Dubeck, Esq., Keller and Heckman, LiF
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SUBCHRON’C' INHALATION TOX;CITY OF AMGRPHOUS
SILICAS AND QUARTZ DUST IN RATS

) P.G.J. Revzaz, 5. P. Brunizes, V. J. Fszon 20d R A Wourersen
THO To-iuology 15 Nutrition Iastitte. PO Bax 360, 3700 AY Zeist, The Nechezlande

(Aceepted 21 February 1991)

Abstrect—=The inhalztion rexicity of thyoe amorphous siliess (A~sosit 200, Acrosit R 974 and Siperaat 225)
Was with tiat of quartz dust. Rats wore aaposed 10 L, 6 or M mg Acvosil 200/’ 30 ;g Acrosil
R ¢dfa, 30 mg DS/ or 60 my quartzfo® fur 6 hr/day. S days/wk Sor 13 wi. Some rats were
Kifiod x4 the ead of period and some wers Klled 13, 26, 35 or 52 wk xfer the cud of expesure.
» Qligieal sigas, body . haestology, bischemistry, wipalyses, organ tweights, reweation of test
mdnmanmugwmn.uqmmmmmmmmmw
patkolagy were in order to Jistlase possible sdverse offects w04 10 study the reversibility,
subility or progressien of the effects. All ~:nt raterials foduced iacreascs in Jung weight, and primonary
. ledions such as accusaulation of alveolar macrophages, nftanmmation, slveoclar Lronchickration aod
fitwosiz, In sddition, rats to Aereil 200, Aercsi R 574 or quarte gravalomatous
Tesions. Silicosis was adserved crly in quasiz-cxoosed animals. At the end of the expesure pusiod, Actesit
MMWNWMMWW.MdmmwmmeWWM

G

the changes in Ux progressed dusing the Host-reatment pesiod, apd cventually resulted in desions
mmmm&mqmmmumumhwmwwqﬁmy '

* cloared from ihe lvags and regionw) lyespht nodss, the chagges io thes ofgans war oaly pactly
MTLMRWMMMMWMﬂ

duripg e
to Sipznet 228, @
ponLtreatment period.

Dritexposure pariod in mts exposed (o 30
200 resulted i Joss sivere, and mostly reversible, changes. The slighiest
jng the persistence of “Nis sifica i the

ooteithrtasding the persistence
od. The recults of this stady revested thet only quartz fadoocd progressive Iesions in

pevarsed

clanges were fourd afier
huangs during the saxjor pavt of the

ﬁelwmﬁuﬁw&ﬂd&ﬁhmmhowsﬁmaﬁﬁk«ﬂl&bﬁad&wt

scvere changes in the fungs, which oty partly recor

completely reversible lung changes. .

ITRODUCTION
Amorpbous silicas are widely used in synthetic sesins,

plastics, lacquers, vigyl coatings, varnisbes, pharmas’
esuticals,

cosmetics, adherives, paints and foods sad
1desp owupaiiomu CAPGIWT W
these substanees (Groth 7 al., 1979). Exposure levels
dusing production werc momitored between 1974 and
1985 2od varied from 13 mg total dusym® in 1982 to
22 wg/m’ in 1984 and 44 mp/m? in 1986 (Degussa
AG, 1963 a0d 1967 . . . .
wlicas kave tae same basic chemical
formula (ximost 100% SiO,) 25 quartz, 3 crystalline
siliea. ¥ i5 well koown that quarte dust cap induce
silicosis, & chronic Jung disease characterizzd by
severe Bbrosis and grex % int the luags (Gleason
et ., 1965; Reiscr er al,, 1982; Reiser and Last, 1979
and 1983; Renns er o, 1985), Amcrphous silicas,
however, have been 1. in animat stodies to
have no {Girtner, [952) oc Gitle (Groth et al, 1979;
KlosterkStter, 1965; Schepers ¢t al., 1957} Sarogenic
ity. No silicosis was found in wokess cxposed ©
amorphous silics for up to 384 yzars and po definile
relationships between expasure 1o Aerosil (an amor
phous sifica) and symptomatic complaints were
found (Degussa AG, 1987).
To verily the difference in offects or the lungs
buween quastz and three amorphous  silicas

«To whom correspondence should be addrcssed.

FCI -0

3, whereas Sipernat 225 induced the least severe,

(Actosit 200, Aerosil R 974 and Sipemat 225) we
caied out & 13wk inhalation study followed by
observation periods of up to 1yr.
i1 200, & hydrophilic silicz, was selected as
the primary test wmaterial becguse it is the most
widely used grade and it bxs x propensity to genec-
te airbomme particles. Astosil R 974 was sclected
boeausc it is produced by 8 checmical treatment of
Aexosil 200: 2 cardon ccatent of approximately 1%
transforms this material igto the hydrophobic state.
Sipernat 228 was chosen because it has the same
specific surfuce area as Acrosit 200. The concea-
{oavions selected were baged on the results of 2-wk
cuncentration-finding stodies with cach of the test
s tesials, The revults of these 2-wk studies have been
summarized in the present paper. :

Acrosi 200 was examined at three exposure levels.
From tie 2-wk studies we koew that 17 g Acrosd
200/n2) induced very shight adverse cffects in the Jung.
Therefore, the highest exposure level (30mg/m’)
could be expacted to faducce cicar cffects but no
mortality. The level of 6 mg/m® was selocted because
it was the Gorman TLV valee for fnert dust. Both
Acros? R 974 3nd Sipemat 228 were cxsmined at ane
level only (30 mg/m?) which was chosen so that we
could compare the effects of the three amorphous
sifica dusts. Quartz bad induced only slight changes
siter 2 WK of ~xposure a1 2 Jeve] of 70 mg/m). In order
1o be sure that changes would octur, QUarly dust Wwas
cxamined at & level of 60 mg/m’.

ket
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MATERIALS AND METHODS

Conceniration-finding studies

2-Wk inhalation toxicity studies were cargied out
with Acrosil 200 (0, 17, 44 or 164 ma/m? air), Acrosi!
R 974 (0, 31, 87 or 209 mg/m’ ait), Sipernat 228 (0,
46, 180 or ﬁesmg{m’ ir) 2nd quartz dust (9, 70, 211
or 901 mg/m? aig),

SPF-bred Wistar rats (Cpb: WU, £ wk old) weze:
purchased from the TNO Central: Institate for the
Beeeding of Laberatory Amigsels, Zeist T Nagher
lands. Groups of 19-rmajkes and 10 femmies werc
housed in cxposurc chambers {se¢ boiow) and ox-
posed to 2tmospheres containing one of the fest”
compounds for 6he/diy, S daysfwk foc 2wk, Body
wrights, faed comsumption, hacmatologeal par-
ameters, organ w:xgkrs aod gross and micrescopic

pathclogy were useq 1o examine the toxic Wot ,

the test majerials, - -

Sub~chronic stidy

Animals end mointenance. 6-Wiold mzic (n = 490)
and female ;= 490) SPF-bred Wistar rats (Cpb: WU, -
Wistar random) were purchased from the TNO-
Central Institute for the Breeding of Labomory
Animels, They were housed fingly i stainkess'stocl
wire cages in Hazieton H 1000 inhaiarion chambers
througbout ..the wholc . 13-wk c<xposure. peniod. -
The chambers wue kept 2t 21-23°C, snd §5-75% .
celative humidity, with 2n zir-8ow of approximate’y
4Om¥hr. The: rats- were” provided ad- 5. with
unfivoridated tap-water and fed the Justitute’s stock
dict for rats. During exposute wae rats were deprived
of food and waier. After the exposwe period
those rxts that were retained for the post-iraziment
periods were srapsferred  from  the  inhalation
chambers 10 an animal room and housed in wives
mesh, s(mnlﬂs-slle capes, five males md ﬁvc !ema.lr:.
0 2 cage.— -~

Tess mamw Commerejal gmdcammphous sihcas
were magufactured by Degussa: AG (Frankfint am
Main, Genmapy) and quanz dust (Sikron F 300) was:
obtgined from Quartz Wearke: (Frechen, Gerdany), -
The specifications and typical values of the t«stad
silicas are presented g Table 1. -~

The very - small pamcl:s (<6-—abvut
45 am, cafeulated: as the grithmetic mean of trans-
mission electron- micrograph - magnifications) foou -
agglomerates and sggregates (Plate 1), Becguse of the
weakness of the bonds and the electrostatic charge
of the particles it was xmposmbk to dctcrmm: thc

Teee mera e w3 L
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Table 2 Mesa concentratons of tost materia's in sest
atmosgheres
Yarget conon Actual goacn
Tt materal (neie’) (e’ & SEM)
Nzoe (control) - . -~
. Aerosl 200 i 13408
§ 39102
k] 310409,
Acrod] R 574 » U107
Sipernat 228 3 349105
Quorix 0 515467

amdymmc agglomemclaggregatc size dismbnuon
m the test atmosphercs. FYRS R
The.ravge of the goorr. e a;gommtcjagpcgate
sizz distribotion was 1 «w about 120 pm for the
amoxphmsiﬁm.mwmm:atzbomwmd
100 p. Quarez pagtisic <izes globany varied be:ween

0.1 and 25 pra (Tablc ))..

. Asrasols weee gooerated using the Insmnzc s dvs:
amcetors, which were composed, of a dust feed
mochanise and. an’ atomizer opmated by com.
pressed air. The conecntrations of test material in the
test, atospheres were determined. by gravimetry..
Samples of the test atmospheres were drawn through
glass fibce filters (Sartorizs SM 13430)." The filters
wese weighed just before and after nmplmg. -,

. Study design and sreavmen:, Thete sere- six test
. groups and oné control group each mnxxmmg 70
mtls and 70, feryales. The rats were exposed for
6br/day, 5 days,wk for 13wk to- conceatrations
of test materizl as presented gn,'f;b!e 2. After the
exposure period and 13, 25, 39 ‘zod 52 wk: aftér
cxposure 20, 10,- I0, 10 znd 20 . mtsfsex/;mup.
respectively, were bﬂed

Observations, kamza:ology and bwd-m:vy Chm .

cxl gbseyvations were, made- daily. Body weights
were recorded weekly duriog the cxposure pesiod and
onte cvery 4wk’ thereaficr. Hasmatological: and

urinary parameters were determined in 10 ratsfsexf.

group at 13-wk intervals. Hacmzxologza! determi-.
nations inciude cell .cowits, bacmogiobin coprent,

packod el volaine, whiteccll counts, differential .

white-cell ‘counts,. prothrombin time, thrombo:

<ytes, albumia, alkalme phosphatase, alanine smino-

trausferase, aspartate aminotransferase, ures, . total -

Drotein, creatinine, total bilirabin,- alcium, potase-
jum,’ sodivnt,’ inorgagic phosphate, cholesteiol and
glucose. Urinary parameters incladed g

vohume, denslty and pH, apatysis for protein, occult
blood, gluesse and kctors ard microscopy of
sedi:nanh )

Table 1 smaeaamormwmwm

Chrarpcresisue Acrosil 200 Acvotll R 974 *  Sipcrest 225 . Quascr
Structime Amonghout Amorphous -+ Amorpbous Crysaliioc
BET-surface a2 (0%/g) 20 m B 1%
Brhaviour against water Hydrophific Hydrophobic EySrophihe Hydroaphilic
Men prioary . ‘
* particle sizs (um) [ %4 R 5 ) e L300
Primary particle shape © | Sphencad Spheriet Sphetical Coare. irtegular sharp odges
Aggiomenaiion g (gm) A, NA 7 No sgglomeratios
pH wlfue 3643 3543 63 7
$iQ, cootsat (V) >99% >908 el : 99
Sodum wulphsic (%o} NA TONA c3 NA
Chlande {ppm) <25 <300 A NA

RNA = ol applicabic
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Pathology. Fsom 50% of thc rats killed 8t
each stags the following tissues and organs were
collected and prescrved in 4% agqueous, ncutral
phosphate buffered formaldehyde solutions: lungs,
mediastinal and bylus lymph nodes, trackea, Jag-
yox, adccnals, aom.anlhtylymphnods.bm
(braivstem, cercbtum’ and’ ceschellum), csecum, co-
agulating glands, colon, duodcoum, cpididymides,

eyes, heart, ileu, jejuman, kidnéys, liver, mammary .

glands; siescateric iymph godes, nose (nasal cavity),
:;oybsns.mm pmz‘hyrm::puouc
ivary glands, pharynx, pi prostate, rectum,
scminal vesiclés, skéletal musele (thigh), skin/subcutis
(fapk), ~simal, cordy. splecii, stamum with : bone.
fearrow, stomach, sublingual salivary glands, testes,’
taymus Gf identifiable), tbyrmd‘ wrinary bladder and
uterus. The Jungs, adrenals, brain
liver, spleen, (stsmdebyumsmwaghed The
lungs were Sxed by intratrschea inflation with'the
fizative uader 10-cm water pressurc, Tissves required
for microscopic examinstion were cmbedded in
Paraplast, . sectioned. - Spm and stained -with
hacrestoxylins and eosiz. Histopathological examig--
anonwamedontonaunmndomus
collccted at the end of the ¢ peziod, #nd o
the: respiratoty tract and rcgiona! lymph'.nodes
coliected afer- 13, 26, 39 and 52 wk of observation.’
* Collagen -ontent in kings end silicon conterit in lungs
and aysecieted I p&mdc.l’mthcvtbefw% of
:kemﬁlhdaachdmcmone!mwas
mpnd for* determination of hydroxyproline as an
mdmtoroflhewnagcn content in the Jungs: The
lung tissue was hydrolysed-in 6 N-HCl at- HO‘C for
16ke. Afier filtration of the solution, the hydidxy-
mﬁnemmwdamnedbymofancb
Autoanzlyzce I, vsing the Industrial Methed-
NL 1€2-78F (Technicon Instruments, 1978) A con-'

version factor of 8 was used o estimate the collagen

m.mzm.heamnuntof line.” The

totat collagen conteat in both lungs was celeulated .

tmmtheedhgmeonmdemwdmtheonemnz.-
mcwgmwmauu;mmwgmm Dol Jungs,
muamﬂumﬂameoumtmboth!mgs

The tota] collagen content was expressed »elative to
bcdywaghndordutoeonwtt‘ordﬂmesmlmg

weight, -
Towdythedumu(’mem'hmmwe' relatedly

lunss thc amount of silicon ‘was detenmined in the
leng and in the associated lymph nodes

at the end of the exposure period and st 3-month .

intervals thereafter. The amounts of siicon found
io -1t Jung were converted om the basis ‘of the

se;: L ate hung weights to values for both lungs, assum< .

ing that e distribution of the silica particles betwetnt
the two lungs was 10 the relative weights
of the two Jungs. Silicon content was deterained by
flame absorption spectrometry (Lichte ef al., 1960).

Statistical analyses. Body weights were aoalysed by
an analysis of co-variza (Cocbran, 1957) followed
by the Duznett's multiple comparison test (Dunnctt,
1955). Analysis of variance (Stecl and Tomie, 1960)
followed by the Dunnctt's multiple comparison test
were applied to the organ weights, ‘and haemnatologi-
<2l and biochemical data. [ucidences of histupatho-
logical changes were analysed by ihe Fisher exact
probabvility test (Siegel 1956).

, Beary, kidneys,

RESULTS

Concentratior.-finding studies

"Aerosil 200, Respitatory distress was obseeved
in all groups, Og~ fomale exposed to 164 mg/nr’
died during the study. Body-weight gain and mean
{ood consumption were reduced in males exposed
fo 44 or 164 mg/m’ in comparison with the controls.
l-hszopuhohcy revealed increased septal celluler-
ity, alveolac interstitial pneumonia and gravulomas
in the lungs of males and females of 2l st groups.
There vas & cleay conccatation-response relation-

It, was eondudqd that the ‘ac-observed-
admcﬂ'ec(l:vdofc\mﬁlzwmlomrm
Hoagm?. -

Aerosil R 974, Rmtoqmmwasobsmedm
all rats exposed to Acrosil R 974, Four malcs and two
females exposed to 209 tg/m’ air died. Body-weight
gain and food consumption were lowes-in msles sad
femalcs axpased to 87 or 209 mg Aerosil R 974/’
than in contruls. Flacmoglobin content, packed cell

“volume 2nd red blood oxll count were clevated n

mak rats exposed to 87 or 209 mg Acrosil R 574/m?.
qubmthchd:&doscmnpnbibmdelevued
o2l volumes. -

Absolute zod relative lung waghz were dosordxt-
edly increasnd i all test groups. Moreover, the lungs
of several aniwals in all test groups were pale,
spomd. swollen and spoogy. Microscopic- cramio-

ation tevezicd a concentration-related” inctease in.

eclivlarity, alveclar cedema and granulomas of the
kags of all test groups. Tt was concluded that the
no-observed-adverse effect level of AcrosilRS‘Mvms
lmmslmym’ :

~Sipernat- 225+ Respiratory distress was observed
inall Froups exposed te Sipernat. One wale expased
toMmg]m’died.Inmpanson\mhthemmls.
body-weight ‘gain was reduced in -males exposed
to 170 or 680 g/’ and in females exposed 0
680 mgim and @2y food consumption: was de<

.. AL

LICEND I RS v v

globin content: packed cell volume and red blood
cell counts were higher io wmales cxposed te 170 or
680 mghn’ than in controls.

-Absolute and relative lump weights were dose-
incrcased i1 all test groups. The lungs
of several rats exposed'to the highest dose wers
spotted and' swollen' and bad sn iregular surizcc.
Microscopic examination revesied increased septal
celiularity, interstitial pocumonia and accunuiations
of particulate ymaterial in the lungs of 1ot majes
exposed to 170 or 630 mg/m® and in famales of all
wt groups. Granulomas were found in the luags of
rats exposed to 630 mg/e=’. It was concluded that the

" novobsepved-gdverse effect level of Siparnat 225 was

lower thag 46 mg/m?® aic.

Quarty dust. Body-weight gain was reduced in
ales exposed to 211 or 911 mgfm®. Mortulity did
not oecur and food consumption and bhaemato-
logy werc muremarkable, Absolute and retative hmg
weights were increased in rats exposed 1o 901 mg/m’.
Histopathology revesled increased cellularity, inter-
stitial pacumonria and accumulations of alveolar
microphages in lunge of most rats exposed © quaric
dust.
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Tatle 3. 1 weights of ratd exnosad to amorphous sitic 0. QUanz %o¢ 13 wk and then obzcoved for up (6 52 wk
Body waighS {5} of rals caposed o0
Azrosil 206
Weeks after Actosil R 976 Sipermst 228 Quartz
exposuret Control } mgrm! & mg/nr® 0 mg/m’ (Bog/m’) Rmgm’)  (@mpx?)
-1 1094200 197210 OE£I0Q) 064I(M) 158220000 W0E=I(0)  I06+1(N)
g 380300 MRG0 3652407 35545°°C0) 3W24(0) IQLSOY L)
33 CMMIET(30) 44346(50) DTLE(N) B2 6(N) 51 6(45) M6 41246°(50)
26 AN 2E(80) HSSEIW)  STLE(AD) SOOI  H4x8(). ASLIQ9) AT T*%(40)
39, JI6x14Q20) S524:1IC20) S+ 14(20) S0P+ 14Q0) SIS 12(20) 4962 12(19) 487 £10020)
$2 $BOL17€20) 34+ 19Q0) SBL xsm) SSTUE . NBELNI2EH NS 1308 45210
. v Ferander - . < .. ) .o
-13 167£1000) 196 £ 1(70) mum) W07L100; | W052100) . 107210y 1053100
D) ZI$20) D200 BIL200) E£A(0) X2 W3 DELI(RD
13 (243 3(50)  2SERI(KD WA L3N 25432(50) 2BAIM)- UEII( -
% 44s(30) AWSIIB6) WIL6(I0) WILEM) - WOLES) BAE6(%) 25815030
39 VSLBR0) BBETQRO) W6:9EH MYLIBUY BEET(8) I Li0(15) 2MILIC0)
2 JIS2RQA9)  3Ii247(0) BV 335.& HA W +9Q7) IMEISUE ZZEE9°(E)
T AWK 13 wviart of the exporoy porind. T ~
Values are menms & SEM for the bert ef rats inds “ia]mmtbﬁa. K

Vdoes marked with agteisks ifler sngmhr.dy(mmd Dunndu fesls. :MMMMwwﬁwmlvﬂu

CF <005 *p <on1)
Subchranic szudy— - T 5 i contrals, but the clovtiog, was oaly statistically
significant in tals exposed to 30mg Acrosd 200/’

Expa:u'z cancmzrarzam 'I'hc actua.l exposure
conceatraiions of the test material {Table 2) were
quite close 1o the targel concentrations in: spile
of difficulties presented by, the eleeirical charge on

the particies, whSch was nm allowed to be mu—al :
ired.

- Clinical sxgn: bad'y wcqldx i*aemrolagy atd
ckinieal chemisiry. During cxposure, there was a con-
ecntration-related mcrease in the resp sation rate of
apimals exposed 10 Acrosif 200. The resplration rate
Quickly returaed to nonwal when the cxposur: ‘was
ended,

Ax the cnd of the exXposure pcrxcd body-wcxgh:

min was-5~10% lower in males expased to 30wmg.
Acrasit 200/5 or 30 mg Sipernat 225w’ The body:
weight of quartz-xpoved rats was got affected during.

the exposu.re pedod. After 2 13-wk post-cxposum

v e adts Teaf —atiiaad

U i T J ~t
e VU] Tiagliia Sad & bRk eled \v GUIWA B ‘-"'

groups exposed to the amorpbous silicas. However,
the quartz-aposcd rats showed z dlightly progressive
reductian. - weight . gaim: thmnghout the. poat-
exposure neriod (Table 3). .

AU the ead of the exposure period, nzulmphiﬁc
Icucoq'te counts were higher i oSt groups, than

or to quartz. These covats were back 1o normal in
fazs exposed to Acrosil 203 within 13 wk of termin-
ation. of the exposwre. In qumiz-cxposed rats ke
acutrophilic ¢ =ounts- increased duoring.
the fiest 13 wkmcrthccndcfthemumand
xezrained bigh ditzing the whole post-cxposie p&nod
(Tzbk 4). -

“Red blood ol - w:mts. bacosiobis. content
and packed cell volumes kad sEgbtly increased in
malex to 30 mg- Acrosil 200/m®, Acrosil.
P. 974 or quartz by tbe cud of the exposure period
Aftcr 13 wk of non-cxposuse these parame.crs had
retmned to normal in il animale exposed to aor-
prous silicas The males exposed 1o guartz continued
10 sbow kigh red blood cell valu:s !b.ronghom the
observation period..,” .

From: 13- wi: aflex cxpmc. a.lmc mno—
tsoslorase  acUviuss- Weeassd o quariz-eaposd
tats. - In males the increase: was approximately
50-80% (P <000) in comparison with the captrols.
Alcalinc phosphatase getivity hed increased in rats
cxposed to quartz 52wk after the exposure period.
Tht remaining hacmatological and biochemical par-
arocters that were examined did net show differences

- Tl&&quw&c%\wmmmmwwWWn&:mmfm
13 wk and then observed for up 10 2 wic

Norsophific ecoyk: count (10%Bor)
in post-cxposore wi:

Group . o] 18 2% ¥ . 2

. Male -
Conirals 2043 4t 4 204% 1532 Msé
Azrotl 200 (30 mgim®} “Mt6tt U+Z 17x2 2043 242
Acront R 774 (W wp/m®s 7638 9+3 Wnt2 6+3 243
Siperax Z25 (30 mgpn’y 242 D e 2413 1913
Quxiz (60 mg/n”) 4547 N 12°* TILIO*T IS4 4t 95414

fomds - :

Controls 1243 132 1243 Nx2 €2
Acrosd 30 Co0mgim’) IS T 1542 911 943
Acrendd R9'400m&‘n:’) M43 nE2 1232 75 1743
Sipernat 275 {30 g} 544 lB£3 1232 15+2 244
Quartz (62 mpfer') a7 T4 SS4 YT SAL ST 534l

Values are meaans + SEM for procps of 10 rats. and those marked with aglerisiis difes
siguiScnntly (ANOVA and Duanei(y i1, two-rided) frome the corresponding controt
valuz (*F < .05 *<F < DO1).
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and the increases were statistically significant ia all
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Values are meads for groups of 1€ (wh 0 and 32} or § (wk 13,26 and 39) rais.
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Waeks of ¢ larminction of exposure perfod

g 3. Tqaimmt';:tsﬁn the luogs onﬁrxscxpoéd to Mphmaﬁqumm for 13 wik 29d killed
At 13w iatervals aflar exposure. Exposures wore a3 follows: O, 30 mg Acrosil 200/m3; [, ™ g Aerosil
R $74/r’; W, 30 mg Sipnai 225/ A, 60 mp quarzfm?. Valucs are meass for Bospr el wkOard

. 52) or ${wk 13, 26 and 39) rats.

controls, but in the course of the post~cxposure
petiod it had incveased marked!,. . coL.
- Silicon i 'the lungs and their associzicd Mnpk nodes,
Silicon levels in the hungs of males’ (except thoic
expased to Acrosil 200) were bigher 26 wi aftér the
o4 of exposuce thay 13 wk after the ead of exporire.
Mak rats exposed to quantz exhibited evenhigher
values at wk 39 than 3t wk 26 after exposure. This
phcnomenon, for which we have no sound expl-
mtion, was ndt obssrved in females (Fig. 3). In this
respect. it should be empbasizrd tuat largs differences
in silicon Jevels Ja"the Jungs were observed between
individus! animals of the sumhic gioup at- the. simie
stage] ‘Deéspite’ the “inexplicable resuits obuin=d
mxles the overall picture is clear. Large amouats of
siicon were detected int' the! hungs, and. @50 in the
lungassociated lymph nodes of animals exposad to
qoarty; both at the end of the avaorure pericd zod 2
all stages of the post-exposure period, ‘although sif-
odn Jevels cleatly decreased during the Sist 13 wk
after cxposure. Reatively bigh levels of silicon were
found . in Iungs and associated tymph nodes of rats
exposed to Aerosll R 974 at the end of the cxposure
pesicd, and smalles amounts were ‘present ‘13 and
26wk afler exposme, Even afler 2 post-exposure
period of 52wk, silicon was preseot in the ymph
nedes of one male exposed to Acrosil R $74. Silicon
way detected 1 the lungs of 100%, and in the lymph
aodes of about 0%, of the rats exposed to Sipernat
ZI8 and kifled at the end ef the exposurs perod.
Dunng the post-exposuze period, the amounts of
silicon in the Jung declined quickly, and 39 wk after
the end of cxposure no sificon could bé detected In the
lungs of s exposed to Sipernat 225. Sipammaz 228
disappeared. more dowly frem the Jungassociated
lvmph noder thin from the lungs, Asresil 200
was very gquickly cleared from the huogs and the
assocated Iymph nodes. ’

Pathology, Most of the rets exposed to amerphous |

xnhiczs or quartz and kitled st the mad of the exposure
pericd had swollen and spetizc lungs with a spoogy
consistensy andfor Lreguiar surfsce and enlarged
uageassociated lymph wodes. Thess changes were
mmost pronounced in the group exposed 1o quartz
Ar wk € alter exposurs, 1he gross changes had

disappeared in all greups exposed to the amorphons
silicas. However, i rats cxposcd to quirty, the gross
lesions in the lungs and luag-associsted lymph nodes
_remaiced - present dudng the who'e posi<sposure

' MicrosCopic changes were mainly ofmscrved in the
Jusgs (Table 5). Changes in rats killed zt the ead of
the expoSure period comprised slight' 10 severe o
cunplation of afveolat macrophages, intra-alvéclar
gmaular material, cellular debris and polymorpbonu-
clear feucocytes y the alveoldr spaces, and increased
septa] delivlarity, seen as an increase in the number of
type. I pocomicvtes, and macrophages” within: the
alveolar walls’-In goacrdl, the most severe changes
‘vecte found in r3ts cxpose’. to Arrosi] 200 (Plate 2) and
quarz (Plate 3),"and the nuidest changes were In mis
exposed. fo Sipermat 223, Alwolar bronchiolization,

RGP IR P R . U L i)'xaiv'whr

Y VRPN B ) w_.
SRTRVIENES oY Cugtiaa <Ells

spaces iosicad of "the normal fat- cells, occuried

 maialy in males expostd ta 6 or 30 mg Aerosil 200/m?

or to Acosit R 974." During the post-expossre
peniods; 0o’ fecovery from hmg Jesions was obseived
in quartz-exposcd racs, whereas in rats exposed to the
amorphous siticas the chxnges disa partly or
completely, In rats exposed to 30 my Aerosil 200/m°
ot to quartz sccumulations of alveolar macrophages
wepe stil} found 52 wk after the end of exposure, In
rats exposed 16 Sipernat 228 or Acrosit R 974 these

 detfons were found untl wk 39 after exposure.

Aoccumohation of intra-aiveolar matcrizl,
ocltular debris and polymorphonucicar leucocytes
were eccasiopally found in™ the group expased to
30 g Acrost! 200/m” and in all quentaexposed rats
during the post-exposure peried (Plates 2 and 4). Rats

- expused to Sipermat 223 récovered conapletely from

the slight morases in septal cellufacity that were
observed at the tnd of the exposure priiod. A lesser
degree of rocovery was observed ia cats exposed to
Acrosil 200 or ‘Aerosil R 974, and no recovery
occurrad in 1ats ex1 o 32d 1o quartz. Alveolar bronchi-
olization persisted mainly in quart2-exposed animrals
ang in some rats expoted (o Atrosil 200,

Focal interstitial Abrogis, seex as amorphous
eusinophilic, coliepen-containing thickenings of the
septa, was frst observed 13wk sfter exposurc in

P. 10997
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Plate 2. Light merograph of a postios of $x hung from x i1 cxposed 10 30 mg Aerosi] 200/m” for 13 wk
35¢ killed a2 the eod of the . thosure period. Note the sccumulstion of alvepiar maceaphages accompanied
by mexeased czddlanty of the sepla. M2ercatonyln and aosn. x 169,

P{u: 2, Light micrograph ¢f2 Ortion of Wi lueg frazm 2 ral expoted te 60 g quartz/m? for 13 wk and
kitled a1 the =04 of the exy sure wuriod. Note the pramuleratows lesiore (arrawsy and increased collntarisy
of the «'veolar szpla, Hasmstoxylin and ecsin. x 160,
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Platc & Light microgragh of a portfon of the Jung from a zat exposcd 10 60 g quartz/e® for 13wk apd

killed aficr 9 wonths of reccvery. Note the granvlomatous leslons com,
macrophapes, imtrasalveolar accumulstion of granuler material, cholestero! clefts (aryow) and celiulsr

x 180,

end of the exposure peniod. Haematsryhin and cosis.

2

graph of a portion of the tung with grasvlemss (a~rows) from 2 rat expesed 16 30 mg

micre,

Light
Acrosil R 974/ for 13 wk xad killed a* ¢}

Plate 5.
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Inkzalstion texicity of amorphous sificas

all cxposed groups. During ths subscquent posi-
CXpISUe periad, this condition dizppeared com-
pletely in rats cxposed to Aevesil R 974 or Sipemar
275, bt became mare tevere in rats exposed to 30 mg
Aerosil 200/m’ or t¢ quarz. .

Alveolar cholaigrot clefis were sezg in some nls
exposed 0 30 mg Asresil 200/m’ 13, 26 and 39wk

after the end of exposure. The presence of these elafis; °

which are commop in ¢hronic infammatery pro-
casses, was associated with e presence of mzero-
pbages and polymarpbonuciear leucotyvies 3 the
alveoli. Ons male in the G-mg Acrosil 200/m° grocp
8iso bad cholesterol clefts in the Iunge 13 wi after
the end of exposure. This condition was no longe

oboerved after a post-exposure period of 2wk

Ia At exposed to quasty. cholestersl clefis were
observed for the £irst e after 26 wk of non-
expasure. Diuing the remaizing recovery period this
iegion besame morc pronouaced (Plate 4).

Granulomas, seen a3 aggregntes of macrophage- .

lixe cells wers seanered threughott the Jungs of a fow

taws cxposed to 30wg. Acresil-200/r3, and of all, -

or nearly all, of those exposed to Azrosil R 974,
(Plate ) or quariz at the end of the exposure pericd.”
This lesion disappeased completely in rats of the

Acrosil 200 group within 13 wk after the end of

exposure, tut fn mts cxposed to Aerosil R 974
tecover ok more than 33 W' light fbrosis was
demonstrated in the granulomas i animals of the
Quartz group (Plate 4). .. :

Qne year after the cud of the exposure pericd, one
male rat, which bad becn’ exposed 10 quartz,. bad

2 forad of squemous metaplasia in-the periphoy of
-noduoks

the humg: In 2ddition, in ouc femsle of the quariz
froup 2 small but arequivosal squamous cell carci-
noma was found in the lung parenchymwa .t = -
- Microscopic chaages ig the ~sociated iymph nodes
wese characierized by 2 considaasle sccumuiation’
of masropbages wik or withowt oelfulal maTosis.
They wese found in all test groups. However, granu-
lomg. wee~ not found in the lymph nodes. In the
quartz-expoesed zats, shight Sbrosis of the associated
lyroph nodes was seaa at the end af the post-expasurce
Treatment-relzted changes were foond in the-pose
of all @t 2t the end of the exposura period only.
They comprised focal neetosis and rhinitis maialy
in animals .io the ar scphous siica, and
slight degeneration of the oifactory epitheliue: v i
expesad groups. The nature of this reversibie damuage
to the nuse wos simiinr i alf test gioups indicating 2
rather non-specific iritating offect. .
The other ¢rgan: examined, iackading the liver, i
i ieveal teatmerterclated icsions, :

DISOUSSION

Whea wbaled, both quariz and (b amorphous
silezs 2dversely sffectad the rospirniory (ract. Soms
of the changes were found 6 be similar for 2l tex
materials, but there were also significent differences
between the various fest mzizpals i the typr and
degres of (ie lesions observed. The charses indused
by the wnerphous siica dusts were geacrally most
2pparcnt by the end of the exposure prood, Out

disapprared mare or loss quickly within | yr afier the

FROM KELLER AND HECKMAN 20824344654
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rad of exposuse. The quanz-induced changes were
relatively mild 2t the cnd of (he cxposnre period but
progressed distinesly theresfrer, e - .g a steedy
state about 6 months after crposure. There was zo
recovery duting the snbseguent 6 months.

The privaipal effect of quartz is the inducton of
Sbrotic lung disease characterized by an increase in
Sbratic tissue and the prescoce of grazulomas (Reiscr
and Last, 1979; Renoe e o, 1905). Amorphous
sificas have also been conddered te be comsiderably

* fibrogeaic but, unlike guanyz, they have beex reported

not to induce silicole roctules (KlosisrkStter, 1965).

- Increases in interstitial Sbrosis and gramwomatous

lesions, and ko 2gprepates of macrophsges aud
poiymophoauclear leucocytes, and septal hyper-
eellutasity wre considered to be carly events m the
cvolution of silicotic nodulss.

In the present study, such curly cvenis were seen
to diffrent extents in all cxposcd groups Yn rags
exposed to ibe amorpuous silices these lesions
regressed, albeit not completely, In rats & sed to
Aerosii 200, whereas the: was a clear progression of
the Jesions in rats cxposed 1o quariz. The formtion

- of coliagen Sbres and byalinization in the granulomaa-

tous lsxi>s, which do not cegress, are considered to
be late events in the evolution of silicotic podule;.
Thave latc events weare oot foond i granulonmatous
lesions induced by the amorphoys silicas. This is in
sccordames with results of previous studies (Gartner,
1952; Groth et al, 1979; Dlosierkstter, 1965). In
quartz-expesed :als, collagee fibres were found in
e grazulomalovs lesioms, which ¢id not regress.
Thevefore, these zranulomas were considered silicotic

Tbe fidrogenic potential of silicon dioxide has been
ruggested o be atttitnnable 1o toxic interactions with
cell socmbraues and to the secrction of facters by
alveolar macroplages that stimulate lung Sibroblast
prolifciation apd coifagen formauon (Benson e aL,

-1986; Gritter ¢ af., 1986). In addition, the pre:

=nce of polymorphonudiear izucocytes in the lungs
3 cop.clered to play » ol in the evolution of lung
£brosis by reicase of fysosomal enzymes (Adamson
and Bowden, 1914)..The large pumbess’ of poly-
merpbeaucleds izusoeytes and elveclar macrophages
in the Jungs of rats ex; ased to Aercsil 20 or quarnz,
and the fibrolic response of the hungs, rerefore, are
n kecping with this suggestion.

AR amorpbous glicx dusts were completely clrmared
from the lungs, whereas quamz dust was partially
¢leared durmg the frst 13 wk afeer exposure, but oot
then further cdeared. The mechanism by which the
125t roateial particlas wepe retnoved {rom the lungs in
the present stedy is act fully understcad. The roie of
alveolar mxcrophbages in hing clearance s carriers of
phagocytosed particles from the alveoki to the lymph
noges is controversial (Lehnert et ol, 1936). How-

.ever, in the prosent study accumulations ~f macro-

priges laden with fine granular materia: and the
preseoce of test material iz the rogional lvmph nodes,
suggest an sctive role of the macrophages in lung
clezrance. Aerosit 200 azd guartz dust induoed (he
most prongumend responses of alveoiar reacrephages.
Saii 2t the ead of e erposure pariod and dunag
the post-expusure penod, despite the fact that of all
the matenals tested Aerosi] 200 wys cleared fasiest

P.14-47
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Inhalation toxicity of amarphous silicas

Sipernat 225 caused only 2 very shight respoasc
of alveolar macrophages, though it was preseat for
mare than 26wk aftcr the end of exposure. In
addition to particle size and shape, differences in
the chemical and physicgl propertics of the surfece
of the particles dight be responsible for the differ.
ences in rracrophage response and clearance .te
The dissoluion of partitles most probably has
played the most impostant role in the fung clesrancs
of the amorphous silicas. The very small primary
pasticles of the amorphous silicas bad relative surface
areas that were. about 10-1000-fold grester than
that of quartz. On the basis of tais Jdifference
iz rclative surface area the amorphous slfica can
be expected 1o bave been dissolved considerably
faster than the quarwz partictes. Changes fn physico-
chemicsl properties due to chemical restment of
the primary amorphous silica might be responsible
for differenoes in solubility and explain the longer
persistence of Aeromil R 97 particics i the lung
The fast dissolution of Acrosil 200 will have resulied
in gelatively . bigh concentaations of dissolved
Si0;. explaining why Aevosil 200 indwoed morc
severs ung chaages* than-did Acrosil R 974 or
Sipesat 228, .. - - .

Mucodliary clearance of the vatious (=t materials
may have been differeat, and such possible diffé pences
may Bave been at feast partly responsible for the
differences in clearance rate hetween the varions test
matcrials, .

The toxicologica! significance of €~ single
squamots ¢l carcipoma m the lung of oz quarte-
exposed admal is questionable. Howevar, iung
tumouys, i:luding squamous ecl! cxrvinomas, bave
besn observed in rats beth after inhlakon (Holland
¢ al, 1936) and after intratracheal instillation of
quarrz (Groth o af, 1538) In zdditicn, there mre
indications for the co-carcinogenic properties of
quartz (Tlling, 1986). Morcaver, rot one pulmonary
squamous ] carcinoma has been found in a total
of 1450 Cph:WII, Wittar randam vate yeed ae
controls in longtam studies carried o1 I our
institute. Therefore, x relationstop betwoen the occur-
rence of the single pulmonary squamouns el carci-
noma and the presence of quartz tn the lungs is most
fikely.

The increascs in meurrophilic Jeucocyte counts
in rats exposed 10 Aeros 200 or quartz wepe found
w parallel the occumence of chanpes in the jungs,
and tudoed were considered 9 be 3 refiection of
ssfammarery pubmonary reactions.

The wo most important differences in effects
Oetween quarrz and the amorphous silicas wec as
follows:

Quartz. but not the amorphous sificas, induced
pasistent granulomas very much resembling
silicotic nodules.

The udverse effects in the rospiratery teact induced

by the amorphous silicas panily or compiciely

regrossed after exposurs was coded, whiersas mest
of the quartz-isduced changes prograssed.

Of the amorphous silice products, Aerosii 200
gencrally induced the most severe adverse cfects,
Desplie the very quick ciearance of the 15t material
from the iungs and iymph nodes, the recovery of
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the respiratery tract occurred rather slowly and in-
completely after cxpusure 1o fevels of 6 or 30 mg/m”.
At the I mig/m’ leve! the cffects werc rather mild, and
morcover, iry disappeared within 13 wk of the ead
of exposure.
Aerosil R 974 induced effects similar to those of
30 mg Acrosit 200/m’. [he changes were pencrally
slightly fess severe and recovery was quicker thun ia
rats expoted 1o ".erosil 200, The exception was the
granulomatous lesions, which occurred more fre-
qQuently and diszppeared at x Iater stage during the
expasige period. This might be refzted te the Righer
pegsistence of Acrosi] R 574 ic e fugps.

Sipernat 225 induced chaages that were also simi-
far 0 those of batk Acrosil prodocts, but they were
mild and recovery was quick, even though the test
material «ax only siowly cleared from the Jungs and
lng-associared lymph nodes.

Quartz at a level of ) mg/m® induced changes that
were sipailar to those seen in rats exposed to 30 mg/m®
Acrosil 200 or Aerosit R 974 xt the end of the
cxposuce period, butl most changes considerably pro-
gressod dodug the I-yr post-cxposure period. Pesist.
ent grasulomas, comparable with sflicotic nodules,
cocurred only in lungs of whis gronp. The kvel of
60 mg quartzfm® used in the present stody was sc-
kcted on the basis of 3 [4-day concenration-finding
stedy. Having seen the resulis of the piesent study, &
lower coneentration of quartz (30 mg/m®) woald bave
been more appropriate boczuse it would bave allowed
ar cven betier comparison of the effects of quartz
with those of the amorphous silicas.

Adkowledgemenis~Toest studies were performed at the
sequest of and wers spensored by Degunsz AG, Fraskfon
am Mzio, Germsay. The sutbors wish to thonk Ing. Jan
Viljers for technical assistanca
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