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ABSTRACT
This is a safety assessment of silica and theegtlesmetic ingredients: alumina magnesium metass)
aluminum calcium sodium silicate, aluminum ironcsites, hydrated silica, and sodium potassium alumisilicate. These
ingredients are synthetic amorphous silicas amch##ls; crystalline silica is not a cosmetic ingeetiand is not used in
cosmetics. These ingredients are used as budigagts and for various other functions. The huarahanimal safety data
relevant to the cosmetic use of these ingredients @wssessed by the Cosmetic Ingredient Review) @&tRert Panel. The
Panel concluded that these ingredients are safesasetic ingredients in the practices of use amt@atrations as described

in this safety assessment when formulated to berespirable.

INTRODUCTION

There are 2 categories of silica, crystalline amtghous. Only the amorphous forms of silica, etde
specifically, synthetic amorphous silica and stésa are used in cosmetics. Accordingly, thistgafesessment addresses
silica, alumina magnesium metasilicate, aluminufoiean sodium silicate, aluminum iron silicates, hatd silica, and
sodium potassium aluminum silicate.

Crystalline silica is not used in cosmetics.

Synthetic amorphous silica is created by 2 methwdsand thermal. The wet process creates siétamp
hydrated silica (also known as precipitated silicBhe thermal process creates fumed silica, wisietiso referred to as
pyrogenic silica in recent publications. Thesetheeonly forms of silica addressed in this safetyessment. The fumed
silica is not to be confused with silica fume, whis a crystalline form of silica, not used in cedits, and is not considered
in this safety assessment. Figure 1 demonstiag¢edifferent polymorphs of silica.

In each summary of data, the term for the formilafasused by the author is used. When the typslich is not
made clear the term silica is used.

An earlier safety assessment by the Cosmetic dirgme Review (CIR) Expert Panel addressed thesafet
aluminum silicate, calcium silicate, magnesium atumm silicate, magnesium silicate, magnesium i€, sodium
magnesium silicate, zirconium silicate, attapulditentonite, fuller's earth, hectorite, kaolinhlitm magnesium silicate,
lithium magnesium sodium silicate, montmorillonipdtassium silcate, pryrophyllite, sodium metaatii; sodium silicate,
and zeolite. The CIR Expert Panel concluded tede ingredients were “...safe as used in cosiedaucts...”. The Panel
also reviewed potassium silicate, sodium metasdicand sodium silicate and concluded that theyWessafe for use in
cosmetic products in the practices of use and curat®n described in this safety assessment, vidramnulated to avoid

irritation...” (Andersen 2003, 2005).



CHEMISTRY
Definition and Structure

Silica

The CAS No. 7631-86-9 is the general CAS No. wimchudes all forms of Silicas including amorphoasystalline,
synthetic, and natural forms (United Nations Envinental Programme Chemicals Unit [UNEP] 2004). sHafety
assessment is limited to amorphous forms of silica.

According to thdnternational Cosmetic Ingredient Dictionary and Handbook, silica (CAS Nos. 7631-86-9
[colloidal], 60676-86-0, 112945-52-5 [fumed]) i®tmorganic oxide that conforms to the formula SiSilica functions as
an abrasive, absorbent, anti-caking agent, bulkgent, opacifying agent, and suspending agentsurntactant. Other

technical names for Silica are:

. amorphous silica;

. amorphous silcon oxide hydrate;
. silica, amorphous;

. silicon, anhydride;

. silicon dioxide; and

. silicon dioxide, fumed (Gottschalck and Bailey 8D0

The current terminology for “silicon dioxide, funieid “pyrogenic silica.”
Alumina M agnesium M etasilicate

Alumina magnesium metasilicate (no CAS No.) isitftigganic compound that conforms generally to trenfila:
MgSiO; - AlLO,
Alumina Magnesium metasilicate functions as an diesd, bulking agent, and a viscosity increasingnag nonagqueous.
Another technical name is magnesium metasilicatafimlate (Gottschalck and Bailey 2008).
Aluminum Calcium Sodium Silicate

Aluminum Calcium sodium silicate (CAS No. 1344-0li®a complex silicate refined from naturally oxing
minerals. Aluminum calcium sodium silicate funcitioas a bulking agent (Gottschalck and Bailey 20@&her technical

names include:

. aluminosilicic acid (unspecified), calcium sodigadt, hydrate;
. aluminosilicic acid, calcium sodium salt;

. calcium sodium aluminosilicate;

. sodium calcium aluminosilicate;

. sodium calcium aluminosilicate, hydrated;

. sodium calcium silicoaluminate; and

. sodium calcium silicoaluminate hydrate (ChemlIDplite 2009).

Aluminum Iron Silicates

Aluminum iron silicates (no CAS No.) is a ceram@ngler consisting mainly of silicon dioxide, alummuwxide, and



ferric oxide. Aluminum iron silicates function abrasives and bulking agents. Another technicaleni silica aluminum
silicate ceramics (Gottschalck and Bailey 2008).
Hydrated Silica
Hydrated silica (CAS Nos. 1343-98-2 [Silicic Acid]p279-57-9; 63231-67-4; 112926-00-8) is the innigaxide
that conforms generally to the formula
Sio, - xH,0
where x varies with the method of production antetxof drying performed on the material. Hydrasdita functions as an
abrasive, absorbent, anti-caking agent, bulkingnagmacifying agent, oral care agent, skin-conditig agent -
miscellaneous, and viscosity increasing agent eags. It is also referred to as:
silicic acid;
hydrosilicic acid;
precipitated silica;
silica gel,
silica hydrate;
silicic acid hydrate; and

silicon dioxide hydrate (Gottschalck and Bailey)2D
colloidal silica (Arts et al. 2007).

Sodium Potassium Aluminum Silicate

Sodium Potassium aluminum silicate (CAS No. 1278@%nd 66402-68-4) is a complex silicate refineaf
naturally occurring minerals, or derived synthdtjcalt functions as a bulking agent (Gottschadsid Bailey 2008).
AmorphousVs. Crystalline Silica

Silica is a silicon-oxygen tetrahedral unit wherglaon atom is central within 4 oxygen atoms thig shared with
adjacent silicon atoms. Various physical formsib€a are caused by differences in the spatiatieiships of the
tetrahedral that determine physical characteristfamorphous silica has an irregular tetrahedrétigpa. Crystalline silica is
polymorphic where each variety has a characteniegalar 3-dimensional arrangement of the tetradigéifeppleston 1969).
As would be predicted from these descriptions,tatise silica has a well-defined x-ray diffractipattern; whereas
amorphous forms of silica do not (Villota and Hawk&86).

There are 3 classifications of amorphous silicétredus silica, or fused crystalline silica, isrfad by the
supercooling of molten silica. It has a low coa@éint of thermal expansion, high thermal shockstasice and high
ultraviolet transparency. Microamorphous silica idense thermally unstable amorphous silica wiictverts to quartz at
high temperatures. Microamorphous silica inclustgstions, gels, powders, and porous glasses. groigp has the
subclasses amorphous silica fibers; microscoparsipand microparticulate silica, which includesgipitated and fumed

silicas (Villota and Hawkes 1986). Kaewamatawongle(2005) divides the microamorphous formsmbgphous silica



into fumed, colloidal, precipitated, diatomaceoasde gel, and hydrous. The colloidal form ranigesize from 10
micrometers to <10 nanometers.

The different polymorphs of silica are shown indg1. Again, only synthetic amorphous silica ferane used in
cosmetics. Crystalline silica forms are not usedasmetics.

Physical and Chemical Properties
Properties
Silica

The acidity of synthetic amorphous silica is refate the number and reactivity of the silanol gr@ppesent on the
solid silica surface. Surface silanols (pKa = &af more acidic than monosilicic acid (pKa = 9.8he acidity increases
with the degree of polymerisation (Yates and HA&y6).

Villota and Hawkes (1986) stated that the surfdcgliza may be made up of free silanol groupsléted hydroxyls),
hydrogen-bonded silanol groups (hydroxyl groupsdjacent surface silicon atoms) and siloxane groups

Amorphous silica is capable of rehydroxylating gruaous systems to form a high ratio of silanolitixane groups.
Depending on the hydrophobic properties of theesttlvit may form a network-like structure throughifogen bonding.
This gives amorphous silica gelling and thickerahgities in various solvent systems.

Oxygen electron donors of compounds such as ethleahols, and ketones or the nitrogens of amiddsamines
may interact through hydrogen bonding due to the dissociation constant of the silanol groupstandilica surface.
Esterification has been reported with an Si-O-GfRcsure. A totally dehydrated silica or a fullydrated silica has little or
no adsorption of hydrophobic organocompounds (Yélland Hawkes 1986).

The Food Chemicals Codex states that silica is a white, fluffy nongrittyweder of extremely fine particle size that is
hygroscopic. Silica absorbs moisture from thdrairarying amounts (Food and Nutrition Board [FNEJ96).

Cabot Corporatation (2004) stated that silica ha®tropic properties. The particles form a 3-dirsienal network in
a liquid system which increases viscosity. Whesssliorces are applied (i.e., stirring), the matdtows as a liquid. When
the forces cease, the material gels again.

The saturation concentrations for a set of analyGikchs ranged from 1.91 to 2.51 mmol/l (Europ€amtre for
Ecotoxicology and Toxicology of Chemicals [ECETQREJ06). Saturation concentration increased witlti§ipesurface
area. Surface treated, hydrophobic silica hadvestalubility compared to hydrophilic silica. Thisas due to reduced
wetting of the surface in aqueous systems. Wettiag increased by alcohol which decreased solubilit

Additional chemical and physical properties ofcsilare listed in Table 1. Physical properties hynAuer, Emmett,

and Teller (B.E.T.; a rule for the physical adsmmptof gas molecules on a solid surface that seagdbe basis for the



measurement of the specific surface area of a rmBtsurface areas of 200, 325, or 38tgrare shown in Table 2. Note that
the properties are the same regardless of B.E fhisirange.

Particle Size and Form

Silica

Amorphous Silicas are composed of very fine pati¢hverage of 20 pm) which tend to aggregate lpasé¢he air
(Byers and Gage 1961).

Primary particles, or single particles, do not exidsolation in fumed (pyrogenic) and precipith&lica; only in
silica sol (colloidal). Aggregates assemble inicb#&fumed) or clusters (precipitated and gel).glagierates are assemblies
of aggregates, held together by strong physicatsidh forces and not in a dispersible nano sizE0Gnm) (ECETOC 2006;
Gray and Muranko 2006).

M ethods of M anufacture

All of the cosmetic ingredients in this assessnhewie mineral sources, but may be synthetically rf@aured.
Sodium Potassium Aluminum Silicate is refined froaturally occurring minerals or derived syntheticalAluminum
Calcium Sodium Silicate is refined from naturaltcarring minerals (Gottschalck and Bailey 2008).

Silica

Amorphous silicas used in cosmetics (silica gedcjpitated silica, and pyrogenic silica in Figujeate synthetically
produced. A manufacturing process for amorphousg®nic silica is shown in Figure 2 (Villota andwias 1986).

Lewinson et al. (1994) stated that silica may lmdpced by a vapor-phase process producing fumeddewic) silica
or by a wet process producing precipitated silgilic@ gel or precipitated silica in Figure 1). rked silica is produced in a
relatively anhydrous state, whereas precipitatichsiontains a larger amount of bound water.

Mean particle size, particle size distribution, alegiree of aggregation and/or agglomeration catetermined by
adjusting the process parameters (Hurd and Flo@@8)1

ECETOC (2006) reports that the thermal synthesisgss without liquid water results in the presesfdewer silanol
groups on pyrogenic silica (Figure 1).

Silicas manufactured by the wet process (silicaagel precipitated silica) contain between 2% arfib physically
bonded water which can be removed by drying.

Amorphous pyrogenic silica (Figure 1) is manufadtbg the hydrolysis of volatile silanes, usualljcsin
tetrachloride, in the flame of an oxygen-hydrogamier. The silicon tetrachloride is continuousiypwrized, mixed with dry
air then hydrogen, and then hydrolysed. The siidhen grown (nucleation, condensation, coagutytand aggregated.

Precipitated silica and silica gels (Figure 1) preduced from an alkali metal silicate dissolvedvater (i.e., water



glass) and an acid, usually sulphuric acid. Affterreaction of water glass with the acid, silegiiecipitated. The properties
of the silica can be influenced by the type of teaand process parameters. The silica is filtengtdand the resulting cake
is 15% to 25% silica by weight. The cake is thaedland then milled.

Silica gels (Figure 1) are produced by the newa#itbn of an aqueous solution of alkali metal atiécwith
sulfphuric acid (gelation). Mixing continues urddlidification begins; the gelation conditionstdie particle size in the
hydrogel. The gel is then washed of excess shltssprocedure determines specific surface ard® silica gel is now a
continuous structure with pores filled with watéihe silica may be used as is, or dried. Xerogeddried until water is still
evaporating but the gel no longer shrinks. Aeregeé dried with negligible loss of pore volume.

Silica sols (colloidal silica; Figure 1) are dispiens of silica particles in a liquid, usually watat 15% to 50%.
These are sub-micron particles of silica and the fdmw like water. Silica sols are also produdschydrolysis of
monomeric SiClin agueous solution followed by condensation ofdtiginal particles. Large particles are produbgd
hydrolysis of tetraethoxysilane in an alkaline $iolu of water and alcohol. Silica sols are alsoduced by redisperion of
existing silicas (gels, precipitated or, occasibynpyrogenic). For any process, the dispersedssjpiarticles are stabilized by
the addition of KOH, NaOH, NK or HCI (ECETOC 2006).

There was no information found on the manufactupracesses for the salts of silica in this report.

Analytical Methods
Silica

Surface silanols of silica may be analyzed by Fésdlration; chlorination with thionylchloride (ST); Zerewitinoff
determination with methyl magnesium iodide (@tgl) or methy! lithium (CHLI); infrared-spectroscopy®Si cross-
polarization magic-angle-spinning (CP-MAS) nuclewgnetic resonance (NMR) spectroscopy; titratiath waustic soda
(NaOH); and thermo-gravimetric analysis (loss aritign) (ECETOC 2006).

Gas adsorption may be used to determine specifiacgiarea and porosity of pyrogenic silica (ECETZRO6).
Infrared (IR) spectroscopy was used to analyzaailgroups, alkyl groups, and silonol groups. NBpectroscopy was used
to determine relative amounts of mono-, di-, analkylsilane groups, cross-linking of alkylsilanasgje chains, ethoxy and
methoxy groups, extractable organic compoundsSuta-Si bond distribution. Electron spectroscomswsed to analyze
composition and chemical state of the surface andentration gradients and diffusion profiles ¢itai Mass spectroscopy
was used for trace analysis of the surface ofssiliaitomic force microscopy (AFM) was used to amalynorphology and
porosity. Gravimetry and titration was used tolgresilanol groups.

Particle size analysis may be done by sieving,adesampactor, time-of-flight, dynamic light scaitey, static light

scattering, Fraunhofer diffraction with air dispsem, and Fraunhofer diffraction with liquid disem (ECETOC 2006).



Sayes et al. (2007) stated that the surface arsifiaaf particles may be measured by the B.E.Thowstand size, size

distribution, and surface charge by dynamic ligtattering (DLS) spectroscopy.
Impurities
Silica

Cabot Corporation (2004) states that its silicalpots are >99.8% pure. The moisture content akated silica is <
1 wt%. Treated silicas are susceptible to adsgrbiemical vapors.

Pyrogenic silica was reported to be >99.8% puré WwitO, (< 0.05%), FgO, (0.003%), TiQ (< 0.03%), NgO
(<0.0009%), and chlorides as Cl (<0.025%). Preatpd silica and silica gel were reported to-85% pure with NgO
(0.2% to 2.4%), sulphates as S§0.2% to 3.0%), E©, (<0.05%), and trace oxides (<0.07%) (Roempp 2001).

The composition of colloidal silica was reportedta SiQ (>30%), NgO (0.1% to 0.4%), sulfates as NaS0.01%
to 0.03%), and aluminum oxide as a stabilizer (Q.2#.R. Grace & Co. 2003).

UNEP (2004) reported silica to be >95% pure. Rxssmpurities include: N® (0.2% to 2.1% wt.), sulfates as SO
(0.2% to 3.0% wt.), E©, (< 0.05% wt.), and trace oxides (<0.07% wt.). Wemetal impurities include: antimony (<5
ppm), barium (<50 ppm), chromium (<10 ppm), arséai® ppm), lead (<10 ppm), mercury (<1 ppm), cadmiglppm),

and selenium (<1 ppm).

USE
Cosmetic

According to information supplied to the Food andid@pAdministration (FDA 2009) by industry as paftloe
Voluntary Cosmetic Registration Program (VCRP)¢cailwas used in a total of 3,276 cosmetic produdise concentrations
ranged from 0.0000003 - 44% according to a surfeyoent use concentrations conducted by the Rat<oare Products
Council (Council 2008). Hydrated silica is reparte be used in 176 products in the VCRP, at ugearations of 0.001 -
34% based on the Council survey. Alumina magnesnatasilicate was not reported to be used in aoglymts in the
VCRP, but use concentrations between 0.001 and®w2re reported in the Council survey. Aluminurtciten sodium
silicate was reported to be used in 7 cosmeticymrtsdn the VCRP, at use concentrations of 0.4 ir6#e Council survey.
Sodium potassium aluminum silicate was reportdaetased in 1 product in the VCRP, with a use camaton of 0.001 -
4% in the Council survey. There were no reportsesin the VCRP or concentration of use reporteéddérCouncil survey
for Aluminum iron silicates. Available data foretmumber of uses and use concentrations as adarafticosmetic product

type are given in Table 3.

Silica is used in hair color sprays/aerosols. dersd O'Brien (1993) reviewed the potential adveféects of



inhaled aerosols, which depend on the specific aterspecies, the concentration, the duration efetkposure, and the site
of deposition within the respiratory system.

The aerosol properties associated with the locatfateposition in the respiratory system are plriize and density.
The parameter most closely associated with thi®nedjdeposition is the aerodynamic diametigr defined as the diameter
of a sphere of unit density possessing the samrtal setting velocity as the particle in questidrhese authors reported a
mean aerodynamic diameter of 4.25 + % for respirable particles that could result induexposure (Jensen and O’Brien,
1993).

Bower (1999) reported diameters of anhydrous hmsysparticles of 60 - 88m and pump hair sprays with particle
diameters 0£80 um. Johnsen (2004) reported that the mean padiateeter is around 3@m in a typical aerosol spray. In
practice, he stated that aerosols should havestt %% of particle diameters in the 10 - Lib@range.

Non-Cosmetic
Silica

Silica is used as a filler in rubber formulatioByérs and Gage 1961).

Silica is used in food preparations as an antigaiipent in dry powders, dispersion agent for drygwrs in liquids,
antisettling or suspending agent, stabilizer itw@iter emulsions, thickening or thixotropic agedilling agent, flavor
carrier, extrusion aid, clarification and sepanatéd, and support matrix for immobilization of gn®es. It is also a general
excipient for pharmaceuticals (Villota and Hawké&88). It is also used as a defoaming agent, dondtig agent, a
chillproofing agent in malt beverages, and a filtet in foods (FNB 1996). UNEP (2004) states thiatasis used in
pharmaceuticals as a thickener in pastes and amtsne inhibit the separation of components andhtaai flow properties
in powder products. Itis also used in foodsic&itan function as a carrier for fragrances ardita. It is used in beer and
wine clarification. Silica is used in animal feasl carriers and anticaking agents in vitamins aiméral premixes. Silica is
used as reinforcing fillers for many non-stainimgl @olored rubber and silicone products. It iduse‘green tires”. Silica
is also used in paints, lacquers, plastics, anemagilica is used as an insecticide by it sorptibthe cuticular lipid layer
causing dehydration.

The colloidal form of silica is used in fiber, gigj, diazo paper manufacture, cellophane film, carsngrass fiber,
paints, batteries, foods, and polishing (Kaewamaitawet al. 2005).

Javadzadeh et al. (2007) investigated the usdicd & a drug delivery system.

Aluminum Calcium Sodium Silicate
Aluminum calcium sodium silicate (sodium calciurarainosilicate, hydrated) is generally recognizedafe (GRAS)

in food for use at a level not exceeding 2% in agance with good manufacturing processes as acairtp agent (FDA
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2007).

Hydrated aluminum calcium sodium silicate is usadcbuntering the effects of aflatoxin (AF) in aminfieed (Colvin
et al 1989; Kubena et al. 1991; Chestnut et al218@rvey et al 1994; Smith et al. 1994; Abo-Noeagl 1995; Sarr et al.
1995; Edrington et al 1996; Abdel-Wahhab et al.&9Qbena et al. 1998; Ledoux et al. 1998; Mayural 4998; Bingham

et al. 2004; Sehu et al 2007).

GENERAL BIOLOGY

Absor ption, Distribution, M etabolism and Excretion
Oral
Silica and Hydrated Silica

Sauer et al. (1959a,b) orally administered sil&@&fhg/dose) in the form of sodium metasilicate,rhjed silica, and
silica solution (30%) to guinea pigs (n = 5) inirkgée dose or in 4 repeated doses every 48 h. elinml feces were collected
in 48-h increments after each dose and analyzesilioa content.

The urinary output of silica, in the form of sodiunetasilicate, when orally administered peakediwi8 h and
gradually returned to normal after 8 days. Whemiaistered 4 times, 48 hours apart, the peak wastaiaed, but not
increased. Forty-eight h after the last dose timeentration of silica in the urine began to retiormormal.

The urinary output of silica, in the form of silisalution and precipitated silicic acid, when oraltiministered
peaked within 48 h and gradually returned to norafi@r 8 days. These peaks were much lower thasetbf sodium
metasilicate. When administered 4 times, 48 hapest, the silica concentrations behaved similarithe orally
administered silica with a lower peak. When oralfiministered, 63% of the silica was recoverede dithors suggested
that all of the silica in the urine was in the déuor molybdate reactive form and that the sifiesticles underwent
depolymerization prior to excretion (Sauer et 8b9a,b).

UNEP (2004) reported an unpublished oral studyilicbs(1500 mg/kg/d) using female rats (strain anabt
specified). Silica was orally administered dady 80 days. The rats were then killed and neceapsiThe silica content in
the livers was 1.5 pg, in the kidneys was 6.4 jnd,ia the spleen was 5.3 pg. The control valuege e, 7.2, and 7.8 pug
silica, respectively.

In another unpublished study, female Sprague-Daeyot specified) rats were orally administerditai(100
mg/rat; ~500 mg/kg; aqueous suspension) 20 times bwonth. No clinical signs were observed. 3iliea content in the

liver was 4.2 pg (control value = 1.8 pg), in tipgeen was 5.5 pg (7.2 pg), and in the kidneys wa2 fig (7.8 ng) (UNEP

2004).
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Parenteral
Silica and Hydrated Silica

Sauer et al. (1959a) also administered silica mwluwir precipitated silica by intraperitoneal (j.jmjection to guinea
pigs (n = 5; see ORAL section above for detaildjinary silica increased above normal for 16 dayhe levels of silica as
silicic acid increased above normal for 28 dayscd¥ery of silica was 48%. The authors suggestcibreditions in the
peritoneal cavity favor the depolymerization andsmguent excretion of silica.

Intratraceal
Silica and Hydrated Silica

Byers and Gage (1961) intratracheally injectedp@s$yof silica (25 mg; 2.5% in 1 ml suspension) adalt albino
Wistar rats (n = 100; 50 male, 50 female). Typehadl a particle size of 19 um; type A2 had a parsize of 20 um but
after storage became 60 um; and type B had a lgastie of 25 um. Types Al and A2 were from thmeananufacturer.
Rats were killed and necropsied at 12, 24, andé&zkar The amounts of silica in the tissues arergin Table 4.

The 3 types of silica elicited the same type opogse in the lungs between types and sexes. listn of silica
particles in the lungs was not uniform but aggredamn small areas throughout 1 or both lungs Withdccasional large
deposit. Silica particles were contained withircrophages, aggregated into foci around terminalraspiratory
bronchioles. Some lymphocytes and fibroblastsosumied these foci and intermingled within the mphemges with
reticulin fibers woven through and around the lesidVhere dust deposits were heavy, the structutteedung segments was
completely obliterated by the lesions consisting gfoup of macrophages with a few fibroblasts lgmphocytes that were
contiguous and distinguished by the peripheral zfrfbroblasts and lymphocytes. These lesionseweaximal at 12
weeks and gradually reduced with some contractisnlting in varying degrees of deformity of thedunThe lesions
decreased in size and number over time and asdaraft the amount of silica present in the lungs.

Type B was the most quickly eliminated from thegsntype A2, the largest particles, were the slow@&gpe A2 also
had larger lesions and induced a greater amotitiroblastic proliferation. Lesions in the typegBoup were initially
similar to Al but the regression of the former wasre rapid and final sections showed either a cetagksolution or small
scattered dust foci with few reticulin fibers. Téalso remained a few areas of confluent lesidrishwvere small and
irregular with a light reticulin network and litthetraction. Evidence of infection (mild emphyseffesv large abscesses, foci
of bronchiectasis, pneumonia and bronchopneumaevaa)infrequent and similar to controls.

The authors concluded that the dust from theserples of precipitated silica do not aggregate sidffitly to be
entirely retained by the upper respiratory passagess still detectable in the lungs after 12 rhentThe lesions are

different from those reported to be from quarthe Greater severity of the lesions from types A2 loa attributed to those
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surface properties which resulted in its greatedéscy to aggregate (Byers and Gage 1961).
Inhalation
Silica and Hydrated Silica

Klosterkotter and Blinemann (1961, 1962) exposealemnats (strain and n not provided) to aerosolipgdgenic or
precipitated silica (concentration and particleesint provided) for up to 6 days. After 3 monthsezovery, 73.8% of the
inhaled silica had been eliminated from the lun@sily small amounts of silica were observed inrtteadiastinal lymph
nodes.

In a second similar study, female rats were exptsegrosolized pyrogenic or precipitated silicarjgle size not
provided) to study elimination from the lungs. railhation was only slightly influenced by particieges The lymphnodes
were moderately enlarged with a silica content @4 eliminated. Most of the silica was eliminateithin 1 to 2 months.
Small amounts were detected in the lymph node® précipitated silica, which was less soluble, mase slowly
eliminated than the more soluble pyrogenic typdsgtérkotter and Binemann 1961,1962).

UNEP (2004) reported several unpublished studiesin unpublished inhalation study of silica (0.@6®.055 mg/I;
particle size not provided) using female SpraguedBwrats (n not provided) the rats were exposeaktosolized silica for 5
h/d for 5 d/weeks for 1 year. The rats had occues of bronchitis, putrid, lung inflammation, gmnounced cell reactions
so exposure was reduced to 2 or 3 d/week; the &raenf the change was not provided. Rats in gmohp were killed and
necropsied periodically during treatment and afiestment.

After 6 weeks of treatment, silica was observethalungs (0.5 mg) and the mediastinal lymph n@d@é2 mq); after
18 weeks these values were 1.2 mg and 0.11 mgaféerdl2 months, 1.37 mg and 0.13 mg, respecti@yresponding to
the respiration volume, 1% of the inhaled silicaswetained in the lungs. After a recovery perib8 months, there was
0.160 mg and 0.047 mg silica observed in the lamgsmediastinal lymph node, respectively, a reduaatif 88% in the lung
and > 50% in the lymph nodes. The increase in teympsition was rapid at the initial exposure; s\ deposited silica
were low from 18 weeks to 12 months of exposure.

In another unpublished inhalation study, femaleeadalbino rats (strain not specified; n not predpwere exposed
to aerosolized silica (dose and particle size notiged) for 40 days. The amount was then incréas&0 to 50 mg/fhuntil
day 120. A few of the rats were killed and necregperiodically.

The average 1-day retention value was 28 pg/lutigedbwer unspecified concentration. During tingt fLO days, a
steep linear increase was seen with ~28 pg/dayeasdtically expected. Increments then becamelemalhe author
suggested that elimination increased and that atilipm between retention and elimination wasablished. After 40

exposures, the average 1-day retention value waggBGng at the high concentration. After 120 es(pes, the total deposit
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(lung and medistinal lymph nodes) was 435 pg/lengivalent to 7.4 % of the theoretically depositeaterial (5840
ung/lung, based on the measured 1-day retentiomg than 92% of the deposited silica in the alveals eliminated during
the exposure period. At that time, the mean regardf the lungs was only 300 pg/lung (~ 69% oftibkal). The deposition
rate in the mediastinal lymph nodes was negligiblgng the first 40 days, but increased gradualifter 120 exposures, the
retention was substantial amounting to 135 pg @4 81 the total deposit). A test for the determimabf free alveolar cells
showed a decrease immediately after a single expasd 24 hours later an increase of 100% was wodder

In another unpublished inhalation study, aerosdliitica (0.05 mg/l; particle size not provided)saadministered for
5 h per day for 3 days to female Sprague-Dawley (rahot specified). They were observed for up months. Twenty h
after the last exposure, 0.25 mg silica was fountthé lungs. After 3 months, the silica contens @18 mg. In the lymph
node, 0.018 mg silica was found after 1 month af@® mg silica after 3 months.

In an unpublished inhalation study of precipitaded pyrogenic silica (55 mgfparticle size not provided), rats
(strain and n not specified) were exposed for & préecipitated silica. For the precipitated silitee mean retention value at
20 h was 0.138 mg/lung. For the pyrogenic siliba,mean retention value was 0.130 mg/lung. F®ptiecipitated silica,
the mean silica-content of the lungs after 4 mongksvery was 1.022 mg, and 3.113 mg after 12 nsonfihe
corresponding values for the mediastinal lymphatides were 0.033 mg and 0.069 mg, respectivelye mbnths after
exposure, the average value for the lungs was@Aaly7 mg (87% elimination rate) and 0.052 mg fer rtrediastinal
lymphatic nodes (UNEP 2004).

ECETOC (2006) reported an unpublished study in whits (strain and n not provided) were exposexktosolized
hydrophobic silica (50 mgfinparticle size not provided) for 1 or 3 days. Tats were killed and necropsied after 20 h, 1
month, or 3 months. At 1 month recovery, elimioatof silica was 78% (1 day exposure) and 75% 3 @aposure). After
3 months recovery, elimination was 87% and 92%peetvely. There was little silica in the mediaatilymph nodes.

In another unpublished study, rats (strain andtrpravided) were exposed to aerosolized hydrophsiica (200
mg/n?; particle size not provided) for 5 h/d for 3 daysfter 3 months recovery, 81% of the silica wamalated.
Elimination by the lymph nodes was marginal (ECETZID6).

Subcutaneous
Pyrogenic Silica

UNEP (2004) reported an unpublished subcutaneoti$ §sudy of a single dose of silica (10 mg) udemgale
Sprague-Dawley rats (n not provided). After 241sp6.89 mg silica was found in the tissue at {hy@ieation site. After 1
month the amount was decreased to 0.646 mg; afteriths 0.298 mg was found.

ECETOC (2006) reported an unpublished report whgregenic silica (10 mg in water) was subcutanegoimgécted
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in rats (strain and n not specified). It was glyickmoved from the injection site. Mean recovess 6.90 mg at 24 h, 0.65
mg after 1 month, and 0.30 mg after 2 months.
In another study, pyrogenic silica (30, 40, or 59imwater) injected subcutaneously in rats was $&%7%
recovered after 6 weeks (ECETOC 2006).
Cytotoxicity

Pyrogenic and Hydrated Silica

Mammalian Cells

FDA (no date) reported the results of a cytotoyitéist using Chinese hamster V79 cells. There wereffects after
144 h of exposure to silica.

Davies (1981) incubated pyrogenic or hydrated (pitted) silica or silica gel (13.5, 25 or 50 pgf with mouse
macrophages for 18 h. Pyrogenic silica and sgelavere cytotoxic to mouse macrophages similarlgrystalline silica
(also tested); precipitated silica was less cytistoX he author concluded that all 3 silica typesewytotoxic at 13.5 pg/ém

Zimmerman et al. (1986) exposed macrophages artdopdils from C57BL/6 x DBA/2)F(DBF,) mice to pyrogenic
silica (0, 100, 300, or 500 ug) for 1 to 3 h. lbation with mid or high concentrations killed 8086100% of both types of
phagocytes. An additional experiment showed thatrophages and neutrophils incubated with 10 q6ilica were 88%
to 99% viable after 1 to 3 h. When incubated licaj both macrophages and neutrophils were irgtbin their ability to
phagocytize sheep red blood cells, less so onayhits. The ability of these cells to phagocyiizgteria monocytogenes
was completely inhibited at 300 g and above; théition was concentration dependent between 0180 ug. Pre-
incubation with silica (100 to 500 pg) also inhdaitbactericidal activity of the macrophages androehils; there was no
effect on bacterial growth. There was a conceptmatependent inhibition of bactericidal activith&n the phagocytes were
pre-incubated in silica at 10 to 300 pg.

Nyberg et al. (1996) incubated macrophages frone f8atague-Dawley rats with silica particles (3.2.4 um) for 30
min. The number of ingested yeasts were higher tifka control silica particles. Silica treated nophages were similar to
resting macrophages.

Pandurangi et al. (1990) incubated sheep bloothergytes (1%) with pyrogenic silica (0.02 to 1.0/mf for 30 min.
There was ~85% lysis for all concentrations tesfEde authors concluded that the hemolytic actimigy be connected to
surface free OH group concentration.

Liu et al. (1996) exposed Chinese hamster lungfitasts (V79 cells) to silica (0, 20, 40, 80, o016/ml) for 24 h.
Silica was cytotoxic at 80 pg/ml and no effectsevebserved at 40 pg/ml.

Mollo et al. (1997) incubated rat pleural mesothetells in fluorescein isothiocyanate-labeleccsil{17, 33, and 66
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pa/ml) for 6 and 24 h. The silica was presenhadytoplasm and concentrated around the nuclaggesting particle
uptake, at both observation times. There was acilef silica particles present in internalizati@tuoles. The authors
suggested that exposure to silica elicited an iniatedlefense response from cells through releasgidizing and/or radical
annealing agents.

Cha et al. (1999) incubated 2 renal cell linesgi® IMCT) from transgenic mice harboring the SV&@e T antigen
gene with various concentrations of silica (pagtisize 0.5 to 10 um), or saline (control) for 1The effect of silica (0.6 to
600 pg/ml) on cell injury was examined using tryfdure exclusion. After 1 h, silica-induced injungreased in a
concentration-dependent manner in both cell lir@sll injury increased at 60 pg/ml for &lls and at 6 pg/ml for IMCT
cells. At 600 pg/ml, cell injury was 28.0 + 1.5%dad 7.0 + 2.2%, respectively. Cell injury was reeld with the addition of
the chelator as well as a calcium channel block#lls incubated for 1 h in silica had reduced [ATi®a concentration-
dependent manner in both cell lines, but increfefl]. The authors suggested that alteration of iedfatar calcium
homeostasis by silica is closely related with rexgdl injury.

Kim et al. (2002) exposed alveolar macrophage&cttl from the lungs of Sprague-Dawley rats teai{D.5 - 10
um particle size). When macrophages were expassitida, cell death occurred in a concentratiopesielent manner with
~60% viability in cells exposed to 100 to 200 pgwhich was attenuated by ambroxol. The authorsloded that
ambroxol had a depressant effect on the silicatstitad responses and cell death, which may beddte tinhibiton of
activation processes, protein kinases, and caltiansport.

Human Cell Lines

O'Reilly et al. (2005) exposed normal human primi@syoblasts to silica (10 to 100 pg/ml) for 24chaxplore the
sources of pulmonary inflammation from silica irdtadn. Silica exposure induced cyclooxygenase (E@k a dose
dependent manner starting at 10 pg/ml (10-fold niome crystalline silica). COX-1 expression wasaiftected by silica.
Silica was nontoxic to the fibroblasts up to 10@milg COX-1 mRNA was unchanged by silica exposuihen exposure
time was increased to 6 h, expression of COX-1imcisced at all concentrations. Prostaglandin (B@MS increased in a
dose and time dependent manner, ~7 times moretghgencrystalline silica. There was no increasmterleukin (IL)-1B
expression. Silica exposure increased mPGES esipreand was persistent up to 72 h. Silica expostimulated
production of PGE; in a dose dependent manner and was 10-fold Idveer PGE. Silica did not induce IL-6, monocyte
chemoattractant protein (MCP)-1, or transformingvgh factor (TGF)B production but did strongly induce IL-8 production
The authors suggest that increased production &, P€vents the lung’s transient inflammatory respansm developing
into fibrosis.

Brunner et al. (2006) tested the cytotoxicity ¢éitsi Human mesothelioma MSTO-211H and rodent di®blast
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cells were cultured with silica (0 to 15 ppm antb B0 ppm) for 6 and 3 days, respectively. By rogag both the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium brodei (MTT)-conversion and DNA content, there wereeffects on the
cells by silica.

Sayes et al. (2007) incubated immortalized ratu®lepithelial cells, rat lung alveolar macrophagesoth of these
cells combined with silica. In L2 cells, silicagoluced increases in LDH levels at 520 ug/ofircell culture at 4 h. At 24
and 48 h, LDH levels increased over controls at 522 and 520 pg/chin L2 cells. In alveolar macrophages, silica progd
no increase in LDH levels up to 48 h and 5200 ud/chie 2 cell types were cultured together; siicaduced no increase in
LDH except for 520 ug/chat 24 and 48 h.

Silica produced decreases in cellular MTT leveldaates of 5.3 and 52 pg/éat 4 and 24 h in alveolar macrophages
and no effect in L2 cells. In the combined culsjthere were no changes in MTT values due taasdlted h but a decrease in
MTT levels at 5.2 and 52 pg/émMIP-2 production did not increase due to L2selkposed to silica but did in alveolar
macrophages after 24 h. There was no increasenartnecrosis factor (TNF)-for either cell type when exposed to silica
but levels were increased at 0.52 and 5.2 ugadtar 24 h. Interleukin (IL)-6 levels were notieased for either type of cell
at 24 h, however, when the cells were combined levels were increased at 0.52, 5.2, 52, andug2ént. The authors
concluded that there was little correlation betwimevivo (see Intratracheal section below) anditrowesults (Sayes et al.
2007).

Bacterial Cells

Several strains of bacteria (0.15 ml bacterial sasjpn) were exposed to pressed and unpressegtniy silica (0.2
0). Rod-shaped gram-negative stralasclierichia coli, Bacterium proteus, Pseudomonas aeruginosa, andAerobacter
aerogenes) died between 6 h and 3 days in contact with usg®we silica. Gram-positive strairi& ¢teus sp.,Micrococcus
pyrogenes aureus, Streptococus faecalis, Streptococcus pyrogenes humanus, Corynebacterium diphtheriae, Candida
albicans, andBacillus subtilis) were somewhat more resistant. Survival of bactxposed to unpressed silica was shorter
than pressed silica (Keinholz 1970).

Various bacteria were incubated in silica (0.2itytebn 1:50,000 forA. Aerogenes, Proteus sp.,P. aeruginosa, E.
coli, andS. aureus, and 1:100,000 fo€. albicans andB. subtilis) at 22C or 37C. The time until complete mortality was
recorded up to 28 days (Eg. ED,q,ranged from 6 h to 22 days (UNEP 2004 ).

Sodium Potassium Aluminum Silicate

Alfaro Moreno et al. (1997) incubated thawed Balt3 ®ells with Mexicali dust (sodium potassium alomn silicate
present as potassium aluminum silicates [98%)] adilisn dioxide [2%]; 20, 40, or 80 pg/ml), chrysetédsbestos (40 pg/ml;

positive control), or nothing (negative controlj i h. The medium was then changed and the a#lsed to incubate for
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7 h. The cells were fixed. Between 220 and 2&phases for each concentrations were examined biibdormal
anaphases were observed in 27.42% of the cases iow dose group, 29.60% in the mid dose groug,3ah10% in the
high dose group. The asbestos induced abnormphagas in 34.78% of the cases and 11.62% in theotoif he most
frequent alterations were multipolar anaphasesinérease in anaphases with retarded chromosongshegzrved in the
test groups and the positive control. The frequai@naphase bridges was lower in the treatedpgrthan in the positive
control group (p < .05). When comparing the midelgroup to the positive control group, there waoee lagging
chromosomes (23.95% vs 18.20%), fewer anaphasgdaid 0.40% vs. 78.80%), and more anaphase br{ti§et0% vs.
1.51%). No changes were observed in the mitotexrof cells exposed to Mexicali dust. The autlianscluded that

Mexicali dust is capable of inducing anaphasicrattens.

ANIMAL TOXICOLOGY

Acute Toxicity
Oral
Silica

Hazelton Laboratories (1958a) administered a siogdédose of pyrogenic silica (1.00, 2.15, or 3gil§y) to male
albino rats (n = 5). There were no gross sigrsystemic toxicity observed and no mortalities. Thg, was reported to be
>3.16 g/kg.

W.R. Grace & Co. (1981) reported that the,).Bf pyrogenic silica was > 5.62 g/kg for male r@ts= 30). There
were no toxic signs or deaths over the 2 weeksroasgen.

Lewinson et al (1994) orally administered pyrogesiiica (5040, 6350, or 7900 mg/kg in olive 0il2800 or 5000
mg/kg in peanut oil) to Sprague-Dawley rats (n ¥ dffer fasting. The rats were monitored for 4 kge¢hen killed and
necropsied. There was no mortality. There wertorizological signs and the necropsies were unrkafide. The authors
concluded that acute dosing with silica is virtyalbntoxic by the oral route.

UNEP (2004) and ECETOC (2006) reported several biighed studies of acute oral toxicity of silicahe results of
these studies are summarized in Table 5. ECETOU6)2reported that there were no signs of toxicitjere were no
macroscopic findings at necropsy. Animals diedases of 10,000 and 20,000 mg/kg. At doses oftené@/kg and higher,
the feces in some animals were white.

Aluminum Calcium Sodium Silicate

Abbés et al. (2006a) orally administered a singlsedof hydrated aluminum calcium sodium silicaté0(400, or 800

mg/kg) to female Balb/c mice (n = 6) with or withadearalenone (ZEN; a mycotoxin produced by fusarjenera; 40
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mg/kg). After 48 h, blood samples were collected the mice killed and examined. ZEN caused reditwgl cholesterol,
high denisty lipoprotien (HDL), low density lipogean (LDL), triglycerides, total protein, albumiwhite blood cell count,
immunoglobulin profile (Ig A and Ig G) and T-cellilstypes. ZEN increased uric acid and urea andcedidegenerative
changes in the spleen tissues. The low dose aated aluminum calcium sodium silicate alone haélesimilar to control.
The mid and high dose groups had increased chodteels. Hydrated aluminum calcium sodium sitie mitigated the
effects of ZEN at all dose levels. No adverseat$fevere reported for hydrated aluminum calciunmiwodsilicate alone at
any dose.

Abbés et al. (2006b) orally administered a singisedof hydrated aluminum calcium sodium silicate rfay/kg or 500
mg/kg) to female Balb/c mice (n = 6) with or withaEN (40 or 500 mg/kg). The high dose of ZENhe teported LB,
After 48 h, blood samples were collected and theemiere killed and the kidneys and livers dissec#dN increased
hematocrit, hemaglobin, white blood cells, lymphesy eosinophils, neutrophils, monocytes, and wibste biochemical
serum parameters. ZEN reduced platelets and idddegenerative changes in the hepatic and resakss Hydrated
aluminum calcium sodium silicate alone had no éftecthese parameters.

Parenteral
Silica

Policard and Collet (1954) i.p. injected silica (30, or 100 mg/kg in saline) to Wistar rats arbits. At 100
mg/kg, 20% to 30% of the animals died quickly. 58&tmg/kg, all the animals survived.

At necropsy, in the peritoneal cavity, vacuolesen@bpserved in the cytoplasm and the nuclei wegnfeanted or
destroyed; there were areas of damaged cells withal or slightly altered histocytes at the perigheEdema was observed
that diminished with time. The lymph nodes werkaged and contained large histocytes in varioagest of degeneration.
Lymphocytes were less numerous; the medullary eswgre packed with clear cells. The thymus wagphied. The
spleen was hypertropied and altered; the malpigtéapuscles were almost gone; the zones of blougsids were
disorganized. The liver was enlarged with manycédlis and clusters of cells, mainly histocyteie Bdrenals were enlarged
(50% to 97%); the lipids in the cortex had a chaingdistribution; there was a general increasepid Icells throughout the
cortex.

Surviving animals were killed after 8, 20, 30, &tddays. Peritoneal edema diminished then disapgesver time.
Small spherical nodules (1.5 to 2 mm) were obseorethe omentum. Mesenteric and tracheobronckiegdh nodes were
2- to 4-fold larger than controls. Microscopic maation revealed granuloma in the peritoneal lesioThe center was
degenerating and there were dead cells and hisidyte outer edge was made up of histocytes. &btimga tissue showed a

fibrous reaction. At 20 and 30 days, the centghefgranuloma had a few cells and irregular thiekkcollagen fibers; the
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periphery was packed with reticular fibers fillittge intercellular spaces and surrounding the céltee fibrosis gradually
increased; after 30 and 60 days there were exefibrnous areas that were almost acellular; theplymodes were similar
(Poicard and Collet 1954).

Schepers et al. (1957d) injected silica (10% imsal ml) into the peritoneal cavity of 2 guineagg Both animals
died on day 2 of generalized acute peritoneal imfteatory reaction. The lungs were slightly congésted the spleen was
swollen. There was a small amount of fluid andesitins of the intestines and fibrin deposits onittez. The remains of
the silica were near these reactions.

Kang et al. (1992) intraperitoneally injected feen#listar rats (n = 5) with a single dose of pyrageilica (0.02, 0.1,
and 0.5 g). After 5 days, the rats were killed aadropsied. The control group was injected witine. No adhesions,
ascites, or other intra-abdominal pathology wa®nkel in the control group. The rats in the lowd,rand high dose groups
treated with silica had 5 mild, 4 severe, and £seadhesions, respectively. There were no, 45aaturrences of ascites
and deposits of powder adherent to viscera angddndl5 rats with ascites in the low, mid, and higke groups,
respectively.

UNEP (2004) reported an unpublished study that lodlec that single i.p. injections @60 mg silica caused death in
rats.

[ ntravenous
Silica

Swensson et al. (1956) injected amorphous silidl(6 0.1um diameter particles), in the form of commerciéitaj
or ground fused crystalline silica (0.15 to 0148), 0.05 mg at a time up to 0.1 ml in saline oraalbnce, into the tail vein of
mice until the animals died or were in an unrecalsta condition. The mice survived larger quargité silica if delivered in
smaller doses. The toxicity decreased with inéngggarticle size. Toxicity of amorphous silicasdawer than crystalline
silica. The lethal dose of commercial silica rathff@m 0.2 + 0.01 to 0.5 £ 0.02 mg/30 g body weigbpending on particle
size. The lethal dose of fused silica ranged f2oint 0.06 to 4.5 + 0.39 mg/30 g .

In a study described previously, Byers and Gagé1Lthjected various amounts of 3 types of silit@ irats (strain
and n not provided). Most deaths occurred withm Rats that survived for 24 h recovered fullihe LD, for types Al,
A2, and B were 35.2 (confidence interval [Cl] 233®), 41.2 (Cl 34.5 to 42), and 44.4 (Cl 40.5 t) Ag/kg.

UNEP (2004) reported an unpublished acute i.vcitxstudy of pyrogenic silica using rats. Theas 15 mg/kg.
Intratracheal
Pyrogenic and Hydrated Silica

Yuen et al. (1996) intratracheally instilled mald:CD BR rats (n = 3; 7 to 9 weeks old) with siliparticles (10
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mg/kg; particle size range 2 to 3.5 um). The mieee killed and examined 0.5, 2, and 5 h, and 21éndays after
exposure. Neutrophilic inflammation was induceaady as 5 h after exposure. Maximal infiltratimimeutrophils into the
lungs occurred at 5 to 6 h. The inflammatory resdfor silica was transient, diminishing at 2 dayd back to control
levels at 10 days. Within 2 h, chemotactic agtifar neutrophils was detected directly in BAL figiwith the influx and
appearance of neutrophils into alveolar regiontheflungs. The mRNA expression of 2 known neutilagfemotactic
cytokines in BAL cells, macrophage inflammatoryteio-2 (MIP-2) and keratinocyte-derived chemokiK€}, correlated
with chemotactic activity and acute pulmonary inffaatory responses. MIP-2 mMRNA was expressed fwidetection of
chemotactic activity in BAL fluids and was no lomgketectable after 2 days. The authors statedsified produced a potent
but trantient pulmonary inflammatory response.

Jones et al. (2002) explored the kinetics of lumgmophages by instilling silica (50 mg; 5 um paegtisize) into the
right upper lobe of the lungs of New Zealand whitkbits (n = 12). At intervals, the rabbits wezeanesthetized and
injected with ['C]JR-PK11195 and scanned using positron emissionmdgoaphy. The rabbits were killed at different tame
and the lungs examined. All of the rabbits remainealthy throughout the study. Three and 6 dalewing instillation,
the ['C]R-PK11195 was localized to the challenged lungj @imserved caudally on the contralateral side.d@nl post-
instillation, there were many macrophages contgip@rticles in airspace. On day 5, some partielering macrophages had
migrated into the interstitium. There were fewtnephils present. At week 2, most of the particésring macrophages
were found in the interstitium and the perivasciyjarph vessels. The macrophages did not appdas toghly activated.
The silica was removed from the lungs in a hightyamized manner and no fibrosis developed.

Kaewamatawong et al. (2005) compared the effegbauicle size of colloidal (hydrated) silica omfale ICR mice.
Ultrafine (14 nm patrticle size) colloidal silica2@ mg/ml in water) or fine (213 nm) colloidal sdi¢239 mg/ml in water)
were intratracheally administered to the mice @15 control groups, 10 exposure groups). The miee killed and
necropsied at 30 min and 2, 6, 12, and 24 h.

Both types of silica produced bronchiolar degernenaind necrosis, neutrophilic inflammation in alrevith alveolar
type Il cell swelling, and particle-laden alveotaacrophage accumulation. Ultrafine silica induoeate alveolar
hemorrhage, compared to fine silica, from 30 niiinere was also more severe broncholar epithelibheerosis and
neutrophil influx in alveoli in the ultrafine-tread mice than in the fine silica-treated mice ath@ 24 h. Immunolabelling
of Laminin in basement membranes of bronchiolesadwebli in the ultrafine silica-treated groups wesaker than the fine
silica-treated groups at all time periods. Elettnticroscopy revealed both types of silica on bhislar and alveolar wall
surfaces as well as in the cytoplasm of alveoléhelal cells, alveolar macrophages, and neutidsphiype | alveolar

epithelial cell erosion with basement membrane dgaweas greater in the ultrafine silica groups tinathe fine silica
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groups. Bronchiolar epithelial cells in the ulinaf silica groups had more intense vacuolationraatosis than in the fine
silica groups. The authors suggested that ulgadilica had greater ability to induce lung inflaation and tissue damage
than fine silica (Kaewamatawong et al. 2005).

Kaewamatawong et al. (2006) instilled ultrafinelaiolal (hydrated) silica (0, 0.3, 3, 10, 30, or 10§ 120 mg/ml in
water; 14 nm particle size) into the tracheas den@R mice (n = 10). After 3 days, the mice wkitked and the lungs
examined. The total cell counts in broncho alvel@@age fluid (BALF) were increased for 10, 30 d pg groups. Cell
differential analysis of BALF of the 2 highest gpsushowed increases in numbers of neutrophilsyangHocytes. All
exposure groups had increased total protein vatuBaLF.

In a followup experiment, mice (n = 8) were ingtillwith 50 pl of 30 pg of ultrafine silica of thamse particle size.
The groups were killed at 1, 3, 7, 15, and 30 @engsthe lungs examined. There was a transiergaserin the total
numbers of cells, macrophages, neutrophils, angiyratyes in BALF. Total numbers of lung cells mased and persisted
to day 15 and resolved by day 30. Alveolar macagjels were elevated at day 1 to day 7. Lymphodytesased until day 7
then returned to control levels by day 30. Totakgin in BALF was greater than control at day @l agturned to control
levels by day 15.

On day 1 there were moderate increases of neutsogiiarply demarcated from normal alveoli. Theezeanodular
aggregates of neutrophils and particle-laden ahremlacrophages in some alveolar regions adjacehetbronchioles.
Nodular lesions consisted of neutrophils, activealar macrophages, particle-laden alveolar maeges, and cell debris.
At day 3, moderate focal alveolitis was observethatterminal abronchiolar and alveolar duct regioAlveolar septal walls
were thickened. At day 7, changes were only irejhygearance of the aggregated foci consisting mitfgladen alvoelar
macrophages, lymphocytes, and fibroblasts with sicoal collagen fibers. Lesions were located addalnod vessels
adjacent to terminal bronchioles and alveolar dugtsday 15, inflammatory signs were decreasedadmbst or completely
resolved. Terminal deoxynucleotidyl transferaseliated dUTP nick end labeling (TUNEL) analyses sbdwn increase of
the apoptotic index in lung parenchyma at all tpoéts. 8-Hydroxy-2'-deoxyguanosine (8-OhdG) wagedted in lung
epithelial cells and activated macrophages and@ad with lung lesions. The authors suggestatisimall doses of
ultrafine colloidal silica caused transient, acuiederate lung inflammation and tissue damage. &dixiel stress and
apoptosis may underlie the tissue injury inducfidaewamatawong et al. 2006).

Sayes et al. (2007) instilled precipitated (hydiasglica (1 or 5 mg/kg; 1000 to 3000 nm), as vesllother particles,
intratracheally to male Crl:CD (SK)IGS BR rats (126). Controls were administered phosphate-buffeadine (PBS). At
24 h, 1 week, and 1 and 3 months, the BALF of §/gabup was analyzed. The number of cells at @adhigher than at

other time points. Exposure to both doses prodtregsgient and reversible neutrophilic lung inflaation responses at 24 h
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which was diminished at 1 week.
Inhalation
Pyrogenic and Hydrated Silica

Lewinson et al. (1994) placed Wistar rats (n =3 @ales, 5 females) into an exposure chamber atingl pyrogenic
silica (mean exposure 477 md{rowest reading 342 mgAnfor 4 h. Approximately 56% of the particles wer& pum. The
rats were observed for 2 h after exposure they #&@ill4 days and periodically weighed. The ra¢senthen killed and
necropsied. The rats were restless and had drpeywlids during exposure. There was no mortdlifyng exposure or
during the observation period. Body weights desedaduring the first 2 days after exposure themategained weight
normally. Necropsies were unremarkable.

Warheit et al (1995) exposed male CD rats (n =t@4)erosolized precipitated (hydrated) silica (2@ 400 mg/r¥) 6
h/d for 3 days followed by recovery periods of 138, and 90 days. The low dose produced a tnatnisigammatory
response which was present 24 h post-exposureutsided within 8 days. Recovery in the high dassig was similar to
low dose group. The author concluded that low eatrations of silica induces a transient inflammgatssue reaction.

UNEP (2004) reported an unpublished inhalationystadse only exposure) of precipitated silica (grB particle
size) in Wistar rats (n = 10; 5 male, 5 femalehe TG, was > 0.691 mg/l for 4 h. Clinical signs weretlessness and eye
closing. There was no body weight gain in femétesfirst 3 days after exposure and then weight gais normal. There
were no remarkable findings at necropsy after adylobservation period.

An unpublished inhalation study of precipitateddiated) silica (< 5 um particle size) used Spraaedey rats (n
=10; 5). The LG was > 2.2 mg/l for 1 h. Clinical signs were @tibn and dyspnea in most of the rats. One rat diging
the 14-day observation period. The editors ofdhEP report considered this study invalid due tahméological
deficiences and short length of exposure.

An unpublished inhalation study (full body expogurépyrogenic silica used Sprague-Dawley rats (0¥
Approximately 84% of the particles wete3 um. The LG was > 2.08 mg/l for 4 h. Clinical signs were nascharge
during exposure and crusty eyes and nose, andadogering the 14 day observation period. There m@body weight
gain in females the first 3 days after exposurethad weight gain was normal. One rat had disedldungs at necropsy
(UNEP 2004).

Unpublished studies of the acute inhalation toyiofthydrophilic and hydrophobic silica are sumread in Table 6

(ECETOC 2006).
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I ntramuscular
Silica

W.R. Grace & Co. (1981) reported a study whereai{RO0 mg) was implanted into the paravertebralauiature of
the lumbar region of rabbits (n = 6). The rabhitse killed and necropsied at 6, 12, and 24 wedkere were local
inflammatory reactions at 6 weeks. There was doanatous scarring with necrotic muscle fibers aatt/fdegeneration of
local macrophages at the site of implantation.

Dermal
Pyrogenic and Hydrated Silica

UNEP (2004) reported an unpublished acute dermaditg test of precipitated (hydrated) silica usiradpbits (n and
strain not provided). Silica was applied to intatl abraded skin for 48 h with no effect. Theoheerved effect level
(NOEL) was > 2 g/kg.

In another unpublished study, a single applicatib4 different precipitated (hydrated) silica prothi(in an aqueous
paste) was applied to the intact and abraded $Kitew Zealand white rabbits (n = 16) under an ogiglel patch (length of
time not specified). The rabbits were observedilfbdays. There was very slight erythema thatpghsared after 2, 4 or 5
days for 3 silica products and no effects by thetfoproduct (UNEP 2004).

ECETOC (2006) reported several unpublished stumtiethe acute dermal toxicity of silica to rabbi@nly slight
erythema with intact skin and slight erythema atenea with abraded skin were observed. Precipisitied had an LE) of
> 5 g/kg in 4 studies. Silica gel had ang,bf > 2 g/kg in 1 study.

Short-Term Toxicity
ral
Silica

FDA (no date) reported the results of a dog feedindy of 28 days. There were no effects and ijieelst no effect
level (HNEL) for silica was 800 mg/kg/d. In anotlsudy using rats, the oral HNEL was 1 g/kg/dr #foses >2 g/kg/d, the
rats had dirty fur, shyness, decreased motor &gtamnd hemorrhage of the mucous membrane of tbg &yd nose. There
was a decrease in body weights, feed consumptemoirhaging, and cellular atrophy in the liver kelium.

Silica (8 g/kg/d) was incorporated into the feedBehgle dogs and CD rats (n not provided) for 4kseé he animals
were then killed and necropsied. There were natihns of any treatment-related effects obsemegdther species
(Newberne and Wilson 1970).

Silica (0.2%, 1.0%, or 2.5%) was incorporated i feed of male rats (n = 10) for 28 days. Thegee no adverse

effects or mortality reported. Gross necropsyifigd were unremarkable (W.R. Grace & Co. 1981).
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Lewinson et al. (1994) administered pyrogenic aili@, 500, 1000, 2000 mg/kg/d) in the diet of Wistds (n = 20; 10
males, 10 females) for 8 weeks. Since the higle eas well tolerated, the dose was increased tegidjafter 14 days, to 8
o/kg/d after another 14 days, and finally to 16gédk The rats were observed for clinical signsgived, and blood sampled
before and at the end of the experiment. Thewats killed and necropsied.

Only the 16 g/kg/d dose (~25% of daily feed inta@&)sed any clinical signs, shyness, dirty furuced activity,
cachexia, and hemorrhage in the mucous membraribe effes and nose. Two males and 2 females dikdevere
cachexia in week 8 (days 9 and 13 of the highes¢)doThis group had pronounced reduction in boeight and decreased
feed intake. No changes were observed in hematalogarameters. Microscopic evaluation reveataee atrophy in the
epithelium of the liver in the 1 and 16 g/kg doseups; condensation of the cytoplasm, loss of baifiostructure, and
hyperchromatic and contracted nuclei occurredénitrer cells. These findings were observed tesaér extent in 2 females
in the 1 g/kg dose group. There were no effecthedidneys. There were no treatment-relatecceffebserved in the 500
mg/kg dose group. The authors concluded that lbaleserved effect level (LOEL) was 1 g/kg/d and M@EL was 500
mg/kg/d (Lewinson et al. 1994).

UNEP (2004) and ECETOC (2006) reported unpublistient-term oral toxicity studies of silica. Thedies are
summarized in Table 7.

Dermal
Silica

ECETOC (2006) reported an unpublished dermal toxatudy of pyrogenic silica (0, 5, and 10 g/kgid)ng albino
rabbits (n = 4; 2 male, 2 female). The silica wpplied for 18 h/d, 5 d/week for 3 weeks to intaetl abraded skin. There
were no signs of systemic toxicity. There werggnuss or microscopic pathological findings. THiaicontent of blood,
urine, spleen, liver and kidney was similar amoraugs.

Inhalation
Pyrogenic and Hydrated Silica

Low et al. (1985) and Hemenway et al. (1986) exdasale Fischer 344 rats (n = 45) to aerosolizedipitated
(hydrated) silica (30 mg/inparticle size not provided) for 6 h/d for 8 day&he recovery period was up to 112 days. During
exposure, there was an early and transient inflcelts into the lung tissue which returned to nakioy day 12. At 5 days
post-exposure, the number and differential couhtdweolar lavage-derived cells were similar totrols. The BAL protein,
lipid phosphorus, and saturated dipalmitoyl phosigltacholine levels increased immediately aftepesure and were
normal by day 5 post exposure. There were noréifiges between controls and treated lungs as ghty&NA-, protein-,

or hydroxyproline-content. The authors concludeat tnhaled silica caused an early, transient dédveaoflammatory
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response, without producing fibrosis. There wag amild inflammatory response with no evidenceofinective tissue
response.

Hemenway et al. (1986) exposed Fischer 344 rats1(p) to aerosolized silica (concentration unclgarticle size not
provided) for 8 days. Three of the rats were Hikend necropsied at days 0, 5, 12, 60, and 120efposure. There was
initial inflammation, predominantly alveolar, whislibsided before day 12.

Warheit et al. (1990, 1991) exposed male CD BR(rat®t provided) to aerosolized colloidal (hyddjtsilica (10.1,
50.5, and 154 mg/indiluted 4:1 with deionized, distilled water; gale size not provided) for 6 h/d, 5 d/week, fovdeks
followed by a 10 and 94 day recovery period. Toetimls were unexposed. Lesions were only observadgs and
associated draining lymph nodes. There was a degendent increase in mean lung weight and lubgdy weight ratio
after 4 weeks of exposure in the mid and high dwsaps. The mean lung to body weight ratio comthto increase in the
high dose group 10 days into recovery, but waslairo controls after 3 months. There were dusttealveolar
macrophages, neutrophilic infiltration, and Typ@hieumocyte hyperplasia observed in the alveoler gion of the lungs.
Pulmonary lesions progressively decreased in sa@mmed after the 10 day and 3 month recovery gderio

At 3 months post-exposure, most dust laden alvenéarophages were cleared from the lungs, but staaibers of
minute silicotic nodule-like lesions were presemttie alveolar ducts and perivascular regions whest laden alveolar
macrophages had aggregated. There was minimabewildeposition observed in the silicotic nodke-lesions; the
lesions did not increase in size or number ovee tiffihe lung clearance half-life was ~50 dayslierrmid and high dose
groups. In the high dose group, there was anaserén mean neutrophil count and globulin concéintraand a decrease in
mean lymphocyte count at the end of the treatm€&he increase in mean neutrophil count and deciieasean lymphocyte
count were still present after 3 months of recoveériie tracheal and mediastinal lymph nodes wel@gad with nodular
aggregates of dust-laden alveolar machophagesygiiastic reticulo-epithelial (RE) cells. The NBL was 10.1 mg/fm
(Warheit et al. 1990,1991).

Reuzel et al. (1991) exposed Wistar rats (n = 8andle, 40 female) to pyrogenic silica (17, 44, hégin?; particle
size not provided) in a whole body exposure charfdres h/d, 5 d/week for a total of 14 days. Tlatcol was 6 male and 6
female unexposed rats. There was respiratoryedsin all groups. One female in the high dosegbed. There was
decreased body weights and feed consumption imgies in the mid and high dose groups. Hematdadbgieasurements
were unremarkable. There was increased lung weeigtioth sexes (47%, 65%, and 86% for the low, andi high dose
groups) compared to controls. The absolute aradivelliver weights were decreased in males, btifarmoales. There were
dose-dependent changes in the lungs (i.e., pad&esipand/or spongy, occasionally irregular surfateeolar interstitial

pneumonia, early granulomata). The mediastinaplymodes were enlarged.
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The above study was repeated with silica (46, 480,668 mg/rf) on Wistar rats (n = 60; 30 males, 30 females).
There was respiratory distress in all groups. @at died in the high dose group. There was deeckhody weights and
feed consumption in the mid and high dose grodpgere were increased lung weights in both sexegpaosd to controls
(males 25%, 39%, and 68%; females 34%, 50%, andiB@ke low, mid, and high dose groups, respeat)vel here were
decreased liver weights in all dose groups of théemand the high dose group of the females. Oingslwere spotted,
swollen, and had irregular surfaces in the higredgeups as well as interstitial pneumonia andyegenulomata. There
was silica in the mediastinal lymph nodes in thd emd high dose groups and 1 rat in the low dosepgr There was
accumulation of alveolar macrophages and partieutsdterial in the lungs of males in the mid andhldgse group (Reuzel
et al 1991).

Lee and Kelly (1993) exposed male Crl:CD(SD)BR (ats 25) to aerosolized colloidal (hydrated) sil{®, 10, 50,
150 mg/nd; particle size not provided) for 6 h/day, 5 days#k for 4 weeks. Some of the rats were killedhatend of the
exposure period, at 10 days, or 3 months. There dese dependent lesions observed in the mid ighddbse groups but
not in the low dose group. Particles were modtlggocytized by alveolar macrophages in the alveshlat region and a few
free particles were observed in Type | pneumonaciyt¢he alveoli. Particle-laden alveolar macramsadirectly penetrated
into the brochiolar interstitium from alveoli andcamulated in bronchus-associate lymphoid tissegbpnchial, or
perivascular interstitium and accumulated in teheo-bronchial lymph nodes. Some particle-ladesotar macrohages in
the bronchus-associated lymphoid tissue transneidrdirectly into bronchial lumen through the eplitia. The
transmigrated particle-laden alveolar macrophagéise tracheo-bronchial lymph nodes were similghtse in the alveoli.
They were characterized by slender cytoplasmicgs®es, phagosomes, myelin figures, cholesterascheid lipid droplets.
Migrated particle-laden alveoli macrophages wergeobed to be necrotic and have released partitldeitracheo-bronchial
lymph nodes.

At 3 months, the lungs of the low dose group wemenal. The lungs of the mid dose group were noimal
appearance, but a small number of tiny nodularegges of dust-laden alveoli macrophages and épitheells were
observed. One rat had a few silicotic nodulesainivascular regions adjacent to the bronchiolese Aigh dose group had
decreased numbers of particle-laden alveoli ma@ged that were sharply circumscribed in the alve®time aggregates of
particle-laden alveoli macrophages and epithelilts evere closely apposed with alveolar walls aadgformed into
nodular aggregates without any collagen fiber ditjpos Three of 10 rats had silicotic noduleshe perivascular region of
the bronchioles (Lee and Kelly et al 1993).

UNEP (2004) reported an unpublished short-termlatioan toxicity study using female Wistar rats @t clear)

exposed to aerosolized silica (8 and 40 nigparticle size not provided) for 1 h/d, 5 d/weekip to 3 months. The rats
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were killed and necropsied at 7 d and 3 weeks @itatment. There were no macroscopic changestopithologically,
there was an occurrence of dust cells in the lwigsh decreased during post-exposure. There wéibrusis of the
reticulo-cellular type and normal parenchma oflthmgs. There was no emphysema. A decrease cd sitintent in the
lungs was observed 7 and 48 days after treatmenirtgtion. After 3 months, there was almost nizailn the lungs.

ECETOC (2006) reported several unpublished shomt-tehalations studies of silica. These studiessammarized
in Table 8.

Arts et al. (2007) exposed young adult Wistar @t)WU BR) rats (n = 20; 10 male and 10 female) tyf3es of
aerosolized silica (1, 5, or 25 mg/marticle sizes not provided): precipitated (hyedi silica, silica gel, and pyrogenic silica
for 6 h/d for 5 consecutive days followed by a 3natiorecovery period. The rats were killed and opsied. There were no
clinical signs during exposure. The effects wargtéd to 1 day post exposure. Silica levels i titacheobronchial lymph
nodes were below detection limits in all 3 groufdlica was found in the lungs at day 1 but hadred by 3 months. All 3
types of silica induced biomarkers of cytotoxidgityBAL fluid, increases in lung and tracheobronthjenph node weights,
and histopathological lung changes in the high dpeaps at day 1 post exposure. The mid doseindiyced
histopathological changes and changes in BAL flitie effects of all 3 types of silica, with theception of slight
histopathological lung changes at the higher expolavels, were reversed during the recovery peribge low dose caused
no adverse effects.

Intratracheal
Silica

Schepers et al. (1957d) intratracheally injectesl fim = 10) with silica (5%; 0.25 ml) once per wdek3 weeks. Two
rats died after the first injection, 3 died befthe third injection. Three rats survived the oliagon period (length not
stated). Pleural effusion was observed in 4 Eatesponses were delayed, 1 supervened and thervated 220 days.
Pulmonary congestion was observed in 3 rats um@ihinth month. Tracheobronchial lymph nodes weoeerately to
markedly enlarged and firm for 5 months. There alascess formation associated with pneumonitisyrapenying cells
were macrophages. Focal granulomatous inflammatamobserved in both lungs in rats that survivedenthan 2 days.
Hyperemia of the alveolar walls later resolvediilthation of the alveolar walls was mostly by maphages. Early collagen
became profuse in the alveolar walls in relatiofotal granulomatous inflammation and cell necrosis

This experiment was repeated with guinea pigs abldothe dose of silica. At 2 weeks, 2 guinea gigsl; the rest
survived to be killed and necropsied at intervdost of the effects were confined to the lungi&wa consolidated areas
were palpable in a few animals. There were matfpti of atelectasis in the lungs. Tracheobroaldifimph nodes were

moderately to markedly enlarged. Cellular phencammedominated early and resolved with residuabfib change.
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Granulomatous inflammation was observed in the firsnth. There was a tendency toward cellularsioa  Slight to
moderate atrophic vesicular emphysema was deteatlalning the second half of the year of observai@ohepers et al.
1957d).

[ntravenous

Silica

Schepers et al. (1957d) intravenously injectedai{iL% in saline; 5 ml) into rabbits (n = 5) 20¢srbiweekly. One
rabbit died after the second injection and anod#fier half the injections. One died on thé' By and the last 2 were killed
on the 128 and 306 days. There was slight to moderate pleural effusiith pleuritits. The longest surviving rabiksd
mediastinal abscesses. The lungs had moderatari@dicongestion, which was most severe in theitsathtat died first.
There were no foci consolidation but small areaatefectasis. The lymph nodes were not markedrged. The right
ventricles were dilated and hypertrophic, most obsiy in the rabbit that died first. The liversreenoderately to markedly
enlarged, turning pale and firm over time. Howetee liver had returned to normal in the rabblieki on the 300 day.
There was some splenomegaly in the 2 rabbits fkedtdlring treatment. Atrophy of the spleen insezhover time. The
size of the kidneys increased over time, to alrdosible normal size. Histological changes inclubdggeremia with
associated exudate into alveolar spaces, ischeus#filled macrophages in alveolar spaces, digiarsf the proximal
convoluted tubules with fibrosis, and small graméda that diminished over time. The epithelialscelere well preserved.
There was minimal collagenosis. The alveolar wiilskened then became thin.

Subchronic Toxicity
Oral
Pyrogenic and Hydrated Silica

FDA (no date) reported the results of a 90-dayaatling study of silica. There were no effects tredHNEL was 5
g/kg/d. In another study using rats for 180 daith & 3-week recovery period, the lowest effeceldlLEL) was 500
mg/kg/d. There was an increase in adrenal weigtité males. Adrenal weight also increased irfeéh®ales but only during
the recovery period. Histopathology showed aneiase in lipid content in the adrenal glands; thsédlved during the
recovery period.

Hazelton Laboratories (1958c) incorporated pyrogsiiica (1.0%, 3.0%, or 5.0%: 10,000, 30,000, @050 ppm)
into the feed of male and female albino weanlirtg ¢a = 30; 15 male, 15 female) for 90 days. Gustwere fed the basal
diet or 3.0% #1625 Cosmetic Talc. The rats welteckand necropsied at 45 and 90 days. There me@egross signs of
toxicity. Growth rates, feed consumption, and a@iwere similar to controls. The silica contefithe liver, kidneys,

spleen, blood, and urine was similar to contrdllere were no gross, microscopic, nor pathologibahges associated with
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silica consumption at any dose level.

Silica (50 mg/d) was fed to male and female rats 89) by stomach tube for 3 months. No adverfezf on body
weight gain or mortality were observed. The resaitpathological examination were similar to cotgrW. R. Grace & Co.
1981).

In another experiment, silica (0, 1.0%, 3.0% 5.0¢4} incorporated into the feed of male and fenwtie (n = 30) for
90 days. The positive control group was fed cogntefc. There was no systemic toxicity by silingerms of survival,
weight gain, and feed consumption observed. TWeareno increase in deposition of silica observettiénkidney, livers,
spleen, blood, or urine (W. R. Grace & Co. 1981).

Lewinson et al. (1994) orally administered pyrogesilica (500 mg/kg/day) in the feed of Wistar rats= 40; 20
males, 20 females) for 6 months. The animals e killed and necropsied except for the animblsoth sexes which
were kept on normal feed for an additional 3 weékise animals were observed daily; blood was sadratel the rats
weighed periodically.

There were no clinical signs during the treatmemtqd. One male in the treatment group died; g lafection was
observed. Two rats in the control group died \eititeritis and cachexia. There were no differenmtegeights or feed
consumption. There were no differences in hemgtodd parameters. Macroscopic evaluation at neyreyas
unremarkable. Histopathological examination resgdhcreased lipid content in the fasciculata asmkZasciculata of the
adrenal glands; this condition resolved after #eovery period. No other differences betweendand control animals
were observed. The authors concluded that the N@&s 500 mg/kg/day (Lewinson et al. 1994).

UNEP (2004) reported an unpublished feeding stdgyrecipitated (hydrated) silica (0.5%, 2%, and%; B0O0 to
330, 1200 to 1400, and 4000 to 4500 mg/kg/d) ugigtar rats (n = 20; 10 male, 10 female) for 13 keeeThere were no
clinical signs; hematological, blood chemistry, amohary parameters were normal. Feed intake Vigigtly increased in the
high dose females after 4 weeks. Gross and micpis@xaminations were unremarkable.

In another unpublished feeding study, precipitdtadirated) silica gel (3.2% and 10%) was fed to Ciats (n = 24;
12 males, 12 females) for 6 months. Calculate@slagre 2170 and 7950 mg/kg/d for the males an@ aad 8980
mg/kg/d for females. At 6, 13, and 26 weeks, 4 dditeach sex in each group were killed and nead@nd the bone
marrow analyzed. There were no treatment-relatetings. Behavior was normal. Body weights weseaffected. There
were no histopathological changes in the kidnéyise NOAEL was 8980 mg/kg/d.

Another unpublished study in which Wistar rats (40; 20 male, 20 female) were fed silica (495 t@ A®y/kg/d) for
6 months resulted in an NOAEL of 497 mg/kg. NdHer information was provided (UNEP 2004).

ECETOC (2006) reported 2 sub-chronic oral toxisitydies where hydrophobic pyrogenic silica (500kadf) was
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administered by gavage to Wistar rats (n = 40; 2en20 female) 5 d/week for 6 months. There werelinical signs nor
macroscopic findings at necropsy (ECETOC 2006).

Inhalation

Pyrogenic and Hydrated Silica

Schepers et al. (1957a) placed male and female\sts (n = 25) in inhalation chambers to expbsentto
pyrogenic silica (average 1.5 mgf63 mg/nf]; most measurements ranged from 0.7 to 2.4 A@ftto 85 mg/ri; particle
size not provided). The rats were exposed to egsitica for 8 h/d then had passive exposure (skttling) for the
remaining 16 h. The exposure was for 5 d/weel6foronths followed by 6 months of recovery. Ratsewgeriodically
killed and necropsied. The control group (n =wa} in normal air and killed and necropsied atd B months.

In the test group, 11/25 (44%) died, mostly dutimg silica exposure. The death rate decreasedgltiné recovery
period. The majority of the rats died from pulmgnaascular obstruction and emphysema beginnirigead” month. Focal
pigmentation was conspicuous after 3 months of sxpowith profusely scattered small, dark-pink g but irregular
subpleural foci of reaction. Congestion of thegsimvas dominant after 3 months. There was lymple emlargement after
3 months. There was an incipient tendency towatthpnary emphysema after 4 months of exposure lwith distension
and superficial alveoli dilation. Atelectasis waxted in some rats after 4 to 5 months.

Histological examination revealed invasion of thephatic system of the lung by mononuclear macrgebdorming
clusters of plasma cells and lymphocytes. Therginfdtration of large vacuolated cells within thlveolar spaces; the
cytoplasm had a foamy appearance with macrophages to giant cells. There were large vacuolagdld within the
alveolar spaces, with the cytoplasm having foanpeapance, macrophages apparently fused to gidst delere was
progressive nodule formation in the lung parencham peri- and paravascular, in some cases paicbodar distribution
and accumulation, consisting of central macrophagessurrounding plasma cells, some nodules engdlbp an epithelial
layer of cells. Some necrosis was noted in théraenone of the nodules; there was progressivéeiecy toward fibrosis in
the nodules and evidence of progressive emphysemiatocesses around the nodules.

Average silica load in the lung increased to 1.3lung after 3 months and remained at that leveligh exposure.
At the end of recovery, the level reduced to 0.3lung. The authors concluded that the lowest aleskadverse effects
level (LOAEL) was 53 mg/M(Schepers et al. 1957a).

Rats (strain and n not provided) were exposed ftosatized hydrophilic silica (40 to 50 mginparticle size not
provided) for 4 h/d, 5 d/week for 2 to 12 weeksq#terkétter 1963). The overall elimination ofaliwas high without
accumulation in the lungs. Equilibrium betweerengibn and elimination was reached quickly. Ority to 6% of

theoretical deposit of silica was observed aftdr d&ys exposure. There was transfer of silicheanediastinal lymph
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nodes, ~31% of total deposited (1.5% to 2% thecaibtieposition). The authors stated that involvanoé the lymphatic
elimination appeared not to be relevant up to 8kaed exposure. The silica particles were ableyjgass the lymph nodes
and were removed quickly.

Reuzel et al. (1991) reported an unpublished itimaatudy of silica (1.3, 5.9, 31 mginparticle size not provided)
using Wistar rats (n = 100; 50 male, 50 femalee Tats were subjected to full body exposure fofdg 5 d/week, for 13
weeks. Ten rats of each sex were killed and needmt weeks 13, 26, 39, and 52.

There were no mortalities during treatment or recpy Clinical signs were increased respiratiorsan a dose
dependent manner and body weight gains were degare$ted blood cell (RBC) count was increased ilesia the high-
dose group. In the mid- and high-dose groups,eatiibod cells (WBC) were elevated in both malesfenthles; the
concentration-response relationship was poor. @kml counts returned to normal by week 39. Npsyat 13 weeks
revealed swollen and spotted lungs and enlargedativeal lymph nodes; the severity was dose depeand&ihgroups had
increased lung weights and collagen content, less the low-dose group. All these effects reduedontrol levels by the
end of the study except for collagen content inemah the mid- and high-dose groups.

After treatment, silica could be detected in thagkiof all the rats in relatively small amounta.the high-dose group,
the average silica amount in the lungs was 0.2 8itica was detected in 1 male in this group inrégional lymph node. At
the end of the study, no silica above control Isweluld be detected in any rat. Microscopic evanaafter treatment
revealed accumulation of alveolar macrophages santutpr material, cellular debris, polymorphonucleakocytes,
increased septal cellularity, alveolar bronchidiaa focal interstitial fibrosis, cholesterol dgfand granuloma-like lesions
in the lung. The lesions in the lung did not h&ilkeoblastic activity or hyalinization and regredsduring recovery. All
types of pulmonary lesions were more marked in snddan in females. Accumulation of macrophagesaobkagrved in the
mediastinal lymph node at 13 and 26 weeks. Treatnatated, microscopic changes in the nasal regiene occasionally
found at week 13 such as focal necrosis and shighphy of the olfactory epithelium. Interstitféddrosis was not noted
directly after the exposure period, but was obskfee the first time after 13 weeks postexposurigh imcreasing incidence
especially in the high-dose group, and a few inntiddose group. There was decreased severityragddncy of the effects
until the end of the study. The authors conclutied the NOEL was 1.3 mg/m

In a second study, male and female Wistar rats plaeed in a whole body inhalation chamber 6 h/divieek, for 13
weeks to be exposed to precipitated silica at 3smhparticle and agglomerate/aggregage size 1 to 4h20 The rats
were periodically killed and necropsied over thenek recovery period.

Slightly decreased body weight and increased lumigtymus weights were observed. Necropsy revealedien

and spotted lungs and enlarged mediastinal lymplesio Microscopic examination of the lungs revealecumulation of
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alveolar macrophages, intra-alveolar leukocyted,increased septal cellularity. There was alsamctation of
macrophages in the lymph nodes. The collagen nbirtéhe lungs was slightly increased. During tbeovery period, the
effects of silica exposure were mostly gone withinweeks. Accumulation of silica and macrophageheé mediastinal
lymph nodes were still present at the end of tkevery period (Reuzel et al. 1991).

Johnston et al. (2000) exposed male Fischer 344 rat 4) to aerosolized pyrogenic silica (50.4%+mg/nf, mean
diameter 0.81 um) for 6 h/d, 5d/week, for 13 weekbe control group was not treated. The silicadbn was determined
after 6.5 and 13 weeks of exposure and after Bandnths of recovery. The silica load increasedkiy during the first
6.5 weeks of exposure (0.76 mg/lung) but less &y &B weeks (0.88 mg/lung). During recovery,sliea burden
disappeared rapidly from lung tissue (15% aftewg2ks; 6% after 32 weeks). BAL showed mean cetilvers in the
lavage increased 5- to 15-fold compared to conffdie cells comprised > 50% polymorphonuclear leytes (PMN) and
some 2% lymphocytes whereas the control lavaggsoomitained < 1% of either cell type. Protein emtitand enzyme
activities (LDH and glucuronidase) were markedlyhar than under control conditions. All BAL markexpproached
normal levels after 13 weeks recovery in most fadsyever, a few had minimal increases.

There was invasion of neutrophils and macrophagestiie alveoli after 6.5 weeks but this effectieshto decrease
during recovery. Fibrosis was observed in alveségta which subsided during recovery. After 18kgeof exposure,
intensely stained TUNEL-positive cells were detddteoughout the terminal bronchiolar epitheliund &nrough the
parenchyma of the lungs. The authors concludedarasolized silica produced transient pulmonafiainmatory response
and most biochemical markers return to controllepest exposure (Johnston et al. 2000).

ECETOC (2006) reported an unpublished study wheigtairats (n = 20; 10 males, 10 females) were sxgpto
hydrophobic pyrogenic silica (0, 0.51, 2.05, and)10mg/ni; particle size not provided) for 6 h/d, 5 d/week £3 weeks. A
group of rats was allowed to recover for 13 weed®ite being killed and necropsied. Silica was olestin the lungs in a
concentration dependent manner at the end of erposSilica was observed in the tracheobronchraply nodes in 3 of 5
animals in the high dose group. After recoverg,dimount of silica in the lungs was below detedliimits in the low dose
group and only a small amount was detected in ijte dose group.

ECETOC (2006) reported an unpublished study in whitistar rats (n = 20; 10 male, 10 female) wereosgrg to
aerosolized hydrophobic pyrogenic silica (0, 0505, or 10.01 mg/fnparticle size not provided) for 6 h/d, 5d/week 18
weeks followed by a 13 week recovery. Most effeatse in the high-dose group. There was an inereaasparate-amino-
transferase level and alkaline phospatase actviitienales. There was an increase in absoluteedative lung and
tracheobronchial lymph node weights. The lungsdeaedd appearance with white spots. There was@amaulation of

alveolar macrophges with few PMN cells accompabigbtronchiolar-alveolar epithelial hyperplasia amerstitial
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inflammatory cell infiltrates in lungs. The lungaihing mediastinal lymph nodes showed increasstibleytosis and
macrophage aggregates in paracortex and/or geroengrs.
Chronic Toxicity
Oral
Pyrogenic and Hydrated Silica

Silica (3.2% or 10%) was incorporated into the feédats (n = 24; 12 male, 12 female) for 6 mor{insR. Grace &
Co 1981). There were no mortalities. The onlgichl sign was discolored stools. Growth and dgwelent was normal
and feed consumption similar to controls. Necropag unremarkable; organ weights, absolute antivelavere similar to
controls. Histology and hemotology was unremarnkafiihere were no changes in clinical chemistry.

In another feeding study, rats (n = 24; 12 mal@geinales) were fed silica for 6 months. The lmsamales and
females consumed an average of 0.78 and 0.55cg/sikek, respectively. The high dose males andlgshtonsumed and
average of 3.00 and 2.11 g silica/week, respegtivEhere was no effect with regards to body weggtih, feed
consumption, blood chemistry, or urinalysis. Th&es an increase in the number of leukocytes irigihmale high dose
group and eosinophils in the male high dose grothere was a decrease in glucose concentratiodRrattivity in the
male rats in a dose dependent manner. There wasaded serum calcium concentration in the fenzdeim a dose
dependent manner. There were reduced absoluteednded liver and prostate weights (W. R. Graceo% 1981).

Takizawa et al. (1988) fed precipitated (hydrat&tiya gel (1.25, 2.5, or 5% incorporated into fegdmale and
female Fischer 344 rats (n = 80; 40 males, 40 fes)dbr 103 weeks. The mean cumulative intakelichsvas 143.46,
179.55, and 581.18 g/male rat and 107.25, 205r62485.33 g/female rat for the low, mid and higelgroups,
respectively. Survival for all treatment groupssveamilar to controls. There were no differencesiveen treatment groups
and controls with regards to body weight, feedkatdehavior, or in hematological or chemistry pagters. Liver weights
in the females in the mid and high dose groups Veever at 12 to 24 months. There were no signifidedings at the
histopathological examinations.

The above experiment was repeated feeding B6C3E4 fni= 80; 40 male, 40 female) for 93 weeks. miean
cumulative intake of silica was 38.45, 79.78, afl §/male mouse and 37.02, 72.46, and 157.59 géemause for the
low, mid, and high dose groups, respectively. €heere no differences in survival between treatrgemtips and controls.
Feed consumption was increased in the mid anddogk groups whereas there was reduced weight secie@he males
during weeks 15 through 50 (p < .01) and week$8fugh 50 for the females (p < .05). There wereemoarkable findings

with regards to hematology or organ weights. Theae no increase in the incidence of tumors (Takizat al. 1988).
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Inhalation
Pyrogenic and Hydrated Silica

Jotten and Klosterkotter (1951) reported that wiadabits were exposed to aerosolized silica (02 @qum particle
size) there was formation of nodular fibrotic offube fibrotic changes in the lungs. The autharsctuded that the
concentration of the dissolved silica, the surfaees of the colloidal particles, mechanical ahgigiochemical condidtions
were factors in the observed changes.

Schepers et al. (1957a) performed a parallel sfsely SUBCHRONIC above for more details) where thetdk/ rats
(n = 35) were exposed to aerosolized precipitatad faverage 1.5 mg#f{53 mg/ni]; most measurements ranged 0.7 to 2.4
mg/ft [25 to 85 mg/rf; particle size not provided) for 8 h/d, 5 d/week 12 months. Treatment related deaths were 26/35
(75%). After 6 months of exposure, aggregationcél pigmentation visible as reddish-tan focdast were observed.
There was also moderate, well-established genethimphysema and lymph nodes that were greatlygenland firm.

The majority of the rats died from pulmonary vascwbstruction and emphysema from tHeetthe 9' month. The authors
concluded that high subchronic/chronic exposur@torphous silica causes severe progressive pulpnarflEzmmation
associated with increased mortality of the animaisnarily through partial obstruction of the pulnaoy vasculature
combined with pulmonary insufficiency due to empys.

Schepers et al. (1957b) exposed male and femateaininea pigs to aerosolized pyrogenic silica(age
concentration 1.5 mg#ftranging 0.7 to 2.4 mg#t85% between 1 to 10 um) in 3 experiments. Thelevhody exposure
was for 8 h/d with the remaining 16 h as passiymenre (dust settling). In experiment 1, the gaipigs (n = 40) were
exposed to the silica up to 24 months, with a fédledkand necropsied every 2 months. In experinZetiie guinea pigs
were exposed for 12 (n = 15) or 24 (n = 18) momtitis variable recovery periods up to 12 monthsexperiment 3, the
guinea pigs (n = 17) were exposed for 12 montigvied by a 1 month recovery period, then re-expesor 8 to 24 h. A
control group of 80 guinea pigs were sampled amdapsied from 1 to 36 months.

Two guinea pigs died from non-experimental caug@gerall, the chronic reaction of the lung tissueswestablished
by 4 months of exposure. There was focal pigmemtatfter 1 month. Lymph nodes were enlarged byohth and did not
increase over time, including hepatic lymph nodekere was a tendency for lung emphysema afte84ntonths of
exposure. Atelectasis was observed histologically.

Histologically, the dominant response was bronchinl peribronchiolar intra-alveolar accumulatiohgiant cells.

At 8 to 12 months there was incipient atrophy diftiated alveoli which apparently led to compemsgtexpansion of
adjacent alveoli. There was a combined effecteltatasis and consolidation around bronchioli,diuhe expense of

bronchioli distortion. Incipient fibrosis aroundamchioli and shrunken alveoli was noted at thegist There was a marked
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tendency toward cuboidal epithelization of ateletitaalveoli by the end of the second year of expes

In the lymphoid tissue, medullary hyperplasia wvite formation of slight amounts of reticulum wasmment during
the second year of exposure. No inflammation,ssgatarrh, nor fibrosis were noted in the lymphewd

In the recovery phase after 12 months of exposhese was progressive recovery beginning almostediately.
There were no macroscopically visible anomaliesréftyear of recovery. Residual sequelae of Hsudi reactions were
emphysema, mural fibrosis, and bronchiolar and dhri@ah ectasia stenosis. The authors concludedttivanic exposure to
amorphous silica was non-lethal to guinea pigschused significant inflammatory reactions and ulary lesions,
however, without apparent disability of the anim@shepers et al. 1957hb).

Schepers et al. (1957c) exposed New Zealand wditgits (n = 10) to aerosolized pyrogenic silic® (hg/ff, 53
mg/n?; ranging from 0.7 to 2.4 mgift25 to 85 mg/rf) 1 to 10 um) for 8 h/d for 12 months. There wasamd 12 month
recovery period. There was progressive functiomadpacitation and increased hematocrits observéfiki majority of the
rabbits, possibly due to the combined effect ofqrary vascular obstruction and emphysema. Blaoesspre changes
(both increases and decreases) were observed iindjloeity of the animals which partially recoveneith discontinuation of
treatment. Essential pulmonary changes includeithneachiolar cellular catarrh, mural cellular itfation along with
deposition of reticulum and some collagen, the &diom of peri-vascular cellular nodules, ductahst#s, and emphysema.
During recovery, the cellular reactions and empmgeegressed but minor focal alveolar mural coligqgersisted.

Schepers (1959) exposed New Zealand white rabibitet(clear, ~16) to aerosolized precipitate si{iz:a28, 134, and
360 mg/m; particle size not provided) for 8 h/d, 5 d/wedkie mid and high dose groups were exposed forrf@mpthe
low dose and the control groups were exposed fan@iths. The rabbits in the mid and high dose inecdistressed during
exposure. Clinical signs were fewer, commenceat Jaind receded more quickly in the lower concéiotmta. There was
increased body weight gain which corrected wherosupe was terminated. The author suggested tisavéts due to
edema. The body weights then decreased. Thetsaidd dyspnea and shortness of breath accompanigdnosis.
Elevated right and left ventriclar pressures wenecentration and time related.

In the high dose group, emphysema was observedwleicreased after termination of treatment. Puémon
emphysema, vascular stenosis, alveolar cell iafitin, sclerosis, and epithelization granulomatosscrophage catarrh
were observed. Lesions were observed in the Iseen and kidney.

After 6 months of exposure, the cardiac pressutbedfow dose group increased steadily. At 24 mgrthe elevation
was 64% over pre-exposure pressure. This effestpadially reversed with termination of treatm@n% after 12 months).
The author reported concomitant radiographic changjectrocardagraphic deviations, modificatiotuafy functions,

hematolytic changes, anatomical cor pulmonale, estidg cardiac failure, emphysema, and chemicalmoeitis. The
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LOAEL was 28 mg/m(Schepers 1959).

Schepers (1962) exposed monkevisgacus mulatta; n = 5) to aerosolized synthetic silica (15 mi/particle size not
provided) for up to 12 months. A monkey was killee necropsied at 3 and 6 months. The remainorkeys were killed
and necropsied after 12 months of exposure. Tlere 15 untreated control monkeys. Body weightgdiecreased and
activity decreased during the initial exposures.3Anonths, emphysema was detectable. There wesidewable cellular
infiltration of the alveoli and alveolar septa vassociated with distention of alveoli or accumalatdf exudate and
macrophages.

After 12 months, the lesions were marked pulmoeanphysema, alveolar wall sclerosis, vascular oaohss and cor
pulmonale. Cor pulmonale was attributed to thelgrapma and alveolar wall destruction. Tracheobhabdymph nodes
were slightly enlarged but not fibrotic. The silicantent remained low and decreased over time (&rhe 962).

Klosterkotter (1965) exposed female albino rats (i20) to aerosolized pyrogenic silica (~45 niy/particle size not
provided) for 4 h/d for up to 1 year followed by @0 8 month recovery period. Some of the ratevkdled and necropsied
periodically. There were 41/120 deaths. At nesyoghere were small white foci under the pleurdarged and discolored
lymph nodes with formation of collagen and locatnusis, perivascular and peribronchiolar dust gedhuloma with
reticulin and collagen fibers, necrotic cells, demmative catarrh and thickened alveolar septa.

After the recovery periods, the dust cell granulsmware fewer and reduced in size with only a fest dells and
fibers. The alveolar septa had not completelyptisared. After 3 months, the lymph nodes werergedh after 8 months,
the size of lymph nodes and the extent of recowane reduced. The mean silica content of the lwas0.32 mg/lung or
lymph node (0.6 mg maximum). At the end of expesr132 mg was found in the mediastinal lymph nigdesterkotter
1965).

With continued exposure, the cellular reaction dased and was replaced by degenerative procegse®flsepta
with confluence of alveoli), followed by destruaiemphysema. Circulatory continuity was externgiiepaired by
extensive rupture of alveolar septa. Collagen apmkin the alveolar septa.

Groth et al. (1981) exposed male Sprague Dawley(ret 80) to aerosolized pyrogenic silica, preaated silica, or
silica gel (15 mg/rh 6 to 9 mg/mrespirable<4.7 um). Exposure was for 5.5 to 6 h/day, 5 d/wieekip to 12 months. At
maximum exposure, a few macrophage aggregatesfawand in the lungs. Interstitial fibrosis assoettvith dense
collections of mast cells appeared in some of dite af the control and treatment groups, althobghetwas a trend of a
more frequent incidence in those exposed to pyiiogglica, but was a few were observed in somerobahimals. The
authors concluded that the LOAEL was 6 to 9 nig/Macrophage aggregation was less pronouncedsiiran in monkeys

under these test conditions (see below). Fibrmeasof minor importance as test and control gravg® similar.
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Another experiment was conducted using male monfdgisaca fascicularis; n = 10) with exposure to the 3 types of
silica for 6 h/d, 5 d/week, 13 or 18 months. Tkergase in lung respiratory volume and ventilatoeghanics in the
monkeys was more marked in the pyrogenic silicagr®ynamic pulmonary compliance, forced vital adfya inspiratory
capacity, total lung capacity, and forced expinaftow were decreased. Average flow resistancecmsing volume were
increased. In the precipitated silica group, lolweg volumes were observed. There were no chandasg volume
parameters, but there were reductions in ventijgterformance and mechanical parameters, dynamgcdampliance, and
forced expiratory flow when exposed to silica gel.

Cytoplasmic changes (increases in number of vasugienacrophages in the lungs and tracheal lyngoles were
observed. Large numbers of macrophages and moleamnwell aggregates (bronchioles, alveolar spaerales, arterioles)
were observed in the lungs. The frequency anddfitiee cell aggregates varied with the type d€ai(precipitated >
pyrogenic > gel). Reticulin fibers were presenthie aggregates in all 3 groups. In 6/9 monkey®sad to pyrogenic silica,
collagen in varying quantities was found in 5 t8%0f the aggregates, with signs of early nodulamofsis. In 3/9 monkeys
no or little collagen was present. No collagerfiowere observed in aggregates in the lung of myan&xposed to silica gel
and only very few after exposure to precipitatdéidai The authors concluded that early nodulanois indicated that
pyrogenic silica is more detrimental than prectigitbsilica or silica gel. The smaller particleesaf pyrogenic silica may be
a contributing factor. UNEP (2004) reviewed thisdy and noted that the monkeys were transportéags that had
contained asbestos and that suspect particles inigs were identified as mica and kaolin. Quartasbestos fibers could
not be ruled out.

In a third study, the authors exposed male Haglégea pigs (n = 20) to the 3 types of silica fd¥ & 6 h/d, 5
d/week for 12 months. A few macrophages contaipiagicles of silica were observed in the lungs lgntbh nodes, similar
to the findings in rats (see above) (Groth et 8811).

Schepers (1981) exposed rabbits (n = 50), rats§#)=and guinea pigs (n = 82) to aerosolized pitted (hydrated)
silica (average of 126 mgfn(3.57 mg/ft; particle size not provided) for 8 h/d, 5 d/wefek,12, 15, and 24 months,
respectively, followed by a recovery period of opl2 months. Control groups were not treated.rd ere no treatment-
related differences in mortality between treated eontrol groups. For the rats, most of the deatr® due to intercurrent
infection.

Lung weights increased during exposure but retutaegbrmal during recovery. Particle-phagocytosimerrophages
accumulated in alveoli, bronchioles, and lymphdsdue in all species. Hilar lymph nodes were geady mildly in rats and
more evidently in the guinea pigs and rabbits; disappeared with the termination of treatmentith&tial proliferation was

minimal. Mild deposition of reticulin fibers ocaed in alveoli with no evidence of collagen forroati Bronchial and
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tracheal epithelia remained intact. No epithelabr pleural changes were observed; no neoptasiarred.

The emphysema was equally distributed betweeretieatid control groups. It was dominated by thieiskf
hypertrophic vesicular distention but apparentty ot result from destructive effects on the muamsgerminal bronchioles
and disruption of the continuity of alveolar wall§he author stated that the emphysematous effébeirats could possibly
be due to aging and recurrent epizootic pneumsentithere was complete reversibility of silica rgiten and inflammatory
responses in guinea pigs within 6 months of regov&ilicotic processes were completely absentligpecies (Schepers
1981).

UNEP (2004) reported several unpublished chrorialation toxicity studies of silica. The studige aummarized in
Table 9.

ECETOC (2006) reported a series of unpublishedesudrats (strain and n not provided) were exptsed
aerosolized hydrophilic silica (50 to 55 md{rf80 mg/ni respirable [sic]) for 12 months. Rats were kil necropsied
periodically and after 5 months recovery. At 3gldhere was 0.25 mg silica in the lung and 0.5atrgweeks. At 12
months, ~1% of the total administered respirallieasivas observed in the lungs. Initial accumolativas rapid and
dropped off between week 18 and 12 months (0.5trBgaseeks; 1.2 mg at 18 weeks; 1.37 mg at 12 mpnths6 weeks,
the mediastinal lymph nodes contained ~ 0.02 nmicpséind 0.13 at 12 months. After 5 months of recpmhe silica in the
lungs decreased to 0.16 mg/lung (88% reduction)dadd7 mg/lymph node (> 50% reduction).

Rats (strain and n not provided) were exposed rtmsatized hydrophobic silica (50 mginparticle size not provided)
for 5 h/d, 2 d/week for 8 and 12 months. The lurgained 1.448 mg silica (1.3% of exposure) ad®4d mg (1.1%),
respectively. The lymph nodes retained 0.05 ah@i®mg, respectively. After 12 month exposure Amdonth recovery,
the lungs contained 1.1 mg silica (37.5% eliminmatiand the lymph nodes contained 0.16 mg. Aftecdths recovery, the
lungs contained 0.43 mg and the lymph nodes 0.12 Afiggr 5 months recovery, the lungs contained. 0y (76.7%
elimination) and the lymph nodes 0.13 mg.

Rats (strain and n not provided) were exposed ftosatized hydrophobic silica (100 mgfnparticle size not
provided) for up to 1 year. Silica content of thegs and the lymph nodes was 4.33 and 0.132 rBgrainths, 6.71 and
0.214 mg at 5 months, and 11.46 and 0.378 mg, cégply. After 6 months of recovery, 55.5% of siica was eliminated
from the lungs. Lymph node elimination could netdbserved.

Male rats (strain and n not provided) were expdsezkrosolized hydrophobic pyrogenic silica (0, 3@, or 150
mg/n?; particle size not provided) for 6 h/d, 5 d/week 12 months. The low dose had no effect. The midt high-dose
groups had white foci on the lung surfaces andectiins of foamy macrophages within the alveolhe peribronchial

lymph nodes were enlarged.
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Male Cynomolgus monkey#Aacaca fascicularis; n not provided) were exposed to aerosolized tplaobic
pyrogenic silica (0, 10, 50, or 100 md{marticle size not provided) for 6 h/d, 5 d/week 12 months. Recovery was 2 or
24 months. The low dose had no effect. The mid-lEgh-dose groups had interstitial fibrosis, whitid not resolve or
progress during recovery. Peribronchial lymph mogere enlarged (ECETOC 2006).

Intratracheal
Silica

Ernst et al. (2002) used female Wistar WU rats:{Zi{WU)BR) to test the carcinogenicity of silicataf intratracheal
instillation in several experiments. The authdse dested the preventive effects of poly-2-vinyldine-N-oxide (PVNO)
against silica carcinogenicty. Starting at 8 weakage, the rats were anesthetized and treatéutdayracheal instillation of
a particle suspension of silica. In the first expent, the rats (n = 4) were treated 20 timeswae2k intervals with silica
(0.5 mg). A second set was treated 30 times. Weeks after the last instillation, the rats wetée#liand the lungs
examined. Rats treated with silica had moderatetrnsient dyspnea that resolved in 1 to 4 h.

The experiment was repeated with various dosesvithdhe addition of PVNO measuring various pararmsgt
comparing the results to the control saline sotuti§ilica administered twice at 0.3 mg at 7-ddgrvals increased lung
weights compared to controls. At 1 and 3 mg, thexee increased leukocytes, PMNs, lymphocytes lamgl weights.
Similar results were observed when administerath8s When administered 4 times, there was alspaease in
leukocytes and PMNSs at 0.3 mg/dose. Rats admiad@.2 mg once had increased leukocytes and PEtNsing, there
was increased leukocytes, PMNs, and lung weightiN® administered with 2 mg of silica reduced thenber of
leukocytes, PMNs, lymphocytes, and lung weight cared to silica alone.

Using the data from the above experiments, thecasithesigned experiments lasting 3 and 9 monthe rats treated
with silica had decreased body weights of ~5% &ftetonths.

The particle-laden alveolar macrophages in thedwifghe silica-treated groups appeared to be gépantact. In
the 4-week experiment there was multifocal modei@severe granulomatous alveolitis characterizeddundant
macrophages, fewer fibroblasts, and T-lymphocytesanly a few granulocytes. Over time after itestiibn of silica, the
majority of these inflammatory foci had progressetiscar-like” interstitial fibrotic granulomas. his process was markedly
augmented by additional treatment with PVNO. Thhaers stated that fibrotic lesions were considéoepresent chronic
stages of alveolitis induced by silica.

Cells lavaged from the lungs of the rats treate®fmonths had increased reactive nitrogen inteiaesl reactive
oxygen intermediates and TNFthan controls when exposed to lipopolysacchanded/mosan. The authors concluded

that amorphous silica is more toxic than quartzqatsted in this study) but recruitment of leukesyand PMN
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concentration in the lavage seems to be lower amddacrease faster than for quartz. This may lkee¢@amorphous silica’s
rapid elimination from the lungs. Silica induceflammation persisted as long as there were regéaséllations.

Lesions in the lungs were characterized by a ld&tweolar lipoproteinosis and relatively low numbef intra-
alveolar macrophages. Most of the macrophages fwanay but not necrotizing. Silica also producgat@nounced but
localized interstitial fibrosis (interstitial fibtiw granulomas). The authors suggested that theseloped from acute
alveolitis observed after a single administratiésitica. The authors also suggested that themssiesulted from acute
epithelial damage at the sites of particle depmsitiith subsequent (granulomatous) inflammation gnoediuction of
granulation tissue. Silica is not carcinogenicanmthese test conditions (Ernst et al. 2002).

Ocular Irritation
Precipitated and Hydrated Silica

Hazelton Laboratories (1958a) instilled a singlsaelof an aqueous solution of pyrogenic silica (3 tnghe eyes of
albino rabbits (n = 3). The eyes were observeld 4t and 24 h. There was mild eye irritationhia form of erythema and
vascularization of the lower sclera and nictatirgmbrane, which resolved within 48 h.

W. R. Grace & Co. (1981) reported a Draize tedilafa (9 mg) using rabbits (n not provided). Tdrg material was
a mild irritant (score of 2.4) in the unrinsed ey&he authors suggested that was due to the $grbpdrophilic silica.

There was no irritation when the eyes were ringetdeated with an aqueous suspension.

In another study, silica (10 mg) was instilletbithe eye of rabbits and not rinsed or rinsed &fter 4 sec. There was
faint irritation of the mucous tissues in the egesrinsed which resolved after 1 day. There m@gritation in the eyes that
were rinsed. When the test was repeated withaire amount of silica in aqueous solution thereweaisritation.

Lewinson et al. (1994) instilled pyrogenic or pmtated (hydrated) silica (0.1 g in olive oil) inttoe eyes of male
New Zealand white rabbits (n = 8). After 5 mine #yes of 5 rabbits in each group were rinsederAf h, the rest of the
rabbits’ eyes were rinsed. The eyes were examitida split lamp at 1, 24, 48 and 72 h (24-h expenly).

The rabbits treated with precipitated silica haghtlredness of the conjuctiva at 1 and 24 h ingfeeip rinsed after 5
min and at 1, 24, and 48 h in the group rinsed H4eh. There were no signs of irritation in tabbits treated with
pyrogenic silica. There were no clinical signieTauthors concluded that precipitated silica Wghlyg irritating to the eyes
of rabbits and pyrogenic silica was not irritatingis not clear whether the greater water soitybdf precipitated silica or
the incomplete removal of olive oil caused theati#hce (Lewinson et al. 1994).

UNEP (2004) reported several unpublished oculatistu One irritation study of pyrogenic silica (1®g) used
rabbits (n = 3). The silica was instilled withairtsing. There were no signs of irritation up ®t9after application.

In another ocular irritation study of pyrogenidal (100 mg) using rabbits (n = 3), the silica wesilled without
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rinsing. There were weak irritating effects in tanjuctivae with a redness score of 2/4 in albiesbat 1 and 2 h, 1 rabbit at
24 h, and non at 72 h. Chemosis and dischargesiigte after 1 h. The authors concluded that ggric silica was non-
irritating.

In another unpublished study of precipitated (htetfasilica using rabbits, silica was found to beirritating.

In another unpublished study of precipitated siied(hydrated; suspended in water), the eyes wmniased or rinsed
after 2 or 4 sec. The authors concluded that pitetéd silica was nonirritating.

In another unpublished study, 4 products of préaipd (hydrated) silica (100 mg) were instilledhia eyes of rabbits.
All types had isolated cases of very slight anddient irritating effects on the conjunctiva witheiness score of 1/4. The
authors concluded the precipitated silica produetise nonirritating.

In another unpublished ocular irritation study,qipéated (hydrated) silica (50% w/v in an aqueslusry) was
nonirritating to rabbits (UNEP 2004).

Unpublished ocular irritation studies are summatizeTable 10 (ECETOC 2006).

Dermal Irritation
Pyrogenic and Hydrated Silica

Hazelton Laboratories (1958b) applied pyrogenicai(5 or 10 g as a paste in water) to the intadtabraded skin of
albino rabbits (n = 4) daily, 5 d/week, for 15 d@pations. Mild dermal irritation consisting of ¢éingma, atonia, and
desquamation was observed for both doses. Thdedhiskin healed completely.

W. R. Grace & Co. (1981) reported a study wheresalD¢partment of Transportation test for skin itidta of silica
(assumed at 100%) was performed on rabbits (non&)tact and abraded skin. One rabbit showed m@d/reddening of
the abraded skin. Silica was determined to bealfist non-irritating.

Lewinson et al. (1994) used a gauze patch to gpplygenic silica (0.5 g in olive oil) or precipi¢at silica (0.5 g in
aqueous methylhdroxyethyl cellulose gel 300 P [1&}he intact and abraded skin of New Zealandewabbits (n = 6; 3
male, 3 female) for 24 h. The patch site was stafter removal and 48 h later. The rabbits wérgeoved for clinical signs
during exposure and for 14 d after exposure. HNtiion was observed for either type of silicaather intact or abraded
skin. No effects were observed.

UNEP (2004) reported an unpublished dermal iratastudy of pyrogenic silica (0.5 g; 12% suspengienn 1%
methylhydroxyethyl cellulose in water) using rakbifl he silica was applied under occlusion to titadt (n = 6) and
scarified (n = 6) skin of the rabbits for 24 h. ef& were no signs of irritation under either slondition. The authors
concluded that pyrogenic silica was non-irritating.

In another unpublished dermal irritation study,gipéated (hydrated) silica (0.5 g; 23% suspengjehih 1%
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methylhydroxyethyl cellulose in water) using rakbgilica was applied under occlusion to the infact 6) and scarified (n
= 6) skin of rabbits for 24 h. There were no sigharitation under either skin condition. Thetlaors concluded that
pyrogenic silica was non-irritating.

Another unpublished study reported a dermal iiatastudy of precipitated (hydrated) silica (0.51@.5 ml water) on
rabbits (n = 3). The test substance was appli¢detskin under occlusion for 4 h. There wererritating effects.

Another unpublished study reported a dermal iiatastudy of precipitated silica (0.5 g) on rablfiis= 12). The test
substance was applied to the skin under occlusin@4 h. There were no irritating effects.

Another unpublished study reported a dermal ifatastudy of precipitated (hydrated) silica (20 nog)rabbits (n =
8). The test substance was applied to the skiemmoctclusion for 24 h. There were no irritatinteefs.

Another unpublished study reported that a patdhatfiesilica was non-irritating to rabbits. No foetr details were
provided.

Another unpublished study reported a dermal iigtastudy of precipitated (hydrated) silica (190;rh@% wi/w;
~0.38 g/ml) on rabbits (n = 6). The test substamas applied to the skin under occlusion for 24There was slight
erythemas in 4/6 rabbits 0.5 h after removal. &heere no irritating effects at 72 h. The auttemscluded that precipitated
silica was non-irritating.

Another unpublished study reported a dermal ifatastudy of precipitated (hydrated) silica (33 ng)rabbits (n =
6). The test substance was applied to the skieruoctlusion for 24 h. There was slight erythei2dah after removal.
The authors concluded that precipitated silica m@sirritating (UNEP 2004).

ECETOC (2004) reported an unpublished dermal toxatudy of pyrogenic silica (0, 5,000, 10,000 nagdR
using albino rabbits (n = 4; 2 male, 2 female).e Bilica was applied for 18 h/d, 5 d/week for 3 kget® intact and abraded
skin. There were no signs of systemic toxicitynefle was no difference in dermal irritation betwieated and control
(cosmetic talc) groups as both produced mild deimitdtion consisting of erythema, atonia, andglesnation.

Unpublished studies of skin irritation of hydropbhiand hydrophobic silica on rabbits are summarinetiable 11
(ECETOC 2006).

Dermal Sensitization
Hydrated Silica
A guinea pig (n =10) sensitization study of hyddasdica (20% in distilled water) was conductedo fg¢actions were

observed in either the test group or the controuigr(distilled water; n = 5) (Council 1984).
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REPRODUCTIVE AND DEVELOPMENTAL TOXICITY

Pyrogenic Silica

W. R. Grace & Co. (1981) reported a study in wtiitica (500 mg/d) was fed to male and female nats 40) for 6
months. After 4.5 months, 5 females were matelderd were no adverse effects observed for mortaldgly weight gain,
hematology, and reproductive performance. Histplofithe stomach, intestines, pancreas, liver,kadideys were similar to
controls. Litter size, birth weight, morphologydadevelopment of the offspring were similar to tcols.

In another study, pregnant female mice were fetbu840 mg/kg silica for 10 days (specific gestatiays not
provided). There were no effects on nidation on@ternal or fetal survival. Fetal abnormalitieer@vsimilar to controls.

The same results were reported for rats (up to 13§g for 10 days), hamsters (up to 1600 mg/kdfdays) and
rabbits (up to 1600 mg/kg for 13 days) (W. R. Gr&dgo. 1981).

Lewinson et al. (1994) administered pyrogenic ail{800 mg/kg/day) to female Wistar rats (n not pied) in their
feed. The female rats were mated with male ratswming 500 mg/kg/day from the subchronic studpyab at weeks 8
and 17. The rats were weighed periodically, blsachpled monthly (except during pregnancy), and relesedaily. The
progeny from both matings were examined for abnbties At 6 months, the rats were killed and opsied except for 5
rats which had a 3 week treatment-free period pddreing killed and necropsied.

There were no clinical signs during treatment. Bagights and feed consumption were similar betwesstment
and control groups. Hematological parameters agdroweights were unremarkable. Reproductive pmdace was
similar between groups. Pathological examinat@realed no differences between the groups.

At the first mating, 6 control and 9 treatment ddrasame pregnant; 7 from each group became preghtme
second mating. There were no treatment-relateattsfin litter size, birth weight, physical paraerst or behavior.
Development of progeny during lactation was withadverse effects; weight gains were normal. Nattnent related
effects were found during gross pathology. Théanstconclude that the oral NOEL was >500 mg/kgifarelopmental and

reproductive toxicity (Lewinson et al. 1994).

GENOTOXICITY

Mammalian M utagenicity
Pyrogenic and Hydrated Silica
Liu et al. (1996) performed an in vitro micronudetest using Chinese hamster lung fibroblasts laag0, 40, 80,
and 160 pg/ci 0.12, 0.23, 0.46, and 0.93 mg/ml). There waskweat significant, dose dependent induction of

micronuclei at cytotoxic concentrations with theuks of the 2 highest dose groups (13.33 + 1.%,(Gb; 18.00 £ 2.08, p <
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.01) being greater than controls (7.67 + 2.33;aation coefficient 0.96). No clastogenicity wdsserved in concentrations
lower than cytotoxic levels.

Zhong et al. (1997) performed a single-cell gel/@bassay using Chinese hamster fibroblasts (V7@haman
embryonic lung fibroblasts (HEL 299) on silica (8&nd 137.9 pg/cfh There was a dose dependent increase in DNA
migration in the gel in both cell types in a simitleanner.

UNEP (2004) and ECETOC (2006) reported several biighed in vitro mutagenicity studies of silicamrammalian
cells. Silica was not mutagenic. The studiessaramarized in Table 12.

ECETOC (2006) reported several unpublished in wingagenicity studies of silica gel. Silica gel wex mutagenic
The studies are summarized in Table 13.

Microbial Mutagenicity
Silica

Kanematsu et al. (1980) performed a Rec assayraAdnes assay (usirigscherichia coli TA98, TA100, TA1535,
TA1538) on silica. Both assays were negative @@Dto 10 M.

Prival et al. (1991) performed an Ames test ontsstit silica (0.033 to 10 mg/plate in dimethylsuifte [DMSO])
usingSalmonella typhimuriun (TA98, TA100, TA1535, TA1537, TA1538) art coli (WP 2) with and without metabolic
activation. All results were negative.

Lewinson et al. (1994) expos&dtyphimurium (strains TA98, TA100, and TA1535) akdcoli (WP2uvrA) to a
toluene extract of pyrogenic silica (5 to 1580 kag) with and without metabolic activation. Tloduene extract of
pyrogenic silica was not mutagenic at any concéntravith or without activation. In an additiortalst, the extract was not
mutagenic t&. typhimurium TA98 where the epoxide hydrolase inhibitor andaghione depletor 1,1,1-trichloropropene-
2,3-oxide was added to the activation mix to inseesensitivity of the test toward compounds thataativated to mutagenic
epoxides.

UNEP (2004) and ECETOC (2006) reported several birghed mutagenicity studies of silica. There was
evidence of mutagenic activity. The studies araraarized in Table 14.

Mutagenic I nhibition
Hydrated Aluminum Calcium Sodium Silicate

Abdel-Wahhab et al. (1998) incorporated aflatoXif;(2.5 mg/kg feed) with or without hydrated alunnin calcium
sodium silicate (0.5%) into the feed of Sprague-@swats (n = 10) for 15 days. The rats were #ibend bone marrow
samples were collected for chromosomal analysis.cdused structural and numerical aberrations mcbsomes, mainly

chromatid breaks and chromatid gaps. Hydratedialumcalcium sodium silicate decreased these affectevery category
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of aberration except polyploidy. Hydrated alumincatcium sodium silicate alone did not cause areimge in aberrations.
Sisman (2006) incorporated AF, B0, 0.2, 0.5, or 0.8 ppm) with and without hyddagduminum calcium sodium
silicate (5.0 or 10.0 ppm) into the agar feed afla@regon-R wild typérosophilia melanogaster flies. The flies were then
paired and mated and the offspring observed. @Werhid, and high dose of AF caused the retardatfatevelopment of
the F adults by 1, 2, and 3 days, respectively. Botbedmf hydrated aluminum calcium sodium silicagvpnted the
delayed development. Malformations in the AF &edagroups increased from 0.38% (control) to 7.38%0% and 11.11%,
respectively. The low and high dose of hydratesn#tum calcium sodium silicate reduced malformatibnt not to the
levels of the controls. The AF reduced the nuntfexffspring (p < .05, .01). Hydrated aluminumaaim sodium silicate
mitigated this effect but not to control levelso M effects were reported due to hydrated alumirzalcium sodium silicate,

only protective effects.

CARCINOGENICITY

Oral

Pyrogenic and Hydrated Silica

In an experiment described earlier by Takizawd.€t1888), the female mice were fed precipitategtithted) silica in
feed, the frequency of adenocarcinomas in the lwags1/16 (6.25%) for the control and 1/19 (5.3%&20 (0%), and 1/20
(5%) for the low, mid, and high dose groups. & tilales, the frequency of adenocarcinomas in tigslwas 1/16 (6.25%)
for the control and 2/17 (11.8%), 3/14 (21.4%), &b (18.8%) for the low, mid, and high dose gmufhere was low
correlation of hyperplastic nodules/hepatocellglacinoma/hemangioma/fibrosarcoma in the treatmemips compared to
controls. The authors concluded that the non-raestigl lesions were of no toxicological significance

Lewinson et al. (1994) orally administered pyrogesilica to Wistar rats (n = 40; 20 males, 20 fezagin their feed
(100 mg/kg) for 24 months. The rats were weighefbfe and after treatment. The rats were killedl mecropsied. There
were no clinical signs observed during the treatrpeniod. The rates of tumors observed in theddeats were comparable
to historical controls. The authors concluded thate were no carcinogenic effects due to pyrageilica exposure.

Intratracheal

Pyrogenic Silica

Pott and Roller (2005) intratracheally instilled-@genic silica (3 mg in 0.9% PBS; 0.01 to 0.03 jmy) female SPF
Wistar rats (HsdCpb:WU) (n = 40; 8 to 9 weeks @dimes weekly. The rats were then followed usiath or the 30
month when they were killed and necropsied. A sdagroup had silica at the same dose instilledri®s weekly. Controls

(n = 48) were untreated. In the first group, 38 grvived the entire experiment, 35 in the seayodp, and 46/48 in the
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control group. The period of time after the firgatment in which 50% of the rats died was 113 Hi2lweeks in the first
and second groups and 113 weeks in the contropgrdtie percentage of rats with macroscopic lungpigs) was 13.5% in
the first group, 2.9% in the second group, and 6Girb¥aie control group. The percentage of rats wiitroscopic lung
tumor(s) which are probably not a metastasis ofotilimors located elsewhere was 8.1% in the i@t none in the
second group, and none in the control group. HEregmtage of rats with benign tumors in the segpndp was 5.7% and
there were none in the control group; this wasamatlyzed in the first experiment. Neither groud halignant tumors. The
percentage of rats with tumors that were metatasether tumors was 14.3% in the treatment grotgo8% in the control
group.
Inhalation

Hydrated Silica

Campbell (1940) exposed 3 month old mice susceptitumors (n = 75) to aerosolized precipitatadifated) silica
(0.5 g/d;< 5 ug particle size) once/h, 6h/d, 5 d/week foeary The mice were allowed to live out their naklife span up
to 917 days from the start of the experiment. dence of primary lung tumors was 7.9% in the cdrgroup and 21.3% in
the treated group in mice living 10 months or Iang€here was no obvious fibrosis in the lung teisshere was fibrotic
nodules in the tracheo-bronchial lymph nodes i0%%f the mice. The author suggested that masteosilica dust was
removed by cilia action through the trachea and @dsough the lymphatics. Half of the treated ntieel overgrowth of the
mediastinal connective tissue covering the tradiremchial nodes which occurred in only 10% of thatmls. In the treated
group, 29.5% had an increase in incidence of owertr or hyperplasia of the tracheo-bronchial lynmpldles compared to

14.3% of the controls.

CLINICAL ASSESSMENT OF SAFETY

Oral

Pyrogenic and Hydrated Silica

Worth and Campen (1951) assessed the silica levbeiblood of volunteers (n = 264) before andrafte oral
administration of colloidal silica protein or séi@cid, tetrayglycol ester (amount not providetiiere was a rapid increase
of silica blood levels and a rapid elimination e turine over 8 to 24 h. There was no influenceeaf age, employment,
lung disease (dust lung), or other disease.

UNEP (2004) reported an unpublished study of ordlgninistered silica (1250 mg in apple juice) ia tarm of
pyrogenic (n = 6; 5 males, 1 female) and precipitghydrated; n = 6; 5 males, 1 female) silicajdlunteers. The solutions

were consumed in 2 doses, morning and midday osaine day. The total urine was collected dailyamalyzed. During

47



the 4 days post-treatment, changes of renal siécaetion were not observed. Daily silica incretsémurine after ingestion
ranged between 7 and 23 mg. For the pyrogena@asilhe individual baseline values of the pre-psise were very variable
and individually different; mean excretion ratesged from 25 to 87 mg/day. In the post-treatmdiaisp, individual mean
excretion rates ranged from 32 to 61 mg/day. Remtrecipitated silica, the individual baselineueal of the pre-test phase
were very variable and individually different; meaxcretion rates ranged from 16 to 71 mg/day.héngost-treatment phase,
individual mean excretion rates ranged from 20%arg)/day. Overall, increases in excretion wereumaguivocally
detectable. The authors noted that the small apparcreases were in marked contrast to the rogle df 2500 mg silica
applied.

In an unpublished study on the effectiveness afssiel in the treatment of type Il hyperlipoprotinia, 6 adults (3
men, 3 women; 20 to 51 years old) were admittealieetabolic unit for 3 weeks. Silica was admimetewith the morning
and evening meals starting with an oral dose ofyldOvhich increased by 1.0 g/d until 16 g/d wascheed. There were no
increases in the serum or urinary levels of silitde number of white and red blood cells and f#tgevere unaffected.

Two subjects had a decrease in serum iron levéladla decrease in hemoglobin concentration, Ztdetrease in carotene,

1 had a decrease in serum folate, and 1 had aadecire vitamin A. Clinical side effects includemhstipation in half the

subjects and an unusual aftertaste in all subje@te subject had gastritis. The authors concltld&dthere were no adverse

effects of the silica on hepatic or renal functid@ilica gel was not absorbed significantly frora thtestine (UNEP 2004).
Dermal Irritation and Sensitization

Hydrated Silica

W. R. Grace & Co. (1981) reported a dermal studg déisting powder that included micronized silieh(@mount not
provided) on patients (n = 300). The authors amhed that the powder was non-irritating and noretard could be safely
applied to babies, children, and adults; and, ftoenallergic tests performed, there were littlenorsensitizing properties of
the powder.

Aqueous sodium lauryl sulfate (25%; ~0.05 ml) waglied to the upper outer arm, volar forearm, erlack of
volunteers (n = 27; 18 males, 9 females) underusazh for 24 h. This was followed by the applioatbf a facial mask
containing hydrated silica (0.05 ml; 17%) for 48oh 72 h over weekends), under occlusion. Thiswpsated for 5
inductions. After a 10-day rest, a challenge aapion was applied on a naive site (upper outer aotar forearm, or the
back) for 48 h. There was no sensitization obskrviéhe authors concluded that the test materialved likely to cause
contact sensitivity under normal use (KGL, Inc. 200

Aqueous sodium lauryl sulfate (25%; ~0.05 ml) waglied to the upper outer arm, volar forearm, erlack of

volunteers (n = 27; 18 males, 9 females) underusamh for 24 h. This was followed by the applioatdf a facial powder
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containing hydrated silica (21.7436%) made int®%3queous solution for 48 h (or 72 h over weekenagler occlusion.
This was repeated for 5 inductions. After a 10-dst, a challenge application was applied on @ensite (upper outer arm,
volar forearm, or the back) for 48 h. There waseuwsitization observed. The authors concludettitieaest material was
not likely to cause contact sensitivity under ndrose (KGL, Inc. 2004).

UNEP (2004) reported an unpublished sensitizatiodysof colloidal silica (45%). Patches were apglto volunteers
(n =20; 10 men, 10 women) for 6 days. After 2 keeehallenge patches were applied for 48 h. Bkder the patches was
examined at 1, 2, 3, and 6 days after the firstiegpon and on removal of the challenge patch. skin reactions were
observed (UNEP 2004).

Immune Response
Hydrated Silica

Epstein et al. (1963) injected colloidal (hydratetlira (1 to 4 mg in saline; ~15 um particle sigalpcutaneously 2 to
8 times in volunteers (n = 28). Biopsies were tefkem day 1 to 6 months. Granulomatous inflamorativas observed
within 7 days and persisted for months. The astsaggested that this was a particular type ofdareody response to a
fibrogenic agent and not typical epithelioid ceddules.

Occupational Exposure
Pyrogenic and Hydrated Silica

Volk (1960) studied workers (n = 215) with expostoeilica between 1947 and 1959 using chest x-r&posure
ranged from 15 to 100 mgfn? to 6 mg/m, and 3 to 7 mg/f, depending on workstation. Hairline actuatiornhef
interlobar fissures, suggesting slight interloblauptis, was the only remarkable sign. There weresigns of silicosis.

Plunkett and DeWitt (1962) examined 78 workers @a2 to 67 years; average 34.23 years) who had been
occupationally exposed to precipitated silica fro®41 to 1959. Dust concentrations ranged from @304 mg/ri There
was no evidence of silicosis or other pulmonargase.

Wilson et al. (1979,1981) examined workers (n =)l8%osed to precipitated silica a mean of 8.6yé&4 workers
had been exposed a mean of 18 years [10-35 yeds}t levels varied from <1 to 10 mg/mith some higher intermittent
levels. Examination included spirograms, respisatpuestionnaires, and chest radiographs. Coudtdgspnea correlated
with level/time of smoking and not silica exposurEhere were no correlations between yearly chafigeiilmonary function
and dose or time of exposure. The workers withntlean exposure time of 18 years had pulmonaryifumsimilar to the
rest of the group. There was radiographic evideferinimal pneumoconiosis that was biased dueitor pxposure to
limestone. None of the 143 workers with exposunly to silica showed radiographic evidence of pnecomiosis.

Choudat et al. (1990) examined workers (n = 41)peg( to precipitated silica and compared themdongrol group.
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The examination included blood gas analysis andtalagliographs. There was a reduction in forceairatory flow in the
exposed group. There was no correlation betwezptposure index and pulmonary function. The astboncluded that
smoking and exposure to silica synergise to induaall airway disease.

UNEP (2004) reported several unpublished studiesliof exposure. Workers (n = 200) with intensavel regular
contact with silica from 1972 to 2000 were evaldat&here was no evidence of skin allergy causethégilica. There
were signs of irritation attributed to the desieatand defatting properties of silica which resliite skin dryness which
could be controlled by regular use of skin-prottintment.

In another unpublished study, an occupational stfdyorkers (n = 143) exposed to silica from 1969985 was
performed. Exposure ranged from 1 to 34 yearsrélfvere complaints of some disorder or exhibitibalmormalities in
lung function or histology in 54/143 (36%) of thenkers. Dry cough, expectoration or dyspnea wpsrted in 34/54 of
these workers. A total of 42/54 (78%) of thesekeos had some possible confounding factor (i.eokang). Radiological
examination did not show any signs of fibrotic dise. Spirometric examination showed obstructivBarmestrictive
ventilation disturbances in 24 workers. Most & #uverse findings were associated with confounfdioprs such as
smoking.

In an unpublished occupational exposure studyyg-veere take of 99 workers who had manufacturechsior
various amounts of time. The x-rays revealed ridemce of any occupational disease, includingasii.

In an unpublished occupational study of workergrigcipitated silica factories (1952 to 1981), thees no silicosis
in workers employed for 1 to >20 years (mean 18&§). There were negative results in hematolagye analysis, lung
functions, and chest x-rays.

In an unpublished study of workers (n = 78) in@day that manufactured hydrated silica pigmentieen 1941 and
1959, dust concentrations ranged from 0.35 to 2@&mn No evidence of silicosis or other pulmonary dsewas observed.
The incidence of iliness and injuries were simitaother workers in this plant (UNEP 2004).

ECETOC (2006) reported an unpublished study of exsrlexposed to pyrogenic (3 factories) or predipitg2
factories) silica. There were 510 current workeith at least 1 month exposure studied. Complata dets were collected
from 397 workers. Data were also collected fror ii&én who were no longer working in the factorieexposed workers
totaled 210. Chronic bronchitis rates were wittkpected ranges for all group but somewhat highexposed subjects.
Differences between factories were absent. Theepégige of subjects with obstruction or restrictiobreathing were
similar between plants. Bronchial hyperresponsgsiwas within expected levels. Chest radiograpbged no increased
risk of pneumoconiosis in exposed subjects comp@aredntrols. Relevant pleural thickening was eladerved. The

authors concluded that occupational exposure ittasifas not a health risk.
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In an unpublished study, 150 workers in a predipitssilica factory were examined by pulmonary fiorctest and X-
ray. The workers were exposed fo6 h/d for at least 5 continuous or discontinuoeary. The mean duration was 12.2
years. The control group had been exposed fonénman of 3 continuous or discontinuous months. Trtean ages for the
experimental and control groups were 43.1 and ydaBs, respectively. There were no differencekeérdistributions and
types of dysfunctional measurements observed betemgosed and non-exposed groups. There werdfecedices in the
mean percentage of predicted pulmonary functionesbetween exposed and non-exposed groups. Ntme X-rays
showed signs of pneumoconiosis or fibrosis.

In an unpublished study, 29 workers in a silicpneducts manufacturing plant were surveyed. Séixj@osure
ranged from 0.15 to 10 mg?with a mean of 1.7 mgfn Ten of 15 workers in the room temperature vikiag rubber area
complained of upper respiratory tract irritatidm. the heat curable rubber compounding area, tkengial exposure to silica
was greater, some of the workers complained ab@uirgtation, nausea, headaches, or rashes, mpueted upper or lower

respiratory problems (ECETOC 2006).

OTHER EVALUATION

The International Agency for Research on CanceRTA1996) concluded that amorphous silica is nasifiable as
to its carcinogenicity to humans based on inadegeritience in humans and inadequate evidence refased tumors in

animals.

OCCUPATIONAL EXPOSURE LIMITS

OSHA (2004) standard for exposure to amorphousasiéi 80 mg/mrhor 20 mppcf air averaged over an 8-h work

shift. NIOSH (2005) recommended that exposurespirable silica be limited to 6 mgim

SUMMARY
This is a safety assessment of silica, alumina esigm metasilicate, aluminum calcium sodium siécaiuminum
iron silicates, hydrated silica, and sodium potassaluminum silicate. Silica is a silicon-oxygetradedra where a silicon
atom is central within 4 oxygen atoms that are esthavith adjacent silicon atoms. There are manyoof silica. Only the
safety of pyrogenic and hydrated amorphous silichtaeir salts are evaluated in this assessmeystadiine silicas are not

included in this assessment.
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Free silanol groups on the surface of silica plagiinfluence the adsorption behavior. Silica th@sotropic
properties. Amorphous silica does not exist am@ry particles, except in solution-based forms,asuaggregates and
agglomerates.

Amorphous pyrogenic silica (Figure 1) is manufadtbg the hydrolysis of volatile silanes, usuallycsin
tetrachloride, in the flame of an oxygen-hydrogemier. Precipitated silica and silica gels aredpoed from an alkali metal
silicate dissolved in water (i.e., water glass) andacid. Silica sols (colloidal silica) are disgiens of silica particles in a
liquid, usually water. Impurities include calciusgdium, potassium, antimony, barium, chromiumeaics lead, mercury,
cadmium and selenium.

Analytical methods include colorimetric techniqaéctron microscopy, ICP-AES, CT-MAS, NMR, IR, BHIL S,
and AFM.

Silica was used in a total of 3,276 cosmetic preglutJse concentrations ranged from 0.0000003%0%.4
Hydrated silica was reported to be used in 176 etismproducts at 0.001% to 34%; aluminum calciuhism silicate in 7
cosmetic products at 0.4% to 6%; and Sodium patasaluminum silicate in 1 cosmetic product at 0%0b 4%. Alumina
magnesium metasilicate was not reported to be ligedvoluntary FDA survey but was reported to bedust 0.002% to
0.001% in an industry survey. There were no regubuses or concentration of use reported for alumiimon silicates.

Silica is used in food preparation as an anticakigent, dispersion agent, suspending agent, arketiing agent.
It is a defoaming and conditioning agent in maltdrages. Silica is a thickener in pastes and @nts

Orally administered silica was mostly excreted tigtothe urine in guinea pigs. Some studies shagedmulation
of silica from oral exposure whereas others did r&itica intraperitoneally injected into guinegpiwas mostly excreted
through the urine.

When silica is inhaled by rats, it accumulateshim lungs and lymph nodes initially. The accumuaatmount
remains at a steady state with continued treatméfiten treatment ceases, the silica decreasesn ¥iieutaneously
injected into rats, silica is absorbed over a fesnths.

When silica is inhaled or intratracheally instilliedo rats, mice, and rabbits, there is a transigftemmatory
response that resolves in days. Incubated macgeghagested fewer silica particles ti@ralbicans or S. cerevisiae.
Ultra-fine silica (14 nm) did more damage to thegs during the inflammation than did fine silicd8nm).

Silica is not cytotoxic to Chinese hamster V79<elh to 16Qug/l. Pyrogenic silica and silica gel were cytototo
macrophages at 13j&)/cn?; precipitated silica was less cytotoxic. Microlmiavere induced in Chinese hamster cells when
incubated with 80 and 160 mg/ml. Micronuclei werduced with the presence of silica. There was ~8846 of sheep
blood erythrocytes incubated with silica. Mesatdeadells incubated in silica were observed to anglate silica in the
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cytoplasm, around the nucleus, and vacuoles. Whzaibated in pyrogenic silica, both macrophagesrandrophils were
inhibited in their ability to phagocytose sheep bémbd cells. Silica caused intracelluar alterafio calcium homeostasis in
renal cells.

Alveolar macrophages exposed to silica had inctepsetein kinases, NOproduction, and cell death. Human
primary fibroblasts exposed to silica produced COXRd PGEin a dose dependent manner. COX-1 was not affecte
Silica was not cytotoxic to human mesothelioma anttent fibroblast cells.

Sodium potassium aluminum silicate, in the fornMafxicali dust, induced anaphasic alterations irbBaB cells.

Hydrated aluminum calcium sodium silicate countetedeffects of aflatoxin in animal feed.

Silica was reported to have an orald,Dp to > 40,000 mg/kg in rats and > 8,000 mg/kgnice.

Orally administered aluminum calcium sodium silechid no adverse effects up to 800 mg/kg in mice.

The acute dermal NOEL for silica is > 2,000 mg/@grabbits. When applied as an aqueous paste, wene no
adverse effects. Lipwas > 5,000 mg/kg for precipitated (hydrated)i&ind > 2,000 mg/kg for silica gel on intact and
abraded rabbit skin with mild erythma.

Intraperitoneally injected silica was lethal to 28880% of rats and rabbits at 100 mg/kg; all stesliat 50 mg/kg.
Peritoneal edema diminished and fibrosis increased time. Silica injected i.p. was fatal to gudnggs at 10%. Rats
survived 5 days after an i.p. injection of 0.5lgcai whereas another study reported 50 mg sitidzetlethal in rats.

Silica injected in the veins of mice was betteetated in small doses than in 1 large dose. Tthalldose ranged
from 0.2 to 0.5 mg/30 g body weight, depending artiple size. The intravenous L{bf silica was 15 to 44.4 mg/kg in rats,
depending on type and source.

The minimum lethal dose of acute intratrachealiaitnation of silica was 1.8 mg/cnn rats. In rats, silica at 30
and 50 mg/kg was fatal to 80% to 90% immediatelwithin a few hours; these doses were nearly aliatgs for rabbits.
Silica particles (10 mg/kg; particle size rang® 315 um) produced potent but transient pulmonaftginmation. Ultrafine
silica induced more alveolar hemorrhage, compasduhé¢ silica.

The acute inhalation of silica at 477 mdfoy rats resulted in restlessness, droopy eydétisargy, and dyspnea
during treatment. Clinical signs resolved quickfter treatment and necropsies were unremarkable.

Silica at 200 g instilled into the musculatureuoed local inflammation for up to 6 month with gnbomatous
scarring with necrotic muscle fibers and fatty degation of local macrophages.

Short-term oral doses of silica at 8,000 mg/kgflpiced no clinical effects in dogs. Short-ternml doses of silica
produced no clinical effects for rats; HNELs wepeta 1000 mg/kg/d. At 16,000 mg/kg clinical sigmsre observed:

shyness, dirty fur, reduced activity, cachexia, behmges of mucous membranes of the eyes and nose.
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Short-term dermal application of silica to intantdaabraded skin resulted in no dermal toxicityahlits.

Short-term inhalation of silica up to 668 md/rasulted in respiratory distress during treatnaewt a short-term
inflammation response in the lungs, which resolgeitkly when treatment ceased in rats. The luegreince half-life was
~50 day for 50.5 and 154 mgimThe NOAEL was 10.1 mgfin one study. In other studies, the NOEL wasd 4
mg/nv.

Intratracheal injections of 5% silica resultedhe death of 3 of 10 rats and 2 of 10 guinea pig9&.

Intravenous injections of 1% silica biweekly for @@eks into 5 rabbits resulted in 2 deaths. Oneerdieed during
recovery. There was pleural effusion with plasrimediastinal abscess formation, and marked tiogeof the lungs.
Right ventricles were dilated, the livers enlarganl] the spleen atrophied.

The oral subchronic HNEL was 5000 mg/kg/d, the NQ#as 500 mg/kg/d and the lowest effect level was 50
mg/kg/d for rats. There were no clinical signgay950 and 8980 mg/kg/d for male and female ratpectively. There
were no gross findings of toxicity up to 50,000 pionfeed.

Subchronic inhalation of silica at 53 md/oaused 44% mortality in rats from pulmonary vaacobstruction and
emphysema. There was increased respiration ratedexreased weight gain during treatment. Negrbpdings included
congestion of the lungs, lymph node enlargemenphgsema, vacuolated cells within alveolar spaaes,igcreased lung
weights and collagen content. There were no nitesiat 31 mg/rh The LOAEL was 53 mg/f The NOEL was 1.3
mg/n¥.

Silica incorporated into the feed of rats at ud®% for 6 months or more produced discolored stodl
unremarkable necropsies. Females had increaskaclgas and males had increased eosinophils atit®éd. Females
had reduced liver weights at 12 and 24 months at BH6e treated with silica in their feed had semitesults for up to 103
weeks.

Rabbits chronically exposed to 0.2 and jand aerosolized silica had formation of nodular fiwer diffuse fibrotic
changes in the lungs. Mice bred to be susceptibiemors exposed to aerosolized silica at 0.5ay/@ year had increased
incidence of lung tumors with no obvious fibrosfdtee lung tissue but fibrotic nodules in the traatbronchial lymph
nodes. At 53 mg/ffor a year, treatment related deaths were 75%tsfrom pulmonary vascular obstruction and
emphysema starting in th& month.

Guinea pigs exposed to silica at 1.5 niddt up to 24 months had no deaths. A chronictieaof the lung tissue
was established at 4 months and emphysema afbe8 #nbnths. Histologically, there was periductad @eribronchiolar

intra-alveolar accumulations of the giant cellstia lymphoid tissue, medullary hyperplasia with tbrmation of slight
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amounts of reticulum was prominent during the sdograr of exposure. There were no macroscopieaille anomalies
after 1 year of recovery.

At 126 mg/ni of silica for up to 24 months, guinea pigs andbibhad increased lung weights and particle-
phagocytosing macrophages accumulated in alvaolhdhioles, and lymphoid tissue. There was corepietersibility of
silica retention and inflammatory responses in gaipigs within 6 months of recovery. Silicotic pegses were completely
absent.

Rabbits exposed to aerosolized silica at 1.5 migift12 months had progressive functional incajadioib and
elevation of hematocrit levels observed in the migj@f the rabbits, possibly due to the combinéda of pulmonary
vascular obstruction and emphysema. During regotee cellular reactions and emphysema regresseahibor focal
alveolar mural collagen persisted. In rabbits eggoto 360 mg/ffor a year, emphysema, pulmonary emphysema, \ascul
stenosis, alveolar cell infiltration, sclerosisdapithelization granulomatosis, macrophage cataerte observed. Lesions
were observed in the liver, spleen and kidney. TBAEL was 28 mg/rh

Monkeys exposed to aerosolized silica at 15 m@m12 months had initial decreased activity andybweight
gain. There was emphysema at 3 months and coabidesellular infiltration of the alveoli and alMaosepta associated
with distention of alveoli or accumulation of exteland macrophages. After 12 months, the lesioms marked pulmonary
emphysema, alveolar wall sclerosis, vacular ocohssiand cor pulmonale. The silica content renthioe and decreased
over time. At 50 and 100 mg#nthere was interstitial fibrosis which did notob® after 24 months.

When monkeys were exposed to different types wiasithe precipitated (hydrated) silica group haddr lung
volumes. There were no changes in lung volumenpatexrs, but in ventilatory performance and meclsmarameters,
dynamic lung compliance, and forced expiratory flolen exposed to silica gel. The frequency anel afanflammatory
cell aggregates varied with the type of silica.

Rats exposed to aerosolized silica at ~45 mf@ml year had 41/120 deaths. There were smatevibci under the
pleura, enlarged and discolored lymph nodes witin&ion of collagen and local necrosis, perivagcaral peribronchiolar
dust cell granuloma with reticulin and collagerefif, necrotic cells, desquamative catarrh and e¢hiett alveolar septa.
After 3 to 8 months recovery, the dust cell gramdowvere fewer and reduced in size with only a fest dells and fibers.
The alveolar septa had not completely disappearddyanph nodes were enlarged.

Rats exposed to aerosolized silica at 15 mid#m12 months had a few macrophages aggregating ilungs. The
LOAEL was 6 to 9 mg/rh Rats exposed to aerosolized silica at 50 rhfgm1l2 months had 1.759 mg silica in the lungs,
which decreased to 1.1, 0.43, and 0.41 mg aftdr &nd 5 months recovery, respectively.

Intratracheal instillation of silica at 0.5 mg iats every other week for 20 and 30 times resuftédl44 mg
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silica/lung and associated lymph node.

Silica was a non- to mild ocular irritant in ralsbitp to 100 mg.

Silica at 100% was nonirritating to the intact aftaded skin of rabbits.

A guinea pig sensitization study of 20% hydratdidairesulted in no reactions .

No reproductive or teratological effects were ofsdrfollowing the oral administration of silicariabbits at 1600
mg/kg/d, hamsters at 1600 mg/kg/d, mice 1340 md/lkayid rats up to 1350 mg/kg/d. An oral NOEL o 50g/kg/d was
reported for rats; an oral NOAEL of 1350 mg/kg/dsvedso reported.

Silica was not mutagenic using the Rec or Amesupdb 10 M. Silica was not mutagenic in Ames tgsto 1580
pg/plate. In a single-cell gel/Comet assay usihin€se hamster fibroblasts, there was an increa®B&IA migration in a
dose dependent manner. A chromosomal aberrasbmés negative up to 300 pl/ml without and 100enuwith metabolic
activation. A HGPRT was negative up to to 250 phwithout and 500 pm/ml with metabolic activatioAn unscheduled
DNA synthesis test was negative up to 1000 pm/ml.

Silica was not mutagenic to CHO cells, hamsteofitaists, rat hepatocytes, and human embryonicdaehg. Silica
was not mutagenic to mice or rats.

A positive sister chromatid exchange test of ABEBowed inhibition by 10M aluminum calcium sodium silicate.
Hydrated aluminum calcium sodium silicate at 0.5%thie feed of rats inhibited the effects of AF.

Oral administration of silica to rats for 24 monttas not carcinogenic up to 100 mg/kg/d.

A single intratracheal instillation of of 3 mg s#i was not carcinogenic. Intratracheal instillatd silica at 0.5 mg
twice per week for 30 weeks to rats was not cagenic. Silica at 3 mg was not carcinogenic in nattecheally instilled 5
times weekly for 30 months.

Silica at 0.5 g/d instilled into mice for a yeacieased the incidence of overgrowth or hyperplaktae tracheo-
bronchial lymph nodes from 14.3% ot 29.5%.

The oral lethal dose of pyrogenic silica in humans5 g/kg.

Oral ingestion of silica up to 1250 mg resultedirapid increase of silica blood levels and a rafiidination in the
urine over 8 to 24 h with no adverse effect repbrte

Silica subcutaneously instilled in humans causadigomatous inflammation within 7 days that peesisor months.

Silica was non-sensitizing at 45%. A powder canitej silica up to 45% was non-irritating and nonsitizing in
humans.

Workers in environments with aerosolized silica Fewl signs of silicosis or pulmonary disease uf@6 mg/m.
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Smoking and exposure to silica synergise to inducall airway disease. Exposure to hydrated sdllsa had no evidence of

silicosis or pulmonary disease. There were sidmieomal irritation due to the desicative and dafgtproperties of silica.

DISCUSSION

The CIR Expert Panel emphasized that the silicaidened in this safety assessment is synthetic @mais silica
(gel, hydrated, and fumed/pyrogenic) and doesn@tiide any form of crystalline silica.

The Panel recognizes that there are data gapgiegarse and concentration of these ingredientswever, the
overall information available on the types of prowun which these ingredients are used and at edratentrations indicate
a pattern of use, which was considered by the EXgearel in assessing safety.

The Panel was concerned about the possibilityosf @toms reaching the lungs if aluminum iron stiisavere to be
used in a spray. In the absence of inhalatiorcityxilata, the Panel determined that aluminum gioates can be used
safely in hair sprays, because the ingredientgarsize is not respirable. The Panel reasonddttbaarticle size of aerosol
hair sprays ( 3&m) and pump hair sprays (>8@n) is large compared to respirable particulatess{zEOum). The Panel
recognizes that most of the formulations are ngpirable and of the preparations that are so, d&melRconsidered that any
spray containing these solids should be formultdedinimize their inhalation potential. Aluminumon silicates is safe as a
cosmetic ingredient because the particles for agges and agglomerates that are too large to peablke.

The Panel determined that silicosis was not areisgwce crystalline silica is not used in cosmetics

CONCLUSION
Silica, alumina magnesium metasilicate, aluminutoigen sodium silicate, aluminum iron silicates, hyid silica,
and sodium potassium aluminum silicate are samaetic ingredients in the practices of use amt@otrations as

described in this safety assessnient.

lWere ingredients in this group not in current usbd used in the future, the expectation is they thould be used in product
categories and at concentrations comparable tasithé¢he group.
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Silica
7631-86-9

Amorphous Silica
7631-86-9

Not used in cosmetics

Synthetic Amorphous Silica Crystalline Silica

7631-86-9 ‘ 7931-86-9
|
| I
Wet Surface treated Silica® Natural By-products Cristobalite
Thermal 67762-90-7 14464-46-1
68611-44-9
68909-20-6
—| Silica gel or Kieselguhr Fused uartz
colloidal (diatomite) (crystalline) Q oy
14808-60-7
Silica 61790-53-2 Silica
112926-00-8 o _ —— 60676-86-0 Tridymite
yrogenic or alcine — -32-
Precipitated fumed 91053-39-3 Silica fume 15468-32-3
Silica Silica? 69012-64-2
"~ | 112926-00-8 112945-52-5 -
Flux-calcined*
68855-54-9

The types of Silica in
this safety
assessment.

Figure 1. Different polymorphs of silica with CAS NumberShaded boxes represent the types of silica covertiis report. a) All forms of synthetic
amorphous silicas can be surface modified eithgsiphlly or chemically; most common treating agerts organosilicon compounds. b) Pyrogenic silica
is also known as fumed silica in English speakiogntries and is not to be confused with silica fumlkich is crystalline. Pyrogenic is used in recent
publications. ¢) By-product from electrical furnadg Partial transformation into cristobalite (aféets et al. 2007).
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Removal of residual HCI to < 200 pgm

l

Collection| —

[ Bagging <

Optional propriatory
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Figure 2. Process for the manufacture of pyrogenic silicéldd and Hawkes 1986).
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Table 1. Physical properties of fumed hydrophobic silicagipitated hydrophobic silica, silica gel, andcsilsol.

Fumed hydrophobic Precipitated
Property silica hydrophobic silica Gél Sol Reference
Appearance Fluffy powder Fluffy powder Lewinson et al. 1994
White White White White, milky Ferch 1976
Molecular weight 60.1 NIOSH 2005
Particle size 1-350 um UNEP 2004
pH® 3.6-45 5-9 3-8 3-5; 8-11 Ferch 1976
4-9 UNEP 2004
~3.7 (4% aqueous UNEP 2004
slurry)
Boiling point 4046 F (2230C) NIOSH 2005
Melting point 3110F (1710C) NIOSH 2005
~1700°C UNEP 2004; OSHA
2004
BET surface area (ffy) 110-250 100 Lewinson et al. 1994
50-400 30-500 250-1,000 50-400 Ferch 1976
Tapped (bulk) density (g/l) 30-250 30-500 500-1,000 4n/a Ferch 1976
50-320 g/l UNEP 2004
40-60 g/l American
International
Chemical, Inc. (no
date)
Density ~2.2 at 20C UNEP 2004
Specific gravity (g/cr) 2.2 1.9-2.2 1.8-2.2 1.0-1.4 Ferch 1976
2.65 OSHA 2004
Solubility Insoluble NIOSH 2005
Water solubility (saturation) ~15-68 mg/l at°Zd UNEP 2004
(pH 5.5-6.6)
Insoluble FNB 1996
Saturation 2.0 mmol/I(120 mg/l) ECETOC 2006
Moisture (%) <0.5 3 Lewinson et al. 1994
Stability in water Stable; ion exchange UNEP 2004
processes possible
Loss on Ignition 1.0% max (2 hr @ UNEP 2004
1,000°C)
Loss on drying (% by weight) <25 5-7 2-6 50-85 Feréfid
Loss on heating 1.0% max American
International
Chemical, Inc. (no
date)
Vapor pressure ~0 mm HG NIOSH 2005;
OSHA 2004
None UNEP 2004
Ignition loss (%) <2 7 Lewinson et al. 1994
<2 3-14 2-15 50-90 Ferch 1976
Temperature at ignitior’ C) 400 400 Lewinson et al. 1994
Decomposition temperature of 300 300 Lewinson et al. 1994
methyl groups {C)
Purity of SiQ (%) >99.8 >99.5 Lewinson et al. 1994
>99.8 > 95 > 95 15-50 Ferch 1976
Carbon, bound 1 2 Lewinson et al. 1994
AlL,O; (%) <0.05 0.1 Lewinson et al. 1994
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Table 1. Physical properties of fumed hydrophobic siliceegipitated hydrophobic silica, silica gel, andcsilsol(continued)

Fumed hydrophobic Precipitated
Property silica hydrophobic silica Gél Sol Reference
Fe,0, (%) <0.01 0.03 Lewinson et al. 1994
TiO, (%) <0.03 0.03 Lewinson et al. 1994
HCI (%) <0.025 <0.025 Lewinson et al. 1994
Dimethyldichlorosilane (%) <0.1 <0.1 Lewinson et al. 1994
Primary particle size (um) 0.005-0105 0.005-0.1 0.001-0.01 0.005-0.02 Ferch 1976
Aggregate size (um) 0.1-1 0.1-1 1-20 n/a Ferch 1976
Agglomerate size (um) 1-250 1-250 n/a n/a Ferch 1976
Mean pore size (um) None >0.03 0.0001-1 n/a Ferch 1976
Pore size distribution None Very wide Narrow Wide Fet&76
Structure, DBPabsorption 250-350 80-320 80-350 n/a Ferch 1976

(ml/100 g)

 After drying according to DIN 66131 or direct hiydtion with NaOH solution (Sears 1956).

® Hydrophilic grades.

¢ Porous surface.

4 Not applicable.

¢ Dry product, no hydrogel.

f Primary particles do not normally exist as indixadiunits.

9 Dibutyl phthalate.

Table 2. Physical properties of silica with B.E.T. surfareas of 200, 325, or 38C%my (Cabot Corporation 2006a,b,c).

Value

pH (4% aqueous slurry) 3.7-4.3
325 Mesh residue (44 microns) 0.02% max
Tamped density 50 g/l
Loss on heating <1.5%
Specific Gravity 2.2 glent

Wt./gallon 18.3 Ibs
Refractive index 1.46
X-ray form Amorphous
Assay (% SiQ >99.8
Oil adsorption ~350 g/100 g oil
Average particle (aggregate) length 0.2-0.3 microns

B.E.T. - a rule for the physical adsorption of gaslecules on a solid surface that serves as thie flmghe measurement of the specific surface efea

material
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Table3. Cosmetic product uses and concentrations faasiliydrated silica, alumina magnesium metasileteinum calcium sodium silicate, and
sodium potassium aluminum silicate.

Product Category 2008 uses 2008 concentrations (%)
(Total productsin category - FDA 2008) (FDA 2009) (Council 2008)
Silica®

Baby products
Shampoos (55) - 0.003
Lotions, oils, powders, etc. (132) -
Other (138) 10

Bath products
Soaps and detergents (1329) 22 0.02-10
Qils, tablets, and salts (257) 18 0.9-2
Capsules (4) 2 -
Other (239) 3 0.02

Eye products
Eyebrow pencil (147) 42 0.01-6
Eyeliner (684) 89 0.3-19
Shadow (1196) 472 0.001-44
Lotion (177) 46 0.02-4
Makeup remover (131) 4 0.0004
Mascara (463) 135 0.2-10
Other (288) 79 0.04-3

Fragrance products
Colognes and toilet waters (1288) 0.1
Perfumes (569) 6 1
Powders (278) 49 1-10
Sachets (28) - -
Other (399) 8 6-18
Noncoloring hair care products
Conditioners (1249) 12 0.002
Sprays/aerosol fixatives (371) - 0.0005
Straighteners (144) 2 3
Permanent waves (141) 1 -
Rinses (47) - 0.003
Shampoos (1403) 7 0.02
Tonics, dressings, etc. (1097) 13 0.02-3
Other (716) 16 -
Hair coloring products
Dyes and colors (2481) 80 0.002-0.3
Tints (58) 1 2
Color sprays/aerosol (8) 5 0.4
Hair lighteners with color (22) 3 -
Bleaches (152) 46 6
Other (166) 14 1
Makeup

Blushers (539) 122 2-20
Face powders (613) 198 1-26
Foundations (635) 268 0.01-40
Leg and body paints (29) 2 -
Lipstick (1912) 536 0.01-21
Makeup bases (164) 40 0.5-20
Rouges (99) 35 0.09-3
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Table3. Cosmetic product uses and concentrations faasiliydrated silica, alumina magnesium metasileteninum calcium sodium

silicate, and sodium potassium aluminum silic&Bantinued)

Product Category 2008 uses
(Total productsin category - FDA 2008) (FDA 2009)

2008 concentrations (%)

(Council 2008)

Silica (continued)

Fixatives (38) 16 0.3-3
Other (406) 107 2-4

Nail care products
Basecoats and undercoats (62) 5
Creams and lotions (17) 2-3
Polish and enamel (419) 70 0.3-9
Other (124) 16 5

Oral hygiene products
Dentifrices (59) 12 3-16
Other (48) 3 -
Personal hygiene products

Underarm deodorants (540) 38 0.02-9
Feminine deodorants (21) 1
Other (514) 27 0.0000003-0.06

Shaving products
Aftershave lotions (395) 0.2-0.9
Men'’s talcum (7) -
Preshave lotions (27) - 5
Shaving cream (162) 1 -
Other (107) 0.003

Skin care products
Cleansing creams, lotions, liquids, and pads (1368) 47 0.002-5
Depilatories (62) 3 1
Face and neck creams, lotions, etc. (1195) 125 0003-
Body and hand creams, lotions, etc. (1513) 50 0'02-5
Foot powders and sprays (48) 7 0.8
Moisturizers (2039) 163 0.008-8
Night creams, lotions, powder and sprays (343) 32 18.0
Paste masks/mud packs (418) 22 0.02-6
Fresheners (285) 5 0.00004-3
Other (1244) 97 0.04-11

Suntan products
Suntan gels, creams, liquids and sprays (156) 8 ».03-
Indoor tanning preparations (200) 19 -
Other (62) 7 0.6

Total usesranges for Silica 3276 0.0000003-44
Hydrated Silical
Bath products
Soaps and detergents (1329) 13 0.05-4
Qils, tablets, and salts (257) 7 0.4-2
Other (239) 1 4
Eye products

Eyeliner (684) 1 -
Shadow 1196) 2 -
Lotion (177) 1 0.06-1
Mascara (463) 1 -
Other (288) 3 2
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Table3. Cosmetic product uses and concentrations faasiliydrated silica, alumina magnesium metasileteninum calcium sodium
silicate, and sodium potassium aluminum silic&Bantinued)

Product Category 2008 uses
(Total productsin category - FDA 2008) (FDA 2009)

2008 concentrations (%)
(Council 2008)

Hydrated Silica (continued)

Fragrance products
Powders (278) 10 2
Noncoloring hair care products
Conditioners (1249) - 0.04
Shampoos (1403) - 0.05
Tonics, dressings, etc. (1097) - 2
Hair coloring products
Bleaches (152) 18 2
Other (166) 2 -
Makeup
Blushers (539) - -
Face powders (613) 23 4
Foundations (635) 4 3
Makeup bases (164) 1 -
Lipstick (1912) - 0.003
Other (406) 3 -
Nail care products
Basecoats and undercoats (62) 6 -
Cuticle softeners (18) 1 -
Creams and lotions (17) 1 -
Polish and enamel (419) 2 1-2
Other (124) 3 -
Oral hygiene products
Dentifrices (59) 23 7-34
Mouthwashes and breath fresheners (85) - -
Other (48) 2 0.2
Personal hygiene products
Underarm deodorants (540) - 2
Douches (12) - 0.03
Feminine deodorants (21) -
Other (514) 6
Skin care products
Cleansing creams, lotions, liquids, and pads (1368) 5 317
Depilatories (62) 10 -
Face and neck creams, lotions, etc. (1195) 6 0.09
Body and hand creams, lotions, etc. (1513) 4 0.06-2
Foot powders and sprays (48) 1 -
Moisturizers (2039) 3 1-2
Night creams, lotions, powder and sprays (343) 1 0.04
Paste masks/mud packs (418) 2 0.01-10
Fresheners (285) 4 -
Other (1244) 6 0.001-0.004
Suntan products
Suntan gels, creams, liquids and sprays (156) 1 0.2-2
Other (62) 1 -
Total uses/ranges for Hydrated Silica 176 0.001-34
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Table3. Cosmetic product uses and concentrations faasiliydrated silica, alumina magnesium metasileteninum calcium sodium

silicate, and sodium potassium aluminum silic&Bantinued)

Product Category

(Total productsin category - FDA 2008)

2008 concentrations (%)
(Council 2008)

Alumina Magnesium Metasilicate

Skin care products

Face and neck creams, lotions, etc. (1195) 0.01
Body and hand creams, lotions, etc. (1513) 0.002
Total uses/ranges for Magnesium Aluminum 0.002-0.01
Aluminum Calcium Sodium Silicate
Eye products
Mascara (463) 0.5
Makeup
Blushers (539) -
Face powders (613) -
Foundations (635) 0.4-6
Lipstick (1912) 6
Nail care products
Polish and enamel (419) 0.5
Skin care products
Moisturizers (2039) -
Total uses/ranges for Aluminum Calcium Sodium 0.4-6
Sodium Potassium Aluminum Silicate
Nail care products
Basecoats and undercoats (62) 4
Polish and enamel (419) 0.001
Skin care products
Paste masks/mud packs (418) -
Total uses/ranges for Sodium Potassium Aluminum 0.001-4

2 Silica; silica, amorphous; silica, fumed; andcsifi dioxide, colloidal were listed by the FDA.

®10% in a diaper liner.
©10% and 18% in a solid perfume

41.5% after dilution.
€ 3% after dilution.
f2% in a concealer.

90.006% in a shower gel.
" 2% in body and hand sprays.

10.6% in a lip moisture cream/ 10% in a foot exfoti

1 1% after dilution.

K Hydrated silica and silicic acid were listed bg #DA. These data were combined.

6% in a body scrub.
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Table 4. Retention of silica (25 mg/rat) in rat tissuegafhtratracheal injection (Byers and Gage 1961).

Sample (particle size) Time after injection Lungs (ug/rat) Liver (ug/rat) Kidneys (pg/rat) Spldary/rat)
(weeks)

A1(19 um) 12 1570 177 33 0
24 755 20 12.4 14
52 210 61 9.7

A2 (20 pm, 60 pm 12 5150 249 138 0

after storage)
24 1550 153 44 19
52 720 153 56 0

B (25 pm) 12 656 234 34 5.8
24 324 43 8.9 14
52 108 38 12 0

Average found in normal rat tissue 28 37 11 5

Table 5. Unpublished acute oral toxicity studies of silieported by UNEP (2004) and ECETOC (2006).

Species (n)

Test substance

Notes

LD,

Sprague-Dawley rats (20;
10 males, 10 females)

Fumed silica in aqueous
solution

There were no clinical signs or pathological
observations at necropsy

> 3300 mg/kg

Wistar rats (10)

Precipitated silica

None

> 5110 mg/kg

Sprague-Dawley rats (20;
10 male, 10 female)

Precipitated silica

None

> 5000 mg/kg

Male rats (strain and n
unspecified)

Precipitated silica (10 to 5000

mg/kg)

Followed by a 10-day observation period. >100
mg/kg, distended stomachs with bloody patcheseat th
pyloric end were observed at necropsy. At the éggh
dose, a vascular stomach and reddened intestiiag li
were observed. The editors concluded that thentast
questionable due to the non-lethality of silicarther
studies at similar doses.

470 mg/kg

Male rats (strain and n
unspecified)

Precipitated silica in saline

No clinical signs id@day observation period

> 5000 mg/kg

Rats (strain not specified,;
10; 5 male, 5 female)

Precipitated silica

No clinical signs

> 5000 mg/kg

Wistar rats (10)

Silica incorporated into a
stock diet at a ratio of 1:4
(w/w) for 24 h

Most rats consumed the diet quantitatively. Theegew
no clinical signs or remarkable findings at necyops
Stool change color to grey with normal consistelmaty
larger than normal pellets.

> 10,000 mg/kg

Male rats (strain and n
unspecified)

Precipitated silica in saline

No clinical signs id@day observation period

> 5000 mg/kg

Male Sprague-Dawley rats
(30)

Precipitated silica in water

No clinical signs id4rday observation period. The
stool turned white for 2 days.

> 5620 mg/kg

Sprague-Dawley rats (10; 5
male, 5 female)

Precipitated silica in water

No clinical signs in4day observation period. The
stool turned white for 2 days.

> 20,000 mg/kg

Rats (strain and n not Aqueous colloidal silica (30%) None 10,000 mg/kg
specified)
Rats (strain and n not Silica None 40,000 mg/kg

specified)

Boltzman rats (5 male)

Hydrophilic fumed silica in

0.5% methylcellulose

None provided.

> 3,160 mg/kg

Sprague-Dawley (10; 5
male, 5 female)

Hydrophilic fumed silica in
water

None provided.

> 5,000 mg/kg

Sprague-Dawley (10; 5
male 5 female)

Hydrophilic fumed silica in
deionized water

None provided.

> 5,000 mg/kg
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Table5. Unpublished acute oral toxicity studies of Silieported by UNEP (2004) and ECETOC (2069ntinued)

Species (n)

Test substance

Notes

LD,
_

Swiss Mice (10 males)

Hydrophilic fumed silica in
corn oil

None provided.

> 3,160 mg/kg

Sprague-Dawley rats (10; 5
male, 5 female)

Hydrophilic precipitated silica
in 1% aqueous gum arabic
solution

None provided.

>31,800 mg/kg

Sprague-Dawley rats (20;  Hydrophilic precipitated silica None provided. 5,000 mg/kg
10 male, 10 female) in Aqueous

carboxymethylcellulose
Sprague-Dawley rats (10; Hydrophilic precipitated silica None provided. 6,350 mg/kg

5 male, 5 female)

in olive oil

Sprague-Dawley rats (10;
5 male, 5 female)

Hydrophilic precipitated silica
in 10% aqueous arabic gum

None provided.

> 5,000 mg/kg

Sprague-Dawley rats (10; 5
male, 5 female)

Hydrophilic precipitated silica
in water

None provided.

> 20,000 mg/kg

Sprague-Dawley rats (10; 5
male, 5 female)

Hydrophilic precipitated silica
in water

None provided.

> 10,000 mg/kg

Sprague-Dawley (10; 5
male, 5 female)

Hydrophilic precipitated silica
in water

None provided.

> 20,000 mg/kg

Sprague-Dawley rats (10; 5
male, 5 female)

Hydrophilic precipitated silica
in water

None provided.

> 20,000 mg/kg

Male Sprague-Dawley rats
(n not provided)

Hydrophilic silica gel in saline

None provided.

> 5,000 mg/kg

Male Sprague-Dawley rats
(30)

Hydrophilic silica gel in
distilled water

None provided.

> 5,620 mg/kg

Sprague-Dawle Rats (10; 5
male, 5 female)

Hydrophilic silica gel in water

24 h observation.

> 31,600 mg/kg

Male rats (strain and n not
provided)

Hydrophilic silica sol in
aqueous solution (colloidal)

None provided.

> 10,000 mg/kg

Male Sprague-Dawley rats
(10)

Hydrophilic silica sol in
aqueous solution (colloidal)

None provided.

> 40,000 mg/kg

Sprague-Dawley rats (20;
10 male, 10 female)

Hydrophobic fumed silica in
peanut oil

None provided.

> 5,000 mg/kg

Sprague-Dawley rats (10; 5
male, 5 female)

Hydrophobic fumed silica in
corn oil

None provided.

> 5,000 mg/kg

Male Sprague-Dawley (10)

Hydrophobic fumed silica in
corn oil

None provided.

> 3,160 mg/kg

Sprague-Dawley rats (10; 5
male, 5 female)

Hydrophobic fumed silica in
distilled water

None provided.

Males - 9,200 mg/kg
Females - > 10,000 mg/kg

Sprague-Dawley rats (10; 5
male, 5 female)

Hydrophobic fumed silica in
corn oil

None provided.

> 5,000 mg/kg

Sprague-Dawley rats (10; 5
male, 5 female)

Hydrophobic fumed silica in
corn oil

None provided.

> 5,000 mg/kg

Sprague-Dawley rats (10; 5
male, 5 female)

Hydrophobic fumed silica in
corn oil

None provided.

> 5,000 mg/kg

Wistar rats (10; 5 males, 5
females)

Hydrophobic fumed silica in
polyethylene glycol 400

None provided.

> 2,000 mg/kg

Sprague-Dawley rats (10; 5
male, 5 female)

Hydrophobic precipitated
silica in olive oil

None provided.

> 7,900 mg/kg
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Table 6. Acute inhalation toxicity studies of hydrophilinéhydrophobic silica (ECETOC 2006).

Species (n) Test substance (surface area Notes LG, (mg/n?)
[m?g])
Hydrophilic
Wistar rats (10; 5 male, 5 female) Pyrogenic si{2@0) Exposure 4h, nose only. Particle size not > 139
provided, 56% of particles <5 pm. No
clinical signs observed and no organ
abnormalities at necropsy.
Male albino rats (strain not Pyrogenic silica (380) Exposure for 1 h, nose oNly.data on >207,000
specified; 10) particle size. Vigorous cleansing,
hypoactivity, abdominal respiration, gasping
nasal exudation, closed eyes. Crust-like
material around nose and mouth, fur chalky
to touch for 2 days post exposure. Resolved
quickly.
Albino rats (strain, sex, and n not  Pyrogenic silica (200) Exposure for 1 h, nose oNly.data on > 191,300
provided) particle size.
Sprague-Dawley rats (10; 5 male, 5 Pyrogenic silica (200) Exposure for 4 h, nose oRBtticle size > 2,080
female) 0.76 5 um
Wistar rats (10; 5 male, 5 female) Precipitatedsi(i190) Exposure for 4 h, whole body. Particle size > 691
not provided, 45% of particles < 5 pm. Some
decreased body weight in the females 2 days
after exposure which resolved.
Male Sprague-Dawley rats (10) Silica gel (not spedjf Exposure for 1 h, nose only. Particle size not > 2,200
provided. 1/10 rats died 2 h after exposure.
Male rats (strain not specified; 2) Silica sol “s®l{not Exposure for 4 h, nose only. Particle size not > 3,100
specified) provided.
Male rats (strain not specified; 2) Silica sol (specified) Exposure for 2.5 and 6 h, mist, nose,atly No deaths
560 and 520 mg/fnParticle size not
provided.
Male albino rats (not provided) Silica sol (not sfied) Exposure for 3.25 h, mist, whole body at 760 No deaths
mg/n¥. Particle size not provided.
Male albino rats (not provided) Silica sol (not sfied) Exposure for 4.2 h, mist, whole body at No deaths
2,240 and 2500 mg/m3. Particle size not
provided.
Male albino rats (not provided) Silica sol (not sfied) Exposure for 1.5 h, mist, whole body, at No deaths
3,300 mg/m. Particle size not provided.
Hydrophobic
Wistar rats (10; 5 male, 5 female) Fumed silica (80) Exposure for 4 h, whole body. Particle size 2,863 - 3,730
1.4-1.8 pum.
Rats, strain not specified (10; 5 Fumed silica (130) Exposure for 1 h, whole bodytiBlarsize > 2,280
male, 5 females) 0.15 um.
Wistar rats (10; 5 male, 5 female) Fumed silica §200 Exposure for 4 h, whole body with 14 days > 477
recovery. Particle size 56% < 5 uni.7
pm. Clinical signs transient body weight loss
for 2 days. No abnormalities at necropsy.
SD rats (10; 5 male, 5 female) Fumed silica (200) dsupe for 4 h, whole body. Particle size < 4,900
0.36 pum.
SD rats (10; 5 male, 5 female) Fumed silica (200) dsxpe for 4 h, whole body. Particle size <2,190

0.54 um. All died at 2,190 mghn
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Table 6. Acute inhalation toxicity studies of hydrophilioéhydrophobic silica (ECETOC 200@pntinued)

Species (n) Test substance (surface area Notes LG, (mg/n?)
[m?/g])
SD rats (10; 5 male, 5 female) Fumed silica (200) dswpe for 1 h, whole body. Particle size 1,260 - 2,830

0.48 pm.

Male Wistar rats (10); male Swiss Fumed silica (not specified)
mice (10); male English short hair

Exposure for 6 h, wHabdely. Particle size > 250 for all species

not specified. All species preened. Rats

guinea pigs (10)

hunched. Rats and mice had occasional
prostration. No clinical signs in guinea pigs.
Consolidation observed in 2/9 guinea pigs.
Necropsies unremarkable.

Male albino rats (strain not
specified; 10)

Fumed silica (not specified)

Exposure for 1 h, wHudely. Particle size
not specified.

> 3,150

Wistar rats (10; 5 male, 5 female)

Fumed silica §130

Exposure for 4 h, whole body. Particle size
1.175-1.275 um with 14 days recovery. At
2,100 mg/m, all rats died within 2.5 h.
Clinical signs were few feces; closed eyes;
wet, red staining on mouth/nose; labored
breathing; respiratory distress; hunched
position. Necropsy showed opaqued eyes,
enlarged darkened lungs with red areas,
white material in nasal turbinates, red areas
in intestines. At 540 mg/n7/10 died.

Clinical signs were closed eyes, red staining
of mouth/nose, fur coated with silica, labored

breathing, respiratory distress, hunched back.

During recover, lethargy, ploerection,
dyspnea, ptosis, few feces, eye
crusting/lachrymation, unkempt appearance,
anogenital wetness. Necropsy of survivors
showed darkened lungs with red and white
areas. At 210 mg/fall rats survived.

Clinical signs were closed eyes, labored
breathing. Licking inside of mouth, laying on
back. During recovery, sporadic instances of
few feces, anorexia, chromodacryorrhea,
labored breathin, wetness of nose/mout,

diarhea. Transient decreases in body weight.

After 14 days recovery, lungs darkened with
white and red areas.

450

Wistar rats (10; 5 male, 5 female)

Fumed silica §300

Exposure for 4 h, whole body. Particle size
0.95-2.15 pm. Results similar to above.

90 - 840 [sic]

SD rats (10; 5 male, 5 female)

Fumed silica (130)

dsxpe for 4 h, whole body. Particle size <
0.2 um. All rats died at 2,530 and 5,300
mg/n¥. Severe red discoloration of the lungs
of rats that died.

1,650

SD rats (10; 5 male, 5 female)

Fumed silica (130)

d=epl for 4 h, nose only. Particle size 7.2-
7.7 um. 4/10 died at 2,200 mginsevere
discoloration of the lung in rats that died.
Surviving rats had normal lungs except 1
male and 2 females with trace discoloration.

> 2,200

SD rats (10; 5 male, 5 female)

Fumed silica (300)

dsupe for 4 h, whole body. Particle size <
0.1 pm.

90

SD rats (10; 5 male, 5 female)

Fumed silica (300)

dsxpe for 4, nose only. Particle size 7-7.1
pm.

500

SD rats (10; 5 male, 5 female)

Fumed silica (300)

dsupe for 4 h; whole body. Particle size <
0.4 pm.

800
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Species (n) Test substance (surface area Notes LG, (mg/n?)

[m*g])
SD rats (10; 5 male, 5 female) Fumed silica (300) dsxpe for 4 h, nose only. Particle size 600
6.3-7.7 um. Author concluded that number
of particles (surface area) may be responsible
for observed effects.
SD rats (6; 3 male, 3 female) Fumed silica (300) Bxpe for 4 h, whole body. Particle size 660

83% 1-5 um, 17% 5-100.

Table 7. Short-term oral toxicity studies of silica repattey UNEP (2004) and ECETOC (2006).

Species (n) Test substance; dose Notes and results

Sprague-Dawley rats (5) Precipitated silica gel516. No observed adverse effects level (NOAERA.2 mg/kg. No clinical signs observed.
mg/kg/d (10% wiw in
feed), 5.8 g/kg/d for days
1-10 then 24.2 mg/kg/d for
days 11-14 (20% in feed)

Female inbred rat (not Precipitated silica; 1500 No clinical signs. Silica content in liver, 1.5;dddney, 6.4 ug; spleen 5.3 pug; 1.8, 7.2, and

provided) mg/kg/d in aqueous 7.8 pg in controls, respectively.
solution by gavage daily
for 1 month
Charles river rats (30; 15 Hydrophilic fumed No gross signs of systemic toxicity. No effect eowgth rate, feed consumption, or survival.
male 15 female) silica;0, 1%, 3%, 5% (O, No increase in silica content of the liver, kidnsgleen blood, or urine after 45 and 90 days.
1,000, 3,000, 5,000 No gross or microscopic pathological changes.
mg/kg) in diet for 13
weeks
Female rats (strain and  Hydrophilic precipitated No effects to body weight gain, feed consumptiord behavior.
not specified) silica; 0 or 1500 mg/kg by
gavage for 4 weeks
Wistar rats (20; 10 male, Hydrophilic precipitated Increased feed intake associated with decreasddeféeiency in the high-dose group; mean
10 female) silica; 0, 0.5%, 2%, or 8% absolute and relative weight of the cecum increaséide high-dose group. General
(0, 250, 1,000, 4,000 condition, behavior, survival, body weights, watgake, and hematological and urinary
mg/kg) in diet for 13 parameters were not adversely affected. No gross@nscopic pathological abnormalities
weeks observed. NOEL = 4,000 mg/kg.

SD rats (10; 5 male, 5 Hydrophilic silica gel; 0 or  No gross signs of systemic toxicity. No effect sovgth rate, feed consumption, or survival.
female) 10% (0, 16,500 mg/kg) for No gross or microscopic pathological changes.

2 weeks or 5% (5,800

mg/kg) for days 1-10 then

20% (24,200 mg/kg) for

days 11 -14
Male rats (strain not Hydrophilic silica sol; All animals lost weight during treatment but gaireer the weekend and during recovery
specified; 6) 7,500 mg/kg in diet, 5 period. No effects on organs.

d/week for 2 weeks

CD rats (n not specified; Hydrophilic silica sol; 0 or  No treatment effects in clinical symptoms, urinel &tood parameters, necropsy or
male and female) 800 mg/kg in diet for 4 histopathology.
weeks

Beagle dogs (17; 9 male, Hydrophilic silica sol; 0 or  No treatment effects in clinical symptoms, urine &ood parameters, necropsy or
8 female) 800 mg/kg in diet for 4 histopathology.
weeks
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Table 7. Short-term oral toxicity studies of silica repaitgy UNEP (2004) and ECETOC (2006)

Species (n) Test substance; dose Notes and results

Wistar rats (10; 5 male, 5 Hydrophobic fumed silica; At 2,000 mg/kg, pronounced reduction of body wemggociated with reduced feed intake.
female) 0, 500, or 1,000 mg/kg in  No changes in biological parameters or macrosdomiings. As the rats reached the highest
diet for 5 week or 2,000 dose the last 2 weeks, clinical signs were obseskghess, dirty fur, reduced activity,
mg/kg increased stepwise cachexia, hemorrhages of mucous membranes of dseagy nose. 2 males and 2 females
every 2 weeks to 16,000  died in week 8. Microscopic evaluation of the ligliowed severe atrophy in the epithelium.
mg/kg (25% of daily feed = NOEL assumed to be 1,000 mg/kg.
intake) for 8 weeks.

Charles River rats (20; Fumed silane-treated No effect on appearance, behavior, growth, suryvilalical studies, or gross pathology. No
10 male, 10 female) silica;1, 2%, 2%, 4% (O, cytopathological changes. Minimal change in thymlzhd morphology (smaller follicles
1,000, 2,000, 4,000 lined by slightly taller epithelial cells) in mal@s mid- and high-dose groups.
mg/kg) in diet for 13
weeks

Table 8. Unpublished short-term inhalation toxicity stud@ssilica (ECETOC 2006).

Species (n) Test substance; dose Notes and results
Male Wistar Hydrophilic fumed silica (0, 1.39, 5.41, 25.3 md)rfor There were no effects in the low-dose group. Mitd high-dose groups
rats (10) 6 h/d for 5 days. Recovery for 1 or 3 months. had incidences of pulmonary inflammation after esype. Effects

diminished or disappeared during recovery.

Wistar rats (20;  Hydrophilic fumed silica (0, 17, 44, 164 mg)nfior 6 Respiratory distress observed in all treatmentggsolReduced body
10 male, 10 h/d, 5 d/week for 2 weeks. weight gain and feed consumption in the mid- amgh{dose groups.
female) Hematological parameters were unremarkable. Ineceabsolute and

relative lung weight in a dose-dependent mannengkwf several rats in
each test group discolored, spotted, spongy, egutlar on the surface.
Lungs increased septal cellularity, alveolar irttée$ pneumonia, and
early granulomata. Mediastinal lymph nodes of sslvats were
enlarged. Early granulomata observed in mediasmngbh nosed in
mid- and high-dose groups.

Wistar rats (20; Hydrophilic precipitated silica (0, 1.16, 5.39,2%. No deaths. No adverse effects in low-dose grouprdtwvas a slight

10 male, 10 mgF) for 6 h/d, 5 d/week. Recovery for 1 and 3 months decrease in breathing. Incidence of pulmonary infteation increased in

female) mid- and high-dose groups. Effects lessened ofwedaluring recovery.
NOEL = 1 mg/m.

Wistar rats (20; Hydrophilic precipitated silica (0, 46, 180, 668 /mg) Signs of respiratory distress in all treatment geowMales in mid- and

10 male, 10 6 h/d, 5 d/week for 2 weeks. high-dose groups had reduced body weight and feresuenption. Dose

female) dependent increase in absolute and relative lurightge In high-dose

groups, several rats had spotted and swollen lwitgsirregular surface.
Males in mid- and high-dose groups had increasptakeellularity,
alveolar macrophages and and particulates. Sorthesé changes were
present in some mediastinal lymph nodes. Earlyudoamata in lungs in
the high-dose group and mediatinal lymph nodekeémtid- and high-
dose groups. NOEL < 46 mgim

Male Wistar Hydrophilic silica gel (0, 0.94, 5.13, 25.1 mdjré h/d No effects in low-dose group. Pulmonary inflammatiocreased in the
rats (10) for 5 days. Recovery for 1 and 3 months. mid- and high-dose groups. Changes disappearegseried during
recovery.

CDrat (80; 40  Hydrophobic fumed silica (0 or 60 mgiran day 1 then 9 male rats died after first day due to acute pulanp hemorrhage with

male, 40 30 mg/nt thereafter) 6 h/d, 5 d/week for 4 weeks. bronchiolar plugs with emphysema. Active inteiatialveolar

female) Recovery for 1, 2, 4, 6, and 12 weeks. inflammation that changed from diffuse to localizemhsolidation. After
recovery, active inflammation was less promineritdmme fibrosis and
collagen apparent in the interstitium.

Wistar rats (20; Hydrophobic fumed silica (0, 31, 87, or 209 my/fior Signs of respiratory distress in all test groupsdy weight and feed

10 male, 10 6 h/d, 5 d/week for 2 weeks. consumption reduced in mid- and high-dose grougsné&tological

female) parameters were unremarkable. Increases in absuoldteelative lung
weights were dose-dependent. Lungs of severairratf groups were
pale, spotted, swollen and spongy. Lungs in adittrent groups had
increased cellularity, accumulation of alveolar nopbages, alveolar
edema, and early granulomata. NOAEL < 31 nfg/m
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Table 9. Chronic inhalation studies of silica reported byEP (2004).

Species (n) Test substance; dose

Notes and results

Female, Precipitated synthetic

inbred white silica; 55 mg/mfor 5

rats (n = 10) h/d, 5 d/week/ 3, 6, and
12 months. Post
exposure 5 months.

At necropsy, some white-grey foci were observegmirally. Desquamation of alveolar cells with fine
granula after 4 months. After 12 months, peribhaalcand intra-alveolar small dust cell foci withw
reticulin fibres were found. Small increased celinbers and fibers were observed. The mediastinal
lymph nodes were enlarged and contained dustwélsfine granules. Neither a diffuse nor nodular
fibrosis was observed in lungs or lymph nodes.

At recovery, effects regressed. Lung weights wemnal with a few foci left. There was no signifita
desquamation. Lymph nodes were slightly enlarged some dust cells.

One day retention value of silica was 0.138 mg/lukhgerage silica content was 1.022 mg/lung after 4
months and 3.443 mg after 12 months.

Conclusion: The lymphatic system appears to playreor role in the elimination of silica from thenig.
Therefore, there is no evidence for a silicosia ymphatic-type pneumoconiosis to develop from
exposure to synthetic silica.

Female Fumed silica; 50 - 55
Sprague- mg/n¥, ~30 mg/m
Dawley Rats respirable for 5 h/d,
(n = 150) 5x/week then 2 -

3x/week partway
through the experiment
for 12 months. Post
exposure up to 5
months.

Frequency of exposure was reduced due to fataba@esed by massive substance-related purulent
bronchitis, focal pneumontitis, and massive celluéactions.

After 12 months, ~1% of respirable dust was stilhined in the lung. The increase in lung depmsitvas
low from 18 weeks (1.2 mg) to 12 months (1.37 migh@osure. Mediastinal lymph nodes contained
~0.13 mg silica after 12 months.

After 5 months post exposure, mean silica load @va6 mg/lung and 0.047 mg/lymph node, a reduction
of 88% in the lung and > 50% in the lymph nodes.

Microscopically visible dust foci under pulmonarggra, mediastinal lymph nodes were moderately
enlarged. Interior of alveoli: numerous macrophagEsimulated, partially destroyed, associated with
deposition of cell debris. Perivascular and peribtgolar small dust foci of macrophages, associaiéu
mild and moderate formation of connective tissue.

Increased collagen formation in alveolar septai &od clusters of phagocytes (partially normaltipdy
showing decay) and some collagenic fibrosis wasmlesl in the mediastinal lymph nodes.
Conclusion: In some cases, silica, at sites oflhigbncentrated deposits, caused a marked collageni
fibrosis, but without signs of typical silicosis.

Female albino Fumed silica; 0.112

rats (not mg/l; 5 h/d, 5 d/week

provided) for 1 year followed by 4
month recovery.

At 4 months, 1.578 mg were in the lungs and 0.15heé lymph nodes; at 12 months, 1.820 and 0.430 mg
respectively. At necropsy, white foci in the plasmere observed, the mediastinal lymph node was
enlarged. Histological examination revealed destative catarrh, sporadic dust modules, and fodi wit
minimal to moderate fibrosis, increased collagewl sporadic diffuse fibrosis of the alveolar setad
perifocal emphysema. Silicatic nodules were neeoked. Lymph nodes: increase of dusted cells and
slight to moderate fibrosis, sporadic collagenddis.

After recovery, silica content of lungs, 0.92 mgldymph nodes, 0.814 mg. Necropsy revealed sulgdleu
dust foci and enlarged lymph nodes. Lung weigbtéased. Microscopically cell desquamation gone
whereas there was no improvement in other parameter

Rabbits (not Silica; dose not

provided) provided; 4-5 h/d, 5
d/week for ~ 3 years
followed by 30 to 150
days recovery

No clinical signs during inhalation. Mortality réianship to treatment not clear. Macroscopic
examination: emphysema of the lungs. Microscopation: bronchial and alveolar dequamative
catarrh, lymphocityes and leukocytes increasetiératveolas, edema, accumulation of macrophages in
the lymph nodes and in the interstitium (perivaacyperibronchial, alveolar septea), granuloma of
macrophages, dust cells, some thickening of theotdy septas. Formation of connective tissue was
minimal.
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Table 10. Ocular irritation studies of hydrophilic and hyghmbic silica on rabbits (ECETOC 2006).

Type of silica N Description Results
Hydrophilic
Fumed 8 Instilled 100 mg. Not rinsed (5) or rinse@@b min No signs of irritation.
(3)

Fumed Instilled 3 mg Slight to mild erythema; resolved at 48 h.

Fumed Instilled 3.5 mg Slight conjuctival erythema or chemosis in some
animals at 24, 48, and 72 h. Mean score 0.6 and 0.1
respectively [sic]. Transient opacity in 2 animai}

h.

Fumed 9 Instilled 100 mg; not rinsed (6), rinsed (3) o dibns of irritation in washed eyes at 24, 48, @&d
h. Mean score 0.15; very slight conjuctival erytiaem
up to 48 h.

Precipitated 3 Instilled 40 or 100 mg No signs oftatibn at 40 mg. At 100 mg, slight
redness at 24, 48, and 72 h; mean score 0.7. Resolv
by day 4.

Precipitated Instilled 100 mg; not rinsed (5), edg3) No signs of irritation.

Precipitated 8 Instilled 0.1 ml of 50% dilution inwa oil; eyes not No signs of irritation in rinsed eyes. Very slight

rinsed (5), rinsed in 5 min (3) erythema (score 1) up to 24 h.

Precipitated 9 Instilled 100 mg; eyes not rinsed (@sed at 4 s (3) No signs of irritation.

Precipitated 6 Instilled 100 mg, 0.2 ml of 50% slurry No signs of irritation.

Precipitated 9 Instilled 100 mg; eyes not rinsed (@ged at 4 s (3) No signs of irritation.

Precipitated 9 Instilled 100 mg; eyes not rinsed (@ged at 4 s (3) No signs of irritation.

Precipitated 9 Instilled 100 mg; eyes not rinsed (@sed at 4 s (3) No signs of irritation.

Silica gel 9 Instilled 9 mg; eyes not rinsed (3)sed at 2 s (3) or 4 No signs of irritation.

s (3)
Hydrophobic
Fumed 8 Instilled 100 mg; eyes not rinsed (5), rinsker 5 min -~ No signs of irritation.
(3)
Fumed 9 Instilled 25 mg; eyes not rinsed (6), rinaker 30 s No signs of irritation in washed eyes. 2 unwashgzbe
3) had slight erythema for 24 h. Mean score 0.1 a#24,
and 72 h.
Fumed 9 Instilled 3 mg; eyes not rinsed (3), rinsker2 s (3) Transient slight to moderate conjunctival erytheaha
or4s(3) and 4 h. Resolved at 24 h.
Fumed 9 Installed 10 mg; eyes not rinsed (6), rireftat 30 s No signs of irritation.
(3)
Fumed Instilled 10 mg; eyes not rinsed (6), rinafer 30 s No signs of irritation.
Fumed Installed ~10-20 mg; eyes not rinsed (63ednafter No sign of irritation in washed eyes; 2 unwashegsey
30s had slight erythema for 24 h (mean score 1 at 24, 4
and 72 h).
Fumed 9 Installed 6 mg: eyes not rinsed (3), ringet & s (3) No signs of irritation.
or4s(3)
Fumed 3 Installed 100 mg; eyes not rinsed (6), riretls (3) No signs of irritation.
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Table 11. Rabbit skin irritation studies of hydrophilic ahgidrophobic silica (ECETOC 2006).

Type of silica N Description Results
Hydrophilic
Fumed silica 6 Occlusive patch of 500 mg in 3 mireato intact No signs of irritation to intact skin. Slight ergtima
and abraded skin for 24 h. on 3 abraded sites
Fumed silica 6 Occlusive patch of 500 mg moistendt saline to  Very slight erythema on 1 intact site at 24 h; very
intact and abraded skin for 24 h. slight to well-defined erythema on abraded sites. N

sign of erythema at 72 h.

Precipitated silica 3 Occlusive patch of 500 mg taghskin for 4 h. No signs of irritation.

Precipitated silica 12 Occlusive patch of 500 mg etlmlelthyl cellulose  No signs of irritation.
to intact and abraded skin for 24 h.

Precipitated silica 6 Occlusive patch of 23 mg tadhiand abraded skin  Very slight erythema on 3 abraded sites and 5tintac
for 24 h. sites at 24 h.

Precipitated silica 6 Occlusive patch of 190 mg tadhand abraded Very slight erythema on 3 abraded and 4 intactsite
skin for 24 h. at 24 h.

Precipitated silica 12 Occlusive patch of 500 mgliveooil to intact and No signs of irritation

abraded skin for 24 h.

Precipitated silica 12 Occlusive patch of 500 mgitadt and abraded No signs of irritation.
skin for 24 h.
Precipitated silica 6 Occlusive patch of 500 mg tadhskin for 24 h. No signs of irritation.
Silica gel 8 Occlusive patch of 20 mg to intact abdaded skin ~ No signs of irritation.
for 24 h.
Hydrophobic
Fumed silica 12 Occlusive patch of 500 mg in metimylietellulose No signs of irritation.

to intact and abraded skin for 24 h.

Fumed silica 6 Occlusive patch of 500 mg moistendt REG to No signs of irritation.
intact and abraded skin for 24 h.

Fumed silica silane 6 Occlusive patch of 500 mg moistened with corn oil No signs of irritation.
treated to intact and abraded skin for 24 h.
Fumed silica 6 Occlusive patch of 500 mg in 2 ml wddntact No signs of irritation.

and abraded skin for 24 h.

Fumed silica 6 Semi-occlusive application of 500 mgntact skin No signs of irritation.
for 4 h.

Fumed silica 6 Semi-occlusive application of 500 mgntact skin No signs of irritation.
for 4 h.

Fumed silica 6 Semi-occlusive application of 500 mgntact skin No signs of irritation.
for 4 h.

Fumed silica 6 Semi-occlusive application of 500 mgntact skin No signs of irritation.
for 4 h.

Precipitated silica 12 Occlusive patch of 500 mgliveooil to intact and No signs of irritation.

abraded skin for 24 h.
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Table 12. Unpublished in vitro mutagenicity andazhosomal aberration tests of cultured mammalials ¢ NEP 2004; ECETOC 2006).

Test

Test system

Silica type (concentration)

Results

Chromosomal aberration test, with Chinese hamster ovary (CHO)

and without metabolic activation

cells

Fumed silica (19-300 pl/ml without S9, Negative

250-1000 pl/iml with S9)

Hypoxanthine-guanine

CHO cells

phosphoribosyl transferase test

(HGPRT)

Fumed silica (10-250 pg/ml without
S9, 100-500 pg/ml with S9).

Negative

Unscheduled DNA synthesis

Primary rat hepatocytes

eeusilica (0.3-1000 pg/ml)

Negative; cytotoxic aD26
500 pg/ml

6-Thioguanine resistance

CHO cells

Hydrophilic funséida(10-250 pg/ml
without S9, 100-500 pg/ml with S9)

No significant mutagenic
activity

Chromosome aberration

CHO cells

Hydrophilic fumeitai(38-1,000
nag/ml without S9, 250-1,000 pg/ml

with S9)

No clastogenic activity

Unscheduled DNA synthesis

Primary rat hepatocytes

réprdlic fumed silica (0.3-1,000

na/ml with and without S9)

No genotoxic activity

Chromosome aberration

Human embryonic lung

cells (Wi

Hydrophilic silica gel (1-1,000 pg/ml

Clastogenic activity not

38) without S9) significant

Clastogenic activity CHO Cells Hydrophobic fumedcsili(63-500 No clastogenic activity
na/ml with and without S9)

Clastogenic activity CHO Cells Hydrophobic fumedcsili(63-500 No clastogenic activity
pg/ml with and without S9)

Clastogenic activity CHO Cells Hydrophobic fumedcsili(63-500 No clastogenic activity
na/ml with and without S9)

Clastogenic activity CHO Cells Hydrophobic fumedcsili(42-333 No clastogenic activity

pa/ml with and without S9)

Chromosomal aberration test, with  CHO cells
and without metabolic activation

Fumed silica (19 - 300 pl/ml without
S9, 250 - 1000 pl/ml with S9)

Negative

Hypoxanthine-guanine

CHO cells

phosphoribosyl transferase test

(HGPRT)

Fumed silica (10 - 250 pg/ml without
S9, 100 - 500 pg/ml with S9).

Negative

Table 13. Unpublished in vivo mutagenicity studies of silgel (ECETOC 2006).

Test

Test system

Protocol (dose)

Results

Gene mutation (host
mediated)

Mice + S typhimurium
TA1530, G-46 (indicator)

i.p. injection ofS typhimurium cells collected 3 h after
last administration (1 or 5 x 1.4-5,000 mg/kg)

No mutagenic activity

Mitotic recombination

Mice (host) +S. cerevisiae D3

i.p. injection ofS. cerevisiae cells collected 3 h after last

No genotoxic activity

(host mediated) (indicator) administration (1 or 5 x 1.4-5,000 mg/kg)

Chromosome aberration Male Sprague-Dawley rat bonKilled at 6, 24, and 48 h (1 x 1.4-5,000) Negative
marrow

Chromosome aberration Male Sprague-Dawley rat bonKilled 6 h after last administration (5 x 1.4-5,000 Negative
marrow mg/kg)

Dominant lethal mutation Female Sprague-Dawley rat mated, killed 14 days after mating for uterus Negative

examination (1 x 1.4-5,000 mg/kg)
Dominant lethal mutation Female Sprague-Dawley rat maded, killed 14 days after mating for uterus Negative

examination (5 x 1.4-5,000 mg/kg)
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Table 14. Unpublished in vitro mutagenicity studies of slieported by UNEP (2004) and ECETOC (2006).

Test

Test systems

Silica type (concentration)

Results

Ames, with and without
metabolic activation

S. typhimurium (TA98, TA100, TA1535,
TA1537, TA1538)

Fumed silica (667 - 10,000
una/plate)

Negative

Unscheduled DNA
synthesis

Primary rat hepatocytes

Fumed silica (0.3 - 1000
pg/mi)

Negative; cytotoxic at 260 - 500
pg/ml

Ames, with metabolic
activation

S. typhimurium (TA98, TA100, TA1535,
TA1537, TA1538)

Hydrophilic fumed silica £
10,000 pg/plate)

Negative; not cytotoxic

Ames, with and without
metabolic activation

S typhimurium (TA98, TA100, TA1535,
TA1537, TA1538)

Hydrophilic fumed silica £
5,000 pg/plate

Negative; not cytotoxic

Ames, with and without
metabolic activation

S. typhimurium (TA98, TA100, TA1535,
TA1537, TA1538)

Hydrophilic silica gel €
10,000 pg/plate)

Negative; not cytotoxic

Tryptophan reversion,
with and without
metabolic activation

Escherichia coli WP2

Hydrophilic silica gel{
10,000 pg/plate)

Negative; not cytotoxic

Ames, with and without S typhimurium (TA1530, G-46) Hydrophilic silica gel (not Negative
metabolic activation provided)
Forward mutation, Saccharomyces cerevisiae (D3) Hydrophilic silica gel (not Negative

without metabolic
activation

provided)

Ames, with and without
metabolic activation

S typhimurium (TA98, TA100, TA1537, TA98)

Hydrophobic fumed sdic
(1,580 pg/plate)

Negative, not cytotoxic

Ames, with and without
metabolic activation

S. typhimurium (TA98, TA100, TA1535,
TA1537, TA1538)

Hydrophobic fumed silica
(5,000 pg/plate)

Negative, not cytotoxic

Ames, with and without
metabolic activation

S typhimurium (TA98, TA100, TA1535,
TA1537, TA1538)

Hydrophobic fumed silica
(5,000 pg/plate)

Negative, not cytotoxic

Ames, with and without
metabolic activation

S. typhimurium (TA98, TA100, TA1535,
TA1537, TA1538)

Hydrophobic fumed silica
(5,000 pg/plate)

Negative, not cytotoxic

Ames, with and without
metabolic activation

S typhimurium (TA98, TA100, TA1535,
TA1537, TA1538)

Hydrophobic fumed silica
(5,000 pg/plate)

Negative, not cytotoxic

Ames, with and without
metabolic activation

S. typhimurium (TA98, TA100, TA1535,
TA1537, TA1538)

Hydrophobic fumed silica
(5,000 pg/plate)

Negative, not cytotoxic

Tryptophan reversion,
with and without
metabolic activation

E. coli (WP2)

Hydrophobic fumed silica
(5,000 pg/plate)

Negative, not cytotoxic

Ames, with and without
metabolic activation

S typhimurium (TA98, TA100, TA1535,
TA1537)

Hydrophobic fumed silica
(5,000 pg/plate)

Negative, not cytotoxic

Triptophan reversion,
with and without
metabolic activation

E. coli (WP2)August 17, 2009

Hydrophobic fumed silica
(5,000 pg/plate)

Negative, not cytotoxic
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