Final Report on the Safety Assessment of Aluminum
Silicate, Calcium Silicate, Magnesium Aluminum
Silicate, Magnesium Silicate, Magnesium Trisilicate,
Sodium Magnesium Silicate, Zirconium Silicate,
Attapulgite, Bentonite, Fuller’s Earth, Hectorite, Kaolin,
Lithium Magnesium Silicate, Lithium Magnesium
Sodium Silicate, Montmorillonite, Pyrophyllite,

and Zeolite'

caused minimal eye irritation in a Draize eye irritation test. Ben-
This report reviews the safety of Aluminum, Calcium, Lithium  tonite caused severe iritis after injection into the anterior chamber
Magnesium, Lithium Magnesium Sodium, Magnesium Aluminum, ofthe ey_es_of rabbits and when |nJeCted Intralamellarly, Wldespread
Magnesium, Sodium Magnesium, and Zirconium Silicates, Magne- corneal infiltrates and retrocorneal membranes were recorded. In
sium Trisilicate, Attapulgite, Bentonite, Fuller's Earth, Hectorite, @ primary eye irritation study in rabbits, Hectorite was moder-
Kaolin, Montmorillonite, Pyrophyllite, and Zeolite as used in cos- ately irritating without washing and practically nonirritating to
metic formulations. The common aspect of all these claylike ingre- the eye with a washout. Rats tolerated a single dose of Zeolite A
dients is that they contain silicon, oxygen, and one or more metals. Without any adverse reaction in the eye. Calcium Silicate had no
Many silicates occur natura”y and are mined; yet others are pro- dlscernlble effeCt on nldatlon or .O.n maternal (?r fetal survival |n
duced synthetically. Typical cosmetic uses of silicates include abra- abbits. Magnesium Aluminum Silicate had neither a teratogenic
sive, opacifying agent, viscosity-increasing agent, anticaking agent, nor adverse effects on the mouse fetus. Female rats receiving a 20%
emulsion stabilizer, binder, and suspending agent. Clay silicates (sil- Kaolin diet exhibited maternal anemia but no significant reduction
icates containing water in their structure) primarily function asad-  in birth weight of the pups was recorded. Type A Zeolite produced
sorbents, opacifiers, and viscosity-increasing agents. Pyrophyllite N0 adverse effects on the dam, embryo, or fetus in either rats or
is also used as a colorant. The International Agency for Research on rabbits at any dose level. Clinoptilolite had no effect on female rat
Cancer has ruled Attapulgite fibers>5 pm as possibly carcinogenic  reproductive performance. These mgredlents were not genotoxic in
to humans, but fibers<5 um were not classified as to their carcino-  the Ames bacterial test system. In primary hepatocyte cultures, the
genicity to humans. Likewise, Clinoptilolite, Phillipsite, Mordenite, ~addition of Attapulgite had no significant unscheduled DNA syn-
Nonfibrous Japanese Zeolite, and synthetic Zeolites were not clas-thesis. Attapulgite did cause significant increases in unscheduled
sified as to their carcinogenicity to humans. These ingredients are DNA synthesis in rat pleural mesothelial cells, but no significant in-
not significantly toxic in oral acute or short-term oral or parenteral ~ crease in sister chromosome exchanges were seen. Zeolite particles
toxicity studies in animals. Inhalation toxicity, however, is readily ~(<104m) produced statistically significantincrease in the percent-
demonstrated inanimals. Particle size, fibrogenicity, concentration, age of aberrant metaphases in human peripheral blood lympho-
and mineral composition had the greatest effect on toxicity. Larger Cytes and cells collected by peritoneal lavage from exposed mice.
particle size and longer and wider fibers cause more adverse effects. Topical application of Magnesium Aluminum Silicate to human
Magnesium Aluminum Silicate was a weak primary skin irritant ~ Skin daily for 1 week produced no adverse effects. Occupational
in rabbits and had no cumulative skin irritation in guinea pigs. No ~ exposure to mineral dusts has been studied extensively. Fibrosis
gross effects were reported in any of these studies. Sodium Magne-and pneumoconiosis have been documented in workers involved
sium Silicate had no primary skin irritation in rabbits and had no  in the mining and processing of Aluminum Silicate, Calcium Sili-
cumulative skin irritation in guinea pigs. Hectorite was nonirritat- ~ cate, Zirconium Silicate, Fuller's Earth, Kaolin, Montmorillonite,
ing to the skin of rabbits in a Draize primary skin irritation study. ~ Pyrophyllite, and Zeolite. The Cosmetic Ingredient Review (CIR)
Magnesium Aluminum Silicate and Sodium Magnesium Silicate Expert Panel concluded that the extensive pulmonary damage in
humans was the result of direct occupational inhalation of the dusts
and noted that lesions seen in animals were affected by particle size,
_ fiber length, and concentration. The Panel considers that most of
Received 4 December 2002; accepted 18 March 2003. the formulations are not respirable and of the preparations that are
1Reviewed by the Cosmetic Ingredient Review Expert Panel. Thigspirable, the concentration of the ingredient is very low. Even so,
report was prepared by Amy R. Elmore, former Scientific Analyst arttie Panel considered that any spray containing these solids should
Writer. Address correspondence to F. Alan Andersen, Cosmetic Ingbe-formulated to minimize their inhalation. With this admonition to
dient Review Director, 1101 17th Street, NW, Suite 310, Washingtotie cosmetics industry, the CIR Expert Panel concluded that these
DC 20036, USA. ingredients are safe as currently used in cosmetic formulations.
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38 COSMETIC INGREDIENT REVIEW

The Panel did note that the cosmetic ingredient, Talc, is a hydrated of which are natural Zeolites (IARC 1997). Even though these
magnesium silicate. Because it has a unique crystalline structure Zeolites are considered to be a group, the formulas of the most
that differs from ingredients addressed in this safety assessment, common are listed in tabular form in Table 2 so the reader can
Talc is not included in this report . o .

understand the diversity in this category.

Physical and Chemical Properties
INTRODUCTION In alphabetical order according to the cosmetic ingredient
Various silicates and silicate clays are used in cosmetigiame as specified in theternational Cosmetic Ingredient Dic-
largely for their adsorbent, anticaking, bulking, and other simﬂi-onary and HandbooKWenninger et al. 2000), Table 3 pro-
lar properties. They are created synthetically in some cases, &/@es information on the various synonyms used to describe each
Lithium Magnesium Silicate, or are refined from naturally occosmetic ingredient, lists the available information on physical

curring minerals, e.g., Magnesium Aluminum Silicate. In eithgjroperties, and, if available, provides the specifications for the
case, variations in composition occur. Thus the Zeolite grogpsmetic grade of the ingredient.
of hydrated aluminosilicates has forms that are crystalline or
fibrous, and contain interchangeable cations. lav Struct

This report reviews the safety of these ingredients. Becau%eay rudg ure . | . Ih icl
the issues of safety are likely to be similar, many ingredients Accor |_ng.to Grim (1967), clays In generalhave atom_|c at-
have been grouped. Although there are not data on each 485 consisting of two structural units. One unit consists of
every ingredient, it is expected that the data will be broadly af-/o 'sheets of chser pgcked oxygens or hydroxyls as shown
plicable among the following ingredients: Aluminum Silicate" F'gl_”e_ 1. Aluminum, Iron, or magnesium atoms are embed-
(CAS no. 1327-36-2); Calcium Silicate (CAS no. 1344-95-2 ed within these sheets in octahedral coordination, so that they
Magnesium Aluminum Silicate (CAS no. 12199-37-0, 132727 equidistant from the oxygen or hydroxy! groups.
43-1, 12511-31-8); Magnesium Silicate (CAS no. 1343-88-0): The second unitis composed of silica tetrahedrons as shown
Magr,1esium Trisilicate (CAS no. 14987-04-3); Sodium Magné"j Figure 2. Assuming there are no distortions in each tetrahe-
sium Silicate; Zirconium Silicate (CAS no. 14940-68-2); angron_, asilicon atom is equidistant from fouroxygens or hydrox-
the silicate clays/clay minerals: Attapulgite (CAS no. 1337-7¢/}S: if needed to balance the structure, arranged in the form of
4, 12174-11-7); Bentonite (CAS no. 1302-78-9); Fuller's Ear tetrahedron with a silicon atom in the center. The silica tetra-
(CAS No. 8031-18-3); Hectorite (CAS no. 12173-47-6); Kaoli edral groups are arranged in a hexagonallr)etwo_rk, which is
(CAS no. 1332-58-7); Lithium Magnesium Silicate; Lithium €Peated infinitely to form a sheet of compositionGy(OH)a.

Magnesium Sodium Silicate (CAS no. 53320-86-8); Montmo-l:he tips of the te_trahedrons all point in the same dire_ction and
rillonite (CAS no. 1318-93-0): Pyrophyllite (CAS no. 12269jche_ bases are allinthe same plane. Sgbstantlfil dlstortlon ofthese
78-2): and Zeolite (CAS no. 1318-02-1) used in cosmetics. umt; occurs in prder to fit into determined unit-cell dimensions
It is important to note that the cosmetic ingredient, Talc, of minerals (Grim 1967).
is not included in this safety assessmenfalc is a hydrated
magnesium silicate with the CAS no. 14807-96-6, but it shoulsttapulgite
not be confused with any of the silicates in this report. Talc is The general attributes of structure and composition of the
differentiated by its definition, a hydrated magnesium silicateninerals are not very well known. The structurally important el-
and its unique crystalline form. ement is the amphibole double silica chain oriented with its long
The safety of Quaternium-18 Hectorite and Quaternium-Ifirection parallel to the axis as shown in Figure 3. Attapulgite
Bentonite have been previously reviewed by the Cosmetic Ingre-
dient Review (CIR) Expert Panel; the final conclusion indicate
that “Quaternium-18 Hectorite and Quaternium-18 Bentoni
are safe as cosmetic ingredients in the present practices of
and concentration” (CIR 1980).

CHEMISTRY
Given the large number of ingredients, a tabular presentati
of basic information concerning the chemical description hi (a)
been provided (Table 1). O and Q: Hydroxyls ‘ Aluminums, magriesiums, etc,
Zeolites FIGURE 1

The Zeolite group is very diverse. Over 100 structural typg®) Single octahedral unitpj Sheet of units (taken from Grim
of Zeolites, both natural and synthetic, have been reported, 40 1967 with permission).
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TABLE 1
Chemical formulas and compositions of Silicates and Silicate Clays used in cosmetics
Ingredient Description Reference
Aluminum Silicate AbO3 - SIO, Wenninger et al. 2000

Complex inorganic salt that has a composition of consisting generally Wenninger et al. 2000
of 1 mole of alumina and 1 to 3 moles of silica

Calcium Silicate Varying CaO and SjO Wenninger et al. 2000

Hydrous or anhydrous silicate with varying proportions Wenninger et al. 2000
of calcium oxide and silica
Magnesium Aluminum  AIMgOgSi, Budavari 1989
Silicate Complex silicate refined from naturally occurring minerals Wenninger et al. 2000

Magnesium Silicate MgQSiO; - xH,0 Wenninger et al. 2000
Inorganic salt of variable composition Wenninger et al. 2000

Magnesium Trisilicate 2Mg® SiO, - xH,0 Wenninger et al. 2000
Inorganic compound Wenninger et al. 2000

Zirconium Silicate ZrSiQ Wenninger et al. 2000
Inorganic compound Wenninger et al. 2000

Zircon sand or flour; specially sized grades of the mineral zircon—a  American Minerals, Inc. 1998
naturally occuring zirconium silicate
Attapulglte [Mg(Alo5_1FQ)_Q5]S|4010(OH) -4H,0 IARC 1997
Variety of Fuller’s Earth (qg.v.) found typically near Attapulgas, Wenninger et al. 2000
Georgia. It is characterized as having a chain structure rather than
the usual sheet structure of other clays

Hydrated magnesium aluminum silicate with magnesium partially IARC 1997
replaced by aluminum, or to a lesser extent, iron
Purified native magnesium aluminum silicate Barr and Arnista 1957
Bentonite AbOs - 4SiO- 2H,0? (empirical formula) Informatics, Inc. 1974
N80A33[A| 1A67Mgo.33]8i4[OH]2 Rheox Inc. 1999
Native hydrated colloidal aluminum silicate clay Wenninger et al. 2000

Commercial term for clays containing montmorillonite type minerals Gamble 1986
formed by the alteration of volcanic ash

Fuller's Earth No specific formula Wenninger et al. 2000
Nonplastic variety of kaolin containing an aluminum magnesium Wenninger et al. 2000
silicate

Porous colloidal aluminum silicate, a catch-all phrase for clay or other Gamble 1986
fine-grained earthy material suitable for use as an absorbent and

bleach
Hectorite Nag7(Mg,Li)SigO20(OH,F)? Budavari 1989
NaoAgg[Mgz,mLi0_33]Si4010[OH]2 Rheox Inc. 1999
Montmorillonite mineral that is the principle constituent Wenninger et al. 2000
of bentonite clays
Fluorine-bearing magnesium rich montmorillonite Grim 1972
Almost a complete substitution of aluminum in the lattice structure United States Pharmacopeial
of bentonite by magnesium in hectorite and the presence Convention, Inc. 1994
of lithium and flourine
Kaolin/Kaolinite ALOs - 2Si0, - 2H,0 Wenninger et al. 2000
Native hydrated aluminum silicate Wenninger et al. 2000
Kaolinite is the mineral that characterizes most Kaolins Ross and Kerr 1931
Lithium Magnesium No specific formula Wenninger et al. 2000
Silicate Synthetic clay consisting of mainly lithium and magnesium silicates ~ Wenninger et al. 2000

(Continued on next page)
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TABLE 1
Chemical formulas and compositions of Silicates and Silicate Clays used in cos(@atitgiued)
Ingredient Description Reference
Lithium Magnesium No specific formula Wenninger et al. 2000
Sodium Silicate Synthetic clay consisting mainly of lithium, magnesium, and Wenninger et al. 2000
sodium silicates
Montmorillonite R; 33(AL,MQ) 2Sis010(OH),, where R = Naf, KT, Mg?*, or C&*+ Budavari 1989
Complex aluminum/magnesium silicate clay Wenninger et al. 2000

Term used to describe a group of minerals with an expanding lattice,  Grim 1972
except vermiculite and also a specific mineral with a high-alumina
end member of the montmorillonite group with some slight
replacement of A&t by Mg*+ and substantially no replacement
of Si* by AI*+

Pyrophyllite AbO3 - 4SiO- 2H,0 Wenninger et al. 2000
Naturally occurring mineral substance consisting predominantly Wenninger et al. 2000
of a hydrous aluminum silicate
Sodium Magnesium No specific formula Wenninger et al. 2000
Silicate Synthetic silicate clay with a composition mainly of magnesium and ~ Wenninger et al. 2000
sodium silicate
Zeolite Mz/nO - Al,03 - ySIO; - xH,O(M = a group IA or lIA element; IARC 1997

n = cation valence; y= 2 or greater; x= the number of water
molecules within the molecule)
Hydrated alkali aluminum silicate Wenninger et al. 2000
Group of hydrated, crystalline aluminosilicates containing IARC 1997
exchangeable cations of group 1A and IIA elements such as sodium,
potassium, magnesium, and calcium

TABLE 2 cqnsists of (_jouple silica chains situated parallel toahpds .
Zeolites (IARC 1997) with the chains linked together through oxygens at their longi-
tudinal edges. Tetrahedral apexes in successive chains point in
Zeolite CAS no. Chemical formula the opposite direction. The linked chains form a kind of double-

ribbed sheet with two rows of tetrahedral apexes at alternate
intervals in the top and bottom of the sheets. The ribbed sheets
are arranged so that the apex oxygens of successive sheets point
together and are held together by aluminum and/or magnesium
in octahedral coordination between the apex oxygens of succes-
sive sheets. Chains of water molecules run parallel ta tivés

and fill the interstices between the amphibole chains. Aluminum
substitutions for silicon is considered probable (Grim 1967).

Clinoptilolite 12173-10-3 Not given
(general)
12271-42-0 Na(AlSiO1; - xH,0)
67240-23-7 AlNaHg(SiO, - 4H,0)
Mordenite  12173-98-7 Not given
(general)
12445-20-4 AINaH(SiOs)s
66732-10-3 AJCaH;»(SiOs)10- H2O
68652-75-5 Na(AlISO,2)
Phillipsite  12174-18-4 Not given
(general)
61027-84-7 CaK[AO(SiGs)s] - 6H,0
66733-09-3 AINa(SiQ) - 6H,0
Zeolite A 68989-22-0 Ng[(AlO)12(SiOy)15] - 27H,O
Zeolite X 68989-23-1 N&[(AlO 2)ge(SiOy)10g] - 264H,0
ZeoliteY  Not specified Ng[(AlO2)s6(Si02)136] - 250H,0

Zeolite L Not specified K[(AIO2)o(SiOy)z7] - 22H,0 Qand 3 = Oggens Oand @ = Sicons
ZSM-5 79982-98-2 (Tg:bpgg(moz)g(&oz)gg]- FIGURE 2

(a) Single tetrahedral unitbj Sheet of units (taken from Grim
*TPA = tetrapropylammonium. 1967 with permission).
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TABLE 3
Synonyms for, physical properties of, and specifications for Silicates and Silicate Clays used in cosmetics
Item Description Reference
Aluminum Silicate
Synonyms Anhydrous aluminum silicate, china clay, natural aluminum silicaféenninger et al. 2000

Form/description

Molecular weight
Density
Solubility

Synonyms
Form/description

Molecular weight
Solubility
pH

Synonyms

Form/description
Molecular weight
Solubility

pH

Viscosity

CTFA specifications

Synonyms
Form/description
Solubility

CTFA specifications
Synonyms
Form/description
Solubility

Synonyms
Form/description

pyrophyllite, synthetic aluminum silicate, willinite
Kaolin Budavari 1989
Aluminosilicate Syracuse Research Corp. 1974
Generally consisting of 1 mole of alumina and 1 to 3 moles of silica Wenninger et al. 2000
Four naturally occurring minerals (andalusite, cyanite, sillimainteBudavari 1989
mullite); other associated minerals: anauxite, dickite, kaolinite,
kochite, newtonite, pyrophyllite, takizolite, termierite, and ton
Variable: ranging from 162.05 to 426.05 Da
Variable: 3.156, 3.247
Insoluble in water

Lide 1993
Lide 1993
Syracuse Research Corp. 1974

Calcium Silicate
Silicic acid, calcium salt
Hydrous or anhydrous silicate with varying proportions of
calcium oxide and silica
White or slightly cream colored free-flowing powder
116.16 Da
Insoluble in water
8.0-10.0 (aqueous slurry)

Magnesium Aluminum Silicate
Aluminum magnesium silicate, magnesium aluminosilicate,
complex colloidal Carrisorb, Gelsorb, VEEGUM
Aluminosilicic acid, magnesium salt, aluminum magnesium silicate  Wenninger et al. 2000
Complex silicate refined from naturally occurring minerals Wenninger et al. 2000

Wenninger et al. 2000
Wenninger et al. 2000

Budavari 1989
Lide 1993
Budavari 1989

Budavari 1989

Palmieri 1994

Off-white to creamy white small flakes or micronized powder Palmieri 1994
262.4 Da Budavari 1989
Insoluble in water, alcohol, and organic solvents Palmieri 1994
9.0-10.0 (5% aqueous solution) Nikitakis and McEwen 1990b
225-2200 mPa Palmieri 1994

Nikitakis and McEwen 1990a
Nikitakis and McEwen 1990a

Arsenic (as As), 3 ppm maximum
Lead (as Pb), 10 ppm maximum

Magnesium Silicate
Silicic acid, magnesium salt (1:1)
Fine, white, odorless, tasteless, powder, free from grittiness

Wenninger et al. 2000
United States Pharmacopeial
Convention, Inc. 1994
United States Pharmacopeial
Convention, Inc. 1994
Nikitakis and McEwen 1990a
Nikitakis and McEwen 1990a

Insoluble in water and alcohol

Arsenic (as As), 3 ppm maximum
Lead (as Pb), 20 ppm maximum

Magnesium Trisilicate
Silicic acid, magnesium salt (1:2)
Fine, white, odorless, tasteless powder, free form grittiness

Wenninger et al. 2000
United States Pharmacopeial
Convention, Inc. 1994
United States Pharmacopeial
Convention, Inc. 1994

Insoluble in water and alcohol

Sodium Magnesium Silicate
Synthetic sodium magnesium silicate Wenninger et al. 2000
Synthetic silicate clay with a composition mainly of magnesium affdnninger et al. 2000
sodium silicate
(Continued on next page)
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TABLE 3
Synonyms for, physical properties of, and specifications for Silicates and Silicate Clays used in cd€oetiosied)
Item Description Reference
Zirconium Silicate
Synonyms Silicic acid, zirconium salt (1:1) Wenninger et al. 2000

Form/description

Molecular weight
Solubility

Density

pH

CTFA specifications

Synonyms

Form/description

Density
Solubility

Synonyms

Form/description

Molecular weight
Solubility

pH
Particle size

Color
Swelling ability
Iron

Synonyms
Form/description

Budavari 1989
Lewis 1993
Budavari 1989

Zircon, zirconium orthosilicate
Zirconium (1V) silicate (1:1)
Bipyramidal crystals, colorless unless has impurities and
radioactive bombardment

Red or various colored crystals Lewis 1993
183.31 Da Budavari 1989
Insoluble in alcohol, aqueous solution, and alkali Lide 1993
4.56 Lide 1993

American Minerals 1998
Nikitakis and McEwen 1990a
Nikitakis and McEwen 1990a

6—7.5 (10% aqeous slurry)
Arsenic (as As), 3 ppm maximum
Lead (as Pb), 20 ppm maximum
Attapulgite
Activated attapulgite, Attaclay, Attagel, Attasorb, Min-u-gel,
palygorskit, Permagel, Zeogel

Registry of Toxic Effects
of Chemical Substances
(RTECS) 1999
Palygorskite IARC 1997
Variety of Fuller's Earth; characterized by a chain structure rath@fenninger et al. 2000
than the sheet structure of other clay minerals
White, gray, or transparent, dull, elongated, lath-shaped crystalslf&fRC 1997
bundles that comprise thin sheets of minute interlaced fibers;
surface is protonated and hydrated
2.2 IARC 1997
Insoluble in water United States Pharmacopeial
Convention, Inc. 1994

Bentonite
CI1 77004, soap clay Wenninger et al. 2000
Albagel Premium USP 4444, Bentonite magma, Hi-gel, Imvite RTECS 1999
I.G.B.A., Magbond, montmorillonite, Tixoton, Volclay, Wilkinite
BentoPharm, E558, mineral soap, soap clay, taylorite, Veegum HE&lmonte 1994
wilkinite
Native hydrated colloidal aluminum silicate clay Wenninger et al. 2000
Crystalline, claylike material, available as an odorless, palebuff dBelmonte 1994
cream to grayish-colored fine powder, which is free from grit
Dioctahedral Rheox Inc. 1999
359.16 Da Belmonte 1994
Practically insoluble in ethanol, fixed oils, glycerin, propan-2-ol Belmonte 1994
and water
9.5-10.5 for a 2% aqueous solution
Mainly 50-150m along with 1-2um particles
0.8x 0.8x 0.01u Rheox Inc. 1999
Grey to green Rheox Inc. 1999
15« Rheox Inc. 1999
2.3% Rheox Inc. 1999

Fuller's Earth

Belmonte 1994
Belmonte 1994

English Fuller's earth
Nonplastic variety of kaolin
Sheet structure

Wenninger et al. 2000
Wenninger et al. 2000
Gamble 1986

(Continued on next page)
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TABLE 3
Synonyms for, physical properties of, and specifications for Silicates and Silicate Clays used in cq&oeticsied)
Item Description Reference
Hectorite
Synonyms Macaloid, Ben-A-Gel Barr 1963
Bentone and Bentone Gel Rheox Inc. 1999

Form/description

Particle size
pH

Iron

Color

Swelling ability
Odor

Specific gravity

Synonyms

Form/description
Molecular weight
Solubility

Cation exchange capacity 3-15 mEqg/100 g
CTFA specifications

Synonyms
Form/description

Synonyms

Form/description

Synonyms
Form/description

Cation exchange capacity 80-150 mEqg/100 g

Synonyms
Form/description

Synonyms
Form/description

pH
Solubility

Translucent colorless mineral when mined and turns white Barr 1963
when dried
Tridecahedral
0.8< 0.08x 0.01pu
8.5 (5% slurry)
0.2% (typical)
Light pink to tan; off-white

Rheox Inc. 1999
Rheox Inc. 1999
Rheox Inc. 1999
Rheox Inc. 1999
Rheox Inc. 1999

35« Rheox Inc. 1999

None Rheox Inc. 1999

2.65 Rheox Inc. 1999
Kaolin

Bolbus Alba, China Clay, Cl 77004, Kolite, Pigment White 19 Wenninger et al. 2000
Altowhites, Argilla, Bentone, China Clay, Emathlite, Fitrol, GlomaxRTECS 1999
Hydrite, Kaopaous, Langford, Mcnamee, Parclay, Porcelin Clay,
Snow tex
Bolbus alba, China clay, white bole, argilla, terra alba, porcelin clay Informatics, Inc. 1974
White or yellowish white, earthy mass or white powder; unctous Budavari 1989
when moist
Native hydrated aluminum silicate Wenninger et al. 2000
258.2 Da Budavari 1989
Insoluble in water, cold acids, or in alkali hydroxides Budavari 1989
Carrol 1959
Nikitakis and McEwen 1990a
Nikitakis and McEwen 1990a

Arsenic (as As), 3 ppm maximum
Lead (as Pb), 20 ppm maximum

Lithium Magnesium Silicate
Silicic acid, lithium magesium salt
Synthetic silicate clay consisting mainly of lithium and
magnesium silicates
Lithium Magnesium Sodium Silicate
Magnesium lithium sodium silicate; silicic acid, lithium,
magnesium, and sodium salt
Synthetic silicate clay consisting mainly of lithium, magnesium anvegnninger et al. 2000
sodium silicates

Wenninger et al. 2000
Wenninger et al. 2000

Wenninger et al. 2000

Montmorillonite
Smectite Grim 1972
Complex aluminum/magnesium silicate clay Wenninger et al. 2000
Carrol 1959
Pyrophyllite
Pyrophyllite clay Wenninger et al. 2000
Naturally occurring mineral—predominantly hydrous aluminumWenninger et al. 2000
silicate
Sodium Magnesium Silicate
Synthetic sodium magnesium silicate Wenninger et al. 2000
Synthetic silicate clay with a composition mainly of sodium andWenninger et al. 2000
magnesium silicate
8.5-10.5 of 2% aqueous dispersion
Insoluble in organic solvents and disperses in water

Nikitakis and McEwen 1990b
Nikitakis and McEwen 1990b

(Continued on next page)
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TABLE 3
Synonyms for, physical properties of, and specifications for Silicates and Silicate Clays used in cd€oetiosied)
ltem Description Reference
Zeolite
Synonyms Aluminosilicates, Bacterkiller, CS100, Sitton, Zeokar, Zeolith, Wenninger et al. 2000
Zeolum, Zeostar
Clinoptilotile, Mordenite, Phillipsite, Zeolite A, Zeolite X, ZSM-5, IARC 1997
Non-fibrous Japanese Zeolite
Form/description Crystalline, hydrated alkali-aluminum silicates

Budavari 1989; Wenninger
et al. 2000

Kaolin shown there is little substitution within the lattice. In a small per-

Kaolin’s structure is composed of a single silica tetrahedragntage of cases, iron and/or titanium has replaced aluminum.
sheet and a single alumina octahedral sheet combined in a unitbis has only been seeninthe relatively poor crystalline varieties
that the tips of the silica tetrahedrons and one of the layers of @iglaolin (Grim 1967).
octahedral sheet form a common layer as shown in Figure 4. All
the tips of the silica tetrahedrons point in the same directionand o ] )
toward the center of the unit made by the silica and octahed/inectites (Montmorillonites, Hectorite, and Bentonite)
sheets. Composite octahedral-tetrahedral layers are formed duSmectite units comprise of two silica tetrahedral sheets with
to the similarity between the sheetsandb dimensions. The & central alumina octahedral sheet as shown in Figure 5. All
common layer between the octahedral and tetrahedral grot@igahedral tips pointin the same direction and toward the center
consists of two thirds of shared atoms between silicon and aff-the unit. The tips of the tetrahedrons of each silica sheet and
minum that become O instead of OH. Analyses of Kaolin hawe ofthe hydroxyllayers of the octahedral sheetform acommon
layer. As in Kaolin, the atoms common to both the tetrahedral
and octahedral layer become O instead of OH. These layers are
-—-Q\-/ﬁ}\—;@:———O—O O—O ~(x-{x-)  continuous in the andb directions and are stacked one above

(,*\;’* A~ \© ©’ ~ "(y*\) the other in thec direction. As a consequence, O layers in the

T units become adjacent and a very weak bond is created with the
possibility of cleavage. The preeminent feature of smectites is
the ability of water and other organic molecules to enter between
unit layers and expand in tleedirection. Expansion properties
are reversible; however, the structure is completely collapsed
by removal of interlayer polar molecules. Most smectites have
substitutions within their lattices: aluminum or phosphorous for

o

a sin B=/2.94

(\‘l:'()v ~, /© Q\ pd v:‘r:
=R —0-0—0- 00—

} 5=18.0R !
O Oxygens
O HeO l: :l Hydroxy! O Mg or A/ Hydroxyls
Aluminums
@ OH, O Oxygen @ Siiicon .
———————— @ O Silicons
Attapulgite (OHy ), (OH), Mg, SiyOspr $H,0
FIGURE 3

FIGURE 4
Kaolin layer (taken from Grim 1967 with permission).

Attapulgite structure (taken from Grim 1967 with permission).
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Kaolin

Deposits of Kaolin have been found in England, the United
States, France, Czechoslovakia, Germany, and Japan (Informat-
ics, Inc. 1974).

Pyrophyllite
Gamble (1986) reported Pyrophyllite being mined primarily
in North Carolina.

Zeolite

Natural Zeolites are mined in Japan, the United States,
Hungary, Bulgaria, Cuba, Italy, and South Africa (Roskill In-
formations Services Ltd. 1988).

Method of Manufacture
nH,0 Aluminum Silicate

Aluminum Silicate is a naturally occurring mineral as well
as artificially produced. The naturally occurring Aluminum Sil-
icate minerals are know as andalusite, sillimanite, and cyanite.
Natural Aluminum Silicate is mined from an ore and synthetic
Aluminum Silicate is formed by heating compositions of con-
trolled proportions of silica, alumina, and alkalis under condi-
tions to promote the specific structure (Syracuse Research Corp.

1981).
O Oxygens @ Hydroxyls @ Auminum, iron, magnesium .
O and @ Silicon, occasionally aluminum Attapulglte
Hevilinand Murray (1994) describe the mining process of At-
FIGURE 5 tapulgite as an opencast technique, stripping layers with heavy

Smectite structure (taken from Grim 1967 with permission).machines such as bulldozers, backhoes, and excavators. The
clay is then transported to a processing plant where crushing,

silicon in the tetrahedral coordination and/or magnesium, irodry!ng, classification, and pulverizing takes place. High-heat
fying to remove water may occur to enhance absorbent

zinc, nickel, lithium, etc. for aluminum in the octahedral she€ Lalities
(Grim 1967). q :

Bentonite
The mined ore of Bentonite is processed to remove grit and

Natural Occurrence of Clays nonswelling materials (Belmonte 1994).

Aluminum Silicate
Natural Aluminum Silicates are reportedly being mined i

: e i . li
India, California, North Carolina, and Georgia (Gamble 1986 .ao n

In a process described by Wells, Bhatt, and Flanagan (1985),

Kaolin is extracted from kaolinized granite by washing it out

with powerful and remote water hoses. The clay stream is then

gumped to the separation plant where sand and mica are re-

g\oved. The purified clay is filtered when wet and then dried.
ﬁe very fine powder is formed by milling.

Attapulgite

Attapulgite is mined in 10 countries: Australia, China, Franc
India, Russia, Senegal, South Africa, Spain, Turkey, and t
United States (Informatics, Inc. 1974).

Magnesium Aluminum Silicate
Bentonite Magnesium Aluminum Silicate is obtained from silicate ores
Large deposits of Bentonite have been discovered in Canadéthe montmorillonite group. The ores are blended with water to
China, France, Germany, Great Britain, Greece, Hungary, Itapfoduce a slurry, which is then processed to remove impurities
Japan, Mexico, New Zealand, North Africa, Poland, Sou#nd separate out the colloidal fractions. Refined colloidal frac-
Africa, the former Soviet Union, and the United States (Infotions are dried to form a small flake and then is microatomized
matics, Inc. 1974). to form various powder grades (Palmieiri 1994).
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Zeolite IMPURITIES/COMPOSITION

Roskill Informations Services Ltd. (1988) reported natura}iI minum Silicate
Zeolites being recovered from deposits by selective opencasltl ) ) ) ) .
or strip mining processes. The raw material is then processedOther minerals associated with natural Aluminum Silicates
by crushing, drying, powdering, and screening. Synthetic zedre anauxne,_dlcl_qte, kgol!nlte, kochite, mulllte,. newtonite, py-
lite synthesis requires the following conditions: reactive staf@Phyllite, takizolite, terierite, and ton (Budavari 1989).
ing materials; a high pH; a low-temperature hydrothermal state
with concurrent low autogenous pressure at saturated water pistsapulgite
sure; and a high degree of supersaturation of a large number ofAttapulgite commonly is found with smectites, amorphous
crystals. silica, chert, and other minerals (Bish and Guthrie 1993).

A typical composition is shown in Table 4 (Keller 1979).

Analytical Methods )

Montmorillonite has been detected using far infrared spectpgtonite _ _ o
(Angino 1964). Bentonite and Kaolin are described by Angino_The principle cop§tltuent is I.\/Iontmonllomte..However, othgr
(1964) using far infrared spectra and by Sadik (1971) using X_rgynerals such as illite, kaolinite, and'nonarglllaceous' detrital
diffraction. Attapulgite has been detected with the use of trarfglinerals can be present. M_OSt Bentonites appear relat_|vely pure
mission or scanning electron microscope (Zumwalde 1976), a%%d other mineral contrlbu_tlon_s rarely exc_e_ed 10%. Cristobalite
by means of x-ray powder diffraction analysis (Keller 1979). Th§ often p_resen_t. Montmonllonl.te compositions freqyently vary
characterization of Hectorite was achieved through x-ray diffragither in its lattice structure or in the exchangeable ions present
tion, infrared spectroscopy, and chemical analysis (Browne et@nformatics, Inc. 1974). _
1980). Zeolites have been examined using scanning electron miA typical composition is shown in Table 4 (Belmonte
croscopy (Wright and Moatamed 1983; van Hoof and Roelofséf94)-
1991) and x-ray diffraction (van Hoof et al. 1991). Magnetic an-
gle spinning nuclear magnetic resonance (NMR) has confirmedller's Earth
the structural breakdown of Fuller's Earth (Drachman, Roch, Principle deposits of Fuller’s Earth include Montmorillonite,
and Smith, 1997). Bentonite, Attapulgite, and sepiolite (Gamble 1986).

TABLE 4
Mineral composition of individual samples of Magnesium Aluminum Silicate, Attapulgite, Bentonite, Hectorite, Kaolinite,
and Montmorrillonite (Barr 1963)

Silicate clays analyzed

Magnesium Aluminum Silicate  Attaplugite Bentonite Hectorite Kaolinite Montmorillonite
Mineral (%) (%) (%) (%) (%) (%)
SiO, 61.1 55.03 59.92 55.86 45.44 51.14
Al;,03 9.3 10.24 19.78 0.13 38.52 19.76
Fe0s — 3.53 — 0.03 0.80 0.83
FeO 0.9 — 2.96 — — —
MgO 13.7 10.49 1.53 25.03 0.08 3.22
CaO 2.7 — 0.64 Trace 0.08 1.62
K>0 0.3 0.47 0.57 0.10 0.14 0.11
Na,O 2.9 — 20.6 2.68 0.66 0.04
TiO, 0.1 — — — 0.16 —
CO; 1.8 — — — — —
LiO, — — — 1.05 — —
F — — — 5.96 — —
MnO — — — — — Trace
ZnO — — — — — 0.10
H,O 7.2 19.86 Not reported 12.14 14.20 22.80

Reference Palmieri 1994 Keller 1979 Belmonte 1994 Keller 1979 Keller 1979 Keller 1979
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Hectorite USE
Principle impurities include calcite, dolomite, silica crystals,

. . o : osmetic
and grit (Barr 1963). A typical composition is shown in Table . o
(Kellgr 1(979) )- Atyp P According to the European Cosmetic Directive (EU reference

no. 391 Annex Il), Zirconium and its compounds are listed under
substances that must not form part of the composition of cos-
Kaolin metic products, with the exception of complexes in Annex I,
Quartz, mica, and feldspar are often found associated wiart I. These complexes are aluminum zirconium chloride hy-
the crude mineral and is often removed through screening adxide complexes and the aluminum zirconium chloride
elutriation (Informatics, Inc. 1974). hydroxide glycine products used in antiperspirants; and the zir-
Ferreira and Freitas (1976) surveyed Kaolin for any potepenium lakes, salts, and pigments of coloring agents listed in
tially pathogenic organisms and a mean viable coiseu- reference 3 in Annex IV, Part | (Cosmetics Directive of the
domonas aeruginosaSalmonella typhosaEscherichia coli European Union 1995).
Staphylococcus aurepsndClostridium tetanivere absent. The  Aluminum Silicate, anhydrous, Calcium Silicate, Magne-
mean viable count was 24106 M. The bacteria present weresium Aluminum Silicate, Magnesium Silicate, Bentonite, Hec-
mostly gram-positive aerobic spore-formers. torite, Kaolin, Montmorillonite, Pyrophyllite, and Zeolite are
A typical composition is shown in Table 4 (Keller 1979). listed in theJapanese Comprehensive Licensing Standards by
Category(CLS) (Rempe and Santucci 1998). Aluminum Sili-
cate, anhydrous has no concentrations limits and is listed in all

One trade-name group of products contain 1% to 6% by Vcﬁgtego_rl_es exc_ep_t eyell_ner preparatl_ons andlip p_reparatlons. Cal-
cium Silicate, is listed in all categories. Magnesium Aluminum

ume weight crystalline silica in the form of cristabalite; they alsgilicate which is listed under Aluminum Magnesium Silicate

(1:gr9n?r;1ent that a few grades may contain quartz as well (Ke%elisted in all categories. Magnesium Silicate is listed in all

A typical composition is shown in Table 4 (Palmeir 1994)_categor|¢s. He_ctorlte is Il_sted in all categories e_xcept eyeliner
preparations, lip preparations, and oral preparations. Montmo-
rillonite is excluded from only eyeliner preparations. Pyrophyl-

Magnesium Aluminum Silicate

Montmorillonite lite is listed in all groups except eyeliner, lip, oral, and bath
Atypical composition of Montmorillonite is shown in Table 4preparations. Bentonite, Kaolin, and Zeolite are listed in all
(Keller 1979). categories.

Information on use of ingredients in cosmetic formulations
is available from the Food and Drug Administration (FDA) as

. . art of a voluntary industry reporting program (FDA 1998).
Valatina, Pylev, and Lemjasev (1994) analyzed the che hese data are presented in the first two columns of

cal compositions of five samples of Zeolite dusts taken froq%lbl e6
mines in Russia (Taple 5). The benzo[a_]pyrene content in theIn aoidition the Cosmetic, Toiletry, and Fragrance Associ-
dusts of natural Zeolite tuffs (rock deposits) ranged from 0.0 Eﬁion (CTFA) provides information from the industry directly

Zeolite

3.6u0/kg. to CIR on the current concentration of use (CTFA 1999a). In
some cases a current concentration of use is provided even when
there is no current use reported to FDA. It is presumed that an
) ) TA_BLE 5 _ ) industry report of a current concentration of use means the in-
Zeolite mine dust chemical analysis (Valatina, Pylev, and gredient is in use. These data are included in the third column of
Lemjasev 1994) Table 6.
Dust sample 1 > 3 4 5 In those cases where there is a use reported to FDA, but

there is no current concentration of use data available, the last

Molar ratio of SiGQ/ 9.0 8.3 9.8 7.4 9.4 columnin Table 6 includes historical data from 1984 when FDA
Al,03 collected information on concentration as part of the voluntary

Zeolite (%) 83 506 73 63 56  reporting program described earlier (FDA 1984). If no historical

Silicon dioxide (%) 66.84 0 70.92 62.64 68.6 data are available, no concentration is listed.

Aluminum oxide (%) 12.36 12.62 12.11 14.17 12.16

Iron (I11) oxide (%) 092 4 1.03 265 0.2 : .

Magnesium oxide (%) 153 1.34 053 119 0.98luminum Silicate , . o

Calcium oxide (%) 236 415 256 2.01 1.93 A_Iummum S|I|catefunqt|qns asan apraswe, ar_mcaklng agent,
Sodium oxide (%) 265 015 062 1.75 2 bulking agent, and opamfylng agent in co;meﬂc'_s (Wenn|nger
Benzola]pyrene 25 36 0.1 13 o etal 2000). In 1998 it was reported as an ingredient in 10 for-

mulations in seven different categories (FDA 1998).
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TABLE 6

Frequency of use and concentration of use as a function of product category

Product category Number of formulations Current concentration Historical concentration
(Number of formulations containing ingredient of use (CTFA 1999a) of use (FDA 1984)
reported to FDA 1998) (FDA 1998) (%) (%)
Aluminum Silicate
Mascara (167) 2 0.5
Blushers (all types) (238) 1 — —
Dentifrices (38) — 37
Shaving cream (139) 1 — —
Cleansing (653) 2 2
Paste masks (mud packs) (255) 1 — 1-5
Skin fresheners (184) 1 — 0.1-1
Other skin preparations (692) 2 3
1998 total uses of Aluminum Silicate 10
Calcium Silicate
Bath oils, tablets, and salts (124) 12 — 0.1-5
Bubble baths (200) 2 — 0.1-25
Other bath preparations (159) 2 — 0.1-25
Eye shadow (506) 11 1-8
Powders (247) 35 2
Blushers (all types) (238) 17 5-8
Face powders (250) 40 0.3-10
Foundations (287) 5 2-8
Lipstick (790) 3 0.5
Makeup bases (132) 1 0.5
Rouges (12) 1 — 1-5
Other makeup preparations (135) 1 — 1-5
Other manicuring preparations (61) 1 — 1-5
Skin cleansing preparations (653) 1 8
Men/s talcum (8) — 8
1998 total for Calcium Silicate 132
Magnesium Aluminum Silicate

Other bath preparations (159) 1 — —
Eye makeup remover (84) 20 — 0.1-25
Eye shadow (506) 4 1
Eye lotion (18) 1 1
Eye makeup remover (84) 2 — 0.1-25
Mascara (167) 33 0.4-5
Eyeliner (514) — 0.2-0.5
Eyebrow pencil (91) — 0.5
Other eye makeup preparations (120) 16 1-5
Cologne and toilet waters (656) 1 — —
Other fragrance preparations (148) 1 — >0-1
Hair conditioners (636) 1 — 0.1-1
Hair straighteners (63) 3 — 0.1-1
Hair dyes and colors (1572) — 2
Shampoos (noncoloring) (860) 3 1-2
Other hair preparations (276) 3 — —
Hair rinses (coloring) (33) 1 — —
Foundations (287) 130 0.4-5
Lipstick (790) 3 — 0.1-1
Makeup bases (132) 60 1-2

(Continued on next page)
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Frequency of use and concentration of use as a function of product cat€gorynued)

Product category
(Number of formulations

Number of formulations
containing ingredient

Current concentration  Historical concentration
of use (CTFA 1999a) of use (FDA 1984)

reported to FDA 1998) (FDA 1998) (%) (%)
Makeup fixatives (11) 3 2
Other makeup preparations (135) 24 0.8
Cuticle softeners (19) 1 — —
Nail creams and lotions (17) 1 — 0.1-5
Dentifrices — 0.7
Bath soaps and detergents (385) 1 0.5-1
Deodorants (underarm) (250) 5 0.5-1
Other personal cleanliness products (291) 14 2
Aftershave lotion (216) 9 — 4>50
Other shaving preparations (60) 2 — 0.1-5
Skin cleansing preparations (653) 41 0.1-5
Face and neck skin care preparations (263) 16 0.6-3
Body and hand skin care preparations (796) 56 0.3-5
Foot powders and sprays (35) 3 — —
Moisturizers (769) 70 0.3-4
Night creams, lotions, powders, and sprays (188) 11 0.3-2
Paste masks (mud packs) (255) 34 3-5
Other skin care preparations (692) 33 0.1
Suntan gels, creams, and liquids (136) 6 2-5
Indoor tanning preparations (62) 19 0.5-2
1998 total for Magnesium Aluminum Silicate 632

Attapulgite
Powders (fragrance) (247) 5 — —
Body and hand skin care preparations (796) — 8
Paste masks (mud packs) (255) 5 8
1998 total for Attapulgite 10
Bentonite
Bath, oils, tablets, and salts (124) — 5
Eyeliner (514) 6 5
Mascara (167) 1 0.8
Other eye makeup preparations (120) 1 — —
Hair conditioners (636) 1 — —
Hair straighteners (63) 3 — 0.1-1
Foundations (287) 5 2-8
Makeup bases (132) 3 1
Cuticle softeners (19) 1 1
Bath soaps and detergents (385) 1 0.5
Other personal cleanliness products (291) 2 — 0.1-10
Skin cleansing preparations (653) 6 — >0-10
Face and neck skin care preparations 1 2-5
(excluding shaving) (263)
Body and hand skin care preparations 6 2-5
(excluding shaving) (796)

Moisturizers (769) 2 3
Night creams, lotions, powders, and sprays (188) 1 — —
Paste masks (mud packs) (255) 44 12-80
Skin fresheners (184) 1 —

(Continued on next page)
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TABLE 6

Freqguency of use and concentration of use as a function of product ca{€goynued)

Product category
(Number of formulations
reported to FDA 1998)

Number of formulations Current concentration Historical concentration
of use (CTFA 1999a)

containing ingredient
(FDA 1998)

(%) (%)

Other skin preparations (692)
Suntan gels, creams, and liquids (136)
Other suntan preparations (38)

1998 total for Bentonite

Paste masks (mud packs) (255)
Other skin preparations (692)

1998 total for Fuller's Earth

Eyeliner (514)

Mascara (167)

Shampoos (noncoloring) (860)

Hair bleaches (113)

Foundations

Other makeup preparations (135)
Basecoats and undercoats (manicuring) (48)
Nail polish and enamel (80)

Deodorants (underarm) (250)

Other personal cleanliness products (291)
Paste masks (mud packs) (255)

Skin cleansing preparations (653)

8
1

73

Fuller's Earth
2
1

3
Hectorite

Body and hand creams, lotions, powders, and sprays (796) —

Other skin preparations (692)
Paste masks (mud packs) (255)
Other suntan preparations (38)

1998 total for Hectorite

Eyeliner

Eye shadow (506)

Mascara (167)

Other eye makeup preparations (120)
Powders (fragrance) (247)

1
18
Sodium Magnesium Silicate

Tonics, dressings, and other hair-grooming aids (549) 1

Blushers (all types) (238)

Face powders (250)

Foundations (287)

Lipstick (790)

Makeup bases (132)

Other makeup preparations (135)

Dentifrices (38)

Deodorants (underarm) (250)

Skin cleansing preparations (653)

Face and neck skin care preparations
(excluding shaving) (263)

Body and hand skin care preparations
(excluding shaving) (796)

Moisturizers (769)

1

— 25-50

100

[e0]

0.08
0.08

0.8-5

0.1

(Continued on next page)

of use (FDA 1984)
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TABLE 6
Frequency of use and concentration of use as a function of product cat€gomynued)
Product category Number of formulations Current concentration Historical concentration
(Number of formulations containing ingredient  of use (CTFA 1999a) of use (FDA 1984)
reported to FDA 1998) (FDA 1998) (%) (%)
Paste masks (mud packs) (255) 1 5
Skin fresheners (184) — 5
Other skin preparations (692) 1 — 1-5
1998 total for Sodium Magnesium Silicate 34
Kaolin
Other bath preparations (159) 1 1-10
Eyebrow pencil (91) 5 15-17
Eyeliner (514) 9 25-48
Eye shadow (506) 171 3-29
Mascara (167) 31 8-18
Other eye makeup preparations (120) 15 20
Powders (247) 40 5
Hair conditioners (636) 5 4
Tonics, dressings, and other hair-grooming aids (549) — 15
Other hair-coloring preparations (59) 1 5
Blushers (all types) (238) 72 14-20
Face powders (250) 58 30
Foundations (287) 45 6—36
Lipstick (790) 6 12-30
Makeup bases (132) 24 7-25
Rouges (12) 2 — >0-50
Makeup fixatives (11) 3 — 1-5
Paste masks (mud packs) (255) — 12-84
Other makeup preparations (135) 20 10-24
Bath soaps and detergents (385) 1 3
Other manicuring preparations (61) — 53-54
Skin cleansing preparations (653) — 0.01
Face and neck skin care preparations (263) — 3
Moisturizers (769) — 25
Skin fresheners (184) — 2
Other skin care preparations (692) — 3-100
Suntan gels, creams, liquids (136) — 25
1998 total for Kaolin 509
Attapulgite Calcium Silicate

Attapulgite functions as an abrasive, bulking agent, opaci- Calcium Silicate functions as an absorbent, bulking agent,
fying agent, and viscosity-increasing agent (Wenninger et ahd an opacifying agent in cosmetic formulations (Wenninger
2000). The FDA reported in 1998 Attapulgite being used in 1& al. 2000). The FDA reported 132 formulations containing
formulations (FDA 1998). Calcium Silicate in 1998, of which 30% of the formulations

were face powders (FDA 1998).
Bentonite

Bentonite functions as an absorbent, bulking agent, emulsion
stabilizer, opacifying agent, suspending agent—nonsurfactangler's Earth
and viscosity-increasing agent—aqueous in cosmetic formula-Fuller’'s Earth functions as an absorbent, anticaking agent,
tions (Wenninger et al. 2000). In 1998, 94 formulations wetaulking agent, and opacifying agent (Wenninger et al. 2000).
reported (FDA 1998). Of the 94 formulations, 47% were rd-uller’s Earth was reported in three formulations in 1998 (FDA
ported within paste masks (mud packs) (FDA 1998). 1998).
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Hectorite agent—aqueous in cosmetics (Wenninger et al. 2000). It was
Hectorite functions as an absorbent, bulking agent, opaggported that Magnesium Aluminum Silicate was used in 629
fying agent, suspending agent—nonsurfactant, and viscositgrmulations in 1998 (FDA 1998). Of those 629 formulations,
increasing agent—aqueous (Wenninger et al. 2000). In 1994.% were used in foundations.
Hectorite was reported in 18 formulations (FDA 1998). Rheox Magnesium Aluminum Silicate (VEEGUM) was reported by
Inc. (1999a) reported Hectorite as being used in antiperspirargrison (1977) to typically be used at a concentration of 1%
suntan products, eye products, hair products, creams and lotidds3%, consistent with the data in Table 6. Another source re-
lip products, facial masks, and nail products. ported Magnesium Aluminum Silicate used at concentrations
of 10% to 50% for adsorbents, 0.5% to 2.5% for stabilizing
Kaolin agents, 1% to 10% for suspending agents, 2% to 10% for tablet

Kaolin functions as an abrasive, absorbent, anticaking ageditd capsule disintegrants, 2% to 10% tablet binders, and 2% to
bulking agent, and opacifying agent in cosmetic formulatiod)% Viscosity-increasing agents, again consistent with data in

(Wenninger et al. 2000). Of the 509 formulations reported biable 6 (Palmieri 1994).
FDA in 1998, 34% were eye shadows (FDA 1998). Additional historical data on concentration of use of this in-

gredient are available from a Toilet Good Association survey.

Lithium Magnesium Silicate Table 7 is a summary of that information (Toilet Goods Associ-

Lithium Magnesium Silicate functions as a binder, bulkingtion 1969).
agent, and viscosity-increasing agent—aqueous in cosmetic for-

mulations (Wenninger et al. 2000). There were no current u

reported to FDA.

Lithium Magnesium Sodium Silicate

Lithium Magnesium Sodium Silicate functions as a bulks
ing agent and viscosity-increasing agent—aqueous (Wenninger

slﬁsolgnesium Silicate

Magnesium Silicate functions as an absorbent, anticaking
agent, bulking agent, opacifying agent, and viscosity-increasing
agent—aqueous in cosmetic formulations (Wenninger et al.
000). There were no current uses reported to FDA.

et al. 2000). There were no current uses reported to FDA.

Magnesium Aluminum Silicate

Magnesium Aluminum Silicate in cosmetic preparations (Toilet Goods Association 1969).

Magnesium Trisilicate

Magnesium Trisilicate functions as an abrasive, absorbent,
Magnesium Aluminum Silicate functions as an absorbent, aanticaking agent, bulking agent, opacifying agent, and viscosity-
ticaking agent, opacifying agent, and viscosity-increasingcreasing agent—aqueous incosmetics (Wenninger etal. 2000).

TABLE 7

Concentration

Product category Use in product (%)
Face cream/lotion (cleansing, hormone, night, Thickener, binder, emulsion stabilizer 2.1
acne, astringent)
Hand cream/lotion Thickener, binder, emulsion stabilizer 1.3
Body cream/lotion (moisturizer, Thickener, binder, emulsion stabilizer, 1.6
suntan preparations) slip agent
Makeup (lotion, cream, medicated, Thickener, binder, emulsion stabilizer, 1.8
matte, highlight) pigment suspender
Rouge (cream, liquid, blusher, toner) Thickener, binder, pigment suspender 1.8
Face mask Thickener, binder 8.9
Powder aerosol Anticaking 8.0
Powder compact/pressed Oil absorption 1.0
Leg makeup Thickener 3.9
Deodorant/antiperspirant Thickener, emulsion stabilizer 1.8
Eye makeup (eyeshadow, mascara, eyeliner) Thickener, emulsion stabilizer, pigment suspender 2.0
Depilatory Thickener 2.0
Shave preparations Thickener 0.5
Shampoo Thickener 3.5
Cream sachet Thickener, emuslion stabilizer 0.8
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Montmorillonite Calcium Silicate

Montmorillonite functions as an abrasive, absorbent, emul- Calcium Silicate is listed in the OTC Active Ingredient Sta-
sion stabilizer, opacifying agent, and viscosity-increasirtgs Report as an external analgesic and skin protectant (FDA
agent—aqueous in cosmetics (Wenninger et al. 2000). Th&@94). TheNational Formularycategory is as a glident and/or

were no current uses reported to FDA. anticaking agent (United States Pharmacopeial Convention, Inc.
1994).
Pyrophyllite The American Conference of Governmental Industrial Hy-

Pyrophyllite functions as an absorbent, colorant, and opagienists (ACGIH) TLV-TWA (threshold limit value-time weight-
fying agent (Wenninger et al. 2000). There were no current usgaverage) is 10 mghfor inhalable dust (ACGIH 1997).

reported to FDA.
P Hectorite

Hectorite has two listings of category lIISE in the OTC Active
Sodium Magnesium Silicate functions as binder and bquir| gredient Status Report (FDA 1994). It is listed as being used
agent (Wenninger et al. 2000). In 1998, Sodium Magnesiu an external analgesic and skin protectant. Barr (1957) stated

Silicate was reported in 34 formulations (FDA 1998). that the Federal Drug Administration (sic) has given approval
for the use of Hectorite in internally and externally applied prod-

ucts, as well as dentifrices, cosmetics, and externally approved
rslarmaceuticals.

Sodium Magnesium Silicate

Zeolite
Zeolite functions as an absorbent and deodorant agent in cp
metic formulations (Wenninger et al. 2000). There were no CWgolin

rent uses reported to FDA. According to FDA, Kaolin is considered GRAS as an indi-
_ . N rect food additive (21 CFR 186.1256). Kaolin is listed as being
Zirconium Silicate used in antacids, anorectals (external and interrectal), antidiar-

Zirconium Silicate functions as an abrasive and opacifyingieals, skin protectants, and digestive aids (colloidal Kaolin)
agent in cosmetic formulations (Wenninger et al. 2000). Theji¢ the OTC Active Ingredient Status Report. The final rulings
were no current uses reported to FDA. are as follows: antacids: category IIE; anorectals (both): cate-
gory |; and digestive aid: category IISE. Proposed rulings are
Noncosmetic as follows: antidiar_rheal: category_IIIE;_skin protectant diape_r

rash: category I; skin protectant poison ivy: category I; and skin

Aluminum Silicate rotectant: category I. Category lll is designated as the condi-

A'“m'T‘_“m Silicate is approved, under th_e heading of Indlre_ﬁtons for which the available data are insufficient to permit final
food additives, as a substance used as basic components of Sify

sification at this time.
or repeated use of the food contact surfaces cellophane (21 Co%

; Bamble (1986) reports Kaolin's main use in the paper in-
?;sez(é%rg)l Regulations [CFR] 177.1200) and rubber (21 CFdQustry to fill and coat the surface of paper. Kaolin is also re-

ported being used as a filler in rubber, paint extender, filler

. in plastics, ceramics manufacture, ink, adhesives, insecticides,

Attapu|g|te_ o ) ) ) medicines, food additives, bleaching, adsorbents, cement, fer-
Attapulgite is listed in the OTC Active Ingredient Status Reégjizers, crayons, pencils, detergents, porcelain enamels, paste,

port as proposed category |, as an antidiarrheal ingredient (F%ndries, linoleum, floor tiles, and textiles.

1994). Attapulgite is listed by Gamble (1986) as being primarily e National Formularyclassifies Kaolin as a tablet and/or

used in absorbents, pesticides, oil and petroleum treatment, afg e diluent (United States Pharmacopeial Convention, Inc.
as a filler in many products. 1994).

_ The Food Chemicals Codegpecifies limits of impurities
Bentonite for clay (Kaolin) as: acid-soluble substance2%; Arsenic (as

Bentonite is considered by FDA to be generally recognizegsy <3 ppm; Heavy Metals (as Pb)40 ppm; Lead<10 ppm
as safe (GRAS) as a direct food additive (21 CFR 184.1155)(National Academy of Science 1996).

Bentonite is listed by Gamble (1986) as being used in foundry
sand bonding, bleaching clay in oil refining and decolorizers, fildagnesium Aluminum Silicate
tering agents, water impedance, animal feed, pharmaceuticalsMagnesium Aluminum Silicate (MAS) is listed as being used
paint, plasticity increasers, and iron-ore pelletizing. Anothém acne treatments and in antacids in the OTC Active Ingredient
source reported Bentonite as being used as an adsorbent, e@tatus Report (FDA 1994). As an antacid, MAS is a category |
sion stabilizer, and suspending agent (Belmonte 1994). Bdisting, meaning it is generally recognized as safe and effective
tonite is categorized by tHeational Formularyas a suspending and is not misbranded. However, MAS is a category IISE listing
and/or viscosity-increasing agent (United States Pharmacopeisiused for acne. MAS was listed as category IISE due to safety
Convention, Inc. 1994). and/or effectiveness.



54 COSMETIC INGREDIENT REVIEW

Other uses for Magnesium Aluminum Silicate have been rGENERAL BIOLOGY
ported as: adsorbent, suspending agents, tablet and capsule djs- ..
integrant, tablet binder, and viscosity-increasing agent (Palmié"sorpt'on _

1994). . The Iarge vqume.of general data available qr_w the adsorp-

The National Formularyclassifies Magnesium Aluminum tion of various chemicals, ce_llg, etc., to_ these S|I|gate clays is
Silicate as a suspending and/or viscosity-increasing ag@kgSented in Table 8. In addition, to this general information,
(United States Pharmacopeial Convention, Inc. 1994). specific reactions are described using specific silicate clays—

VEEGUM, a tradename for Magnesium Aluminum Silicateln€Se data are described below.
has been designated by the FDA as a raw material with the
following number: FD-CRMCS no. R0010045 and has an indHectorite
vidual Chemical Abstract Registry (CAS) number 12199-37-0. Bujdak and Rode (1996) reported that Hectorite-catalyzed

glycine and diglycine oligomerizations were performed as
Magnesium Silicate drying/wetting cycles. Approximately 7% of glycine was con-

Magnesium Silicate is classified as a glidant or anticakir¢grted to diglycine and diketopiperazine on Hectorite after

agent by theNational Formulary(United States Pharmacopeial’ days. It may be noted that the Hectorite sample was altered by

Convention, Inc. 1994). substituting Li(l) for Mg(ll), which caused a greater effect on
oligomerizations.
Magnesium Trisilicate I_Dorter _et al. (_1998) reported condensation reactions of the
. - - . . amino acid glycine on the surface of Cu(ll)-exchanged Hec-
Magnesium Trisilicate is listed in the OTC Active Ingre-t rite. Polymerization of gylcine oligomers was seen primaril
dient Status Report as being used as antacids, digestive al - ol gy 9 P y

and overindulgence remedy (FDA 1994). In antacids, FDA h%lssfhe edges or topmost layer. These reactions were facilitated

listed Magnesium Trisilicate as category | (generally recognizeg the availability of intergallery metal cations at the step edges

as safe and effective). FDA concluded that Magnesium Trisify POres N the surface region.

cate use in digestive aids is category IISE (not generally reco& _

nized as safe and effective). FDA has proposed that Magnesi )
Trisilicate use in overindulgence remedies is category |. Adenosine monophosphate molecules were adsorbed onto

Kaolinite, modified with Mg* and irradiated with ultraviolet

(UV) light. These synthesis products were tested for their bond

types by enzymatic hydrolysis and analyzed by ion-exchange
romatography. Considerable portions of the products were

Pyrophyllite
Pyrophyllite is listed under Code of Federal Regulations (
CFR 73.1400) as a naturally occurring color additive and m osphodiesterase hydrolyzed, which implies-532-5, or

conform to the following specifications: lead (as Pb) not mo i€oth. nature of the bonds (Strigunkova, Lavrentiev, and
than 20 ppm; and arsenic (as As) not more than 3 ppm. Al tréshchenko 1986) ' '

Pyrophyllite may be used safely for coloring externally applie
cosmetics, in amounts consistent with good manufacturing Pr% s ntmorillonite

tice (21 CFR 73.2400). . _
o ; . Dougherty et al. (1985) incubated Montmorillonite saturated
Pyrophyllite is listed by Gamble (1986) as being used in re ith magnesium chloride (10 mg) with % 10° human neu-

fractories, rubber, ceramics, insecticides, plastics, paint, roofiﬁ{% hils. Effect determined by oh trast mi .
bleaching powder, textiles, cordage, and wall board. phIS. ETIECtS were determined by phase contrast microscopic
examination and by the measurement of lactate dehydrogenase.

) Both untreated and clay treated with human albumin were usedto
Zeohte. ) stimulate neutrophil chemiluminescence. Montmorillonite was
Zeolites are reported by Gamble (1986) as being used J[o incubated with human erythrocytes and the free hemoglobin
CQO; recovery from natural gas, aromatic separates dimensigs measured at 430 nm and the effect of clay on zymosan-
stones, filler in paper, isolation of radioactive wastes, water agstiyated serum was also investigated. Rapid neutrophil lysis
ation, dietary supplements for animals, neutralization of acidjgys opserved in cells exposed to untreated clay. After lysis,
soils, carriers for pesticides and fungicides, sorbents for @ilsiate dehydrogenase rapidly adsorbed to the surface of the
spills, polishing agent in toothpastes, and petroleum solverdg,, cjay pretreatment with human albumin blocked the en-
International Agency for Research on Cancer (IARC) (199%yme surface adsorption and cell lysis. Neutrophil chemilu-
lists the three main uses of synthetic Zeolite as: detergents, ¢alnescence was stimulated by untreated clay but not by clay

alysts, and adsorbents or desiccants. pretreated with 5% albumin. Clay lysis of erythrocytes was in-
complete as compared to neutrophil lysis. Zymosan-activated
Zirconium Silicate serum samples exposed to clay; complement activity as mea-

Zirconium Silicate is reported by Kleber and Putt (1986) asured by neutrophil chemotaxis was suppressed in a dose-
being used in chewing gum and in a dental prophylaxis pastelependent manner.
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TABLE 8
Adsorption of various chemicals, cells, etc., to Silicate clays
Compound adsorbed Experimental design Results Reference
Magnesium Aluminum Silicate

Dicumarol The drug dicumarol was given toSignificantly lower plasma levels and Akers, Lach,
dogs with 50% colloidal delayed appearance of dicumarol and Fischer
Magnesium Aluminum resulted from administration with 50% 1973
Silicate (MAS); the plasma MAS; drug concentration at peak level
level of dicumarol in dogs was was 16.7% (25.8% in controls) and
measured peak plasma levels were seen at

12-24 h (8-12 h in controls)
Streptomycin sulphate and Adsorption studies were carried MAS had the greatest affinity for Ghazy, Kassem,
neomycin sulphate out in vitro in Mcllvaine’s streptomycin sulphate in water and Shalaby

Buffer and water (adsorption coefficient of 111102 for 1984

water and 33103) whereas the
adsorption coefficient for MAS in water
to neomycin sulphate was 3403

Bromohexine HCL MAS was mixed with Bromohexine remaining in the tablets  Kukita et al.
bromohexine HCL to make increased with increasing 1992
tablets and were stored in concentrations of MAS, indicating that
polyethylene film for various MAS prevented the adsorption of
times; the amount of bromohexine to polyethylene film; no

bromohexine remaining inthe  bromohexine degradation was reported
tablet was determined

Tetracycline In vitro and in vivo adsorption of The maximum serum concentration of  Healy etal. 1997
tetracycline by VEEGUM was  tetracycline was decreased by 21%; the
studied maximum adsorption in vitro occurred

at pH 1.2, where the % adsorbed
ranged from 91.5% to 97.2%
Trimethoprim The concentration of The mean decrease in the maximum Babhair and
trimethoprim in the blood was  blood concentration of trimethoprim Tariq 1983
determined at 0, 15, and 30 was 49.94%
minand 1,2,4,and 6 h

Aminosidine sulphate, Each antibiotic was added to 250Magnesium Trisilicate reduced the El-Nakeeb and
chloramphenicol, mg of magnesium trisilicate; activity of all antibiotics except Youssef 1968
erythromycin, neomysin the antibiotic activity was chloramphenicol
B sulphate, novobiocin determined by cup-plate
sulphate, penicillin V, method usingstaphylococcus
streptomycin sulphate, aureus
and tetracycline
hydrochloride

Ampicillin and amoxycillin  In vitro adsorption and Hydrated silica gel formed from Khali, Mortada,

desorption studies were decomposition of the antacid at pH 2.1 and
carried out at different pHs and Magnesium Trisilicate had no El- Khawas
adsorptive effect on either antibiotic 1984a
Attapulgite

Strychnine, quinine, and Adsorption isotherms for each of Attapulgite adsorbed strychnine better Evcim and Barr

atropine the drugs and the clay was than atropine than quinine; an increase 1955
determined using in the hydrogen ion concentration was
spectrophotometric or found to have a slight decreasing effect
colorimetric methods on the adsorptive ability for strychnine

(Continued on next page)
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TABLE 8
Adsorption of various chemicals, cells, etc., to Silicate ci@msntinued)

Compound adsorbed Experimental design

Results Reference

Strychnine and atropine
to both compounds and
adsorption isotherms were
calculated

Agrobacterium radiobacter The measurement of Quptake

by calculating the respiration

quotients (@,) was
performed on all species of

bacteria in the presence of 2%

Kaolin with either adjusted
(7.0) or unadjusted pHs
Vibrio choleraeand
Escherichia coli
enterotoxins

injected into the intestinal
loop of rabbits

Ampicillin and amoxycillin  In vitro adsorption and
desorption studies were

carried out at different pHs

Activated attapulgite was adde@8oth compounds were adsorbed by

Attapulgite contained excess basic

The toxins and Attapulgite were Attapulgite prevented the toxic effects

Both drugs were adsorbed at pH 2.1;

Barr and Arnista
Attapulgite; optimum adsorbent 1957
properties were calculated at pH 6.8

and 7.2

Stotzky 1966
cations, which accounted for the initial

high pH and the reduction on

respiration elicited by the addition of

buffer

Drucker et al.
caused by enterotoxins in the intestinal 1977

loop by adsorption; Attapulgite was

effective when injected simultaneously

with the toxin and before the toxin is

injected

Khali, Mortada,
desorption experiments at pH values of and EI-

2.0 and 6.5 showed only partial release Khawas

Bentonite

Escherichia coli Serratia
marcescensandBacillus
species

broth portions with 3% and
10% Bentonite

In vitro and in vivo endotoxin
binding was studied

Escherichia col0111
endotoxins (ETU 144,
150, and 153)

Zearalenone and nivalenol
added to the feed of pigs
contaminated with

Each organism was cultivated in All organisms were absorbed by

20 or 50 g/kg of Bentonite wasBentonite was unsuccessful at

of the adsorbed antibiotics 1984a
Novakova 1977
Bentonite at each concentration;
Bacillusspecies was almost completely
absorbed at each concentration
In vitro, Bentonite was an effective Ditter,
endotoxin binder and binding was pH  Urbaschek,

dependent (lower pHs yielded better and Urbascek
results); 75 mg completely eliminated 1985
endotoxemia. At pH 3.0, the Epwas

20 mg

Williams,
overcoming the estrogenic or depressed Blaney, and
performance effects caused by the Peters 1994

zearalenone and nivalenol and mycotoxins

was ingested for 29 days
Aflatoxins By, By, Gy, Gy, Various methods

M1

Kaolin
Both compounds were adsorbed by

Strychnine and atropine Kaolin was added to both

compounds and adsorption

isotherms were calculated

2% Bentonite adsorbed 4@0Dof B;; 2% Ramos, Fink-

adsorbed 89% of M 2.5% adsorbed Gremmels,

5 ppm of B, and G and 0.5to 5 ppm and

of B, and G; 10% adsorbed 70%:B Hernandez
1996

Barr and Arnista
Kaolin 1957

(Continued on next page)
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TABLE 8
Adsorption of various chemicals, cells, etc., to Silicate cl@sntinued)
Compound adsorbed Experimental design Results Reference

Each antibiotic was added to
250 mg of Kaolin; the
antibiotic activity was
determined by cup-plate
method usingstaphylococcus
aureus

Aminosidine sulphate,
chloramphenicol,
erythromycin, neomysin
B sulphate, novobiocin
sulphate, penicillin V,
streptomycin sulphate,
and tetracycline
hydrochloride

Agrobacterium radiobacter The measurement of Quptake
by calculating the respiration
quotients Qo,) was
performed on all species of

Kaolin adsorbed significant amounts of El-Nakeeb and
aminosidine, neomysin, streptomycin,  Youssef 1968
and tetracycline; Kaolin had no effect
on antibiotic activity

Kaolin did not maintain the pH therefore Stotzky 1966
the bacteria could not maintain
respiration even with an optimal pH for
growth

bacteria in the presence of 2%

Kaolin with either adjusted
(7.0) or unadjusted pHs

The measurement of Quptake
by calculating the respiration
quotients Qo,) was
performed on all species of

Bacillus subtilis Bacillus
megateriumAerobacter
aerogenesEscherichia
intermedig Pseudomonas
aeruginosaand
P. aeroginoseaC-Il,
Flavobacteriunspecies,
Proteus vulgaris

Mycelial homogenates of 27 Fungal mycelium and Kaolinite
species of fungi

Kaolin with either adjusted
(7.0) or unadjusted pHs

O, uptake and pH were
recorded

2 g of Kaolin was added to
100 ml of a crystal violet
solution

Suspension of the organism,
Kaolinite, and NaCl were
studied

Crystal violet

Staphylococcus aureus

E. colivas cultivated in broth
portions with 3% and 10%
Kaolinite

Escherichia coli

125|_|abeledPseudomonas
aeruginosaoxin

The in vitro adsorption of the
toxin by Kaolin was
investigated over a range of
pHs

Acetohexamide, tolazamide, In vitro (pH 7.4) and in vivo
and tolbutamide (rats) adsorption studies were

carried out

bacteria in the presence of 2%

were cultured together and the did not effect respiration; respiration

Kaolin in unadjusted pH systems reducedstotzky and
respiration of the bacteria below that of Rem 1966
cultures without clay; but in adjusted
systems some stimulation of
respiration with the addition of Kaolin
was apparent

Kaolinite concentrations4% generally  Stozky and Rem

1967
was only markedly inhibited at
concentrations-40%

Adsorption was examined over a pH Armstrong and
range of 2.5-9.5; adsorption increased Clarke 1971
with increasing pH

Increasing electrolyte concentration was Steel and
accompanied by increased edge-to-face Anderson

Kaolinite flocculation and 1972
organism-Kaolin aggregates

E. coliwas absorbed by Kaolin at both  Novakova 1977
concentrations; the greatest adsorption
occurred at 10% Kaolin at all phases of
bacterial growth

The maximum adsorption occurred at  Said, Shibal,
pHs below 4.1; minimal values and Abdullah
occurred at pH 4.1, 7.4, and 8 1980

All 3 drugs bound and acetohexamide ha&aid and

the greatest binding; the hypoglycemic Al-Shora
activity of the 3 drugs were suppressed 1980
and blood glucose concentrations were
increased; desorption of the drugs from
Kaolin ranged from 1.8% to 24.5%
(Continued on next page)
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TABLE 8
Adsorption of various chemicals, cells, etc., to Silicate clg@entinued)
Compound adsorbed Experimental design Results Reference
Coliphages T1and T7 of 1 ml suspensions of the Adsorption of both coliphages by Kaolin Schiffenbauer
Escherichia coli coliphages were added to were approximately the same 99% and Stotzky
various concentrations of 1982
Kaolin
Trimethoprim The concentration of The mean decrease in the maximum Babhair and
trimethoprim in the blood was  blood concentration of trimethoprim Tariq 1983
determined at 0, 15, and was 29.42%

30minand 1, 2,4,and 6 hin
the presence of Kaolin-Pectin

Cationic surfactants: A Kaolinite solution with added Cationic surfactant result: the equilibriumBeveridge and
distearyl dimethyl copper ions was added to between the metal ions and the organic Pickering
ammonium chloride surfactants and the metal ion  cations was not effected 1983
(74%); lauryl uptake was recorded

dimethylbenzyl
ammonium chloride

(50%)
Anionic surfactants: sodium Anionic surfactants: increased metal
alkylbenzene aulphonate uptake by the clay was observed

(80%); Monoethanolamine
lauryl sulphate (34%);

lauryl alcohol
polyethylene condensate
(28%)

Nonionic surfactants: Nonionic surfactants: many surfactants
alcohol ethoylates; had no effect and some caused
tridecaml ethoxylate enhanced loss of the metal ions from
(90%); cetystearyl solution

alcohol ethoxylates;

stearic acid ethoxylate;
cocnhut monoethanolamide
ethoxylate; octadecylamine
ethoxylate; castor oil
ethoxylate; nonyl phenol
ethoxylates; dinonyl

pheno ethoxylate;

polypropylene glycol
ethoxylates
Escherichia coli0111 In vitro and in vivo endotoxin In vitro Kaolin was an effective endotoxin Ditter,
endotoxins (ETU 144, binding to Kaolin binder and binding was pH dependent  Urbaschek,
150, and 153) (lower pHs yielded better results); 300 and Urbascek
mg of Kaolin eliminated endotoxemia, 1983
at pH 7.4, the Elgy was 900 mg
Reovirus type 3 Chymotrypsin, ovalbumin, and Chymotrypsin and ovalbumin reduced the.ipson and
lysozyme were added to adsorption of reovirus but lysozyme Stotzky 1984
Kaolinite and reovirus type 3 did not
Ampicillin and amoxycillin 4 g of Kaolin was ingested and All volunteers showed reduced drug Khali, Mortada,
2 h later, 500 mg of the drugs  bioavailability following treatment; and
were administered. This after 8 h, the reduced bioavailability for El-Khawas
protocol was repeati2 h later ~ ampicillin ranged from 51.2 to 76.3 1984b
and urine (human) samples and 63.6 to 80.6 for amoxycillin

were collected
(Continued on next page)
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TABLE 8
Adsorption of various chemicals, cells, etc., to Silicate cl@sntinued)
Compound adsorbed Experimental design Results Reference

Ampicillin and amoxycillin  In vitro adsorption and
desorption studies to Kaolin
(light, natural, and fine) were

carried out at different pHs

Reovirus type 3 and
coliphage T1 were carried out with Kaolin
in estuarine water and distilled

water

LT toxins of Vibrio cholerae Not specified
andEscherichia colithe
ST toxin of ETEC, and
the verotoxin of EHEC

The 3 types of Kaolin adsorbed only

Kaolin inactivated the LT toxin and

Khali, Mortada,
ampicillin and adsorption decreased as and

the pH increased; only partial release  El-Khawas
of the antibiotics was seen at pH 2.0 1984a

and 6.5

Competitive adsorption studies Reovirus type 3 and coliphage T1 did notLipson and

share common adsorption sites on
Kaolin and the coliphage did not
interfere with the reovirus adsorption

in estuarine water; the reovirus had no
apparent effect on the adsorption of the
phage in estuarine water

Stotzky 1985

Brouillard and
adsorption was a result of hydrogen Rateau 1989
bonding; it was ineffective against the

verotoxin when the pH was alkaline;

Kaolin was only slightly effective

against the ST toxin

Montmorillonite

Agrobacterium radiobacter The measurement of Quptake
by calculating the respiration
quotients Qo,) was
performed on all species of
bacteria in the presence of 2%
Kaolin with either adjusted
(7.0) or unadjusted pHs

The measurement of Quptake
by calculating the respiration
quotients Qo,) was
performed on all species of
bacteria in the presence of 2%
Kaolin with either adjusted
(7.0) or unadjusted pHs

Bacillus subtilis Bacillus
megateriumAerobacter
aerogenesEscherichia
intermedig Pseudomonas
aeruginosaandP.
aeroginosaC-Il,
Flavobacteriunmspecies,
Proteus vulgaris

Mycelial homogenates of
27 species of fungi

Fungal mycelium and
Montmorillonite were
cultured together and the,O
uptake and pH were recorded
Dissolution and dialysis were
carried out in vitro

Cationic drugs:
chlorpheniramine
maleate, amphetamine
sulfate, and
propoxyphene
hydrochloride;

Anionic drugs: not specified

Nonionic drugs: xanthines,
theophylline, and caffeine

Montmorillonite spurred bacterial

Montmorillonite concentrations4%

Stotzky 1966
respiration by maintaining the initial

pH; when the pH was adjusted to 7.0

respiration was its highest and similar

to the buffered systems

Montmorillonite increased the respiration Stotzky and

of all species regardless of pH and Rem 1966
characteristics of the bacteria primarily
by maintaining the pH of the systems

favorable for growth

Stozky and Rem

generally did not effect respiration; 1967
respiration was markedly inhibited at
concentrations of 4% and above

All the cationic drugs and certain McGinity and
nonionic drugs bound tenaciously; the  Lach 1976

anionic drugs and nonionic drugs that
exist as nonionics bound very weakly
and rapidly pass into solution

(Continued on next page)
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TABLE 8
Adsorption of various chemicals, cells, etc., to Silicate clg@entinued)
Compound adsorbed Experimental design Results Reference
Carbon tetrachloride, ethylene 10-1000 ppb/water of the Aluminum-saturated Rogers and
dibromide, trichlorethylene three compounds were Montmorillonite absorbed 17% MacFarlane
exposed to of trichloroethylene and 6% of 1981

aluminum-saturated
Montmorillonite and
calcium-saturated
Montmorillonite

Coliphages T1 and T7 of
Escherichia coli

1 ml suspensions of the
coliphages were added to
various concentrations of
Montmorillonite

A Montmorillonite solution
with added copper ions
was added to surfactants
and the metal ion uptake
was recorded

Cationic surfactants: distearyl
dimethyl ammonium chloride
(74%); lauryl dimethylbenzyl
ammonium chloride (50%)

Anionic surfactants: sodium
alkylbenzene aulphonate (80%);
monoethanolamine lauryl
sulphate (34%); lauryl alcohol
polyethylene condensate (28%);

Nonionic surfactants: alcohol
ethoylates; tridecaml ethoxylate
(90%); cetystearyl alcohol
ethoxylates; stearic acid
ethoxylate; coconut
monoethanolamide ethoxylate;
octadecylamine ethoxylate;
castor oil ethoxylate; nonyl
phenol ethoxylates; dinonyl
pheno ethoxylate; polypropylene
glycol ethoxylates

Reovirus type 3 Chymaotrypsin, ovalbumin,

and lyso-zyme were added

to Montmorillonite and
reovirus type 3

500, 15, 3 mg/L of Sodium
Montmorillonite and the
virus were suspended in
seawater and the

Poliovirus-1 (Lsc 2ab strain)

adsorption, desorption, and

virus survival were studied
Competitive adsorption
studies were carried out
with Montmorillonite in
estuarine water and
distilled water

Reovirus type 3 and coliphage T1

the other cmpds;
calcium-saturated
Montmorillonite did not absorb
carbon tetrachloride or
trichloroethylene

Adsorption of T1 coliphages by
Montmorillonite was 84% and
T7 was 96%

Schiffenbauer
and Stotzky
1982

Cationic surfactant result: metal ion Beveridge and
uptake was reduced by Pickering
competing surface sites 1983

Anionic surfactants: increased
metal uptake by the clay was
observed

Nonionic surfactants: surfactants
reduced the amount of metal ion
adsorbed by the clay

Chymotrypsin, ovalbumin, and
lysozyme reduced the adsorption
of reovirus

Lipson and
Stotzky 1984

99.9% of the virus was absorbed in Gantzer,
less than 30 min; 500 mg/L of Quignon, and
Na-Montmorillonite significantly Schwartzbrod
increased the survival duration of 1994
of the virus and desorption tests
showed elution of 76%
Reovirus type 3 and coliphage T1 Lipson and
did not share common adsorption Stotzky 1985
sites on Kaolin and the coliphage
did not interfere with the reovirus
adsorption in estuarine water or
distilled water; the reovirus
suppressed the adsorption of the
coliphage in estuarine water
(Continued on next page)
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TABLE 8
Adsorption of various chemicals, cells, etc., to Silicate cl@entinued)
Compound adsorbed Experimental design Results Reference
Pyrophyllite

Agrobacterium radiobacter The measurement of {Quptake  Pyrophyllite did not maintain a favorable Stotzky 1966
by calculating the respiration pH for sustained respiration in either
quotients Qo,) was buffered or nonbuffered systems
performed on all species of
bacteria in the presence of 2%
Kaolin with either adjusted
(7.0) or unadjusted pHs
Zeolite
Zearalenone 5% of a synthetic The anion-exchange zeolite was Smith 1980
anion-exchange zeoliteand a  completely effective and the
cation-exchange zeolite and cation-exchange zeolite was not
250u9/g of zearalenone were
added to the feed of rats

Aflatoxin B1 Two samples of natural Zeolites The average aflatoxin retention rate was Dvora’k 1989
in different liquids were 605; effectiveness was lower in media
incubated with B containing nitrogen compounds

Bujdak and Rode (1996) reported peptide formation on the Benke and Osborn (1979) conducted a study in which groups
surface of three Montmorillonite samples. The Montmorillonitesf four to six male Sprague-Dawley Cox rats were fasted for 17
catalyzed reaction produced diglycine and diketopiperazite18 h and then were administered Magnesium Trisilicate orally
from glycine. in doses of 40, 200, or 1000 mg/kg of their body weight. Control

Ferris et al. (1996) studied the catalytic properties of Na animals received 10 ml of quartz-distilled water. All suspensions
Montmorillonite by adding daily ImpA to a decanucleotidecontained<0.5 ppm of silicon and aluminum. Urine samples
([32P]-dA(pdA)pA, where Im= imidazole; pA= adenosine’5 were collected over an 8-h period, and the remaining urine in
phosphate; pdA- 3-deoxyadenosine“phosphate; 3°P= the bladder was collected afterwards. The concentrations of sili-
radioactively labeled phosphate group). Polyadenylates wean was measured by induction-coupled radiofrequency (RF)
formed after two additions of ImpA, with the main productglasma optical emission spectrometry. Silicon excretion was
being monomers ranging from 11 to 14. Polynucleotides, withost rapid in the first 24 h after dosing. The control values were
more than 50 monomers, were formed after 14 additions. Thebtracted from the final values and the following number re-
principle oligomeric products contained 20 to 40 monomers. sulted. The urinary silicon excretion at 40, 200, and 1000 mg/kg

Ertem and Ferris (1998) reported Montmorillonite-catalyzellagnesium Trisilicate was 16.8%, 5.1%, and 1.5%, respectively.
ImpA and ImpA-AS reactions. Oligomer yields decreased sig- Dobbie and Smith (1982) reported a 24-h urinary excretion
nificantly when the addition of alkylammonium or aluminunstudy in which Si was determined by atomic absorption spec-
poly oxo cations blocked the interlayer surfaces of the Montmuoscopy in one male and one female participant. A normal diet
rillonite particles. was given to the participants and four urine collections were

made. A single dose of Magnesium Trisilicate was ingested at

the beginning of the second 24-h collection. Magnesium Trisil-
Absorption, Distribution, Metabolism, and Excretion icate doses given were as follows: 2, 5, and 10 g to the male
Magnesium Trisilicate subject and 2.5, 5, and 7.5, and 10 g in the female subject. The

Page, Heffner, and Frey (1941) measured the urinary exceenount of Si excreted at the 5-g dose was greater than any other
tion of silica in five men giva 5 g of synthetic Magnesium dose in the male subject and was greater than the 2.5- and 7.5-g
Trisilicate orally for 4 consecutive days. Urine samples weidpses inthe female subject. The value of Si excretion for the male
collected for 24 h on the second day after the end of adminmsad female subjects were 3.63 and 3.31 mmol/day, respectively.
tration and analyzed for silica content. The mean 24-h excretibtaximum excretion occurred in the first 24 h after ingestion.
of all subjects was 16.2 mg of S300n the second, third, and The oral bioavailability of silicon and aluminum in Mag-
fourth days after administration, the mean excretion rose to 1 T&sium Trisilicate was studied by Cefali et al. (1995). Twelve
178, and 162 mg Si© A total of 20 mg of Magnesium Trisili- female beagle dogs were administered a single 20-mg/kg dose
cate was taken and contained 9.2 g of Si@n approximation of Magnesium Trisilicate and their blood was sampled at O,
of 5.2% SiQ excretion was estimated. 0.5,1,15,2,3,4,6, 8,12, and 24 h after dosing. The plasma
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samples were assayed for silicon and aluminum by graphite fur-dogs occurred at 3500-day half-time in the lymph nodes and
nace atomic adsorption. No dogs displayed emesis, but four I&0D0-day half-time clearance in the gastrointestinal tract. The
soft stool. The area under the curve (AUC, rhdl.), concentra- transport rate of the particles in the dog was 0.0002 8af

tion maximum Cmax Mg/L), and time maximumTayx, h) for  the lung burden. The long-term biological clearance half-term
silicon absorption was 8.8, 0.75, and 6.9, respectively. The Alay was 690 days for rats and 490 days for mice. The lymph
(mg- h/L), Cnax (Mg/L), andTmax (h) for aluminum absorption node accumulation process was modeled by a short-term pro-
was 315, 24, and 5.7, respectively. There was no statistically sigss that became negligible after a few days (Snipes, Boecker,
nificant absorption of aluminum from the aluminum containingnd McClellan 1983a).

compounds. Snipes, Muggenburg, and Bice (1983b) instilled radio-labeled
(*3“Cs) fused Montmorillonite particles into specific lung lobes
Montmorillonite or injected intraperitoneally into 32 beagle dogs. Necropsy was

Retention of monodisperse and polydisperse Montmorilloni‘?&rfo_rme_Ol at 34, 1_82’ an_d 365 day_s later. S_pecific sit_es of_in-
particles inhaled by dogs, rats, and mice was studied by Snip% lation mgluded rlght a.p|ca| Iobg, right cardiac Iqbe, right di-
Boecker, and McClellan (1983a). Cations normally present hragmatic lobe, right intermediate lobe, left apical lobe, left

Montmorillonite were exchanged witi“Cs. Polydisperse and gﬁg:}igarrigsi:;tﬁ’tﬁg%?\ggegggoen de?rlérlrz]ltcl)aé (?l:gj;@niso']f‘ the
monodispersé*Cs-labeled Montmorillonite suspensions wer )
P b ge"‘Cs for 29 dogs and from 42 to 4Ci of 134Cs for lung bur-

administered to groups of 40 rats and mice and to 120 b%?e_nsforthe other three dogs. Effective translocation half-time of
le dogs by a multiport nose-only inhalation exposure system; >~ "™ ' . '
g gs by b y P y ung instillations was 390 days. The accumulation rategs-

A | trati d from—£ao 107! f fused o .
eroso! concentrations ranged from 1Ho mg of 1Use dabeledparuclesmthelymphnodeswasO.03%perday.Ind|V|d—

Montmorillonite per liter of air. Equal numbers of male an I lob | d particles t wol h nod d
female rats and mice and 74 male and 46 female dogs were H: 'ung lobes cleared particies 1o one or two lymph nodes, an

lized. Exposure times for rats and mice ranged from 25 to Egecific lymph nodes accumulated particles_ from one to three
min and for dogs 15 to 50 min. All animals were whole—bodf}mg lobes. Lymph ”‘?de? that collected particles from_ the lung
counted for the labeled particles. Rats and mice were coun galuded the Ieft mediastinal nOQe, left tracheobrgncmall lymph
on exposure days 2, 4, 8, 16, 32, 64, 128, 256, 365, 512, 7 de (TBLN), rlght TBLN’ left middle TBLN,.and rlghtm|_ddle_
and 850 and the dogs were also counted on the same sche ,N' The de;tmaﬂon for translocatgd parycles were prllm'arlly
but also at 4, 5, 7, and 9 years after inhalation exposure. Excrl gnodes p_roxmate tc_JthetracheaI blfurcatlon._ Partlclesmjecte_zd
collections were made for animals from each exposure gro ||E)t.o the peritoneal cavity were transl_ocated mainly to mesenteric
Five rats and five mice from each group were kilké h after ymph nodes and left sternal and right sternal lymph nodes. A

exposure. The remaining rats and mice were killed at varioﬁgla" percentage of particles went to the left TBLN.
times after exposure. Two dogs were scheduled for termination
attimes ranging fran 4 h to 9years. All animals were necropsiedZeolite
and tissues from lungs, lung-associated lymph nodes (LALNS), The oral bioavailability of silicon and aluminum in Zeolite A
gastrointestinal tract, spleen, kidneys, abdominal lymph nodess studied by Cefali et al. (1995). Twelve female beagle dogs
blood, skeleton, muscle, and skin were prepared for analysisre administered a single 20-mg/kg dose of Zeolite Aand blood
of 134Cs exposure. Results of the counts were converted intas sampled at0, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, and 24 h after dos-
disintegrations per minute. ing. The plasma samples were assayed for silicon and aluminum
The mass of material deposited into the lungs of rats and miog graphite furnace atomic adsorption. No dogs displayed eme-
was~0.01 to 0.1 mg and for dogs wasl to 10 mg. The mass sis but four had soft stool. The AUC (mb/L), Cmax (Mg/L),
of Montmorillonite for all three species wasd.1 mg per gram and T« (h) for silicon absorption was 9.5, 1.07, 7.9, respec-
of lung. Clearance of the initidf“Cs occurred by dissolution tively. The AUC (mg h/L), Crmax (Mg/L), andTmay (h) for alu-
and mechanical clearance. Mechanical clearance from the manum absorption was 342, 29, and 3.5, respectively. The AUC
sopharynx was rapid, and the clearance rate was decreaseanhC,.x Values were elevated after the addition of the silicon
a negligible value for all three species within a few days. Mosbntaining compounds compared to the baseline and the AUC
initial deposit cleared via the gastrointestinal tract. Long-termas significantly elevated. There was no statistically significant
mechanical clearance from the pulmonary region occurred alasorption of aluminum from the other aluminum-containing
constant rate for all species. Solubilization was the primary facompounds.
torinlong-term lung clearance for most particles inhaled by dogs In a study by Cefali et al. (1996), the bioavailability of silicon
and mechanical clearance was dominant in rats and mice. Mastl aluminum in Zeolite A administered in either a capsule, an
of the long-term clearance of deposited particles went to LALNwal suspension, or an oral solution relative to an intravenous bo-
in dogs and occurred at a slower rate as compared to rats amiinfusion administered over a 1- to 1.5-min period was inves-
mice. Rats and mice had a rapid clearance from the pulmonégigated. Twelve beagle dogs were given single doses of Zeolite
region, where most of the mechanical clearance occurred ¥and their plasma samples, drawn at 0 and 36 h, were analyzed
the gastrointestinal tract. Long-term clearance of the particlies silicon and aluminum concentrations by graphite furnace
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atomic absorption. The plasma aluminum AUC values from tliermation was not modified. Colony formation was inhibited by
oral capsule and suspension were not statistically different frd8% and 43% at doses of 2.5 and 5.0 mg/ml, respectively.

those during the control period. However, the aluminum AUC Oscarson, Van Scoyoc, and Ahlrichs (1981) added Atta-
of the oral solution was statistically greater than the AUC of thaulgite to a culture of bovine RBCs to study the extent of hemol-
corresponding control period. The extent of absorption of alysis. Saline was added to cultures as a control and in a separate
minum form the oral dosage forms was less than 0.1% relatiegperiment, the polymer poly-2-vinylpyridind-oxide was also

to the intravenous infusion. added to study its inhibiting effects. No other details were given.

The concentration of Attapulgite that caused 50% hemolysis in
In Vitro Assays 1 ml of a 3% solution of RBCs was determined as 0.06 mg Atta-
Aluminum Silicate pulgite/ml of silicate-erythrocyte-buffer suspension. A concen-

Nadeau et al. (1987) tested Fiberfrax, an aluminum silicate,figtion of 0.2 and 1.g:m/ml of polymer caused 20% and 3%
several in vitro assays for red blood cell (RBC) hemolysis, |a@_(_emoly3|s, respectively. This was somewhat less hemolysis than
tate dehydrogenase activity (LDH};galactosidasefcGAL) Without the polymer. _
activity, lactic acid production, cellular ATP activity, and the Chamberlain etal. (1982) tested two samples, one with short
cellular DNA contents. The mean length and diameter of thigers and one with long fibers, of Attapulgite for their cytotox-
sample were determined to be §.81 and 0.2xm, respectively. icity in three cell lines: mouse peritoneal macrophages, human
Approximately 60% of this Fiberfrax sample was nonfibrous.type Il alveolar tumor (A549) cells, and Chinese hamster V79-4

For the hemolysis assay, RBCs from rats were isolated al4@d cells. Attapulgite samples of 50, 100, and 1gml—* were
exposed to 100, 250, 500, 750, or 1Qo§/ml of fibers for 1 h. added to mouse peritoneal macrophages for 18 h. The medium
The percentage of release of hemoglobin was compared \Aﬁ{lpﬂ cell lysates were assayed for LDH activit_y. The control re-
that of a fully lysed sample. The target cells for the other e%€ived no dust sample. In the second experiment Attapulgite,
periments were obtained by bronchoalveolar lavage from bla¢R0 l_/«g/m|_l and 200ug/mi, were added to A549 cultures
hooded rats. Each of the experiments tested both fresh cell mofigd incubated for 5 days. The diameters of the cells were as-
layers and 1-day-old monolayers. Fiber samples were addedgssed for giant cell formgtion. The control treatment recei\{ed
the cultures at two doses, 33:8/ml and 166.7:.g/ml. LDH ac- NO dust. In the last experiment, the sgrvwal of V79-4 cells in
tivity was based on the formation rate of NADH at 340 nm. Thihe presence of a series of concentrations of each dust was de-
B-GAL activity was based on the measuremenpafitrophenyl termined. Specific concentrations were not given. The cells and
release. The amount of metabolite released from PAMs (p@usSt samples were incubated for 6 days and counted after the
monary alveolar macrophages) into the medium was the mé&gubation. The controls received no dust. .
surement of lactic acid production. PAMs were treated with 1 m| The mouse macrophages released 57.7% LDH from interac-
of dimethyl sulfoxide to release the nucleotides and the ATP wh@n With 150u.g/mi~* of short fiber Attapulgite and was consid-
measured later by a bioluminesence assay. ered cytotoxic. However, the short fiber sample was considered

Fiberfrax particles produced no hemolytic activity at any conperttothe A549 cells and V79-4 cells. The long fiber Attapulgite
centration except 1000g/ml. Even at 100Q.g/ml, the particles Was cytotoxic to all three cell types. It was noted by investi-
had very weak hemolytic properties with only 2.0% hemolydators that mouse periton_eal macrophages are sensitive to both
sis. In fresh PAM monolayers, Fiberfrax was very cytotoxic Jibrogenic and carcinogenic dusts; whereas nonmacrophage cell
166.7 ug/ml. The extracellular releases of LDH agdGAL lines such as V79-4 and A549 cells are insensitive to fibrogenic
were approximately 60% to 70% and 40% to 50%, respectiveF?J:'StS but se_nsitive to the fiber morphology of carcinogenic dusts
A low cell viability was confirmed by an 80% decrease in ATRChamberlainetal. 1982). _
cell contents. Even at the lower dose, 338/ml, a signifi- Gormleyand.Addlson.(198.3)mvestlgatedthecytotoxpeffect
cant cytotoxic effect resulted, as judged by enzyme releagdAttapulgite with a particle size of 2,6m. Clay suspensions,
and ATP cell contents. Again in the day-old cultures, Fiberfrae?0 and 80ug/ml, were added to P388D1, a macrophage-type
was highly cytotoxic to PAM. LDH an@-GAL activities were cell line for 48 h. Three sets of controls were includ_ed: a pos-
as great and ATP cell contents were significantly decreaséye control, 20..g of quartz DQ,/ml; and two negative con-

At the lower dose, a moderate cytotoxic effect was observetP!s, 801g of TiO/ml, and an undusted set of cultures. The
Decreases in lactic acid production were more pronounced@{owing assessments were made: cell viability; the activity of
166.7 wg/ml. No significant effect on total DNA cell contentLDH: the activity of p-nitrophenyIN-acetyl 8-D-glucosamide;

was noted in either the fresh or day-old cultures (Nadeau et l&i{+)-Lactic acid production; and total cellular protein concen-

1987). trations. Cellular viability was expressed as a percentage of the
. titanium dioxide control (100.0%j): the standard deviation.
Attapulgite The 20ug/ml dose of Attapulgite produced a 65.8%9.2%

Colony formation of human embryo intestinal cells (I-470¥iability and the 80ug/ml dose produced a 30.9% 17.4%
was examined by Reiss, Millette, and Williams (1980). At a dosgability. Cellular LDH activities fell with decreasing cell via-
of 0.001 to 1 mg/ml of Attapulgite with fibers2 um, colony bility, whereas the percentage of LDH in the medium increased.
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Similar results were seen with glucosamidase. Also, the amougtoplasm. The phagolysosomes also appear in the vicinity of
of lactate produced decreased as cell viability decreased. Haliarged vacuoles. Invaginations of the plasma membrane en-
ever, little change in the total cellular protein was recorded. gulfing fibers and formation of vacuoles are identifiable. Deeper
The induction of squamous metaplasia in tracheal organ cirlthe cytoplasm vacuoles with various shapes show the presence
tures was investigated by Woodworth, Mossman, and Craigf-fibers.
head (1983). Suspensions of Attapulgite at concentrations ofBeck and Bignon (1985) incubated leukemic mouse cells with
1, 4, and 16 mg/ml were added to the mucosal surface of ttve samples of 10, 50, or 1Q0g/ml of Attapulgite. Viable cell
tracheal explants for 1 h. After experimental treatments, egeunts were taken at 0, 24, 48, and 72 h. A positive control con-
tracts were transplanted to another surface more suitable $@ting of UICC amosite and untreated negative controls were
cell attachment. Mucaocillary differentiation was maintained faailso used in this experiment. The majority of fibers in the Atta-
4 weeks and the explants were examined at 2, 4, and 6 weekgalgite samples were1.0m. No evidence of cytotoxicity was
ter exposure to Attapulgite. The extent of squamous metaplasiaasured over the 72-h period. The results from the Attapulgite
was evaluated by SEM (scanning electron microscope). The egmples were indistinguishable from the untreated controls.
plants were labeled witt?H]-thymidine and the labeling index  The cytotoxic effects of Attapulgite on rabbit alveolar macro-
was scored. Four weeks after exposure to Attapulgite, the g@hages and rat pleural mesothelial cells were investigated by
plants underwent both proliferative and metaplastic alteratiojaurand et al. (1987). Attapulgite samples with a mean fiber
Attapulgite induced an increase in metaplasia at low doses (le@gth of 0.77xm were added at concentrations 4 andgcn?
and 4.0 mg/ml), but the increase was not statistically significatd. rabbit alveolar macrophage cultures for 4 and 20 h; control
The labeling index was also increased slightly but statisticaltyltures received medium with no fibers. Enzyme release, activ-
significant. SEM was used to determine the association of fibégsof cytoplasmic LDH and lysosom#@-GAL was tested. The
with metaplastic lesions. Most fibers aggregated at the margpresence of LDH activity in cultures was the gauge of cytotoxic-
of the explant, although small numbers of individual fibers wefty and the presence gt GAL was the gauge of cell stimulation.
distributed along the mucosal surface. These fibers either resédthpulgite at both concentrations was cytotoxic at 284GAL
on nonciliated cells or protruded into the mucosal surface. Theslease percentages for Attapulgite and quartz after 20 h were
were often encompassed by accumulations of epithelial cebidmost identical.
Metaplastic foci tended to be small. Many foci associated with Again Attapulgite was added at concentrations of 1, 2, 4,
the lesions but some were located at sites where no lesions cand 10xg/cn? to rat pleural mesothelial cells. The cell number
be seen. was determined daily with the use of a Nachet NS 1002 image
The binding capacity, in vitro cytotoxicity, and percentaganalyzer. Attapulgite was not cytotoxic except agdgicn?. At
of hemolysis were investigated in a study by Harvey, Pagbe lower doses, cell number increases were comparable to that
and Dumas (1984). Binding assays were carried out using thfehe controls (Jaurand et al. 1987).
known carcinogens benzg(pyrene (B&)P), nitrosonornicotine  Nadeau et al. (1987) tested Attapulgite for its effects on cells
(NNN), andN-acetyl-2-aminoflurene (NAAF) and 2 mg/ml ofin several in vitro assays for RBC hemolysis, LDH activity,
Attapulgite. A 2% suspension of sheep erythrocytes were addg@AL activity, lactic acid production, cellular ATP activity,
to 30 mg of Attapulgite and incubated for 50 min. Cytotoxicityand the cellular DNA contents. The mean length and diameter
was measured using 10Q@ of Attapulgite and macrophage-of this sample were determined to be 018 and 0.1um, respec-
like P399D1 cells and using the Trypan blue dye exclusidively. The same study was conducted on Aluminum Silicate and
method. Hemolysis was calculated by measuring the optieal protocol and procedures are explained under that section. At-
density at 540 nm. All experiments included the positive contrtdpulgite particles produced no hemolysis except at 1affl.
UICC chrysotile A and the negative control titanium dioxideEven at 100Q.g/ml, the particles showed very weak hemolytic
Chrysotile binds significantly more to all three carcinogens thamoperties with only 2.0% hemolysis. Analysis with the fresh
the other fibers|f < .005) except Attapulgite. Attapulgite andPAM monolayers revealed Attapulgite to be very cytotoxic at
chrysotile had very comparable binding capacities. Again Attd66.7 ug/ml. The extracellular releases of LDH apdGAL
pulgite and chrysotile had the greatest hemolysis and cytotoxigere approximately 60% to 70% and 40% to 50%, respectively.
ity compared to the negative control. On a scale of 1to 5, 5 beiAgow cell viability was confirmed by an 80% decrease in ATP
the greatest, Attapulgite scored a 3.72 and 4.26 in hemolysis aedl contents. Even at the lower dose, 3g3@ml, a significant
cytotoxicity, respectively. cytotoxic effect resulted, as judged by enzyme releases and ATP
The cellular interactions between Attapulgite and rat hepeell contents. Again in the day old cultures, Attapulgite was
tocytes were examined in a study by Denizeau et al. (1985highly cytotoxic to PAM. LDH ang3-GAL activities were very
Primary cultures of rat hepatocytes were exposed tadfnl large and ATP cell contents were significantly decreased. At the
of Attapulgite fibers for 20 h. Ultrastructural analysis was peftewer dose, a moderate cytotoxic effect was observed. Decreases
formed by transmission electron microscopy. Fiber length waslactic acid production were more pronounced at 16&y#nl.
not indicated in this study. Fibers are phagocytized by the cell® significant effect on total DNA cell content was noted in
and numerous phagolysosomes are distributed throughout ¢fitber the fresh or day-old cultures.
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Garcia, Dodson, and Callahan (1989) investigated the effebtic effect of Attapulgite due to adsorption on the particle’s
of Attapulgite on cultures of human umbilical vein and bovinsurface.
artery endothelial cell monolayers. Chrysotile asbestos was alsd\olen, Langer, and Herson (1991) tested nine different sam-
studied as a positive control. Rapid phagocytosis of Attapulgipdes of Attapulgite for their membrane-lysing activity using hu-
and chrysotile particulates was evident in endothelial cell monman RBCs. The Hg (concentration of particulate ipng/ml
layers. Attapulgite was markedly toxic according to a gradiemtquired to lyse 50% of the erythrocytes in a suspension con-
of time-dependent and concentration-dependent endothelial ¢aihing 18 x 10° cells/ml) was determined quantitatively. Three
injury measured by specifRCr release. Chrysotile was muchsamples of Chrysolite were used as positive controls. No other
less toxic. Responses of bovine pulmonary artery and hungetails of the experiment were given. The fiber characteristics
vein endothelial cells to fiber phagocytosis and fiber-induceekere determined by light microscopy and x-ray diffraction and
injury were similar. Fiber-mediated stimulation in human unthe HG values are presented in Table 9.
bilical cell monolayers of the arachidonate metabolite prostacy- Attapulgite’s cytotoxicity was investigated in rat pleural
clin paralleled endothelial injury. Attapulgite was stimulatory irmesothelial cells (RPMCs) by Yegles et al. (1995). A suspen-
this experiment, whereas chrysotile was only weakly cytotoxision of 0.5 mg/ml of Attapulgite was added to RPMCs, and a
Superoxide dismutase and catalase produced significant pro&¢4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bro-
tion against fiber-mediated endothelial cell injury. Chelation bypide (MTT) viability test and anaphase/telophase abnormalities
deferoxamine of elemental Fe in the fiber preparations was atest were performed. The clay sample had no fibers measuring
protective. greater than 4.m. Cytotoxicity was expressed as the concen-

Perderiset et al. (1989) reported the hemolytic activity dfation that provides 75% of cell viability compared to untreated
Attapulgite on human red blood cells at five concentratiom®ntrols (IGs). Attapulgite was only poorly toxic with an g
(0.05,0.1,0.2, 0.4, and 0.5 mg/ml). Additional studies tested thé>100..g/cm?®. Untreated controls averaged about 3.4% of ab-
hemolytic activity of dipalmitoyl phosphatidylcholine (DPPC)ormal anaphases; no significant anaphase abnormalities were
and bovine serum albumin (BSA)-treated Attapulgite (2 mg/mi3een with Attapulgite as well.
The mean fiber length was2 um. The percentage of hemol-
ysis was determined by measuring the absorbance of the Bgntonite
pernatant at 540 nm. At 0.5 mg/ml, Attapulgite caused 82% The hemolysis of human erythrocytes and methylene blue ad-
hemolysis. The maximum amount of BSA adsorbed wa®mrption by two Bentonite samples were investigated by M’anyai
70 £ 10 ng/mg of Attapulgite, and the maximum occurred agt al. (1969). A white Bentonite sample consisted of 50% illite,
an initial concentration of 20Qug/ml. For DPPC, the maxi- 25% quartz, and 25% Montmorillonite; the yellow Bentonite
mum amount of BSA adsorbed was 24014 1g/mg of Atta- sample consisted of predominately Montmorillonite. The data
pulgite, and the maximum occurred at an initial concentration Table 10 show that the hemolytic effect varied as a function
of 250 to 300.ug/ml. Both compounds reduced the hemoef both of the amount of clay (mg) and the surface ared.(m

TABLE 9
Fiber characteristics of nine Attapulgite samples tested for their membranolytic activity using
human red blood cells (Nolen, Langer, and Herson 1991)

Fiber length tm)

Sample Fiber character <1.0 1.1-5.0 5.1-10.0 >10.0 HG* (ug/ml)

1 Fibrous 71.5 26.3 1.7 0.5 400
2 Fibrous 92.7 7.1 — — Inactive
3 Nonfibrous 90.2 9.3 0.3 0.3 746
4 Fibrous 78.0 21.3 0.7 0.2 211
5 Fibrous 75.1 224 2.0 0.6 369
6 Nonfibrous 91.1 8.7 0.1 0.1 76
7 Nonfibrous 83.4 16.6 — — 83
8 Nonfibrous 83.1 16.8 — — 109
9 Fibrous 59.4 375 2.6 0.6 51
Chrysolite 1 Fibrous 77.2 20.5 1.8 0.5 41
Chrysolite 2 Fibrous 84.9 13.6 0.6 0.4 82
Chrysolite 3 Fibrous 88.8 10.6 0.4 0.2 59

*The HGy is the concentration of silicate clay (ing/ml) required to lyse 50% of the erythrocytes in a
1.8 x 1CPcells/ml suspension.
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TABLE 10
Hemolysis and methylene blue adsorption results (M’anyai et al. 1969)

50% hemolysis in 1 ml

of a 2% erythrocyte Amount of
suspension as function of: methylene blue
adsorbed by 1 /
Sample Amountofclay  Surface areaof clay surface
Mineral description (mg) clay () (mg)
Bentonite White 1.66 0.039 3.59
Bentonite Yellow 1.0 0.135 2.13
Montmorillonite Ca-substituted 5.0 0.50 1.46
Montmorillonite ~ tQuartz 0.8 0.02 —
Kaolin 2.0 0.06 1.09
Kaolin Fat 1.5 0.07 1.60
Kaolin White 4.0 0.06 0.12
Kaolin Pink 5.0 0.115 0.19

Beck and Bignon (1985) dosed peritoneal macrophages wihbllowing incubations, the cells were examined morphologi-
two samples of Bentonite and the triphenyltetrazolium chlorid=lly. The medium and cells were extracted for free fatty acid
(TTC) reduction, LDH activity, and methylene blue adsorptioguantitation. LDH activities were assayed after 24 h of incuba-
were used to assess cytotoxicity. One sample of Bentonite ction at a Bentonite concentration of 0.10 mg/ml.
tained 3% SiQ@ and the other 34%. Bentonite inhibited TTC re- Bentonite did not lyse ROC-1 oligodendrogial and the neu-
duction similar to the fibrogenic dusts such as quartz. Howevesplastoma cells and did not cause a dose-dependent increase
the extracellular LDH activity was not increased and methyleie fatty acids at 24 h. No significant increases in LDH activ-
blue adsorption was very high. ity were detected utilizing any of these cell lines. However,

Hatch et al. (1985) examined the cytotoxicity of BentonitBentonite caused a dose-dependent increase in fatty acid con-
to rabbit alveolar macrophages. The alveolar macrophages wegatrations only after 24 h of incubation. A 4.5-fold increase
incubated with 1.0 mg/ml of Kaolin for 20 h at 3Z. Control in fatty acid concentrations over control values was calculated.
cultures received 1.0 mg/ml of TYOThe viability percentage of Increases over control activities of LDH were 141% with Ben-
the macrophages and the ATP content of the cells as index of tynite. Within 1 h, Bentonite associated with the plasma mem-
totoxicity were determined. Bentonite caused a large reductibrane of HUVE cells and the morphology was drastically
in both the viability and ATP levels. The viability index and ATRchanged after treatment (no details given). Cell lysis was also ap-
levels were presented as percentage reductions and were 64pa¥ent with treatment. After trypan blue staining, 94% of HUVE
and 92.0%, respectively. Controls figures were 18.3% and 0.78&]ls were nonviable with Bentonite treatment (Murphy, Roberts,
respectively. and Horrocks 1993a).

TTC reduction, LDH activity, and methylene blue adsorption In a separate study by Murphy et al. (1993b), the cytotoxicity
were measured as an index of cytotoxicity in a study by Adamié Bentonite was examined in two cell lines: primary murine
et al. (1986). Bentonite was added to peritoneal macrophagpéal cord neurons and differentiated N1E-115 neuroblastoma
obtained from rats. No specific dose of Bentonite or other deells. A clay suspension with a concentration of 0.1 mg/ml was
tails were stated. TTC reduction was much greater and provadtded to the cultures. The neuronal cells were incubated for
Bentonite to be cytotoxic. Extracellular LDH was almost half h with Bentonite. Photomicrographs were taken at 5, 15, and
for Bentonite compared to control values. Methylene blue a@® min following treatment. For the N1E-115 cells, incubation
sorption was significantly higher for Bentonite. lasted 18 h and photomicrographs were taken at5and 15 minand

Murphy, Roberts, and Horrocks (1993a) investigated the cy; 6, and 18 h after the treatment. Morphological changes were
totoxicity of Bentonite to human umbilical vein endotheliabbserved using a phase contrast microscope. Within 5 min, clay
(HUVE) cells, undifferentiated N1E-115 neuroblastoma cellparticles were observed on the neuronal cell bodies. Cell bodies
and ROC-1 oligodendrogial cells. Indices of cytotoxicity usedppeared granular within 15 min. The cells were completely
in this study were morphological examination, LDH activitylysed after 60 min and there was no evidence of any remaining
and fatty acid release. A suspension of Bentonite (1 jon2 cell bodies or processes. Cell membrane contact was apparent
in fiber length) was added to the cultures at concentrationsaifer 5 min in N1E-115 cultures. No morphological changes
0.1, 0.03, and 0.01 mg/ml and incubated for 1, 6, and 24 \Were apparent at this point. At 18 h, the cells were covered with
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clay but cellular processes remained intact. N1E-115 cell lysis TABLE 12
did not occur and no cytotoxicity was recorded as a result of Sample characterisitcs of five Calcium Silicates tested for
Bentonite treatment. hemolytic activity in vitro (Skaug and Gyseth 1983)

Calcium Silicate Fibrous
Hunt, Pooley, and Richards (1981) tested three samples of Sample Chemical formula S character
Calcium Silicate (A, B, and C) for biological reactivity in three ) )
in vitro test systems. Table 11 presents the differences in SiGaSI A, natl_,lral CaSio _ T+
and AbO; percentages between the three samples. wollastonite _
In the first test system, 50, 100, 150, and 200 mg of the thr&?S! B, natural - CaSi© 2 +
samples of Calcium Silicate, UICC chrysotile (positive control) walastomte i i
and titanium dioxide (negative control) were added to rabbf?as' C, syn.thet|c CaSio 9 o
erythrocytes. The cultures were incubated for 50 min. The per- qulaston|te i )
centage of hemolysis was calculated. Rabbit erythrocytes wer@>! D synthetic GBigO17-2.5H0 10 -
also incubated with 10, 30, and 50 mg heated, crushed samplefoPermorite _
of Calcium Silicate to calculate the percentage of hemoglobiri@S! E: synthetic - GBigO17 - 2.5 H0 2 +
binding. In the second study, rabbit alveolar macrophages Weretobermonte C&Sig017(OH)
incubated with 5 mg of the Calcium Silicate samples for time
intervals up to 60 min. The results were expressed as total viable
cells. In the third study, sonicated Calcium Silicate samples (100 ) . o
to 20001g) were added to rabbit lung fibroblasts. On days ﬁample B produced sparse and irregular deposition of reticulin
10, 17, and 24 after treatment, the cultures were analyzed f6nt, Pooley, and Richards 1981). _ _ _
cellular DNA, protein, other cellular material, and hydroxypro- Skaug, Davies, and Glyseth (1984) tested five Calcium Sil-
line. Cytological studies on the same cells were carried out usitf§te dust samples for hemolytic activity in vitro. Electron mi-
dust concentrations of 50 to 4@@ and staining the cultures to€f0Scopy and x-ray diffractions techniques were used to char-
visualize reticulin fibers. acterize the Calcium Silicates and the results are presented in

In order to obtain 20% hemolysis, 0.4 mg of chrysotile, 2.8 miPle 12. The Calcium Silicate samples A to E, chrysotile B
of A, 25.0 mg of B, and 15.0 mg of C are required. Titaniu ositive control), and titanium dioxide were added to RBCs at
dioxide did not produce 20% hemolysis at any concentratigfPncentrations of 0, 5, and 10 mg/ml. The effect of sonication
Sonication of all samples enhanced hemolysis and a “respirapféthe dust samples and the addition of 30 mM GaEDTA,
preparation of A had the same hemolytic activity as chrysotil@Nd EGTAwere also investigated. Sample E produced the great-
Sample B binds more hemoglobin than A or C but not more th&§t hemolysis at nearly 40%. The hemolytic activity of the syn-
chrysotile. Samples B and C had enhanced hemolytic activFﬂ?t'C Calcium Silicate samples were greater. In all experiments,
when heated above 300. Heating had no effect on Sammegreaterdust concentrations increased hemolysis. Sonication in-
A. All samples produced similar macrophage mortality and greased the hemolytic activity of the synthetic samples but had
concentrations of 5 mg, only 60% of the cells were surviving 80 effect on the natural samples. The 30 mM Gattreased

60 min. Chrysotile at 5 mg resulted in a 20% viability. Samples i€ hemolysis of samples D and E, but not C. EDTA did not
and B produced greater DNA and protein concentrations at Sfézc_”?ase hemolysis for samples D and C, and EGTA did not
7. However, sample A induced greater protein concentratiof§ibit hemolysis of samples B, C, D, and E.

at day 24 with normal hydroxyproline levels. Sample B at day Flve samples of Calcmm Silicate also were u;ed_ to test cyto-
24 had decreased concentrations of protein and hydroxyprollR¥ic effects on mouse peritoneal macrophages in vitro. Calcium
with an increase in mineral concentration. Sample A produc&¥ficate concentrations of 0, 20, 40, and/é@/cn were added

few changes in fibroblast morphology and reticulin deposit Mouse peritoneal macrophages for 18 h. The medium and cell
lysates were assayed for LDH afiehjlucuronidasef£-GLUC).

TABLE 11 The positive-control dust utilized was DQ12 quartz standard and

Aluminum and Silicon content in Calcium the negative-control dust was magnetite. Characterization of the
Silicate samples used in biological reactivity five samples were carried out by means of x-ray diffraction and

study (Hunt, Pooley, and Richards 1981) scanning electron microscopy. The results of the mineral charac-

terization are presented in Table 13. The samples A, B, C,and D

Calcium Silicate SiQ% Al20s % had little effect on LDH release but sample E, the fibrous tober-

sample morite, was clearly cytotoxic. Samples A and B caused release
A 573 26 of large levels off-GLUC. Sample E also caused the release
B 523 4.4 of significant amounts g8-GLUC due to its cytotoxicity. Sam-

c 53.7 1.0 ples C and D caused the release of amounts comparable to the

negative controls (Skaug, Davies, and Glyseth 1984).
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TABLE 13
Mineral characterization of five samples of Calcium Silicate used to test cytotoxic effects on mouse peritoneal
macrophages in vitro (Skaug, Davies, and Glyseth 1984)

Sample Description Chemical formula % Siédded  Presence of fibers
A US wollastonite CaSi@ — +
B Natural wollastonite CaSip 2 +
C Synthetic wollastonite CaSio 9 —
D Synthetic tobermorite G8®ig017- 2.5 H,O 10 -
E Synthetic tobermorite and xonotlite  £3017- 2.5 H,O 2 +
C&SigO17(OH),
Hectorite Oscarson et al. (1981) added Kaolin to a culture of bovine

In a study by Gormley and Addison (1983) mentioned ealRBCs to study the extent of hemolysis. Saline was added to cul-
lier, the cytotoxic effects of Hectorite were investigated. Thigires as a control and in a separate experiment, the polymer poly-
Hectorite sample had a particle size of 2. The procedures 2-vinylpyridine-N-oxide was also added to studly its inhibiting
are detailed in the study under the Attapulgite heading. Cellulgifects. No other details were given. The concentration of Kaolin
viability was expressed as a percentage of the titanium didkat caused 50% hemolysis in 1 ml of a 3% solution of RBCs was
ide control (100.0%}- the standard deviation. The 2(3/ml determined as 0.6 mg Kaolin/ml of silicate-erythrocyte-buffer
dose of Hectorite produced an 83.494.0.9% viability and the suspension. A concentration of 0.2 and &/ml of polymer
80 ug/ml dose produced a 56.4% 13.3% viability. Cellular caused 50% and 20% hemolysis, respectively. This was some-
LDH activities decreased with decreasing cell viability whilavhat less hemolysis than without the polymer.
the activity of LDH in the medium increased. Similar results Mossman and Craighead (1982) adsorbed 3-Methylcholan-
were seen with glucosaminidase. Also, the amount of lactdteene (3MC) onto heat-sterilized preparations of Kaolin (4, 8,
produced decreased as cell viability decreased. However, lidied 16 mg dust/ml medium). The tracheas of female golden
change in the total cellular protein was recorded. Syrian hamsters were excised, and prepared for organ cultures

Banin and Meiri (1990) reported that they added Hectorignd exposed to 3MC/Kaolin preparations. After 4 weeks in vitro,
to murine neuroblastoma cells at a concentration range of 7@he organ cultures were examined morphologically or implanted
1000 g/ml, although details were not provided. They concludeglibcutaneously into syngeneic weanling female hamsters. The
that clear morphological signs of cell deterioration were evidehamsters were palpated for tumors at 3-week intervals and any
and, at the concentrations listed, an acute toxic effect was se®asses-5 mm in diameter were excised. Animals with no tu-

mors were killed at 105 to 110 weeks of age and the tracheal
implants were removed. The tracheal organ cultures and tumors
Kaolin were fixed for microscopic examination. Explants exposed to

Results from a study by M’anyai et al. (1969) on the hemokaolin had differentiated mucociliary epithelium for periods of
ysis and methylene blue adsorption by Kaolin are presentedsieveral weeks. In vitro the columnar mucosal cells acquired a
Table 10. cuboidal configuration and the foci of the epithelial hyperplasia

Kaolin was heated to temperatures of 200350C, 500C, appeared at sites where microscopically evident accumulations
650°C, 800C, and 950C and changes in the internal structuref particles were deposited on the tracheal epithelium. No ker-
and surface properties were investigated and compared to alédinizing squamous metaplasia was evident. Neoplasms devel-
ations in hemolytic activity in vitro. The measurement of methyeped in the tracheal implants exposed to 3MC-coated Kaolin.
lene blue adsorption and investigation of the crystal structure Bymor development was dosage dependent. No sarcomas devel-
x-ray diffraction were made. In addition, Kaolin was added toped only carcinomas. Inthe highest Kaolin/3MC-treated group,
human erythrocytes and the amount of lysed hemoglobin 28% of the animals developed tumors. Tumors failed to develop
lease was determined following an 1-h incubation. Compleietissues treated with Kaolin alone.
dehydration of Kaolin resulted in the formation of metakaoli- The comparative effects of Kaolinite (Kaolinite is the raw
nite between the temperatures 5000 650C. The formation mineral that comprises Kaolin) on cellular and artificial mem-
of metakaolinite resulted in complete loss of hemolytic activitjoranes were examined using three test systems: tracheal ep-
Heating to higher temperatures, 8@and 950C, resulted in ithelial cells, sheep erythrocytes (RBCs), and preparations of
the formation ofy-Al,03 (mullite) or SiG; (cristobalite), which  phospholipid-cholesterol vesicles in a study by Woodworth,
led to greater intensification of hemolytic activity. The exterilossman, and Craighead (1982). Kaolinite doses of 0.003, 0.01,
of hemolysis depended on the crystal structure and hydration00®3, and 0.1 mg/ml were added to tracheal epithelial cells for
the surface (M’anyai et al. 1970). 24 h. Control cultures received no particulate. THer release
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was determined by liquid scintillation. Spontaneous release wasd assayed for LDH activity. All 12 cultures had changes that
determined from the control cultures. The second experimeimdicated dust cytotoxicity. Between 19.5% and 60.0% LDH
a hemolytic assay, combined RBC and Kaolinite doses of Owtas released from the cultures. Four other dust samples, three of
0.5, 1.0, 5.0, and 20.0 mg/ml were added &t@¥or 1 h. The quartz (5,10,15, 2@g/culture) and one of magnetite, were also
optical density was determined at 540 nm. One milliliter of thassayed. The cytotoxicity of quartz indicated a dose-dependent
preparation of liposomes (11:£g lipids) was added to 1 ml of relationship and was quite toxic. The magnetite dust had little
a Kaolinite suspension. After 1 h, the optical density of the mixeffect on LDH release.
ture was measured at 380 nm. The percentage oﬁCré)ease Mineral composition of the dusts was determined using x-ray
was calculated. Control cultures received no particulate. diffraction analysis. A summary of the dust samples’ composi-
Kaolinite induced release 6tCr by tracheal epithelium was tion was as follows: Kaolinite (84% to 96%), mica (3% to 6%),
almost 50% at the highest dose. The cells phagocytized the garartz (1%), and feldspar (0% to 7%). Due to the possibility
ticles, as demonstrated by SEM and phase-contrast microscayfyother dust cytotoxicity, the biological effects of the ancillary
This process was most evident after 24 h. Cells containing intrainerals and Kaolin was studied. Two high-purity Kaolins were
cellular particles demonstrated retraction of lamellopoidal etested in the same method as above and were clearly cytotoxic
tensions, surface blebbing, and a change in morphology fraoward the macrophages. By x-ray diffraction, these two Kaolins
flattened to round. were both 98% pure Kaolin. The feldspar sample had lower ac-
A dose-dependent relationship between mineral concenttigity than titanium dioxide, a material considered nonfibrogenic
tion and hemolysis was demonstrated. Hemolysis was rapid. Agmd is used as a control dust in cell studies. The mica dust sam-
proximately 50% of the RBCs were hemolyzed within 10 mirples were cytotoxic but much lower than that of the Kaolin. By
SEM revealed remnants of RBCs in cultures with completaineral analysis, it was found that mica dusts had 34% Kaolin-
hemolysis. ite. Quartz was ruled out as the cytotoxic agent due to the very
CrOﬁ‘ release at 10 mg/ml of Kaolinite was35% after 1Lh. A low concentrations (1%) in the initial experiment.
dose-dependent relationship between particle concentration andin a separate experiment, Kaolin pretreated with poly-2-vinyl
Croﬁ‘ release was again demonstrated (Woodworth, Mossmagridine-N-oxide (PVPNO) (0.4%.g/mg), was added to mouse
and Craighead 1982). peritoneal macrophages. (Note: PVPNO has been demonstrated
In a study by Gormley and Addison (1983) described eae reduce the cytotoxicity of Kaolin [Davies and Preece 1983)).
lier, the cytotoxic effects of two Kaolins (K-1 and K-2) wereElectron micrographs were taken of the macrophages with and
investigated. K-1 had a particle size of 34, and K-2 had a without the pretreated Kaolin for analysis of the factors causing
particle size of 3.9«m. The procedures are detailed in the stude toxicity. The ultrastructural alterations and number of parti-
Gormley and Addison (1983) under the Attapulgite heading. cles within the cells appeared to be similar in both the treated
Cellular viability was expressed as a percentage of the timad nontreated cultures. It was concluded that PVPNO has no
nium dioxide control (100.0%} the standard deviation. Theeffect on the inhibition of the uptake of Kaolin. Dust particles
20-ug/ml dose of Kaolin (K-1) resulted in a 101.4% 6.7% were found adjacent to cell surfaces and in membrane-bound
viability and the 80xg/ml dose produced a 69.5%6.5% vi- intracytoplasmic vesicles. However, no particles penetrated or
ability. With a 20ug/ml dose of Kaolin (K-2), viability was were seen penetrating the nucleus and no lysed cells were seen.
93.6%=+ 4.5%, with the 8Qug/ml dose, it was 60.0%: 4.1%. In the last set of experiments, the physical structure of Kaolin
It may be noted that K-1 has afiner particle size but a smaller sard how it relates to dust toxicity was studied. Four components
face area as compared to K-2. Cellular LDH activities decreasefKaolin's structure were examined: gibbsite or mica-like sur-
with decreasing cell viability, whereas the percentage of LDfdces, positively charged edges, negative charged particles, and
in the medium increased. Similar results were seen with glan amorphous ‘gel’ coating on kaolinite. Transmission elec-
cosaminidase. Also the amount of lactate produced decreased micrographs of gibbsite or mica-like surfaces indicated
as cell viability decreased. However, little change in the totldw toxicity and were ruled out as a possible marked toxic
cellular protein was recorded (Gormely and Addison 1983). factor. A colloidal gold decoration technique was to study the
The cytotoxicity of Kaolinite toward mouse peritoneal macrgpositively charged edges of Kaolinite. Gold binds to the pos-
phages was examined in a study by Davies et al. (1984). Thtigely charged particles of Kaolinite and treatment of poly-
three-part study investigated whether or not respirable china cigrylic acid abolishes the gold decoration. In this study, mouse
(Kaolinite) was cytotoxic toward macrophages in vitro, the conperitoneal macrophages were incubated with polyacrylic treated
ponents responsible for the toxicity, and the factors responsiBlaolin (120u.g/culture). Only a small drop in the cytotoxicity of
for the components toxicity. The assessment of toxicity was iKaolin was observed. The electrophoretic mobility of negatively
dicated by the activity of LDH assayed from the medium ancharged Kaolin particles was also studied. Increased amounts of
cell lysates. ammonium chloride produced a significant decrease in elec-
China clay dusts (6Qug/culture) from 12 separate dryingtrophoretic mobility. It is important to note that the greater con-
plants were added to mouse peritoneal macrophage cultures egntrations did not produce negatively charged Kaolin particles.
incubated for 18 h. The medium and cell lysates were collect&@tiese same aluminum-treated Kaolins were added to mouse
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peritoneal macrophages (12@/culture) and the cytotoxicity and DPL-treated Kaolin erythrocytes were incubated for 1 h
changed very little based on the amount of LDH activity reat 37C. Negative controls were made with erythrocytes in PBS
leased. The last experiment examined the effect of the amand positive controls were made by lysing erythrocytes. All sam-
phous ‘gel’ coating of Kaolin and its cytotoxicity. Plasma-ashingles were read at 540 nm using a spectrophotometer and the
and the same LDH assay were performed on the samples. Peecentage of lysis was calculated. The lecithin treated Kaolin
first group, Kaolin (40 mg/cR), was plasma-ashed after 24 rsuppressed erythrocyte activity to near “background levels.” The
and no effect was observed. Plasma-ashing after 72 h did hemolysis value for the maximum nontreated Kaolin concentra-
duce cytotoxicity. The second group of Kaolin dusts were mixawn (1 mg/ml) was 42%, whereas the hemolysis value for the
with formalin-fixed lung tissue and then immediately plasmaecithin-treated Kaolin at the same concentration was 2%. Ad-
ashed. The cytotoxicity was not reduced. The last groups sorptionisotherm data estimated that 0.1 mg Lecithin/mg Kaolin
cluded Kaolin recovered from air-dried lungs of Fischer ratgould provide full surface coverage and suppress the hemolytic
exposed to china clay dust (10 mginfor 40 h/week for 1 year, capacity to 97% lower than the native Kaolin.
left for 1 year, then ashed to a constant weight. Inhalation of In the second experiment of the same study, alveolar macro-
these dusts was significantly less toxic. Reductions in cytotgxhage enzyme release studies were carried out using macro-
icity was probably due to alterations in the surface coating phages from Sprague-Dawley rats. Untreated Kaolin and DPL-
Kaolin (Davies et al. 1984). Kaolin samples at a concentration of 1 mg/ml were mixed with
Beck and Bignon (1985) dosed peritoneal macrophages wittacrophages and incubated fbh at 37C. The results were
a sample of Kaolin and the TTC reduction, LDH activity, andimilar asin the above experiment. The nontreated Kaolin caused
methylene blue adsorption were used to assess cytotoxicity. Takase of enzymes: 570% LDH, 60086GLUC, and 570%
sample contained 30% SjOThe results from this study clas-8-NAG of the control values. The treated Kaolin did not cause
sified Kaolin as an inert dust and nontoxic. Methylene blue athe release of these enzymes. These results imply that Kaolin
sorption was slight. damages erythrocytes and macrophages through cellmembrane—
Gormley, Kowolik, and Cullen (1985) used luminol-dust surface interactions and that pulmonary surfactants can
dependent chemiluminescence (CL) to assess the in vitro patbsorb the mineral surfaces for a short time (Wallace et al.
duction of reactive oxygen species by human neutrophils ah885).
monocytes after exposure to Kaolinite. Either opsonized or Mossman and Be’'gin (1989) conducted a study in which
nonopsonized Kaolinite dust was added to either neutrophil Kaolin samples were coated with the enzymeslpha-
monocyte suspensions and luminol. The suspensions weredipalmitoyl glycerophosphorylcholine (DGPL) and phospholi-
sayed for CL and measured in millivolt. Concentrations of duptise A (PLA,) and the hemolytic potential of both coated and
ranged from the maximum of 3 mg/ml downwards. A contraloncoated samples were studied in vitro. The samples were in-
suspension of zymosan (2 mg/ml) was also assayed for CL pootbated with sheep erythrocytes and the optical density of the
duction. Neutrophils challenged with opsonized dust had relsupernatant at 540 nm was determined to measure hemoglobin
tively low dose-dependent CL production compared to controlzlease. With increasing amounts of DGPL, neutralization of the
However, when neutrophils challenged with nonopsonized dusemolytic potential occurred at 75 to 85 mg DGPL/g of Kaolin.
CL production peaked at 67%. Again dose-dependent responghe residual adsorbed value was 83.0 mg DGPL/g Kaolin. The
were obtained when monocytes were tested. However, mouligestive removal of DGPL by Kaolin was measured at the ap-
cytes had a greater CL response in the presence of opsonighed specific activity of 0.96 units PLAper molecule DGPL
dust. These results were the reverse of the earlier neutrophil@e-Kaolin. Most of the produced lysolecithin remains adsorbed
sponses as a very low monocyte CL production was obtainat? h.
with nonopsonized dust. Banin and Meiri (1990) added Kaolinite to murine neurob-
In a study by Wallace et al. (1985), the cytotoxicity of nativéastoma cells at concentrations of 100 to 1Qe§/ml. Within
and surface-modified Kaolin and the effect of pulmonary surfaminutes, the Kaolinite increased the increasing permeability of
tant were studied. Cell membrane damage and cytotoxicity weéhe membranes, depolarized resting potential, and the maintain-
measured by the release of alveolar macrophage cytoplasmiciag-action potentials in response to stimulation were lost. Within
zyme LDH, the lysosomal enzymg@gsn-acetylglucosaminidase 30 min, the cells had alterations of morphological deterioration.
(B-NAG) and B-GLUC, and sheep blood cell hemolysis. Di-Microvilli retracted, the surface assumed an unruffled, smooth
palmitoyl lecithin (DPL) emulsions made from synthetiex- appearance, and large holes developed in the plasma membrane.
lecithin g,y-dipalmitoyl were added to Kaolin to produce a Murphy, Roberts, and Horrocks (1993a) investigated the cy-
concentration of 7.5 mg dust/ml. Controls of saline and Kaolitoxicity of Kaolinite using three cell lines: HUVE cells, un-
without DPL were also utilized. For the hemolysis assays, tldkfferentiated N1E-115 neuroblastoma cells, and ROC-1 oligo-
mixtures were resuspended in phosphate-buffered saline (PB8hdrogial cells. Indices of cytotoxicity used in this study were
at a concentration of 2.0 mg dust/ml PBS. morphological examination, LDH activity, and fatty acid release.
Fresh sheep blood erythrocytes were mixed with dust suspé&xact experimental details are provided in the Bentonite section
sions in concentrations of 0.1 to 1.0 mg/ml. Untreated Kaolimder the same heading.
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Kaolinite did not lyse ROC-1 oligodendroglia and the neumicroscopy. This process was most evident at after 24 h. Cells
roblastoma cells and did not cause a dose-dependent increag®imaining intracellular particles demonstrated retraction of
fatty acids at 24 h. No significant increases in LDH activity werkamellopoidal extensions, surface blebbing, and a changed mor-
detected utilizing either of these cell lines. However, Kaolinitghology from flattened to round.
increased fatty acid concentrations after 24 h of incubation in a A dose-dependent relationship between mineral concentra-
dose-dependent fashion. A 1.7-fold increase in fatty acid caien and hemolysis was demonstrated. Hemolysis was rapid. Ap-
centrations over control values was calculated. Increases opssximately 50% of the RBCs were hemolyzed within 10 min.
control activities of LDH were 146% with Kaolinite. Within 1 h, SEM revealed remnants of RBCs in cultures exhibiting complete
Kaolinite associated with the plasma membrane of HUVE cell@molysis.
and the morphology was drastically changed after treatment (noCrOf( release at 10 mg/ml of Montmorillonite wagt0% af-
details given). Cell lysis was also apparent. After trypan bluer 1 h. A dose-dependent relationship between particle concen-
staining, 90% of HUVE cells were nonviable with Kaolinitetration and Cr@‘ release was again demonstrated (Woodworth,
treatment (Murphy, Roberts, and Horrocks 1993a). Mossman, and Craighead 1982).

Kaolinite dust was tested for potential human leukocyte elas- In the Gormley and Addison study (1983) described earlier,
tase (HLE)-inhibiting effects (Oberson et al. 1996). HLE inhithe cytotoxic effects of three samples of Montmorillonite (CaM-
bition was evaluated by incubating 15 nM HLEfb h in the 1, CaM-2, and NaM) were investigated. CaM-1 and -2 have cal-
presence of g of Kaolinite. Suc(AlagpNA was then added for cium substitutions in their lattices whereas NaM has sodium
30 min. Activity was measured at 410 nM. The§ Kaolinite substitutions. Particle sizes ranged from 2.0 to 3rti. The

abolished (90% inhibition) the activity of 0.45g HLE. procedures are detailed under the Attapulgite heading. Cellular
viability was expressed as a percentage of the titanium dioxide
Montmorillonite control (100.0%)} the standard deviation. The 203/ml dose

Results from a study by M’anyai et al. (1969) on the hemobf CaM-1 with particle size of 3..um produced a 79.1%
ysis and methylene blue adsorption by Montmorillonite are pr&9.2% viability and the 8Q@tg/ml dose produced a 51.9%
sented in Table 10. 15.6% viability; CaM-2 with a particle size of 2.am pro-

Oscarson, Van Scoyoc, and Ahlrichs (1981) added Morduced viabilities of 21.2%t 3.5% (20g/ml) and 13.1%+
morillonite to a culture of bovine RBCs to study the extent d2.2% (80n.g/ml); and NaM with a particle size of 2,0m pro-
hemolysis. Saline was added to cultures as a control and in a séyced viabilites of 47.3% 7.4% (20ug/ml) and 37.2%+
arate experiment, the polymer, poly-2-vinylpyridiheoxide, 4.6% (80ug/ml). The sample CaM-1 had the largest surface
was also added to study its inhibiting effects. No other detadsea, whereas sample NaM, had the smallest. Sample CaM-2
were given. The concentration of Montmorillonite that causdthd the lowest viability percentage despite the median particle
50% hemolysisin 1 mlof a 3% solution of RBCs was determinegsize and surface area. Investigators attributed the marked toxic-
as 0.006 mg Montmorillonite/ml of silicate-erythrocyte-buffeity of sample CaM-2 due to the presence~ef% of quartz and
suspension. A concentration of 0.2 and LM/ml of polymer 10% cristobalite in the sample. Sample NaM, which also exhib-
reduced hemolysis to 23% and 0%, respectively. ited a greater toxicity, contained5% quartz and~2% calcite.

The comparative effects of Montmorillonite on cellular ancellular LDH levels fell with decreasing cell viability whereas
artificial membranes were examined using three test systemshe percentage of LDH in the medium increased. Similar results
tracheal epithelial cells, sheep erythrocytes (RBCs), and prepaere seen with glucosaminidase. Also, the amount of lactate
rations of phospholipid-cholesterol vesicles—in a study hyoduced decreased as cell viability decreased. However, little
Woodworth, Mossman, and Craighead (1982). Montmorillonitehange in the total cellular protein was recorded.
doses 0f 0.003, 0.01, 0.03, and 0.1 mg/ml were added to trachealzormley, Kowolik, and Cullen (1985) used luminol-
epithelial cells for 24 h. Control cultures received no particulatdependent CL to assess the in vitro production of reactive oxy-
The®!Cr release was determined by liquid scintillation. Spontaien species by human neutrophils and monocytes on exposure
neous release was determined from the control cultures. A sezMontmorillonite. Either opsonized or nonopsonized Mont-
ond experiment, a hemolytic assay, combined RBC and Momtorillonite (containing a calcium as its exchange ion) dust was
morillonite doses of 0.1, 0.5, 1.0, 5.0, and 20.0 mg/ml &C37 added to either neutrophil or monocyte suspensions and luminol.
for 1 h. The optical density was determined at 540 nm. Contrdhe suspensions were assayed for CL and measured in millivolt.
cultures received no particulate. One milliliter of the preparatidoncentrations of dust ranged from the maximum of 3 mg/ml
of liposomes (11.5:q lipids) was added to 1 ml of a Montmo-downwards. A control suspension of zymosan (2 mg/ml) was
rillonite suspension. After 1 h, the optical density of the mixturalso assayed for CL production. Neutrophils challenged with
was measured at 380 nm. The percentage oﬁOn@ease was opsonized dust resulted in relatively low dose-dependent CL
calculated. Control cultures received no particulate. production compared to controls. However, when neutrophils

Montmorillonite induced release 6fCr by tracheal epithe- were challenged with nonopsonized dust, a marked response of
lium was almost 60% at the highest dose. The cells phago&t peak production at 114% was elicited. Again dose-dependent
tized the particles, as demonstrated by SEM and phase-contrasponses were obtained when monocytes were tested. However,
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monocytes elicited a slightly higher response in the presenceRyfrophyllite
opsonized dust. These results proved to be the reversal of the eaffhe cytotoxicity of Pyrophyllite dust on rat alveolar macro-
lier neutrophil responses. A very low monocyte CL productiophages was investigated in a study by Zhang, Zhang, and Song
was obtained with nonopsonized dust. (1997). Cytotoxicity was measured by the potassium content of
Banin and Meiri (1990) reported a study in which Montmothe macrophages and the levels of LDH. Alveolar macrophages
rillonite was added to murine neuroblastoma cells at a concetere isolated from bronchi alveolar lavages of male Wistar
tration range of 100 to 100@g/ml, but no details were given. rats. These animals were divided into six groups based on the
The authors concluded that clear morphological signs of cellist concentrations. The groups were as follows: quartz
deterioration were evident and, at the concentrations listed, @%.72..g/ml) dust group; Pyrophyllite mine (PM) dust group
acute toxic effect was seen. A, 200 ug/ml (75.72ug/ml SiG, and 30.42ug/ml Al,Os); PM
Murphy, Roberts, and Horrocks (1993a) investigated the aytust group B, 20Q.g/ml (75.72ug/ml Si0, and 30.42ug/ml
totoxicity of Montmorillonite to three cell lines: HUVE cells, un- Al,O3); Pyrophyllite carving mills (PCM) dust group A,
differentiated N1E-115 neuroblastoma cells, and ROC-1 o0lig200 p.g/ml (31.68ug/ml SiO, and 40.58.g/ml Al,Os3); PCM
dendrogial cells. Indices of cytotoxicity used in this study wergust group B, 20Q.g/ml (31.68u.g/ml SiO, and 40.58.g/ml
morphological examination, LDH activity, and fatty acid releas@\l ,03); normal control of saline. Both PM group B and PCM
Exact experimental details are provided in the Bentonite sectigroup B were imitated groups of the natural dusts from the
under the same heading. mines used to study the toxicity of Si@nd ALOs. They did
Montmorillonite did not lyse ROC-1 oligodendroglia and theot include the metals Fe, Cu, Ni, and Zn as did both sam-
neuroblastoma cells and did not cause adose-dependentincrgise A. The cell cultures were incubated aP@7for 16 and
in fatty acids at 24 h. No significant increases in LDH activitg2 h.,
were detected utilizing either of these cell lines. However, Mont- The LDH activity of quartz was greater than all other groups
morillonite caused a dose-dependent increase in fatty acid levgtgept PM group A incubated at 22 h. When compared to the
only after 24 h of incubation. A 10-fold increase in FA levelsaline controls, all exposed groups had significantly lower in-
over control values was calculated. Increases over control actisieases in LDH activity. Both the LDH activities of the PM dust
ties of LDH were 154%. Within 1 h, Montmorillonite associatedroups were greater than those of the PCM dust gropips (5).
with the plasma membrane of HUVE cells and the morphologyowever, no differences between the PM groups A and B or be-
was drastically changed after treatment (no details given). Celleen the PCM groups A and B were detected. THeckintent
lysis was also apparent with treatment. After trypan blue staiof the saline controls was greater than all exposed groups. The
ing, 99% of HUVE cells were nonviable with Montmorillonitequartz group had the lowest concentrations dffisllowed by
treatment (Murphy, Roberts, and Horrocks 1993a). the PM dust groups and then the PCM dust groups. Again, no
In a study by Murphy etal. (1993b), the cytotoxicity of Montdifferences between either A or B groups was observed. It was
morillonite was examined in two cell lines: primary murineconcluded that Pyrophyllite dust exposure is cytotoxic to alveo-
spinal cord neurons and differentiated N1E-115 neuroblastofa@ macrophages and people working in a PM have greater risk
cells. A clay suspension with a concentration of 0.1 mg/ml was respiratory problems than people working on PCMs.
added to the cultures. The neuronal cells were incubated for 1 hMineralogical analysis of the dust samples taken from the
with Montmorillonite. Photomicrographs were taken at 5, 1nines was performed using an atomic absorption spectropho-
and 60 min following treatment. For the N1E-115 cells, incubaemeter. The Si@content was 37.9% higher in the PM group
tion lasted 18 h and photomicrographs were taken at5 and 15 nrian in the PCM group 15.8%. #D; concentrations were lower
and 3, 6, and 18 h after the treatment. Morphological changasthe PM dust groups (15.2%) than in the PCM dust groups
were observed using a phase-contrast microscope. Within 5 n{iz0.3%). Toxicity due to metals in the samples A was ruled out.
clay particles were observed on the neuronal cell bodies. CEHe samples B did not include the metals and had similar LDH
bodies appeared granular within 15 min. The cells were cometivity as the samples A (Zhang, Zhang, and Song 1997).
pletely lysed after 60 min and there was no evidence of any
remaining cell bodies or processes. Cell membrane contact was
apparent after 5 min in N1E-115 cultures. No morphologic@eolite (Zeolite A)
changes were apparent at this point. At 18 h, the cells were cov-zeolite A at concentrations of 0.1 to 10@/ml was incubated
ered with clay but cellular processes remained intact. N1E-1fdy 48 h with normal human osteoblast-like cells. An induction
cell lysis did not occur and no cytotoxicity was recorded.  of a dose-dependent increase in DNA synthesis and the pro-
Montmorillonite dust was tested for potential HLE-inhibitingyortion of cells in mitosis occurred. This mitogenic action was
effects (Oberson et al. 1996). HLE inhibition was evaluated Rjependent on cell seeding density. Alkaline phosphatase activity
incubating 15 nM HLE for 1 h in the presence of§ of Mont-  and osteocalcin release were also increased but no significant ef-
morillonite. Suc(AlajpNA was then added for 30 min. Activity fect on collagen production per cell occurred. Zeolite treatment

was measured at 410 nM. Thedy Montmorillonite (98% in- increased the steady-state mRNA levels of transforming growth
hibition) abolished the activity of 0.4hg HLE. factor 8 (Keeting et al. 1992).
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Zeolite (Clinoptilolite) Hectorite

Total degradation of rat peritoneal macrophages incubatedFive male and five female Sprague-Dawley rats were admin-
with Clinoptilolite dust particles occurred during 15- and 30-miistered a single dose of 5 g/kg of the test article by gavage. The
time periods at concentrations of 1.0 and 0.5 mg/ml, respemimals were observed the day of dosing and 15 days after for
tively. Dust particles measureds um. Thirty-eight percent of gross and visible toxic or pharmacological effect. No such ef-
macrophages and 57.5% of RBCs were killed within 30 min &tcts were seen and none of the animals died. All animals were
a Zeolite concentration of 0.25 mg/ml. Dose-dependent CL wkidled for necropsy. No findings were reported. The acute oral
observed in the first 10 to 20 s when luminol was added to th®5, was>5.0 g/kg of body weight (FDRL Inc. 1980b).
cultures. Catalase (30% to 50%) decreased the cytotoxic effects
of Zeolite, whereas ethanol, sodium azide, and mannitol had Kaolin

effect (Korkina et al. 1984). A report by the Federation of American Societies for Exper-
imental Biology (1977) included an acute oral study in which
Zeolite (Mordenite) 120 rats were fed doses of Kaolin ranging from 100 to 210 g/kg.

Syrian hamster and rat alveolar macrophages were expoetirteen rats were controls. Kaolin was inert and nonstatic ex-
to nontoxic concentrations of Mordenite and the reduction 6ept for the danger of bowel obstruction resulting in perforation.
cytochromec in the presence and absence of superoxide diBhe clinical signs were listlessness, anorexia, oliguria, hypother-
mutase, and the amount of, @eleased were indicators of cy-mia, and dyspnea. These were a pathological reaction from
totoxicity. Other fibrous particles were used as positive copverdistension of the alimentary canal by an inert solid. The
trols. Mordenite as compared to the positive controls was lgdgmber of fatalities and the incidence and advance of bowel ob-
active at comparable concentrations (Hansen and Mossnséiitiction along the small intestine were dose related. The dose

1987). that killed 50% of the rats by bowel obstruction was 149 g/kg.
McClurg, Beck, and Powers (1980) fed a group of 10 male
Zeolite (Nonfibrous Japanese Zeolite) Sprague-Dawley rats a control diet plus 0.5 ml Kaolin 20%-—

Japanese Nonfibrous Zeolite was incubated with two cgctin 1%. The control diet was then fed for 48 h and 72 h later
lines, Chinese hamster V79-4 and A579 at concentrations rafif2?! Samples were collected. The samples were analyzed for
ing from 5 to 100..g/ml. Two samples of erionite and a samplé!o'“m?’ sodlum., pota;smm, and 'fat contept. The rgsults were
of UICC crocidolite, a positive control, were also tested. Cort03% increase in sodium; 184% increase in potassium; fat ex-
centrations that inhibited plating were estimated using thg,L D CTetion remained at baseline.

Compared to the positive control and the erionite samples, the ) ) -

Zeolite had a much greater lspvalue and was nontoxic in the Magnesium Aluminum Silicate

A549 assay (Brown et al. 1980). Suspensions of 1 ml of Magnesium Aluminum Silicate at
doses of 100-2000, 5000,10000, 20000, and 50000 mg/kg were
administered to a series of 37 mice. At the greatest dose, the

ANIMAL TOXICOLOGY mortality rate was 33%. The L{g was considered to be
>50,000 mg/kg (Munch 1944).

Acute Oral

Calcium Silicate Zirconium Silicate

Calcium Silicate FDA compound 71-41 was suspended in |n a study conducted by Stookey et al. (1967), thesd_bf
0.85% saline and administered to 10 male rats by intubatigfirconium Silicate was determined. Oral intubations of a 60%
Each animal that received a dose of 5000 mg/kg died withifyueous slurry of Zirconium Silicate containing 1% carboxy-
24 h. Doses of 100, 500, 1000, 2000, 3000, and 4000 mg/#bthylicellulose to prevent settling was given to 80 albino mice.
were selected to determine the acutesbDsing the Litchfield- poses ranged from 70 to 200 gm/kg body weight. A dosage of
Wilcoxson method. Groups of 5 male rats were administered thgg g of zirconium Silicate per kilogram body weight was not
doses and were killed for necropsy. Thedgvas determined gyfficient to create a 50% mortality rate in mice. Dosages greater
as 3400 mg/kg; at the highest dose, necropsy findings includggéin 200 g were not tested due to the limitations of the mouse

bloody gastric mucosa with distension, hydrothorax, and cogastrointestinal tract. A 37.5% mortality rate was recorded for
gested lungs. In asecond kgassessment, Calcium Silicate waghe dosage of 200 g/kg of body weight.

prepared as 24.1% (w/v) suspension and administered orally to

a group of 10 male rats at a single dose of 5000 mg/kg. No

signs of toxicity or abnormal behavior were observed within Short-Term Oral

7-day period. No deaths occurred. All animals were killed and &entonite

necropsy no gross findings were observed. The acute orgl LD Carson and Smith (1982) fed Bentonite at concentrations 0%,
was considered to be greater than 5000 mg/kg (Litton Bioneti@&5%, 7.5%, or 10% to male weanling rats to determine the
Inc. 1974). most effective level to overcome the effects of T-2 toxicosis.
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Increasing the concentration of Bentonite resulted in significameaths were recorded. All animals were killed and at necropsy
increases in body weight and feed consumption. The most a6 lesions were seen in the stomach, liver, kidneys, or other vis-
fective concentration tested was 10%. Bentonite had no effeetra. No tissue was taken for microscopic examination (Munch
on the activity of nonspecific hepatic esterase. 1945).

The role of Bentonite in the prevention of T-2 toxicosis in rats
was further investigated by Carson and Smith (1983). Groupsz¥olite (Clinoptilolite)

10 male Wistar rats were fed diets containing 5% Bentonite for | 3 148-day feed-lot experiment reported by McCollum and

2 weeks and the feed consumption and growth were recordeghlyean (1983), 48 cross-bred steers were fed a 70% sorghum
Each diet was administered with or without,@ T-2 toxin/g  diet with Clinoptilolite substituted at 0%, 1.25%, and 2.5% of
of feed for 2 weeks. Bentonite reduced the decreases in fifig diet dry matter. No differences were found among treatments
body weight and feed consumption as compared to contrgi$.average daily weight gain, feed intake or feed efficiency.

The livers from this test group were excised and assayed forpond, Yen, and Crouse (1989) fed 32 castrated male pigs
nonspecific esterase (E.C.3.1.1.1). Five percent Bentonite R@@ous diets of calcium, iron, and Clinoptilolite to study tissue
no significant effect on the activity of this enzyme. In a seGtorage of major and trace elements with the addition of Clinop-
ond experiment, Bentonite was supplemented in the control digdlite. At day 84, all pigs were killed and analyzed. Dietary

at 2.5%, 5.0%, 7.5%, and 10%. Bentonite at 2.5% greatly iBoncentrations of calcium, iron, and Clinoptilolite had no effect

creased feed consumption and final body weights and feedigg. daily weight gain, daily feed intake, or the ratio of weight
Ten percent Bentonite overcame the toxicosis completely. Iygin:feed intake of growing pigs.

third study, rats were fed 0%, 5%, 7.5%, or 10% Bentonite for
2 weeks and then dosed wittH] T-2 toxin. The urine and feces Zeolite (Clinoptilolite and Sodium Zeolite A)
were collected at 21 h and tissues were excised for determinatio
of residuaPH. Feeding Bentonite had little effect on the fractiorh1
of the dose excreted in the urine. Feeding 5%, 7.5%, and 1 7

r'Weanling Landrace Yorkshire pigs were fed diets contain-
3% Clinoptilolite with or without 150 ppm cadmium chlo-
e or 3% Sodium Zeolite A with or without 150 ppm cadmium
BRioride for 31 days. Pigs fed cadmium and Zeolites did not have
. : X . , creased hematocrit and hemoglobin values similar to those of
residuaPH in the liver or kidneys but all concentrations reduce igs fed diets without the Zeolites. Hepatic cadmium concentra-
re3|dgaI3H n muscle. Rgts feq 5% Be_ntomte had m8|=e_|n tion was significantly reduced in animals fed with Clinoptilolite.
the digesta in the small intestine and in the wall of tr_'e_'mesv—lepatic iron was not affected significantly by either Zeolite; hep-
nal tissue when compared to controls. Intestinal transit time W&S: iron and zinc were decreased by dietary cadmium. Hepatic

reduced as well. ) , . _.zinc was increased by Sodium Zeolite A (Pond and Yen 1983b).
Bartko et al. (1983) fed a group of five sheep a diet containing

0.15 g/kg body weight of Zeolite for 3 months. Other Sheefeolite A

received no additions to their normal diet. At the end of the ) . - . .
Various diets containing no Zeolite, 0.3% Zeolite A, or 0.5%

tudy, no diff in health effect found bet th o ;
SICY, o AIerence In hea'th Sriecs was founc hetween eg%%nopnlohtewere fed to cross-bred pigs for 6 weeks. The aver-

groups. The health effects included general behavior, total dail iahtaai dailv feed intak dfeed-weight
acute acidity, content of volatile fatty acids in rumen content@,g.e allyweightgain, average daily teed intake, and feed.weig
n ratio were unaffected by supplementation of either Zeolite.

hematological values, content of microelements, transamin%aé tilizati . d by feeding diet faini
activity, and acid-base homeostasis in the blood. nergy utiization was improved by 1eeding diets containing
either Zeolite (Shurson et al. 1984).

of 3H when compared to controls. Bentonite had no effect

Magnesium Aluminum Silicate
Munch (1945) gave groups of 10 mice daily doses of eitherSstbchronic Oral
or 10 g/kg of body weight orally for 10 days. Two days separatddagnesium Aluminum Silicate
the first five doses from the second five doses. No signs wereThe Food and Drug Research Laboratories (FDRL 1958a)
observed in any mouse at any time when administered 5 g/karried out a 90-day feeding study using 220 weanling albino
The animals were killed and no pathological changes were seats divided into five groups. The largest dose group consisted
at necropsy. No tissue was taken for further examination. Oo&10 male and 10 female rats; control animals totaled 25 rats of
mouse died after five doses of 10 g/kg and one mouse died aftach sex. A commercial ration was supplemented with 2%, 5%,
nine doses of 10 g/kg. Neither mouse had lesions at postmort&@%6, and 20% VEEGUM. Control diets were unmodified. Body
examination. weight and feed intake were recorded daily and the efficiency of
This same author administered VEEGUM orally to 10 rabbifeed utilization (EFU; gram gained per 100 g) was calculated.
for a total of 10 doses. The first four animals were given 5 g/kgematological examinations were made at 6 and 12 weeks on
of body weight; the fifth animal was a control. The second fouralf of the test group. Blood sugar and nonprotein nitrogen de-
animals were given 10 g/kg of body weight; the fifth was alsoterminations and urine analyses were also completed. Four rats
control. No changes in body weight, no signs at toxicity, and rin the 20% group, four rats in the 10% group, and control group
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were placed on a modified program to estimate the balance Magnesium Trisilicate
tween the intake of dietary ash and the ash excreted. Rats fed theage, Heffner, and Frey (1941) gave six white rats daily doses
20% diet were examined at 8 weeks and rats fed the 10% di¢t0.6 g of Magnesium Trisilicate for 6 months. A litter was
at 12 weeks. All animals were killed at the end of the 90-ddyorn and divided into two groups, a control and a treated group.
period. Liver, kidneys, spleen, heart, and adrenal glands weigffise treated group received Magnesium Trisilicate doses from
were determined. Microscopic examination of the liver, kidneyghe time of weaning that corresponded to a daily dose of 3 or
spleen, and portions of the gastrointestinal tract of four rats #fpounds for a healthy human. This litter was also mated. Tis-
each sex and control, 10%, and 20% groups were carried ousues from the animals of the first and second generation were
The average body weights and net gains were not adversekamined microscopically. No evidence of tissue changes were
affected by the ingestion of VEEGUM up to 10% in the dietrecorded.
Growth was diminished slightly but with statistical significance Dobbie and Smith (1982) gave six male guinea pigs a sus-
(p = .05) when 20% VEEGUM was fed to both sexes. Witlpension in tap water of 250 mg/L Magnesium Trisilicate over a
EFU corrections, only the 20% dose significantly lowered th month period for 5 days each week. Atomic absorption spec-
observed EFU value. One male rat of the 2% group died attdscopy established that the soluble Si in the suspension was
one of each sex of the 10% group died. These rats had fil@67 xmol/L. Normal tap water was given to six control ani-
nous exudates in the thorax, hemorrhagic lungs, and evidemgals 7 days a week and 2 days a week to the test guinea pigs.
of respiratory infection at necropsy. Gross findings for the reat 4 months, all animals were killed for necropsy. The kidneys
of the animals revealed no significant abnormalities other thaere processed for microscopic examination. All six animals
in the lungs. The incidences of pulmonary lesions did not difad renal lesions that involved the distal nephron. Lesions of
fer among controls and test animals. Organ weights fell withife distal tubule were dilation or cystic change. Some tubules
normal limits. Hematological observations were within normatere plugged with proteinaceous material. The interstitium of
limits, including the rats of the 20% group. Blood sugar anghe kidneys was expanded by chronic inflammatory cells and
nonprotein nitrogen values were also within normal limits. Fexcess collagen fibers. No lesions were seen in control animals.
males of the 20% group had slightly increased values compared
to controls but still were in the normal range. Silicon content
of the spleens of control animals were about the same as in €Heronic Oral
2% group. However, in the 5% and 10% groups, the silicon corieolite (Synthetic Zeolite A)
tent was slightly increased. Microscopic examination disclosed Groups of 50 male and female Wistar rats were fed 1, 10,
no abnormalities in the liver, kidneys, and gastrointestinal tradi00, or 1000 mg/kg of Synthetic Zeolite A in their diets for up to
Ash data indicated that 81% of VEEGUM of the 20% group04 weeks. Clinical signs, mortality, and gross and microscopic
was excreted and 73% of the 10% group was excreted (FDRisions were recorded. No differences in body weight gain or
1958a). clinical parameters were observed between control and treated
FDRL (1958b) fed two groups of four mongrel dogs, twanimals. Based on feed intake, the Zeolite intake of the 10-,
female and two male for each group, a basal diet and a diet sapo-, and 1000-mg/kg groups was 0.62, 6.1, and 58.5 mg/kg
plemented with 10% VEEGUM for 90 days. At 6 and 12 week®ody weight/day for males and 0.65, 6.53, and 62.2 mg/kg body
complete blood counts were made and blood sugar and nonpeeight/day for females, respectively. No significant treatment-
tein nitrogen were determined. Urine specimens were examinethted lesions were observed in any of the organs examined and
at 12 weeks for acidity, sugar, albumin, and microscopic elthere was no effect on the types or incidence of any neoplastic
ments in the sediment. At the end of 90 days, all dogs wethanges seen (Gloxhuber et al. 1983).
killed for necropsy. Silicon content of the spleen was also de-
termined. Body weight did not change despite a depression of
appetite with the addition of VEEGUM. No abnormalities werdcute Parenteral
seen upon hematological examination at the 6- or 12-week pékluminum Silicate
ods. Two of the test animals had slightly increased blood sugarMusk et al. (1988) exposed Syrian golden hamsters to saline
at the end of the testing period. All other values for sugar asdspensions of Aluminum Silicate at 3.75 and 0.75 mg/100 g
nonprotein nitrogen levels were normal. No difference in orgdrody weight by intratracheal instillation and sacrificed the ani-
weight was seen. Silicon concentration of the spleens of the tesdls at day 1. Their lungs were lavaged and the lavage fluid was
animals were slightly elevated compared to controls (143 vetharacterized using cellular and biochemical indicators (lactic
sus 103 mg/spleen). No microscopic lesions were compoudehydrogenase, albumin, macrophages, polymorphs, and RBCs)
induced. of pulmonary damage. Either dose did not alter the biological
CTFA (1999Db) reported that in feeding tests with dogs armhrameters tested in comparison to those animals only exposed
rats ingesting large amounts of VEEGUM (10% of ration) foto saline.
90 days, all responses were negative and VEEGUM was con-Lemaire etal. (1989) gave Fiberfrax, an aluminum silicate, by
sidered nontoxic. intratracheal instillation at doses of 1, 5, and 10 mg to groups of
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five rats. The details of this experiment are explained by Lemaire Stanton et al. (1981) reported that two groups of 30 to 50 fe-
et al. (1989) under the Attapulgite heading in this section. Tmeale Osbourne-Mendel rats received a single direct application
average length of Fiberfrax fibers were 8.8 and<50% were to the left pleural surface by open thoracotomy of 40 mg of
under 5um. The significant inflammatory response was mainlgne of two Attapulgite samples. The samples were 90% pure
numerous lymphocytes and epithelioid giant cells. The lesiondth quartz being the other component. One dose consisted of
were located predominantly around the terminal bronchioldthers>4 um and the other contained no fiberd um. The rats
Areas of early fibrosis were seenin the lesions. Every test animadre killed at the end of 2 years. Pleural sarcomas were seen in
developed type C lesions, described above. A dose-depend®@® rats. The incidences of pleural sarcomas in the untreated
reaction was suggested due to more extensive lesions seegroups were 3/491 and 17/615 of the rats receiving the pleu-
animals dosed with 10 mg. The bronchoalveolar lavage fluid head implants of Attapulgite. Of rats receiving UICC crocidolite,
macrophages as the predominant cells followed by neutropHik/29 developed pleural mesotheliomas.
and then by lymphocytes. Be’'gin et al. (1987) delivered Attapulgite with a mean fiber
Pigott and Ishmael (1992) studied the effects of intrapleuragngth of 0.8«m and diameter of 0.02m to the lungs of sheep
injections of Aluminum Silicate in rats. A single intrapleural inby bronchioscopic cannulation. The tracheal lobe of 16 sheep
jection of 20 mg of four Aluminum Silicate samples (Saffil, agewas subjected to a single exposure of 100 mg of Attapulgite
Saffil, aluminosilicates A and B) and chrysotile A asbestos was 100 ml of saline. A bronchoalveolar lavage (BAL) was con-
administered to dose and control groups consisting of 24 ratsticted at 2, 12, 24, 40, and 60 days, and necropsy was conducted
each sex. The control group received only a saline injection. The day 60. Total BAL cells, macrophages, and neutrophils, fi-
predominant length of the fibers in each sample were Saffil, 10dmonectin content, and LDH angd-GLUC activity were ex-
20m; aged Saffil, 20 to 4Qm; aluminosilicate A, 20to4Qm; amined. Nine samples of the tracheal lobe of the lung were
and aluminosilicate B, 0 to 1@m. Each rat was allowed to live obtained each time for microscopic examination. The controls
out its lifespan or until it appeared distressed until 85% mortakere saline-exposed sheep and had no changes in BAL or pul-
ity was reached. All animals, were then killed and organs wengonary morphology. The total BAL cells/ml and subpopulations
taken for microscopic examination. Reactions to both forms fcreased significantly above control numbers atdays 12, 24, and
Saffil were very similar. In almost all animals, a minimal foca#t0 but returned to control levels by day 60. Albumin and procol-
chronic pleurisy/fibrosis was minimal with adhesion formatiodagen Ill did not differ from controls, whereas fibronectin, LDH,
Pericardial adhesions and mesothelial proliferation with soraed 8-GLUC activities were significantly above the controls.
Saffil fibers were seen. The reactions to both aluminosilicatéicroscopic examination revealed infiltrates that were predom-
samples were very similar. Minimal to moderate focal chronioantly alveolar and peribronchial lesions. Macrophagic alveoli-
pleurisy/fibrosis was often associated with mesothelial proliferis with minimal airway distortion was seen. Three sheep had
tion. Aluminosilicate B caused three malignant mesotheliomdssions of peribronchiolar alveolitis.
one pleural and two peritoneal. A benign testicular mesothe- Jaurand et al. (1987) injected samples (20 mg/ml of 0.9%
lioma was seen in one rat dosed with Saffil, two dosed withaCl) of Attapulgite fibers with the median length of 0./
aged Saffil, and four dosed with aluminosilicate A. Incidencesto the pleural cavities of 36 2-month-old Sprague-Dawley rats.
of tumors are presented in Table 14. Two control groups, untreated and saline-injected, were utilized.
Necropsy was performed after the rats died or killed when mori-
bund. No mesothelial neoplasms were found in either controls
Attapulgite or in rats treated with Attapulgite. Survival times between the
Pott et al. (1987) injected three samples of 25 mg of Attattapulgite-treated group and the controls were not statistically
pulgite dust intraperitoneally into 40 Wistar rats. Electron mdifferent.
croscopy of the sample revealed 37.5% of fibe&sum long Wagner, Griffiths, and Munday (1987) injected 20 male and
and 70.0%<5 um. All animals were observed until they died20 female, SPF Fischer rats intrapleurally with single injections
either spontaneously or were killed. Saline was injected into 80 Attapulgite. Three samples of Attapulgite named after the
control animals. The time required to produce the first tumor lncation of their discovery (Lebrija, Torrejon, and Leichester)
the rats was 257 days and the tumor incidence rate was 65%vere utilized in this study. No concentrations were provided.

TABLE 14
Tumors in rats treated with intrapleural injections of four Aluminum Silicate samples (Pigott and Ishmael 1992)

Tumor Control Chry. Asbestos Saffil Saffil aged Alumosil. A Alumosil. B
Total no. of animals 62 81 71 68 57 67
No. of benign 44 55 57 56 46 49
No. of malignant 17 26 16 14 10 19

Malignant mesothelioma 0 7 0 0 0 3
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TABLE 15 groups (788t 155 days) was very similar to that of the control
Toxic reactions to intrapleural injections of Attapulgite  groups (809t 110 days). The incidence of mesothelioma was
(Wagner, Griffiths, and Munday 1987) 0% for control groups and treated groups. Attapulgite in the
] . present experiment was not carcinogenic (Renier et al. 1989).
Dust Mesothelioma Nonmesothelioma = | emajre (1991) reported a study in which groups of five ani-
Lebrija Attapulgite 2 38 mals received doses of 1, 5, or 10 mg of Attapulgite by transtra-

cheal injection to examine alveolar macrophage (AM) produc-

Torrejon Attapulgite 14 26 _ ; : :

Leichester Attapulgite 30 2 tion of interleukin-1 (IL-l) and ma_crophages—derlved grpwth
Crocidolite 34 6 factor (MDGF) from fibroblasts. Saline and UICC chrysotile B
Kaolin 0 40 asbestos were used as controls. At 1 month, Attapulgite pro-
Saline 1 39 duced granulomas and the UICC chrysotile B produced fibrosis.

At 8 months, the granulomatous reactions had either resolved
or were greatly diminished, whereas the fibrosis persisted. Cells

However, fiber length information was provided. Lebija Attagbtained by BAL included multinucleated giant macrophages in

pulgite had fiber lengths of2 um. Torrejon Attapulgite con- 3r|1(|:rr(1:alshtreat$|d Vé'tr:EArt]tapw%'te’ t;ut T.Ot n ftTfsle treated wit h
tained at the most 0.54% of fibex$ um. Leichester Attapulgite chrysotile b. Enhanced production ot 1L.-1 was seen In

contained about 19% of fiberss um. The animals were allowed aI_I treated 9roups. MDGF production was only seen in animals
to live their life span but were killed if they appeared d'stresse‘ﬁ'.Ith Iung fibrosis. . .
V Iriie sp utw ! I y app ! Coffin, Cook, and Creason (1992) injected a single dose of

Upon death, necropsy and microscopic examination of tiss L . ;
b psy P é’l._ , 2,4, 8, 16, or 32 mg of Attapulgite intrapleurally into six

were performed. Dust extraction was obtained from granul s !
P g [oups of 25 Fischer 344 rats. Nearly all the fibers wetg:m

mas removed from the diaphragm or mediastinal tissue. T \enath. Mesotheli tin 2/140 treated rat
controls were used in this experiment; Kaolin and saline. offt'engin. Mesotheliomas were presentin reatedrats com-
red to 1/79 incidences in control groups. The median life span

22;2?{; gr?tn ;rroel gLonf:gglrllt; e\geilr? '?;Stﬂ eu igd The results from th\?véas 839 days.for Attapulgite-treated animals and 729 days for
Lebrija Attapulgite dust extracted from the lung had fiber@omre"’Ited animals.
<2 um. Material examined from Torrejon Attapulgite was fi-
brous and have fiber length up tquén. Leichester Attapulgite Bentonite
fibers from extracted lungs were up to 2B1. The investigators  Sykes et al. (1982) investigated the effects of Bentonite dust
considered these fibers to be tumorigenic. Kaolin was a norddministered by intratracheal instillation in rats. A 0.5-mg dose
brous dust and crocidolite was fibrous. The authors concludefdBentonite with a mean size of 0;8n was instilled intratra-
that exposure to Torrejon, and Leichester Attapulgite should bleeally. Control animals were injected with sterile saline and
avoided (Wagner, Griffiths, and Munday 1987). TiO, (a nontoxic dust). Animals were killed at 1, 2, 6, 24, and
Lemaire et al. (1989) reported a study in which groups of fi#8 h; and 4 and 7 days after instillation. Bronchopulmonary
rats received single intratracheal instillations of Attapulgite at lavage (BPL) was carried out and AMs and polymorphonuclear
5, and 10 mg. One month after treatment, BAL and microscofieMN) leukocytes were recovered. The activity of LDH and
examination of the lungs were performed. The average lengttotein content of the lavage fluid were also determined. In a
of the fibers were 0.8&m and 100% of the fibers were less thaisecond experiment, after instillation of 5 mg of Bentonite, the
3 um. Every test animal had type A lesions. Type A lesions aemimals were killed at 1, 7, 49, and 100 days. In addition to the
characterized by an accumulation of inflammatory cells mosthpove, peroxidase and lysozyme activity were measured.
macrophages, and epithelioid cells around fiber deposits. Thesén the first experiment, a rapid influx of PMN leukocytes was
inflammatory cells form a compact cellular infiltrate at the pedetected at 6 h. PMN leukocyte response peakedlftx 10°
riphery of the deposits and some are focally dispersed througlells after instillation and started declining more slowly up to
out the alveolar region. The BAL had mostly macrophages and aays. At 7 days, the PMN leukocyte numbers wefe210°.
small number of neutrophils at 5- and 10-mg doses. At the 5-rigpe greatestincrease in the numbers of AMs recovered occurred
dose, 3.6% of the cells were lymphocytes. at 4 and 7 days. The mean diameter of macrophages increased
In a study by Renier et al. (1989), intrapleural injections dfom 11.0 to 12.5.m over the first 48 h after instillation. The
20 mg of different Attapulgite fiber samples in 1 ml of salinenean diameter decreased at 4 and 7 days. LDH activity at 24 h
were given to 2-month-old Sprague-Dawley rats. The contralas maintained at 40 mU crdand then increased (73 mU c#)
group received only a saline injection. All rats were allowedith the influx of PMN leukocytes into the lungs after 48 h.
to live full life span. The mean length of Attapulgite fibers irProtein concentration was calculated at 50§ cn2 for the
this experiment was 0.7im. The number of groups were noffirst 24 h and was maintained for 48 h.
reported; however, 36 rats were reported to comprise each groupln the second experiment, large number of PMN leukocytes
Pulmonary and thoracic neoplasms were fixed and processedfere recovered at day 1. However the severity of the response
histopathological examination. The survival time of the treatetid not differ significantly from the 0.5 mg dose. By 7 days,
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the numbers had decreased and was similar to control values. AHatch et al. (1985) assessed the ability of Bentonite to in-
significant decrease in the number of AMs compared to contraisease susceptibility to bacterial pneumonia. Bentonite was in-
was observed at 24 h after instillation. This decrease was f@eted intratracheally into mice at concentrations of 1, 10, and
lowed by a sharp increase that exceeded control values by 7 day ..g. In vivo bacterial-infectivity screening assays were con-
Total number estimates were similar to those of the first expetucted by exposing the animals to aerosolized GrougtrEp-
iment. LDH activity and protein concentration from Bentonitéococcusspecies. The severity of infection was calculated by
and TiQ, were very similar. The initial rise at day 1 followingrecording the deaths of the mice over a 15-day period. Control
administration was short-lived. Peroxidase activity was min&nimals were exposed to TiOa nontoxic dust. At the 100g
mal. Lysozyme activity rose sharply between 1 and 7 days, lidse, Bentonite increased the infectivity of the bacteria. Mortal-
returned to control values at 49 and 100 days (Sykes et al. 1988)was 85%. Even at 19, Bentonite caused increased animal
Marek and Blaha (1985) gave subplantar injections of 0.05 miortality (43.3%). Control dusts at 1@y produced only a 5%
of a 5% solution of Bentonite to male Wistar rats. The rats eiortality (Hatch et al. 1985).
ther received both hind paw injections at an interval of 24 h In a study by Tatrai et al. (1985), male CFY rats were given
or their left paw was injected with Bentonite and their righa single dose of 60 mg of Bentonite, in 1 ml of physiological
paw injected with 0.05 ml of a 10% solution of Kaolin. Thesaline containing 40,000 IU crystalline penicillin, by the in-
injection was of Kaolin. Subcutaneous Bentonite granulomé&atracheal route. Bentonite particle size was less thamb
were produced on the left side, both dorsally and ventrally. Stontrol groups received 1 ml physiological saline containing
multaneously Kaolin granulomas were produced on the righ®,000 IU penicillin. Animals were killed at the end of 72 h, the
side analogous to the Bentonite injection. Sodium salicylate add and 4th week, and the 3rd, 6th, and 12th month. The acid
prednisone suppressed the Bentonite edema during the first 2diosphatase activity and the progression of fibrosis was deter-
The presence of mononuclear cells was confirmed. mined. The lungs were processed for microscopic examination
Tatrai et al. (1983) administered a single dose of 40 mg ahd fibrosis determined by Belt and King’s classification. The
Bentonite suspended in 1 ml of physiological saline containimgsults from this experiment are presented in Table 16. Acid
40,000 IU of crystalline penicillin intratracheally to male CFYphosphatase activity was increased at 72 h and had returned to
rats. The Bentonite’s composition consisted of 73% Montmoriftormal by the first month.
lonite, 18% cristobalite, 3% quartz, 3% feldspar, and 3% other Bentonite dust was administered intratracheally as a sin-
minerals. Particle sizes wek2 um. The control group received gle 60-mg dose to Sprague-Dawley rats in a study by Adamis
1 ml of physiological saline containing 40,000 U of crystallinest al. (1986). The animals were killed 3, 6, and 12 months af-
penicillin. Animals were killed 12, 24, 48, or 72 h or 90 days afteer exposure. The right lung was studied microscopically and
exposure. Body and lung weight of the rats were measured. Tthe lipids, phospholipids, and hydroxyproline were determined.
right lung was fixed and sectioned for microscopic examinatio8ignificantly greater phospholipid values compared to controls
The lipids and phospholipids were analyzed in the left lung. were observed. Among the phospholipid fractions, the great-
The body weights of the rats were moderately decreased a#ll quantitative increase was seen in phosphatidylcholine (more
the lung weight increased 72 h after Bentonite exposure. Akan twice the control) and the smallest increase was seen in
ter 90 days, the lung weight was only slightly greater than thphosphatidylethanolamine (less than 1.6 times). After 6 and
of the control animals. Upon microscopic examination at 12 b2 months, the values were similar. Lung lipids had a greater
Bentonite exposure had resulted in a nonspecific inflammaticange of values than did the phospholipids (no details given).
of mostly neutrophils with perivascular edema, alveolitis, anthe wet weight of the lung in grams increased in 5% to 10%
incipient bronchopneumonia. A small number of macrophagBgntonite-treated rats compared to controls at month 3. No
and lymphocytes were detected. Dust particles were observed in
the leukocytes and macrophages or extracellularly in the alveoli.
After the 24th h, bronchopneumonia was present after coales- TABLE 16
cence of the inflammatory foci; the pneumonia then became
necrotizing and desquamative. Necrotic neutrophilic leukocytes
and eosinophil leukocytes were observed. The reticular netwark

Toxic effect of intratracheal instillation of Bentonite
(Tatrai et al. 1985)

collapsed between the 48th and 72nd h. Exposure after 90 days, Time after instillation
included dust storage foci filled with large foamy cells with pale _
cytoplasm. Closely packed cells with dark cytoplasm and nuclei End point 72 hours  1stmonth 12th month

were located at the periphery. ) _ _
After 12 and 24 h, the amount of lipids and phospholipid'sACld phosphatase 2

. ivi
in the lungs was not altered. However, between 48 and 72 act 'ty A -
o - ) o ibrosis N/A  Loose reticulin Loose reticulin
the lipid and phospholipid content increase but distribution re- o L
. fibrils, no fibrils, no
mained the same. After 90 days, the value was the same as seen
collagen collagen

at 72 h. (Tatrai et al. 1983).
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difference was detected at 6 and 12 months. Hydroxyprolisections were scheduled for 140 to 145 days for the sheep and
content of treated rats (mg/g lung wet weight) was very simild60 to 165 days for monkeys. Newborn animals with gross head

to controls at 3, 6, and 12 months (Adamis et al. 1986). enlargement were kilek2 h after birth and necropsy was per-
formed. Brains were sectioned for gross and microscopic exam-
Calcium Silicate ination. Five lambs and one monkey underwent ventriculoam-

Bolton et al. (1986) injected three Calcium Silicate samplé¥otic shunting at 120 days after gestation.
into the peritoneal cavity of three groups of 36 rats. Each rat Ventricular dilatation was apparent at 1 week following
was given a Sing'e injection of 25 mg of dust and allowed t6a.0|in injections. The cerebral mantle was mal’kedly thinned,
live out their life span. At necropsy, little dust or dust-relate®ith relative preservation of the cortex and severe attenuation

fibrosis was visible in the peritoneal cavity. No mesotheliom& the white matter. The average cortical thickness of the cingu-
developed in any of the animals. late gyrus in the Kaolin-injected sheep was fil6ompared to
Richards, Tetley, and Hunt (1981) compared the biological r&225x in control animals. The corpus callosum was an average
activity of three samples of Calcium Silicate (A, B, and C) in viv®f 125 in thickness in the sheep compared to 47i5 control
to that of chrysotile and titanium dioxide. Titanium dioxide an@nimals. Microscopic examination of the cortical neurons were
saline were considered negative controls, while chrysotile w&§!l preserved and contained the complexity and density of neu-
considered a positive control. Groups of 32 female, MRC hood& Processes. A mild-to-moderate fibrotic reaction and inflam-
rats were instilled intratracheally with 0.25, 0.50, 1.0, or 5.0 mgatory cell response along the basal meninges was apparent. A
of Calcium Silicate. At weeks 1 and 4 after instillation, the corlarge number of macrophages containing Kaolin infiltrated the
trol and treated rats were killed. The lungs were lavaged and fiéarachnoid space. In five fetuses, Kaolin was injected mis-
reactivity of the minerals to free cell populations, lavaged lurigkenly into either the epidural tissues superficial to the cisterna
tissue, and pulmonary surfactant was conducted. All minef&Rgna or into the cervical musculature. None of these fetuses
doses of 5 mg induced an increase in the number of free cdlgd hydrocephalus at birth (Edwards et al. 1984).
at week 1. Only sample B increased in cell numbers at lower Hatch etal. (1985) assessed the ability of Kaolin to increase
doses. At the end of 1 week, sample B was considered méesceptibility to bacterial pneumonia. Kaolin was injected in-
reactive than either sample A or C, but chrysotile was consifiatracheally into mice at a dose of 19@. In vivo bacterial-
ered more reactive than sample B. At 4 weeks, the effects sdfgctivity screening assays were conducted by exposing the ani-
from samples A and B are almost completely reversed and wépals to aerosolized GroupSireptococcuspecies. The severity
comparable to that of titanium dioxide. Sample B at 4 weeks prgt infection was calculated by recording the deaths of the mice
duced a greater or a comparable activity to chrysotile. No minéier a 15-day period. Control animals were exposed t,Ta0

alogical analysis of the Calcium Silicate samples was provide#ntoxic dust. A 10Q:g dose of Kaolin caused statistically sig-
nificant but modest£50%) increased death due to infection by

Kaolin a large dose. Mortality was calculated at 38.9%. Control dusts

L ; ; ; t 100ug produced only a 5% increase in mortality.
Zaidi et al. (1981) investigated the effect 6andida al- a -~ .
bicansin modifying the fibrogenisis caused by Kaolin. Five _Wagner, Q”ﬁ'ths’ gnd Munday (198.7). usgd Kaolin as a neg-
groups of guinea pigs were injected intratracheally \@tialbi- ative control in a previous intrapleural injection study. The pro-
cans(500.g): Talc dust (75 mg); Talc an@. albicans Kaolin tocol and results are cited under Attapulgite in this section.
(75 mgq); or kaolin andC. albica;ns Two animals from each Fugiyoshi, Hayashi, and Oh-ishi (1989) reported a study in
group w,ere killed at 1, 7, 15, 30, 60, 90, 120, and 180 days é{s(_hich Kaolin, a known activator of factor XllI, was injected in-

ter injection. The lungs were collected for bacteriological antaaperltoneally into mice at 2.5 mg/mouse 1o study the Kaolin-

microscopic examination. The combined effect of Kaolin an@duced_ writhing response. The writhing responses were ob-
rved in the 10 min after treatment and the mean number of

the organism incited an acute inflammatory reaction similar o

Kaolin dust alone at day 1. However, Kaolin and the organisFﬁSponseS was 9.2. Sixty.m'inutes after the Kaqlin injection, cap-
produced thick reticulin and collagenous fibrosis, unlike KaoIiWprII (ZOdug/m.OUfse)]\-/(\;aS |.njecf:tted'a.nd :he Wgth'Tg relzls'ponse ths
alone. Talc produced only a thin reticulin fibrosis not enhanc\ggser:/e ggamdor (;r:mt a ir injec '(;)ni dap opri |s§n ?ndli)
by the presence of the organism. The enhanced fibrogenicity ertensive and vasodilator. A second study was conducted by
administering bromelain (10 mg/kg intravenously) followed by

attributed to the adjuvant activity of Kaolin with the ponsacchat-h inecti f Kaolin 30 min later. B lain i tandard
ride glucan component &. albicans e injection of Kaolin 30 min later. Bromelain is a standard-

Edwards et al. (1984) gave 12 fetal lambs and six fetal mo ed cor'nple>.< of prgteases f“’”?.the pineapple plant purportgd o
keys subarachnoid injections of Kaolin. A sterile suspensi Ve prlmarlly antiedema, antiinflammatory, and coagulation-
of 2% Kaolin in saline was injected into the cisterna magn?:ﬂ ibiting effects. The response was not reproduced.

Fetal lambs received 1 to 3 ml of Kaolin and fetal rhesus mon-

keys received 0.5 to 1.0 ml. After injection the fetuses were rdtontmorillonite

placed into the uterus. Prenatal ultrasound monitoring was usecHeat-treated Montmorillonite in doses of 5, 15, and 45 mg was
to document the progression of fetal ventriculomegaly. Cesaragiven to groups of four Sprague-Dawley rats by intratracheal
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instillation. Following a 3-month postexposure period, the amronths after exposure, no neoplastic changes were observed in
imals were killed and tissues were subjected to microscopie treated animals. Nearly all (98%) of the sample particles
examination. The Montmorillonite particles were mainly rewere<5 um.
stricted to alveoli within and adjacent to alveolar ducts regardlessSuzuki and Kohyama (1984) administered a single injec-
of dose. Most particles were contained within small to modetion of 10 mg of Mordenite to a group of 50 male BALB/c
ate numbers of pulmonary AMs. However, some particles wemgce. The control animals received saline injections. The Mor-
free in alveoli. Adjacent alveoli septae were mildly thickenedlenite sample was comprised of 94% of particies um. No
Interstitial fibrosis was present in all groups. At the 5- anperitoneal tumors were observed in any of the control animals.
15-mg doses, fibrosis was mild to moderate, multifocal, arMild peritoneal fibrosis was seen in treated mice, but no peri-
loose, meaning less collagen. The 45-mg dose produced detoseal or any other organ neoplasms were observed between 7 to
fibrosis. Macrophages contained clay particles and lymphocy&&months.
were present in the lesions. Occasionally giant multinucleate Tatrai, Wojn’arovits, and Ungv’'ary (1991) made intratracheal
cells were seen (Schreider, Culbertson, and Raabe 1985). instillations of 60 mg of Mordenite to groups of 10 rats. The an-
imals were killed at 1 week, and 1, 3, 6, and 12 months after
Zeolite exposure. Lesions in the lungs were observed. Nonspecific con-
Asingle intratracheal administration of 50 mg of Zeolite dugtuent bronchopneumonia was observed at 1 week after exposure
was given to male rats and observations were made at 1 &f§l sequestration of macrophages at 1 month after exposure.
3 days, and 1 and 3 months after injection. Time-dependent Mild fibrosis was observed at later times. After 12 months, the
creases in phagocytosis were observed. Morphological changkgninum:silicon ratio in macrophages was similar to the ratio
in the lungs was described as exogenous fibrous alveolifishatural Zeolites.

(Kruglikov, Velichkovsky, and Garmash 1990). Tatrai et al. (1992) reported the changes in cervical and hilar
lymph nodes in the test animals treated in the above study as seen
Zeolite (Clinoptilolite) by electron microscopy and light microscopy. By the end of the

Kruglikov et al. (1992) reported a study in which a singléiVSt year, dust_ s_toring_ mac_rophage foci developed in the Iymph
intratracheal instillation of 50 mg of Clinoptilolite was made t¢'0des with minimal fibrosis. Also 3/10 of the rats had atypi-
male rats. On days 1, 3 to 5, and 18 after injection, lung tigal hyperplasia. Electron microscopy showed the dust ;tored_m
sues were examined histopathologically. On the first day, tHgcrophages without structural changes. However, dispersive
smallest Zeolite particles were phagocytized by neutrophipg’r_aym|croanaly3|s_ ofthemtracellula_rlystored dL_l_streveaIed the
whereas larger particles were phagocytized by macrophad@é'.o of the two main _elements, aluminum and S|I|<_:0_n, chang_ed
About a fourth of macrophages had phagocytized more than With respect to aluminum as compared to the original Zeolite
dust particles per cell and2% of macrophages were degenerSample.
ated. At 3 to 5 days, no more particles were seen in neutrophils
and their numbers had decreased. However, the percentagé&lite (Nonfibrous Japanese Zeolite)
macrophages containing more than six dust particles in the cyto-A single intrapleural injection of 20 mg of Nonfibrous
plasm increased to 90%. Only 7% of macrophages degeneraﬂap_anese Zeolite was administered to two groups of 20 male and
On day 18, the pattern of phagocytosis was similar to that at dagfs female Fischer 344 rats. Control rats received saline injec-
3to 5, but 4% of macrophages were degenerated_ tions alone. Mean survival time for control animals was 720 days

Tatrai and Ungv'ary (1993) instilled single intratracheal dosé#1d 715 days for treated animals. One pleural mesothelioma was
of 30 and 60 mg of Clinoptilolite particles to groups of 50 maléound in the control group and one pleural and one peritoneal
and female (equal numbers) Wistar rats. The particles weéngsothelioma was found in the treated group (Wagner et al.
<5 um and were suspended in 40,000 IU crystalline penicillif985).

Controls received only saline instillations. All survivors were
killed at the end of the study. Examination for gross and micrdeolite (Synthetic Zeolite 4A)
scopic lesions were conducted. None of the treated groups had single intraperitoneal injection of 10 mg of Synthetic Ze-
a significant increase in the incidence of any specific neoplasoige 4A was given to groups of 50 male BALB/c mice. The
compared to the controls. No positive trend was noted in theerage particle length of the sample was 2:24. Treated an-
occurrence of neoplasms. Neoplasms seen within both conirobls were observed for 7 to 23 months after exposure and no
and treated animals were similar in the anatomical sites in whiofesothelioma were observed (Suzuki and Kohyama 1984).
they were found and their histological feature.

Zeolite (Synthetic Zeolite MS4A and MS5A)
Zeolite (Mordenite) Maltoni and Minardi (1988) reported a study in which groups

Suzuki (1982) gave two groups, one of 18 and one of 5 mad¢20 male and 20 female Sprague-Dawley rats received a single
Swiss albino mice, a single injection of 10 or 30 mg Zedntraperitoneal injection of 25 mg of Zeolite MS4A (sodium alu-
lite intraperitoneally. The control animals were untreated. Teninum silicate) or MS5A (calcium aluminum silicate) or water
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only (control). Observations were made for the animal’s entitactate injections. Group 1, the control group, was given a single
life span and microscopic examination was performed. One pdrijection of 0.05 ml of isotonic saline in four different areas:
toneal mesothelioma in an Zeolite MS4A-exposed rat was fousdbcutaneous injections in the right buccal mandibular mucosa,;
at 141 weeks after treatment. periosteal injections in the left buccal mandibular periosteum;
These same authors administered single intrapleural injéatramuscular injections on the ventral side of the left thigh; sub-
tions and single subcutaneous injections of 25 mg of Zeoliteitaneous injections in a shaved area on the back located about
MS4A and MS5A or water to separate groups of 20 male addnch behind the shoulders of the midline. Group 2 was simi-
20 female Sprague-Dawley rats. No difference in incidenceslafly injected with 0.05 ml of a 20% slurry of Zirconium Silicate.
tumors was found among control and treated animals (MaltoBroups 3 and 4 were injected with 0.05 ml of a 20% solution of

and Minardi 1988). sodium zirconium lactate and a 20% slurry of flour of pumice.
All animals were killed 1 week after the injections and tissue
Zirconium Silicate samples for histological sections were taken at each injection

Inastudy by Harding (1948), a 3-ml dose of a 10% suspensisite. An identical study with the same experimental procedures
of Zircon in milk and saline was injected intraperitoneally intas the above study used adult male guinea pigs. In each species,
three cavies (guinea piglike rodent). The animals were killeghline injections produced no effect, Zirconium Silicate caused
nearly a year later. At microscopic examination, a dry opaguenimal toxicity, and sodium zirconium lactate plus pumice was
material was embedded in the peritoneum of the abdominal walkic. The results from these two studies are listed in Table 17.
over the small intestine, and in the omentum. Growth was not The results pertain to both the rat and guinea pig studies. Zir-
affected. conium Silicate deposits were described as well circumscribed

The accumulation of Zirconium Silicate in tissue was remasses of particulate material surrounded by a narrow zone
ported by Stookey et al. (1967). In one study, six young aduf new connective tissue. Nonspecific muscle damage, without
male rats were anesthetized and were given subcutaneous injeerosis due to the presence of the particulate matter and the vol-
tions into their back. Half of the rats were injected with saliname of injected material, was localized to the immediate vicin-
to serve as controls and the other half were injected with 0.3 ity of the injection site. Macrophages along a border of a mass
of an aqueous 50% slurry of Zirconium Silicate. Three weeksd Zirconium Silicate had reflective material within their cyto-
after the injections, the animals were killed. Tissue surroungdlasm. Dispersed particles were phagocytized by macrophages,
ing the injection site was excised and prepared for microscopitth little or no associated inflammatory response. No evidence
examination. Zirconium Silicate deposits were observed as dig-bone resorption was found adjacent to periosteal deposits.
crete nodules with a narrow surrounding connective tissue wall In another study by these authors, skin and muscle tissue sam-
in the deep connective tissues of the back. Saline controls h@ds were taken for microscopic examination. Eight adult rats
no lesions and in some cases, healing was complete. were anesthetized and a deep incision was made on the ventral

In another study in this report, eight young adult female rassde of the left rear leg. The incision was made in the quadratus
were divided into four equal groups according to body weigfeémoris muscle. The animals were exposed to 50 mg of pumice
and their tissues were subjected to microscopic examinatibour, silica dioxide, and Zirconium Silicate, respectively. In-
following saline and Zirconium Silicate or sodium zirconiunsertion of the appropriate substance was made into the muscle

TABLE 17
Toxic reactions to injected Zirconium Silicate (Stookey et al. 1967)

Degreé of tissue reaction

Animal Concentration Oral Subcutaneous Periosteal  Intramuscular
species Agent injected (%) mucosa tissues tissue tissue

Rat Saline 0 0 0 0

Rat Zirconium Silicate 20 + + 0 +

Rat Sodium zirconium lactate and pumice 45and 20 +++ +++ +++ +++

Guinea pig Saline 0 0 0 0

Guinea pig  Zirconium Silicate 20 + + + +

Guinea pig Sodium zirconium lactate and pumice 45 and 20 +++ +++ +++ +++

*0 = reaction absent.

+ = mild inflammatory reaction of little consequence.
++ = mild reaction with granulomatous response.
+-+-+ = destructive granulomatous reaction.
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TABLE 18 of each of the samples Morimoiron, Georgia, and Lebrija. The
Toxic reactions to implantation of Zirconium Silicate <50% fiber length was 0.7, 0.5, and Qu&n, respectively, and a
in muscle tissue (Stookey et al. 1967) <50% fiber diameter of 0.07, 0.07, and 0,0, respectively.

. ) Some rats died spontaneously or others in poor health were
Degree of tissue reaction  yijied. Surviving animals were killed 2.5 years after treatment

Agentembedded  Amount Subcutaneous Intramuscurgrr necropsy. At necropsy, neoplasms ororgans yvlth_suspected
neoplasm tissue were fixed for microscopic examination. These

in muscle (mg) tissue tissue three samples were noncarcinogenic. The results are presentedin
Pumice 50.0 + + Table 19.
Silica dioxide 50.0 +4 4+ In another experiment by the same investigators, a fourth
Zirconium Silicate 50.0 + + sample of Attapulgite from Caceres was tested. Intraperitoneal
Control 0 0 injections of 2, 4, and 4 mg were administered consecutively

for 3 weeks. The fiber length and diameter of this sample were
+ = mild inflammatory reaction of little consequence. <50%.1'3 and O.'O.ﬁm’ respectively. .Animals in poor health
-+ = mild reaction with granulomatous response. were killed. Surviving animals were killed 2.5 years after treat-
+++ = destructive granulomatous reaction. ment for necropsy. At postmortem examination, parts of neo-

plasms or organs with suspected neoplasm tissue were fixed for

incision and into the skin 1 cm lateral to the muscle incisiofnicroscopic examination. The results were considered moderate

Control animals had the same muscle incision, but no foreighrelation to the dose. The Caceres Attapulgite sample results

material was inserted. One animal from each group was sa@i€ also presented in Table 19 (Pott et al. 1987).

ficed 10 days following surgery. The remaining animals were

sacrificed 30 days from the incision. All tissue was fixed and

prepared for microscopic examination. Table 18 presents thaolin _ _ _
data from this experiment. Toxicity of some of the minerals present in coal-mine dust

Adjacent tissues were free of inflammation or evidence ¥f@s examined by Martin, Daniel, and Le Bouffant (1975). Five
injury at 10 and 30 days. Deposits of Zirconium Silicate wefdundred female SPF Sprague-Dawley rats were divided into
identified and were surrounded by a narrow zone of new co#OUPS each with 10 animals. The rats were exposed over a

nective tissue. No necrosis was identified (Stookey et al. 196}?2’%”9‘1 of 3 months to 50-mg/rat intratracheal instillations of
aolin. The following assessments were made: weight of the

fresh lungs; macroscopic and microscopic lesions in the lungs;
Short-Term Parenteral amount of collagen and dust present in the lungs; and calcula-
Attapulgite tion of the toxicity index from the amount of collagen formed
Pott et al. (1987) conducted a study in which three samper mg of dust. The weight of fresh lungs subjected to Kaolin
ples of Attapulgite labeled Georgia, Lebrija, and Morimoiromvas 1.76 g. Collagen formed per lung was 23.9 mg. The dust
were injected intraperitoneally to study their carcinogenic eper lung was 30.2 mg and the collagen/dust ratio was 0.79. Mi-
fects in rats. Each sample was injected one time each week davscopic examinations of the lungs showed no alveolar pro-
9 weeks at 60 mg per injection. The number of female Wistginosis but Kaolin was detected in the bronchiolovascular lym-
rats for each of the samples (Georgia, Lebrija, and Morimoirophoid sheaths. No information regarding nonexposed lungs was
was 112, 115, and 114, respectively. Fiber analysis was mamtesented. The opinion of the investigators was that exposure to

*0 = reaction absent.

TABLE 19
Carcinogenic effect of intraperitoneal injection of Attapulgite from four sources (Pott et al. 1987)

Lifespan (weeks) after treatment of

All rats Rat with tumors

Time to death Time to death Time to death Allrats Time to death Average time
Attapulgite  No.of % of rats fox20% for<50%  for<80% of deadby  offirstrat to death of rats

sample source rats withtumors  of all rats of all rats all rats this time  with tumor with tumors
Mormaoiron 114 35 92 116 138 164 47 92
Lebrija 115 3.5 95 116 134 164 98 114
Georgia 112 3.6 89 108 129 163 75 100

Caceres 30 40.0 94 109 132 142 74 116




SILICATES 83

Kaolin resultsin “pulmonary toxicity” and possesses “fibrogeni€umor types included 1 pleural mesothelioma, 2 pulmonary ade-

capacity” (Martin, Daniel, and Le Bouffant 1975). nocarcinoma, 29 hemoblastosis, 7 mammary gland neoplasms,
and 11 neoplasms found at other sites. In control animals, 16
Magnesium Silicate neoplasms (pulmonary, pleural, and abdominal lymphosarco-

An emulsion of Magnesium Silicate, 500 mgin 1 ml of salingnas, lymphocytic leukemias, and mammary gland neoplasms)
was injected subcutaneously into groups of 10 female Wistar rétgre identified in 14/52 rats (Pylev et al. 1986).
once daily at 2, 4, 6, 13, or 20 days. As controls, 12 nontreat- ) -
ment rats were killed on the first experimental day and 12 refdconium Silicate
were injected with 1 ml of saline once daily for 20 days. The Harding (1948) reported results when anadultrabbit received
trabecular bone, sinusoids, and hematopoietic cells were pigravenously four doses over 1 week of a 5-ml suspension of a
cessed for microscopic examination. No significant change 3% solution of Zircon. The animal was killed 33 weeks later.
the volume percentage of hematopoietic cells, sinusoids, or tf§-microscopic examination revealed small clumps of crystals
becular bone was present in the day-2 treatment group. Afté@re close to the portal tracts of the liver. The clumps were in
4 days of treatment, the volume percentage of hematopoiéﬁ'@ Kupfer cells. Fibrosis was detected. Small clumps of crystals
cells increased rapidly, sinusoids decreased rapidly, and t¥¢gre also observed in the spleen and alveolar walls and spaces
becular bone decreased gradually. The volume percentag@oe lungs.
hematopoietic cells was about 2.6 times normal, and that of In another study in this report, six young rats were injected
sinusoids and trabecular bone was about 30% and 60% of rigttatracheally with 1 ml of a 10% solution of Zircon. Three rats
mal, respectively, after 20 days of treatment. The tibia met&ere killed after 7 and 9 months. The lungs were radiographed
physes had the following changes after 4, 6, 13, and 20 dayg,d sectioned for microscopic examination. Much of the ma-
of treatment; sinusoids were compressed by the markedly pfetial was found free within the alveoli and lymph vessels of
liferated myelocytic element and severely narrowed the distarié€ lungs. A small amount was found within phagocytic cells.
between the sinusoidal wall and the surface of trabecular bopollen histiocytes were seen in a few alveoli. Fibrosis was not
was markedly increased. Atrophy of the thin trabecul@vident (Harding 1948).
bone was seen but no significant changes in osteocytes, os-
teoblasts, or osteoclasts were seen (Shibayama, Nishioto, gilshlation

Nakata 1993). Attapulgite
) ) o Wagner, Griffiths, and Munday (1987) exposed 40 (20 male
Zeolite (Clinoptilolite) and 20 female) SPF Fischer rats to Attapulgite dust in an inhala-

Three intrapleural injections of 20 mg of Clinoptilolite wer&jon chamber. The rats were exposed to two samples of Atta-
given in monthly increments to a group of 44 male and 48uigite (named by the region in which they were mined, Lebrija
female rats. Control animals received only saline injectiongnd Leichester) at a concentration of 10 mgfor 6 h/day for
The Zeolite sample was described as having the formuRday/week until they were killed. At 3, 6, and 12 months, four
(Na,K) Ca[AlsSiz072] - 20H0, with Cu, Pb, Zn, Ni, Co, Mo, animals were killed. All remaining rats were allowed to live
Mn, Ti, Sr, Ba, and Hg contamination. Particle size measurgheir life span. All animals were subject to necropsy; the lungs,
ments were recorded as follows3 xm, 6.5%; 5um, 5.9%; Jiver, spleen, kidneys, and other relevant organs were examined
10 um, 5.9%; 10-30um, 20.6%; 30-10Qwm, 35.1%; 100- microscopically. Mineralogical analysis, examination of ashed
500 um, 26.1%. Pulmonary lymphosarcomas, pleural and afamg sections and examination of macerated lung tissue, were
dominal lymphosarcomas, and lymphatic leukemias were ofiso performed. Kaolin, the negative-control dust, and Chroci-

served in 47/93 treated animals and 5/45 saline-treated animalsiite UICC, the positive-control dust, were also administered
No mesothelioma or pulmonary neoplasms were observedafa dose of 10 mg/fn

the controls. Mesothelioma and bronchial carcinoma were de-At microscopic examination, one peritoneal mesothelioma,
tected in 2/93 and 1/93 treated animals, respectively (Pylev et@he adenocarcinoma, and three bronchoalveolar hyperplasia

1986). were found in rats treated with Lebrija Attapulgite. Thirty-five
rats had no proliferative changes. In rats treated with Leich-
Zeolite (Phillipsite) ester Attapulgite, proliferative lesions observed included two

Three intrapleural injections of 20 mg of Phillipsite given imesothelioma, one peritoneal mesothelioma, one malignant
monthly increments were administered to a group of 44 madéveolar neoplasm, two benign alveolar neoplasms, and eight
and 49 female rats. Control animals received only saline ibronchoalveolar hyperplasias. Twenty-seven rats had no prolif-
jections. The Zeolite sample was described as having the ferative lesions. Rats exposed to the negative-control Kaolin had
mula: (Na. 3K o.53Ca.87M0o.25)(Si11.93Al 4.03032) - 9H,O. Parti-  two bronchoalveolar tumors. Rats in the positive-control Croci-
cle size measurements were recorded as folleBgim, 14.5%; dolite group had one adenocarcinoma and three bronchoalveolar
10-30um, 32.8%; 50—-7Qum, 16%;>100 um, 36.7%. Neo- tumors. The mean fibrosis grades of each treatment group are
plasms were found in 41/101 Zeolite-treated rats (50 tumorgyesented in Table 20.
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TABLE 20
Toxicity of inhaled Attapulgite dust (Wagner, Griffiths, and Munday 1987)

Mean fibrosis grade as function of time after exposure

Total no.

Dust source of rats 3months 6 months 12 months 24 months
Lebrija Attapulgite 40 3.1 2.6 3.2 3.2
Leichester Attapulgite 40 3.0 3.1 4.0 —
Kaolin 40 2.8 2.75 2.4 2.1
Crocidolite UICC 40 4.1 3.3 3.1 3.8

The classification of proliferative lesions and neoplasms caespiratory bronchioles and small granulomatous nodules with
responding to the mean fibrosis grades are as follows: (1) bronacrophages and fibroblasts were seenin rats exposed to sample
choalveolar hyperplasia—no malignant proliferation of the epx. Mediastinal lymph nodes from all treated animals showed no
ithelia; (2) benign alveolar neoplasm; (3) malignant alveolgrarticulate material at the end of exposure. Small primary neo-
neoplasm; (4) adenocarcinoma; (5) squamous carcinorpéstic lesions were found in two animals exposed to sample B.
(6) adenosquamous carcinoma; and (7) mesothelioma. One lesion was described as a small squamous cell carcinoma

The Lebrija Attapulgite dust extracted from the animal lungand the other as an adenoma. No pathological changes were ob-
did not have short fibers and the presence of granular matesgatved in all other organs. All examined blood parameters were
and long fibers. The Leichester Attapulgite dust also had tiéthin normal ranges for both animals studied before and after
presence of long fibers. Kaolin is a nonfibrous dust. UICC Crexposure (Bolton et al. 1986).
cidolite is a fibrous dust but lengths were not published in this

study (Wagner, Griffiths, and Munday 1987). Kaolin
Kaolin was used as a negative control in a previous inhalation
Calcium Silicate study. The protocol and results are cited under Attapulgite in this

Bolton et al. (1986) exposed white male Wistar rats to cloud§ction (Wagner, Griffiths, and Munday 1987).
of Calcium Silicate dust at a concentration of 10 mg/for
7 hiday, 5 days/week, for a total of 224 days over an elapsédolite (Synthetic Zeolite A)
period of 12 calendar months. A total of four inhalation chambers A group of 15 male and 15 female Wistar rats were ex-
were used with 48 animals/chamber. One chamber was reserpeded to 20 mg/fhof Synthetic Zeolite A for 5 h/day, three
for control animals receiving only filtered air. The remainingimes a week for 22 months. The Zeolite was characterized by
three chambers were used to test three samples (A, B, and Xy ,(Al)2)(Si0,)12-27H,O and consisted of particles ranging
of Calcium Silicate. Twelve rats were killed from each of thérom 0.5 to 10um. Thirty untreated males were the control
chambers at the end of the dusting period. The final surviviggoup. Histopathological examinations of the trachea and the
animals were killed at the end of 19 months after exposuideng were completed. Moderate to extensive respiratory disease
At necropsy, tissue samples and one lung were taken fromwal#is seen in treated and control groups. No neoplasms were ob-
major organs for microscopic examination. The other lung waerved in any group (Gloxhuber et al. 1983).
taken for lung-dust analysis. The lung was dried and preparedin another study by Gloxhuber et al. (1983), a chronic in-
for infrared analysis. Blood samples were taken 5 days priorhalation study of Zeolite A batch F 325 dust was conducted.
the start of the exposure and 3 days after the exposure. Groups of 15 male and 15 female hamsters and 15 male and

All Calcium Silicate—treated groups had dust-containings female rats were exposed for 5-h periods three times a week
macrophages scattered throughout the alveolar regions of thel2 months for hamsters and 22 months for rats. Control an-
lung at the end of the exposure period. Occasional fibers wémeals were exposed to untreated air. The trachea and lungs of
seen in animals with exposure to the Calcium Silicate 3. The friite animals were examined microscopically. Microscopic ex-
guency of dust-containing macrophages declined at the endagfination was limited to the trachea and lungs of 10 treated
the dust exposure. Fewer dust-containing cells were in animblmsters and 8 controls and to 10 treated rats and 5 controls
exposed to samples C than A or B. The number of animals witlne to deaths caused by a specific infection. Both species had
interstitial fibrosis for samples A, B, C, and controls were thremoderate signs of respiratory disease in the treated and controls.
five, five, and five, respectively. In all cases, the alveolar septaZeolite-exposed hamsters, macrophages with accumulations
were thickened with abnormal deposits of reticulin and in oldf foreign material were found, mainly in alveoli. No other le-
animals with collagen. Although most cells were relatively flations of inflammation or connective tissue reactions were seen.
in some areas, some cells were cuboidal and had the appear&atdungs had grey-white deposits in macrophages of the alve-
of adenomatosis. Peribronchiolar fibrotic areas were close to tileand the peribronchiolar lymph nodes near the hilus. Isolated
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clay deposits were found in the mediastinal lymph nodes but ath animals between days 2 and 4. No major necropsy findings

reactions were seen about the deposits. were reported (Hazelton Laboratories, Inc. 1968).
Eight male white rabbits were used in a primary skin irritation
Zeolite (Synthetic Nonfibrous Zeolite) test with a solution of 4% MAS; 0.3 ml of the test substance was

Groups of 20 male and 20 female Fischer 344 rats were @pplied to the intact and abraded skin of the backs of four rabbits.
posed in inhalation chambers to a mean respirable dust cAhe test substance was applied under occlusive patches for 24 h.
centration of 0 or 10 mg/Aof a Synthetic Nonfibrous Zeolite. The plaster was removed 24 h after application and the skin
Exposures were for 7 h/day, five days/week for 12 months. Afactions were evaluated at 24 and 72 h. The primary irritation
animals were observed for their life span. Three males and thid@ex was 0.1, suggesting that Magnesium Aluminum Silicate
females per group were killed at 3, 6, 12, and 24 months 4$-@ weak primary skin irritant (CTFA 1970a). _ o
ter exposure. Erionite and UICC crocidolite were used as pos- 1 "fée male guinea pigs were used in a cumulative skin irri-
itive controls. The mean survival time for animals exposed #8tion test with a solution of 4% MAS (in deionized water). The
the Zeolite was 797 days, 504 days for animals exposed to d@St substance (0.05) was applied to the flank of the animals once
onite, 718 days for animals exposed to UICC crocidolite, aritily for 3 consecutive days. Skin reactions were evaluated at
738 days for untreated animals. One pleural mesothelioma #h after each application. Th_e cum.ula'ltl\./e |_rr|tat|on index was
one pulmonary adenocarcinoma were seen in Zeolite-expo§@ and MAS had no cumulative skin irritation under the test
rats. No neoplasms were found in controls; 27 mesothelionfg@nditions (CTFA 1970a).
were found in erionite-treated rats and 1 squamous-cell caréi—

noma of the lungs was found in UICC crocidolite-treated ra odium Magnesium Silicate . . . .
(Wagner et al. 1985). CTFA (1970b) reported a study in which eight male, white

rabbits were used in a primary skin irritation test with a solution

of 4% Sodium Magnesium Silicate (in deionized water). The
Dermal Irritation test substance (0.3 ml) was applied to the intact and the abraded
Hectorite skin on the backs of four rabbits. The test substance was applied

A primary irritation study patterned after the Draize methodnder occlusive patches for 24 h. The plaster was removed 24 h

was conducted using six white rabbits. Either a 0.5-ml or a 0.53§f€r application and the skin reactions were evaluated at 24
sample of Hectorite was applied to two sites, one on abrad®gd 72 h. The primary irritation index was 0.0, suggesting that
skin, and the other on intact skin of the backs of the rabbits. TR@dium Magnesium Silicate has no primary skin irritation under
test sites were occluded for 24 h. At the end of the 24 h, tifeese test conditions. . .
binders were removed and the sites were gently wiped clean CTFA (1970b) reported that three male guinea pigs were used
One-half hour later, the sites were examined and scored for gfy2 cumulative skin irritation test with a solution of 4% Sodium
thema and edema. The sites were examined again at 72 h. nesium Silicate (in deionized water). The test substance

average score was 0.0 and the test subject was nonirritatindd@> ml) was applied the flank of the animals once daily for
the skin of rabbits (FDRL Inc. 1980a). 3 consecutive days. Skin reactions were evaluated at 24 h after

each application. The cumulative irritation index was 0.0 and
Sodium Magnesium Silicate had no cumulative skin irritation

Magnesium Aluminum Silicate "
0limder the test conditions.

VEEGUM (2 g) was applied daily to the external ears
four rabbits for 10 days. These applications were made to both
abraded and intact skin. The abraded skin healed complet@gular and Mucosal Irritation
within 4 to 6 days after application. No gross effects were not&ntonite
in any of the animals. No tissue was taken for microscopic ex- Preparations of Prophypaste, Bentonite, tragacanth, trypsin,
amination (Munch 1944). and sterile water were injected either intralamellarly or directly

VEEGUM was applied to the closely clipped intact andhtothe anterior chamber of six adult New Zealand rabbits at con-
abraded abdominal skin of two groups of four rabbits each. @ntrations ranging from 1 to 5 mg/ml. No significant reactions
nonabsorbent paper binder was place onto the treated area.Whee recorded with sterile water, Prophypaste, tragacanth, or
dose was 3.4 g/kg of body weight. After 24 h, the binder was reembinations of tragacanth and Bentonite. Bentonite caused se-
moved and any residual test material was removed by washirgre iritis after injection into the anterior chamber, but no corneal
Dermalirritation was recorded at 24 h and once daily after apptir retrocorneal reaction was noted grossly or microscopically.
cation for 7 days. All the animals were killed and necropsy was five of the eyes where Bentonite was injected intralamellarly,
performed. No deaths and no systemic toxicity occurred frowidespread corneal infiltrates and retrocorneal membranes were
percutaneous absorption. The acute dermabliias>3.5g/kg observed within 2 to 5 days. The sixth eye had no reaction, only
of body weight. Dermal irritation generally consisted of mode®.1 ml of 0.25 mg/ml was injected. Anterior chamber taps of
ate erythema and slight edema. The edema completely subsittedeyes showed viscous mucopurulent material. Microscopic
within an additional 24 h, and erythema completely subsided$ections showed pseodoeosinophils, retrocorneal membranes,
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and fibrovascular membranes in the anterior segment. Polariege of the animals without irrigation. Eye reactions were eval-
light revealed highly birefringent particles were found at theated at 1 and 4 h, and 1, 2, 3, 6, and 7 days after application
injections sites, but not in the retrocorneal masses (Austin aactording to the Draize scoring system. The average irritation

Doughman 1980). score at the time of maximum score (1 h) for the cornea, iris,
and conjunctivae was 0, 0, and 6.0, respectively. The average
Hectorite total score was 6.0, suggesting that Sodium Magnesium Silicate

A primary eye irritation study using nine New Zealand whitéad minimal eye irritation under these test conditions (CTFA
rabbits was carried out according to the Wolcott Procedure.1Q70b).
0.1-ml liguid or semisolid (100 mg of the solid) sample was i Zeolite (Zeolite A)

stilled into the one eye of each rabbit. Six of the nine animals .
rén an acute ocular study, rats tolerated a single dose of 10 g of

eyes were not rinsed and the eyes of three of the animals wi ) . :
rinsed approximately 4 s. All untreated eyes served as contr gollte Awithout any adverse reaction (Gloxhuber et al. 1983).

The eyes were then examined with sodium fluorescein and Zconium Silicate

ultraviolet lamp at 24, 48, and 72 h and at 7 days. The meangjngival tissue was histologically examined in a study con-
score at 24 h was 2.0. All subsequent scores were 0.0. The {glted by Stookey et al. (1967). Six weanling albino rats were
sample was considered moderately irritating to rabbit eyes Williyen an oral prophylaxis using a paste containing 75% Zirco-
outrinsing and practically nonirritating to the eyes with rinsing;,m Silicate and 25% distilled water. The animals were anes-

4 s after instillation (FDRL Inc. 1981). thetized and given a routine prophylaxis for 30 s per mandibular
_ . - hemijaw. Three of the animals were killd. h following treat-
Magnesium Aluminum Silicate ment. The other three animals were killed 24 h following treat-

Hazelton Laboratories, Inc. (1968) made a single applicatigfient. Gingival tissue of the buccal surface of the mandibular
of 100 mg of VEEGUM or 0.1 ml of a 50% weight/volume tomolar areas were removed for microscopic examination.
rabbit eyes. An aqueous suspension was made into the conjuncNo unusual tissue response was observed in either group. At
tival sac of the left eye of each of six (undiluted) and three (50%6h, scattered particles of Zirconium Silicate were noted on the
suspension) rabbits. Three eyes (undiluted) were washed forgugface of the gingiva. Occasional particles could be identified
after application and the remaining six eyes were not irrigat@glthe superficial epithelium. Only an occasional mild local in-
but held closed for 1 s. Control rabbits were not treated. Obsgammatory response was noted in the subepithelial tissue. It was
vations were made at 1, 4, 24, 48, and 72 h and at 4 and 7 dyssumed to be secondary to the prophylaxis procedure (Stookey
following application. Irritation was graded according to thet al. 1967).
Draize system. On day 7, the eyes were treated with 2% sodium
fluorescein strain to provide evidence of corneal damage. IrﬂEPRODUCTIVE AND DEVELOPMENTAL TOXICITY
tation generally consisted of moderate conjunctival hyperemia
in all eyes and slight iritis in five of the eyes (one in the nonit€alcium Silicate
rigated, undiluted group and two in each of the other groups). FDRL Inc. (1973) conducted a study in which adult, Dutch-
In the nonirrigated eye treated with the dry material, the iritiselted female rabbits were artificially inseminated and received
persisted until 72 h, whereas it was only present at the 1- and 41ial intubations of Calcium Silicate at doses of 250, 500, 750,
observations in the other eyes. The irritation gradually subsidedoo, 1250, 1500, and 1600 mg/kg on days 6 through 18 after
completely in all within 2 to 4 days. The sodium fluorescein tegisemination. On day 29, cesarean section was performed and
was negative for corneal damage. the numbers of corpora lutea, implantation sites, resorption sites,
CTFA (1970a) reported that three male, white rabbits weegd live and dead fetuses were recorded. Body weights of live
used in an eye irritation test using a 4% solution of MAS. Thgups were recorded. The urogenital tracts of the animals were
test substance (0.01 ml) was instilled into the conjunctival sac@famined in detail. All fetuses underwent detailed gross exami-
one eye of the animals without irrigation. Acute reactions wergation. Calcium Silicate administered at 1600 mg/kg to pregnant
evaluatedat1and 4 h,and 1, 2, 3, 6, and 7 days after applicatigbbits for 13 consecutive days had no clear discernible effect
according to the Draize scoring system. The average irritatioR nidation or on maternal or fetal survival. Skeletal or soft tis-
score at the time of maximum score (1 h) for the cornea, irisue abnormalities did not differ from the number occurring in
and conjunctivae was 0, 0, and 6.7, respectively. The averagstrol groups.
total score was 6.7 suggesting that MAS produced minimal eye

irritation under these test conditions. Kaolin
Groups of 12 Sprague-Dawley female rats were fed three di-
Sodium Magnesium Silicate ets: control diet, 20% Kaolin diet, or iron-supplemented 20%

Three male, white rabbits were used in an eye irritation testolin diet. The diets were fed for 37 to 86 days, 69 to 85 days,
using a 4% solution of Sodium Magnesium Silicate (in deiorand 96 to 117 days prior to fertilization. These same diets were
ized water). The test substance, 0.1 ml, was instilled into ofed for the duration of the gestation period. The animals fed
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the 20% Kaolin diet had significant reductions in hemastudy conducted by Denizeau et al. (1985b). Hepatocytes taken
globin, hematocrit, and RBC numbers, indicating maternal arfeem male Sprague-Dawley rats were prepared according to the
mia. Significant reduction in the birth weight of the pups wasollagenase perfusion technique. Attapulgite fibers were added
observed. Animals fed the iron-supplemented diet maintainatl concentrations of 1 and 10g/ml to the primary cultures
their hematocrit, hemoglobin, and RBC levels (Patterson aBd after the cells were seeded. 2-Acetylaminofluorene (AAF),

Staszak 1977). a known UDS-inducing agent of rat hepatocytes, was added
to the cultures at 0.05 and 0.26)/ml for each concentration
Magnesium Aluminum Silicate of Attapulgite. Therefore, Attapulgite was used alone in this

According to Sakai and Moriguchi (1975), “MAS has neithel/DS assay system or in combination with AAF. The cultures
teratogenic nor had adverse effects on the mouse fetus.” Mmasre incubated for 20 h. Labeled thymidine was added to final
was administered at doses of 600, 3000, and 6000 mg/kg/d@pncentration of 4Ci/ml. The amount of thymidine inthe DNA
orally to pregnant mice (ICR-JCL) for 6 days on the 7th t@as evaluated by liquid-scintillation counting. Cytotoxicity was
12th day of gestation. No significant differences between MA8Iso measured in this study by measuring LDH activity using a
administered and control groups were observed in body weigtRectrophotometer.
gain, gross lesions, implantations, resorbed or dead fetuses, o significant increase in°H]-thymidine incorporation took
growth inhibition of live fetuses. Incidences of skeletal anomélace with the addition of AAF (0.05 and 0.2&/ml). However,
lies were significantly greater in MAS-exposed fetuses, but nofk both Attapulgite concentrations, no significant increase in
resulted in skeletal malformation. Development, external diffeRNA-specific activity was observed. No alteration occurred in
entiation, body weight gain, and behavior were normal in dife UDS (induced by AAF) by secondary agents when both the

offspring. fibers and AAF were applied. No statistically significant fiber
effect of AAF-fiber interaction was recorded. Extracellular LDH
Zeolite (Type A) activity was observed after 20-h incubations of Attapulgite at 1

Type A Zeolite containing 15.8% sodium 19.0% silicon, angnd 101g/ml applied to the cells. No significant differences
20.1% aluminum was tested for its teratogenic potential IyEre found between the LDH activity in the treated samples
Nolen and Dickerman (1983). Sprague-Dawley rats and N&{Frsus the controls (Denizeau et al. 1985b).

Zealand rabbits were utilized under the standard FDA Segment ||BeCk and Bignon (1985) tested Attapulgite and UICC
rysotile asbestos B for UDS in primary hepatocyte cultures.

protocol. Zeolite A in distilled water was given to rats by gavag%h =9 . X
at concentrations of 74 or 1600 mg/kg of body weight on day</gtapulgite fibers (96%) averaged Quén in length. Cells were

to 15. Rabbits were given doses of 74, 345, and 1600 mg/kg®F0 €xposed to AAF alone and mixed with fibers. Within 20 h,
Zeolite A by oral gavage on days 6 to 18. Vehicle controls weR9th types of fibers were found in various cell structures, i.e.,
included but no details were provided. Type A Zeolite producd@Sma membrane invaginations, cytoplasmic vacuoles, and

no adverse effects on the dam, embryo, or fetus in either the rBf&golysosome-like components. Chrysotile B and Attapulgite
or rabbits at any dose. did not induce a significant UDS response or modulate the re-

sponse to AAF.
The UDS and cellular growth was studied utilizing rat pleural

Pond and Yen (1983a) investigated whether CIinoptiIoIitmeSOthe"al cells (RPMCs) in a study conducted by Renier et al.

offers protection against the toxic effect of long-term cadmiu 989). RPMCs were cultured to confluence on glass coverslips
P 9 9 in multiwell plates. Concentrations 2, 4, and 18/cn¥ of At-

ingestion by examining the effects of long-term ingestion cEf ulgite and 3H]-thymidine were added to cultures for 20 h
Clinoptilolite on reproduction and on the postnatal developme agg was not modified at concentrations of 2 andglcn? of '

of the progeny. Four groups of female Sprague-Dawley rats Weﬁ(ﬁapulgite. However, in one experiment, 4@/cn? produced

fed the following diets: control; control and Clinoptilolite; con- significant increase in UDS. Cellular growth was measured

trol plus cadmium; and control plus cadmium and CIinoptiIoIiteb counting in situ with an inverted phase-contrast microscope
At 13 weeks, male rats were placed with the females for matinec!} 9 b P

. er 24 h of treatment of 1, 2, 4, and L@/cn? of Attapulgite.
The female re_productlve performance was unaff_ected_ b)_/ AMYR&sults were similar to that of the UDS. Attapulgite was con-
the various diets. The supplemental level of Clinoptilolite res'i{jered noncytotoxic at concentrations of 1, 2, andglcr?.

sulted in reduced body weight during gestation; body Weightﬁowever at 1Qug/cn?, cell growth was inhibited. No specific
parturition and postpartum was similar for rats of all diet 9roUPSLtails Wére given ' '

Adachi et al. (1992) studied the effect of asbestos fibers on

Zeolite (Clinoptilolite)

GENOTOXICITY DNA by measuring the yieI(_:I of 8-hydroxy-21eoxyguanosin_g
(8-OH-dGuo0). 8-OH-dGuo is an OH adduct at the 8-position
Attapulgite of a guanine base thought to induce an AT-to-GC transver-

DNA damage caused by Attapulgite was evaluated througlon in DNA which may lead to a point mutation. For com-
the measurement of unscheduled DNA synthesis (UDS) inparison purposes, Attapulgite was also studied. Results for
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Attapulgite were not different from controls (Adachi et alNeither the variety nor the number of the aberrations differed
1992). significantly from the negative controls. Calcium Silicate was
nonmutagenic.

Dominant lethal assays were carried out in male rats admin-

Litton Bionetics, Inc. (1974) conducted a study in which FDASteer FDA compound 71-41, hydrated Calcium Silicate, at

compound 71-41, hydrated Calcium Silicate, was suspen pes 0f 15, 150, and 1500 mg/kg, bOth. as one dose and as f_|ve
in 0.85% saline at concentrations of 1000, 500, 200, 100, ses. Also tested were the negative saline control and a positive

10 ug/ml and applied to WI-38 cells in a logarithmic phase o M control. This assay measures the amount and type of fetal

growth. The cells were observed for cytopathic effects (CPE‘Q’ stage that may occur following administratio_n ofa pgtgntial
and the presence of mitosis at 24 and 48 h. Inhibition of mito utagen. Each treated male rat was mated with two virgin fe-

was observed at all concentrations except 100 andglnl. A male rats each week for eight (acute) or seven (subacute) doses.

closer range of concentrations, 200, 150, 100, 75, anc @, Two weeks after mating, the female rats were sacrificed and

were employed and tested for the same findings. Mitosis tfert!htydmdedx, prmmplzntqttrl]otr;]loss, and lethal teffectslwelr? d
stopped only in the cells dosed at 209/m. etermined and compared wi e same parameters calculate

FDA compound 71-41, hydrated Calcium Silicate, was aIJBOm the negatiye and po_sjtiye controls. No signifipant findings
tested for mutagenic properties in a host-mediated assay us‘iYEi{e observed in the fertility mdgx or preimplantation loss. The
the microorganismSalmonellarA-1530 and G-46 an8accha- test compound was also adm|n|§tered at a dose of 5000 mg/kg.
romyced3. These experiments were carried out in mice orall-l}he protocol was the same as listed above. All parameter val-

administered (acute and subacute) 15, 150, and 1500 mg/k &P did not differ significantly from that of.thg negative control.
Calcium Silicate. No increased mutation frequencies were se fgmparing the data of both experiments indicates that hydrated

in SalmonellaTA-1530 or G-46 SaccharomyceB3 had no sig- glcium'SiIicfate does not induce dominant lethal mutations
nificant increase in recombinant activity. In fact, a reduction iﬂ_ltton Bionetics, Inc., 1974).

recombinant activity was produced by the compound. In a sec- .

ond host-mediated assay, Calcium Silicate was administered&€tOMte o .

5000 mg/kg to mice again§almonellaTA-1530 and G46 and ~ Hectorite suspended in dimethylsulfoxide (DMSO) at con-
SaccharomyceB3. All tests were negative. centrations of 10 to 3000g/plate was subjected to spot test us-

Cytogenetic studies in vivo examined bone marrow cells 4R five mutantstrains @almonella typhimuriutar 2, hisTA98,
rested in C-metaphase from rats exposed to FDA compoufig ’A100, hiSTA1535, hisTA1537, and hisTA1538, with and
71-41, Calcium Silicate. Rats were administered 15, 150, aidhout metabolic activation. Positive controls were carried out
1500 mg/kg doses. The positive-control was triethyler‘rgi”zmg _Aroclor 1254. Hectorite was no_nmutagenic in all five
melamine (TEM) and the negative-control was saline. The chi§St strains (Inveresk Research International 1995).
mosomal abnormalities observed in the positive-control animals
were significantly greater than those of either the negative cdagnesium Aluminum Silicate
trol or the compound. The maximum effect of the positive con- MAS was subjected to spot test using five mutant strains
trol was observed at 48 h after administration. Calcium Silica@ S. typhimuriumLT2, hisTA98, hisTA100, hisTA1535,
produced breaks in the range of 1% to 3% in all three acUtsTA1537, and hisTA1538. Positive and negative controls were
dosage levels. However, these were not significantly higher the@fried out utilizing S9 mitochondrial preparations from the liv-
the negative controls. The subacute dose of 150 mg/kg produ€&sl of Sprague-Dawley rats and 2-aminoanthracene. MAS was
breaks at 3%. The negative-control breaks were consistent wighind to be nonmutagenic in all five test strains (Blevins and
those of other experiments. Taylor 1982).

These same cytogenetic tests were observed in vitro. Cells
(not specified) were observed in anaphase for chromosord&blite
aberrations such as bridges, psuedochiasmata, multipolar cellsDurnev et al. (1993) tested the clastogenic potential of Ze-
acentric fragments, etc. Doses of Calcium Silicate were as folite particles<10 pm in length in peripheral human blood
lows: 1.0, 10.0, and 100.2g/ml. Controls, both positive and lymphocytes. Chrysotile fibers were used as a positive control.
negative, were the same as reported above. The positive cBoth fibers produced statistically significantincreases in the per-
trol produced significantly greater percentages of chromosoneehtage of aberrant metaphases, mostly from chromatid breaks.
aberrations than the negative control or test compound. Th&eperoxide dismutase (503/ml) protected against the induc-
were no aberrations observed due to Calcium Silicate. tion of aberrant metaphases by chrysotile asbestos, but not by

In a third cytogenetic test, Calcium Silicate was administereteolite. However, catalase (2y/ml) protected against induc-
to male rats in one dose and in five doses of 5000 mg/kg.tidn of aberrant metaphases by Zeolite, but not by chrysotile
positive-control, TEM, and a negative-control, saline, were alssbestos.
tested. Metaphase spreads were prepared from the bone marro@hromosomal aberrations in cells of C57BL/6 mice were also
cells of these animals and scored for chromosomal aberratiomsestigated. The cells were collected by peritoneal lavage and

Calcium Silicate
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from the bone marrow of mice and were sampled at 1, 2, 7, andClinoptilolite, Phillipsite, Mordenite, Nonfibrous Japanese
28 days after the intraperitoneal injection of 10§/mouse nat- Zeolite, and synthetic Zeolitesannot be evaluated as to their
ural Zeolite particles. Chrysotile asbestos was used as a positiagcinogenicity to humanggroup 3) according to the IARC
control. The lavage sample contained 20% lymphocytes, 209(1®97).
30% macrophages, and 50% to 60% PMN leukocytes. The injec-Table 22 is a summary of carcinogenicity data, which were
tion of the Zeolite induced a statistically significant increase itetailed earlier in the sectioknimal Toxicology
aberrant metaphases after 7 and 28 days in the peritoneal lavage
cells. Chrysotile induced the aberrant metaphases at all times in
both the peritoneal lavage and bone marrow cells (Durnev et GLINICAL ASSESSMENT OF SAFETY
1993). ' _ Dermal Irritation
Valatina, Pylev, and Lemjase\{ (1994), tested the CIaStOge_rﬂ)l%gnesium Aluminum Silicate
effect on bone marrow cells of five dust samples from Zeolite - .
. L . . Applications ¢ 2 g of VEEGUM were made to the skin of
tuffs. Presterilized dusts were administered intraperitoneally to . X . .
. : ) two human subjects in an 1-inch area daily for 1 week. No effects

BALB/C mice. The known clastogen mitomycin C was used as . :

" ; : Were noted and no other details were given (Munch 1944).
a positive control and 0.5 ml of saline as a negative control. The
animals were killed 24 h after administration and mice bone
marrow samples were taken. Polychromatophilic erythrocytashalation
(PCEs), which contain micronuclei that are formed during maluminum Silicate

tosis on acentric fragments of the chromosomes as a result ofjysk et al. (1980) surveyed 17 workers exposed to the Alu-
clastogenic actions, were counted. Many of the dust sampigum Silicate dust, alunite. Respiratory questionnaires and oc-
were as potent a clastogenic agent as mitomycin C. A summagQpational history, pulmonary function testing, and posterioan-
of the results is listed in Table 21. terior chest radiographs were obtained. The alunite chemical

analysis was that 48.5% of it wasA); and 35.0% was Si®

The average age of the subjects was 29.1 years. The mean trans-
CARCINOGENICITY fer factor for carbon monoxideT() predicted for the whole

The IARC (1997) has placed Attapulgite fibes$ um in  group was 85.8% and the mean ratiolpfto effective alveolar

Group 2B, possibly carcinogenic to humankibers <5 um  volume (V) was 83.8%. The actual grotp andT_/Va was
cannot be classified as to their carcinogenicity to humand |ess than predicted. Overall, the group had comparable predicted
were classified in group 3. The Utrecht University’s Institute fdevels of forced expiratory volume (FEV) in 1 second, vital ca-
Earth Sciences and Vening Meinesz Institute for Geodynanggcity (VC), and total lung capacity (TLC). Two subjects had
Research (Englehard 1998) analyzed Engelhard’s Attapulggi@all irregular opacities on chest films. Neither of these subjects
clay by transmission electron microscopy to determine the fibigsid previous exposure.
length. The transmission electron microscopic analytical results

was<5 pm. Attapulgite

Churg (1983) surveyed the total pulmonary nonasbestos min-

TABLE 21 eral content in 20 patients who had no occupational dust expo-
Micronuclei induced by Zeolite tuffs (Valatina, Pylev, and Sure. The lungs were autopsied and 3- to 5-g pieces were dis-
Lemjasev 1994) solved in bleach and the treated sediment was transferred to a

electron microscope grid. Mineral fibers were identified using

Administered Dose Amount of PCEs with electron diffraction and energy dispersive x-ray spectroscopy.
substance (mg/g) micronuclei (per 1000 PCEsNo correlations were between numbers or types of fibers and

age, sex, or smoking. Attapulgite was identified in 12/20 patients

Dust 1 028? 8;’3:‘:3& 8'5 and approximately 8400/106000 fibers (7.9%) were Attapulgite.
' 5. = Further mineralogical analysis revealed 100% of the Attapulgite
Dust 2 14 2.8%0.3 fibers were 1 to 4.9vm in length.
2.1 3.83+0.6
58 o
. . ' Churg (1983) surveyed the total pulmonary nonasbestos min-
Dust 4 2.15 6.20.5 . . :
86 59105 eral content in 20 patients who had no occupational dust expo-
. . ' sure. The lungs were autopsied and 3- to 5-g pieces were dis-
Dust 5 3.25 48%0 . .
13 366L05 solved in bleach and the treated sediment was transferred to an
. . ’ . ’ electron microscope grid. Mineral fibers were identified using
Mitomycin C —0.16 ma/kg 77803 electron diffraction and energy dispersive x-ray spectrosco
Saline control 0.5 mi 2.76¢0.03 dy disp y sp Py-

No correlations were between numbers or types of fibers and
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TABLE 22

COSMETIC INGREDIENT REVIEW

Summary of carcinogenicity data

Procedure Dose/concentration

Result Reference

Aluminum Silicate

Single intrapleural injections of
four samples into rats (lived life span)

20 mg (0—40um)

3 malignant mesotheliomas
(1 pleural and 2 peritoneal)

Pigott and Ishmael
1992

Calcium Silicate

Single intraperitoneal injections into
rats (lived life span)

Chronic inhalation exposure for 1 year 10 mg/n?
in rats

25 mg

Attapulgite
Single intraperitoneal injections into rats 25 mg
Single direct pleural application to
left pleural surface of rats
(killed 2 years later)
Single intrapleural injections into rats
(lived life span)
Single intraperitoneal injections into
rats (lived life span)

40 mg

20 mg/ml of 0.9% NaCl
(0.77 um)

No concentrations given
(fiber lengths ranged
from 0 to 25um)

Single intrapleural injections into rats 20 mg (0.77um)

(lived life span)

Single intrapleural injections into rats 0.5, 2, 4, 8, 16, or 32 mg
(lived life span) (<1 um)

3 samples were injected one time each 60 mg (0.04 to 0.8:m)
week for 9 weeks into rats (surviving
animals were killed at 2.5 years)

Single intraperitoneal injections were 2, 4, and 4 mg (1.3 and
administered for 3 weeks in rats 0.07m)

(killed at 2.5 years)

Inhalation chamber exposure to rats for 10 mg/n¥
6 h/day for 5 day/week (killed at 3, 6,
and 12 months)

Zeolite
Oral administration for 104 weeks 1, 10, 100, or 1000 mg/kg
in rats
Single intratracheal instillations into rats30 and 60 mg€ 5 um)

(killed at end of study)

Single intraperitoneally injectionsinto 10 or 30 mg & 5 um)
mice (10 month study)

Single intraperitoneal injection into
mice

10 mg (<3 um)

Little dust or dust-related fibrosisBolton et al. 1986
was visible; no mesotheliomas
Interstitial fibrosis,
1 small squamous cell
carcinoma, 1 adenoma in
lungs

Bolton et al. 1986

Pott, Huth, and
Friedrichs 1974
17/615 of treated rats developedStanton et al. 1981

pleural sarcomas

Tumor incidence rate was 67%

No mesothelial neoplasmsin  Jaurand et al. 1987
either control or treated rats

46 mesotheliomas Wagner, Griffiths,

and Munday 1987

No mesotheliomas Renier et al. 1989

2/140 had mesotheliomas Coffin, Cook, and
Creason 1992
Noncarcinogenic results for all Pott et al. 1987
three samples

40% of 30 rats had neoplasms Pott et al. 1987

2 mesotheliomas, 2 peritoneal
mesotheliomas, 1 malignant
alveolar neoplasm, 2 benign
alveolar neoplasms, 11
bronchoalveolar hyperplasias

Wagner, Griffiths,
and Munday 1987

No incidence of neoplastic Gloxhuber et al.

changes 1983

No significant increase inthe  Tatrai and Ungv'ary
incidence of any specific 1983
neoplasm

No neoplastic changes were Suzuki 1982
observed

Mild peritoneal fibrosis butno  Suzuki and
neoplasms Kohyama 1984

(Continued on next page)
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TABLE 22
Summary of carcinogenicity da{€ontinued)

Procedure

Dose/concentration

Result Reference

Single intraperitoneal injections 10 mg (2.24um)

into mice (7—23-month exposure)

Single intrapleural injection into 20 mg
rats (chronic study)
Single intraperitoneal injections 25 mg

into rats (141 weeks)
Single intrapleural injections inrats 26

Single subcutaneous injections 2am

3 intrapleural injections were given 20 mg (3 to 50Qum)
in monthly increments to rats
3 intrapleural injections were given 20 mg (5 to 10Qum)

No mesotheliomas observed Suzuki and Kohyama 1984

1 pleural and 1 peritoneal Wagner et al. 1985
mesothelioma

1 peritoneal mesothelioma Maltoni and Minardi 1988

No difference in tumor incidence Maltoni and Minardi 1988
between control and treated
groups

No difference in tumor incidence Maltoni and Minardi 1988
between control and treated
groups

2 mesotheliomas and 1 bronchialPyev et al. 1986
carcinoma/93 treated animals

Neoplasms were found in 41/101Pyev et al. 1986

animals
1 mesothelioma and 1
pulmonary adenocarcinoma

in monthly increments to rats

Inhalation exposure to rats for 7
h/day, 5 days/week for 1 year
(lived life span)

10 mg/n? Wagner et al. 1985

age, sex, or smoking. Kaolin was identified in 12/20 patients aBd6 were studied for dust exposure and pulmonary function.
approximately 3500/106000 (3.3%) fibers were Kaolin. Furthémong the nonsmokers with no pneumoconiosis, those persons
mineralogical analysis revealed 94% of the Kaolin fibers weveorking in calcined clay had a greater prevalence of lung func-
1to 4.9um in length. tion abnormalities. This group had a significant increase in the
Morgan et al. (1988) surveyed and studied the prevalengsk of having an abnormal FEV but tended to have less inci-
of ventilatory impairment, chest symptoms, and radiographitences of pneumoconiosis. In short, ventilatory impairment was
abnormalities in over 2000 Kaolin workers representing oveglated to the presence of complicated pneumoconiosis, employ-
95% of the current employees in the industry. Of the particiment in clay calcining, and cigarette smoking. Also work in
pants, 19% admitted having a cough. Of those participants wilty processing was associated with a greater risk of developing
a cough, 17% had an abnormal FEV and 14% had an abnormpaéumoconiosis (Morgan et al. 1988).
VC. Of those without a cough, 5.5% had an abnormal FEV and Waxweiler et al. (1988) evaluated the possible health ef-
7% had an abnormal VC. Also, 18% of the participants admittéelcts of occupational exposure to Attapulgite. A cohort study
to chronic sputum production. Of those with sputum productionf 2302 men employed for at least 1 month at an Attapulgite
16% had abnormal FEV, and 12.5% had abnormal VC. Of thosgning and milling facility was followed through 1975. A sig-
without the production, 6% had an abnormal FEV, and 7.5% hadicant deficit of mortality from nonmalignant respiratory dis-
an abnormal VC. About 30% of the participants complained eise (NMRD) was observed based on age, calendar year, and
shortness of breath, 3.1% was classified as severe. Wheezatgs was observed. A marked deficit of NMRD was seen regard-
was reported by 29% of the subjects. Satisfactory chest filless of presumed dust exposure level, induction-latency period,
for 2069 of the subjects were available for examination. Radior duration of employment. A statistically significant excess of
graphic findings of 90 subjects revealed simple pneumoconiosi®ortality from lung cancer was observed among whites, but a
Ofthese cases, 3.16% had category 2 pneumoconiosis, 1.0%dhefitit occurred among nonwhites. Lung-cancer risk in either
category 5, and 0.25% had category 3. Eighteen subjects (0.89&ge was not altered substantially with presumed dust exposure
had complicated pneumoconiosis. Of these cases, five had sfagel, induction-latency period, or duration employed, with one
A, eight had stage B, and five had stage C. Of men with eithexception—those employed for atleast5 yearsin high-exposure-
case of pneumoconiosis, 51.1% were dry processors, compdese| jobs. An increased mortality was observed for gastric can-
to 6.3% of the men who worked in wet processing. Of the norer (six observed) and a deficit due to nonmalignant respiratory
smoking participants (549), 542 and 537 men had a satisfactdigease was observed (nine observed).
FEV and forced vital capacity (FVC), respectively, in additionto The lungs of 62 recently deceased men between the years
an acceptable chest radiograph. Of these nonsmoking workefs1968 to 1981 were taken for an assessment of the severity
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of lung disease (Wagner et al. 1996). Fifty-four of the 62 meziay group had little exposure to anything but china clay. The de-
worked with china clay or china stone. All the test subjects weggee of interstitial fibrosis appears to be more related to dust lung
employed in the mining industry. Test subjects were divided intmncentrations, although these results failed to reach statistical
groups according to their contact with the minerals: dusty chisgnificance (Wagner et al. 1996).
clay; wet, nondusty china clay; china stone; other dusty envi- The ACGIH does not classify Kaolin as a human carcinogen
ronments. The authors of this publication define china clay asd gives a TLV-TWA of 2 mg/rfor respirable dust and total
“consisting mainly of the mineral kaolinite and in most othedust (ACGIH 1997).
countries it is referred to as Kaolin.” China stone “consists es- Zhang, Zhang, and Song (1997) reported the results of envi-
sentially of a mixture of quartz, feldspars, micas, and amorphousmental monitoring and health surveillance performed on 781
silicon dioxide.” Chest radiographs were available for 39 of theyrophyllite miners and Pyrophyllite dust carvers fromthe years
62 cases. Sections of lung tissue were examined microscopicaliy1 954 to 1986. Routine radiographs of the workers lungs were
for nodular and interstitial fibrosis and an overall grade rangirsggudied for lesions of pneumoconiosis. The PM workers were
from O (none) to 3 (severe). Samples from 42 cases were divided into three groups, manual drillers (A), mechanical dry
alyzed for mineral content by x-ray diffraction and lung-dudrillers (B), and mechanical wet drillers (C). The PCM workers
concentrations. were divided in two groups, carvers in factories (A) and carvers
Radiographic lesions included 13 cases of progressive magrking at home (B).
sive fibrosis and 22 cases of simple pneumoconiosis. Only fourPM workers, group B, had a greater incidence (43.5%) of
cases had no evidence of any disease. Nodular opacities terieelimoconiosis than all other groups. In order to exclude the
to reflect a high quartz content, whereas high-Kaolin lung coaffect of the duration of exposure (DE), the DE-adjusted preva-
tent had interstitial changes and irregular radiological changésnce rate was calculated. The DE-adjusted rates are as follows,
Mineralological analysis of the 42 cases revealed two separ®d groups, 36.6% and PCM groups, 14.4% of pneumoconiosis
groups of mineral composition and one miscellaneous groyghang, Zhang, and Song 1997).
The china clay group was composed=680% Kaolinite in its
samples consisted of 16 cases. The other distinct group, the @g¥e Reports
and stone group, was composed<#0%; Kaolinite and greater aj,minum Silicate
contents of subsidiary components including quartz comprised
16 cases. The other group had a large variation of mineral com
position. Lung-dust concentrations were greatest in the Chi%ell

clay group as shown in Table 23. stitial inflammation and fibrosis were seen. Nodular granulomas

The grades of nodular fibrosis ranged in the chlna_clay 9'0URan in silicosis were absent. Mineralogical analysis revealed
from O (none) to 2 (moderate—up to 7 nodules/section or noﬁ]—

| £3106 in di ter). In chi tone/cl h ostly silicates, i.e., aluminum and potassium silicate.
ules of 3 to 6 mm in diameter). In china stone/clay group half, Musk, Greville, and Tribe (1980) reported a case of a

8 of 16, were grade 3 (severe—more than 7 nodules/ SeCtlon4‘ﬂr-year-old woman who had no history of previous exposure to

6 to 10 mm in diameter). An increasing quartz concentraliof) minum silicate dust until she started working at an alunite-

appears 1o be related t.o nodglar fi.brosis. Interstitial fibr(_)sis tigsidue bagging mill. Chemical analysis of the alunite-residue
group ranged from 1 (slight—fibrosis located around resplratogylowed 48.5% of constituents to be,® and 35.0% to be

bronchioles, which may extend into alveolar ducts and adjac . Eight months after working, she noticed the onset of dry

alveoli, but with areas remaining free of fibrosis between adj@bugh and shortness of breath. Within 3 months these signs
c_ent r_esp?ratory bronch@oles) o3 (s_evere—widespread diﬁu%%ted throughout the day. She remained working for 18 months
fibrosis with few recognizable alveoli; honeycomb may or Ma¥nd after leaving work, the cough completely subsided within

) . e . ] ?months. She also complained of pain and morning stiffness in
concentration and interstitial fibrosis grades; however, the Ch'f&?nts, wrists, elbows, and right knee. Corticosteroid treatment
was started after a lung biopsy. A chest film taken 3 months af-
TABLE 23 ter the onset of symptoms had lesions of diffuse small irregular
ho opacities throughout both lungs. Subsequently, pulmonary func-
tiontests revealed a decrease in transfer factor for carbon monox-
ide (TL) and effective alveolar volume (TL/VA) and abnormal
Lung dust concentrations (mg/g) transpulmonary pressure—lung volume relationships. Pulmonary
lesions included examination interstitial infiltration with small
Mineral group Minimum  Maximum  Median  round cells, variable fibrosis, and scattered granulomas. Alveoli

were distorted and the granulomas were moderately well formed

Sherwin (1979) found abnormal numbers of birefringent par-
es in the lungs of seven patients: five vineyard workers, one
mer, and one rural resident. A spectrum of early-to-late inter-

Dust concentrations in lung tissue of deceased men w
worked in the mining industry (Wagner et al. 1996)

gﬂ::: g’!iﬁé?&la (b) 7461 2?4‘1 4105% with multinucleate giant cells and epithelioid histiocytes. After
Miscellaneous (c); 1 .6 o8 '7 6 '5 corticosteroid treatment, no increase in severity of the lung le-

sions was seen.
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Calcium Silicate Fuller's Earth

A 23-year-old man was involved in the bagging process of Tonning (1949) reported a man having worked in a Fuller’s
a food additive. The food additive produced a white thin layétarth plant as a young man. The length of employment was
of powder that continuously covered the work floor. An antibiestimated at no more than 15 years. He was diagnosed with
otic, carboxymethylcellulose, and Calcium Silicate comprisgdrminal aspiration pneumonia, pneumoconiosis due to Fuller’'s
the food additive. On the third day of working, the patient exearth exposure, bilateral emphysema, and fibrous pleural adhe-
perienced an itchy eruption on his face, neck, and forearnsgons. Lesions differed from typical silicotic lesions of the lungs;
The rash was erythematopapular with no vesicles. The rednesdormations of the whorled, acellular collagen typical of sili-
was not diffuse and patches of erythema and papules were cootic nodules were observed. Isolated cavities in the apices were
fluent on the neck and forearms. All signs faded the followinijled with black sludge and surrounded by vascular and cellu-
morning. The rash occurred again when the patient returneddo collagen. The dust in the lymph nodes had only stimulated
work. Patch tests were performed using the food additive, an dne formation of reticulin fibers. No subpleural nodules were
tibiotic, carboxymethylcellulose, and Calcium Silicate. All testpresent. At mineralogical analysis, the Fuller’s Earth deposits
were negative and there were no clinical signs of irritation at theere constituted mainly of Montmorillonite (85.2% to 90%).
test sites. No late reaction was recorded either. A sample of theSakula (1961) reported two cases of pneumoconiosis due to
food additive was examined under the microscope. Analysis fedller’s Earth (Table 24). Mineralogical analysis of the Fuller's
vealed sharp-edged particles corresponding to Calcium SilicaEarth established Montmorillonite as the major component.
It was determined that the Calcium Silicate dust caused an “air-
borne irritant contact reaction.” The problem was eliminated tgaolin
increasing the humidity in the workplace and aspirating the air Lynch, Harrison, and Nagelschmidt (1954) investigated two
(Lachapelle 1984). case studies of men who worked in a Kaolin-processing plant
for many years. The lungs of the two persons and chest x-ray
films were evaluated. The first case was a 36-year-old man who
worked on the plant for 17 years. Chest films were taken at the
&Qd of his career and detected lesions of extensive confluent
nsolidation and nodule formation of advanced pneumoconio-
with infection. Autopsy and microscopic findings included
veolar spaces uniformly expanded, three areas of whorled fi-
ﬁ)g'ous tissue, scattered areas of cystic spaces, hilar nodes heav-
ily pigmented, deposits of brownish black particulate matter,
old den?allarge vessel with recent thrombus, hemorrhage, and necro-
, marked fibrous thickening of the pleura, and dense fibrous
arring of the lymph nodes. The final diagnosis was pneumo-

josis (kaolinosis) with pulmonary thrombosis and infarction
“the lungs. The second case study was a 35-year-old man

o worked in a Kaolin-processing plant for 21 years. Within
ﬁﬂ; last 3 years, he had dyspnea and a slight cough with small

Bentonite

Phibbs, Sundin, and Mitchell (1971) reported many ca:
studies involving Bentonite workers. Some milling plants hatl
dangerous concentrations of silica that ranged from 2 to
times the safe maximal concentration according to the U.
Bureau of Mines. Silicotuberculosis developed in four patien
studied.

Austin and Doughman (1980) reported a 20-year-
assistant who noted a foreign body in her right eye after usii
a drill to polish a patient’s teeth with Prophypaste. Immediate
she noticed decreased vision and photophobia. Several opa
deposits superficially embedded in her right cornea were
moved within 2 h. There was no evidence of corneal perforati
or iritis. A residual superficial corneal infiltrate was noted par
centrally. An anterior uveitis developed and was treated. One

month after the injury, the cornea was edematous with a super- TABLE 24

ficial, peripheral ringlike stromal infiltrate and a deep inferior  pneumoconiosis cases reportedly linked to exposure
stromal infiltrate. A retrocorneal abscess was present. There was to Fuller’s Earth (Sakula 1961)

no eyelid edema present. Culture results were negative. Anterier

segment inflammation, progression of the corneal edema, and ~ Patient Symptoms

an enlarged ring abscess in the corneal stroma continued. Thﬁaﬁe who worked Fine to medium miliary mottling

was complete loss of red reflex and iris detail. The diagnosis; ) )
) . . . ._in a Fuller's Earth of both lungs; sputum

was infectious endophthalmitis and anterior chamber and vit- . L _

L . rocessing plant examinations were negative
reous aspirations were performed. No organisms were seen b .

: s or 42 years for M. tuberculosisslowly
a few PMN leukocytes were present in the aspirations. These : )
g o . : deteriorating pulmonary

authors undertook the toxicity studies in rabbits presented in the . .

. . ) i function; recurrent bronchitis
ocular animal toxicity section under Bentonite. They conclud

L - . . T ale who worked for Chronic cough and sputum; fine
that the similarity of the findings in animals after injection o L - .
. . - L 28 years in milling miliary mottling throughout
Bentonite with the findings in this case report suggested that L .
. : : : : both lungs; increasing
Bentonite was the responsible agent in the dental assistant’s dyspnea

symptoms.



94 COSMETIC INGREDIENT REVIEW

TABLE 25
Pneumoconiosis cases reportedly linked to exposure to Kaolin (Hale et al. 1956)
Patient Symptoms Diagnosis
44-year-old man; worked in a Kaolin mill Cough with thick white sputum; easily dysponeic on slight Pneumoconiosis
for 28-years exertion; well-marked nodulation of silicotic type with
coalesence of the nodules in several areas and emphysema
67-year-old man; worked in china clay  Several years of a productive cough; emphysema,; Pneumoconiosis
bagging for nearly his entire life massive fibrosis on both sides; no evidence of neoplasm
44-year-old man; worked in china clay  Diffuse nodular mottling with considerable attenuation Pneumoconiosis
bagging for nearly his entire life of the bronchovascular markings
39-year-old man; worked 14 years Fine miliary mottling in both lungs; well-marked calcification Pneumoconiosis
with clay at the left hilum
73-year-old man; worked 12 years Small discrete nodular mottling with an increase in the root  Pneumoconiosis
in open limestone quarries shadows and the lung markings
64-year-old man; 43 years loading Cough and shortness of breath; emphysema; definite nodularPneumoconiosis
china clay mottling

amounts of dark colored sputum. The sputum was negative forHerman, Olscamp, and Weisbord (1982), reported a patient
bacteria. Chestfilms revealed advanced pneumoconiosis withwith multiple pulmonary Kaolin granulomas. The man had a his-
fection, confluent consolidation, nodular infiltration, cavitatiortory of bilateral recurrent pneumothorax. Both pleural spaces
and emphysema. Autopsy and microscopic findings includectre destroyed with a suspension of liquid Kaolin. Recurrent
nodules in the right and middle lobes, pleural spaces were thiclght-sided pneumothorax devolved and reobliteration was again
ened and shaggy, large bulbous emphysematous blebs, a pelformed. In a follow-up chest radiograph, multiple well-
monary artery with organizing thrombus, heavily pigmented hilefined peripheral nodules were in both lungs and pathologi-
lar lymph nodes, whorled fibrous collagenous tissue, and spacakanalysis revealed a bland acellular material surrounded by
and walls with macrophages. The final diagnosis was pneunatwonic inflammatory cells. By light microscopy, the particles
coniosis (kaolinosis). were consistent with Kaolin. It was presumed that Kaolin
Hale et al. (1956) reported six cases of pneumoconiosis derered the lungs through pleuroalveolar or pleurobronchial
to Kaolin. These are given in Table 25 and not further discussepenings.
here. Lapenas and Gale (1983) reported that a 35-year-old manwho
Butz (1970) reported that a 47-year-old man who wasveorked at a Kaolin-processing plant for 17 years complained of
chronic intravenous drug user died from tetanus. The man hatkst pain and was hospitalized. For the previous 2 years be-
been injecting paregoric, a camphorated opium tincture contafore admittance, the man had packaged dried, processed Kaolin.
ing 35 to 46 mg of morphine per 100 ml. Paregoric can be fourzhest films revealed diffuse reticulonodular pulmonary infil-
in proprietary preparations that do not require prescriptions; itrates and a well-defined, noncalcified mass in the upper right
travenous drug users often attempt to separate the paregoric fiobe. A thoracotomy was performed and ax8.2 x 10-cm
the Kaolin. Often the injection of Kaolin, either through shuntsonglomerate pneumoconiotic lesion containing large amounts
in the lung of an intravenous drug user with obliterative pubf Kaolin was found. X-ray diffraction material from the lesion
monary arteritis and angiomatoid formations or by extrusidmd peaks corresponding to Kaolinite. The presence of silica
from the arterial lumen and transfer to the pulmonary veins, alras not confirmed by x-ray diffraction.
lows the Kaolin crystals to go into the peripheral circulation. Lapenas et al. (1984) obtained pulmonary tissue from five
In this patient, numerous skin abcesses were noted on the né&olin workers with advanced pneumoconiosis. Chest radio-
shoulders, upper extremities, chest, thighs, and lower extregnaphs detected small irregular shadows and large opacities typ-
ities. In skin sections, the lesions were multiple foreign bodgal of Kaolin pneumoconiosis. At autopsy, firm, grey-brown
granulomata and large birefringent crystals. Adhesions over thedules and masses were in the parenchyma and in the hilar
pleural surface of the lungs were also noticed. At microscopgimph nodes. Microscopic lesions were extensive pulmonary
examination the lungs had foreign body granulomata within ttik&olinite deposition associated with the formation of peribron-
pulmonary arterioles. Extensive pulmonary edema and massh®lar nodules. The nodules were comprised of Kaolinite ag-
of pigmented histiocytes filled the alveolar spaces. Extensigesgates transversed by bands of fibrous tissue rather than dense
periportal fibrosis was seen in the liver. The central nervous syghorled collagen. Kaolin was detected in the lungs. Silica was
tem lesions were extremely fine, double refractile particles mot detected by either analytical scanning electron microscopy
nerve bundles entering the anterior roots in the central regiomr x-ray diffractometry.
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Levin et al. (1996) investigated the death of a 62-year-oldflammation and fibrosis and presence of many fibrous and
man who worked in a cotton textile mill for 43 years. The paonfibrous particles. The particles were analyzed by SEM and
tient complained of progressive dyspnea and a productive cougtere identified as aluminum silicates. The analytic pattern was
After being admitted to the hospital, a bronchoscopy was peharacteristic of Zeolites. No asbestos fibers were found and
formed and no endobronchial lesions were found. A lung biopsyposure to these fibers was unlikely.
had lesions of severe interstitial fibrosis with bronchioalveolar
structures extensively involved in the fibrotic process. Pathologiyconium Silicate
ical alterations such as bronchiolectasis, interstitial fibrosis with 5 nonsmoking 25-year-old woman developed a worsening

thickening of alveolar septa, mobilization of macrophages, a@%, cough and dyspnea after 3.5 years as a tile sorter and glazer.

multinucleated giant cells were identified. Neither ferruginougne \woman had a history of atopic dermatitis and at age 13 de-

bodies nor pleur_al hyaline pla_lque was identified. Kaolin particl%mped pneumonia. An open lung biopsy specimen had lesions

were present with a mean size of 0,881. Chrysotile asbestos ot 5 severe granulomatous interstitial pneumonia with mild fi-

was also detected, but the majority of particles were Kaoligrosis and numerous very small birefringent crystals around the

The man died as a consequence of respiratory failure despitg&inal airways and occasionally in the granulomas. Pulmonary

aggressive therapy of antibiotics and tuberculosis therapy. particle analysis established a dust burden almost 100 times the
) o normal. The particles consisted mainly of clay minerals and Zir-

Magnesium Trisilicate conium Silicate (Lippo et al. 1993).

Lee etal. (1993) reported a case of a 30-year-old female with

a long-term history of ingesting trisilicate-containing antacids.

The patient had repeated attacks of renal colic but the presegeaMMARY

of calculi could not be determined by intravenous pyelography This report provides a review of the safety of Aluminum,

nor ureteroscopy. X-ray diffraction did detect a silicate stongg|cjum, Lithium Magnesium, Lithium Magnesium Sodium,

The patient stopped taking trisilicate containing products._Tmﬁagnesium Aluminum, Magnesium, Sodium Magnesium, and
frequency of stone passage decreased and the renal colic Wasonium Silicates, Magnesium Trisilicate, Attapulgite,

relieved. Bentonite, Fuller's Earth, Hectorite, Kaolin, Montmorillonite,
o Pyrophyllite, and Zeolite. These ingredients are termed silicates
Montmorillonite because they contain silicon, oxygen, and one or more metals.

A 73-year-old Montmorillonite worker developed signs ofiany silicates occur naturally and are mined; yet others are
pneumoconiosis. A chest radiograph was taken 2 years befgigde synthetically.
his death and a bilateral fine reticulonodular shadowing was Typical cosmetic uses of silicates include abrasive, opacify-
observed. The man died of acute gastrointestinal hemorrha\g@agem, Viscosity-increasing agent, anticaking agent, emulsion
from a benign gastric ulcer. A few weeks before his death agtabilizer, binder, and suspending agent. Clay silicates (silicates
other chest radiograph indicated a slight increase in the reti@ntaining water in their structure) primarily function as adsor-
ulonodular opacities and a mass at the left hilum and ap&ents, opacifiers, and viscosity-increasing agents. Pyrophyllite
At autopsy, numerous soft stellate grey-black dust lesions 4ioalso used as a colorant. Current concentrations of use range
5 mm in diameter that occupied most of the lungs were founlom as low as 0.01% for Zeolite to a high of 84% for Kaolin.
No lesions of progressive massive fibrosis were identified. AlSpme ingredients with no uses reported to FDA in 1998 have
present were lesions of severe emphysema and a 4-cm diagifrent concentrations of use reported by the industry, so it is
ter neoplasm arising from the bronchus of the left upper lobgssumed they are in use.
At microscopic examination, numerous interstitial collections Aluminum Silicate is approved as an indirect food additive in
of dust-laden macrophages were situated around the respiratieyCode of Federal Regulations (21 CFR 177.2600 and 21 CFR
bronchioles and along the adjacent alveolar septa. There Wa¥.1200). VEEGUM, a tradename for Magnesium Aluminum
a slight degree of fibrosis associated with the dust lesions agiiicate, has been designated by the FDA as a raw material with
the neoplasm was a poorly differentiated adenocarcinoma ceife following number: FD CRMCS no. R0010045 and has an
taining giant cell areas. Mineralogical analysis showed a larggiividual Chemical Abstract Registry number, 12199-37-0. Ac-
amount of calcium Montmorillonite (Gibbs and Pooley 1994)cording to the European Cosmetic Directive (EU reference no.

391 Annex Il), zirconium and its compounds are listed under

Zeolite substances that must not form part of the composition of cos-

Casey et al. (1985) reported a patient living in the Nevadaetic products, with the exception of complexes in Annex lll,
desert who developed extensive pleural thickening and interg®art I. IARC has ruled Attapulgite fibers5 um as group 2B,
tial fibrous associated with the pulmonary deposition of Zeolitpossibly carcinogenic to humarend fibers<5 pwm as group 3,
Anopen biopsy of the rightlung and pleurawas performed onthet classified as to their carcinogenicity to humafi8RC
52-year-old man. Mycobacterial and fungal cultures were nedeB97). Bentonite is considered GRAS as a direct food additive
tive. Histopathological evaluation established lesions of chron2zl CFR 184.1155). Kaolin is considered GRAS as an indirect
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food additive (21 CFR 186.1256). Pyrophyllite is listed as eortical lesions. Guinea pigs had renal lesions after 4 months
naturally occurring color additive in the Code of Federal Regwf drinking Magnesium Trisilicate in their tap water. Rats fed
lations (21 CFR 73.1400). The natural Zeolites (Clinoptilolitel 0% Magnesium Aluminum Silicate had slightly elevated sili-
Phillipsite, Mordenite, Nonfibrous Japanese Zeolite) and syoen levels of the spleen and dogs and rats fed 10% VEEGUM
thetic Zeoliteannot be classified as to their carcinogenicity tthad no negative responses in 90-day feeding studies. No lesions
humanggroup 3) according to IARC (1997). Calcium Silicatewere found in rats dosed up to 1000 mg/kg for 104 weeks.
Magnesium Aluminum Silicate, Magnesium Trisilicate, Atta- The following results are from acute parenteral injection stud-
pulgite, Hectorite, and Kaolin are all used in over-the-countes. Intratracheal injections of Aluminum Silicate caused lesions
products. in a dose-dependent manner and the intrapleural injections of
Hectorite and Montmorillonite catalyzed glycine andour different Aluminum Silicate samples all resulted in lesions.
diglycine oligomerization reactions; oligomers were formed b@ne aluminosilicate injection caused three malignant mesothe-
self-condensation of both purines and pyrimidines in the prdgamas, one pleural and two peritoneal. No mesotheliomas de-
ence of Montmorillonite treated with Na Under UV light, veloped in rats injected intraperitoneally with 25 mg of Calcium
adenosine monophosphate molecules were absorbed ®itaate dust. Subcutaneous injection into the oral mucosa and
Kaolin and the products were hydrolyzed by phosphodiesteraggo the back, periosteal injections into periosteal tissue, and in-
All silicates have the great ability to absorb, especially theamuscular injections into the thigh of rats and guinea pigs with
clays. Reports describe drugs, bacteria, viruses, and toxins Aleonium Silicate resulted in mild inflammatory reactions. At-
sorbed to clays due to the physical structure of clays and th&pulgite was injected intraperitoneally, intrapleurally, and intra-
cationic nature. tracheally in various studies. Most studies reported that lesions
No statistically significant absorption of aluminum and eland mesotheliomas were dependent on fiber length. Samples
evated levels of silicon were recorded in assayed plasma samith a longer length caused greater numbers of mesotheliomas.
ples of dogs given Magnesium Trisilicate and Zeolite orallysubplantar injections of Bentonite caused granulomas. Intratra-
The urinary excretion of silica was 5.2% in males given 20 cheal injections of Bentonite and groufBTreptococcuspecies
of Magnesium Trisilicate. Ten percent Bentonite in the diets shused an 85% mortality compared to a 5% control mortality
rats overcame T-2 toxicosis completely. Various Zeolites weie mice; another intratracheal injection caused loose reticulin
added to the diets of pigs. No adverse effects were noted by fheils with no collagen. Kaolin injected with th&treptococcus
supplementation. species caused statistically significant but modest mortality in
A sample of Aluminum Silicate was toxic to pulmonarymice. In a series of intrapleural injections, Kaolin was used as a
alveolar macrophages and LDH activity agdGAL release negative control. Heat treated Montmorillonite dosed to rats by
were increased. Aluminum Silicate had relatively no effect ameans of intratracheal instillation was restricted to alveoli within
the hemolysis of rat RBCs. Synthetic Calcium Silicate samplasd adjacent to alveolar ducts. Minor inflammatory reactions,
and higher concentrations of Calcium Silicate caused increaded no lesions, were found in rats given intratracheal injections of
hemolysis of human RBCs; a greater fibrous character of Céllinoptilolite, and intraperitoneal injections of Mordenite, Syn-
cium Silicate samples caused increased LDH BA@AL re- thetic Zeolite 4A, and synthetic Zeolite MS5A (one mesothe-
lease. Many clays (Attapulgite, Bentonite, Hectorite, Kaolifioma was seen in rats given MS4A). An intrapleural injection
Montmorillonite, Pyrophyllite, and Zeolite) demonstrated cytosf Nonfibrous Japanese Zeolite caused two mesotheliomas in
toxicity to several macrophage type cell lines and have hemolytats.
activity towards several species’ RBCs. Particle size, fibrogenic- Small primary neoplastic lesions were found in two rats ex-
ity, concentration, and mineral composition had the greatgxised to a Calcium Silicate sample in an inhalation chamber.
effect on toxicity. Larger particle size and longer and wideFhe mass of silicate measured in the lungs ranged from 0.1 to
fibers cause more adverse effects. In most of the studies, a d@s8-mg. Lebrija and Leichester Attapulgite samples caused one
dependent effect on cytotoxicity or lysis was observed. Moperitoneal mesothelioma, one adenocarcinoma, and three bron-
mineral samples were not 100% pure and many samples alrealdgalveolar hyperplasia and two mesotheliomas, one peritoneal
contained toxic dusts or minerals like quartz or cristobalite. mesothelioma, one malignant alveolar tumor and eight bron-
The following are a list of acute oral Ldg determinations: choalveolar hyperplasia (inhalation route) in rats, respectively.
Calcium Silicate, 3400 mg/kg in rats; Magnesium AluminunBoth samples contained long fibers. Moderate to extensive respi-
Silicate, 50000 mg/kg in mice; Zirconium Silicate200 g/kg ratory disease was noted in rats chronically exposed to Synthetic
in mice; Hectorite,>5 g/kg in rats; Kaolin, 149 g/kg in rats Zeolite A by inhalation methods.
(death due to bowel obstruction); 15 natural Zeolites, 10 g/kg The acute dermal LE) was >3.5 g/kg for rabbits exposed
in rats. In short-term oral toxicity studies, no adverse effects VEEGUM. Magnesium Aluminum Silicate (4%) was a weak
were seen in mice or rabbits dosed up to 5 g/kg Magnesiyrimary skin irritant in rabbits and had no cumulative skin irri-
Aluminum Silicate; beagle dogs and rats fed Aluminum Silicatation in guinea pigs. No gross effects were reported in any of
had no renal lesions. Dogs and rats fed Magnesium Trisilicatese studies. Sodium Magnesium Silicate (4%) had no primary
for 4 weeks had polydypsia and polyuria, and all dogs had rers&in irritation in rabbits and had no cumulative skin irritation in
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guinea pigs. Hectorite was nonirritating to the skin of rabbits iminum Silicate, Magnesium Silicate, Magnesium Trisilicate,
a Draize primary skin irritation study. Sodium Magnesium Silicate, Zirconium Silicate, Attapulgite,
A 4% solution of Magnesium Aluminum Silicate and a 4%Bentonite, Fuller's Earth, Hectorite, Kaolin, Lithium Magne-
solution of Sodium Magnesium Silicate caused minimal ey@um Silicate, Lithium Magnesium Sodium Silicate, Montmo-
irritation in a Draize eye irritation test. Bentonite caused seHdlonite, Pyrophyllite, and Zeolite. The Panel did note a con-
vere iritis after injection into the anterior chamber of the eyes otrn about inhalation of these ingredients due to reported cases
rabbits. When injected intralamellarly, widespread corneal infitf pneumoconiosis and fibrosis in humans and pulmonary le-
trates and retrocorneal membranes were recorded. In a primsinns in animals. However, extensive pulmonary damage in hu-
eye irritation study in rabbits, Hectorite was moderately irritathans was the result of direct occupational inhalation of the dusts
ing without washing and practically nonirritating to the eye witland lesions seen in animals were affected by particle size, fiber
a washout. Rats tolerated a single dose of Zeolite A without algngth, and concentration. The Panel recognizes that most of the
adverse reaction in the eye. formulations are not respirable and of the preparations that are
Calcium Silicate (250 to 1600 mg/kg) had no discernibleespirable, the concentration of the ingredient is very low. Even
effect on nidation or on maternal or fetal survival in rabbitso, the Panel considered that any spray containing these solids
Magnesium Aluminum Silicate (6000 mg/kg) had neither a teshould be formulated to minimize their inhalation.
atogenic nor adverse effects on the mouse fetus. Female rat®lote: The cosmetic ingredientalc, is a hydrated magne-
receiving a 20% Kaolin diet exhibited maternal anemia but resum silicate with the chemical composition of ¥&8j,010(OH),.
significant reduction in birth weight of the pups was recordedalc occurs in various forms and has a unique crystalline struc-
Type A Zeolite produced no adverse effects on the dam, etare which differs from ingredients addressed in this safety as-
bryo, or fetus in either rats or rabbits at any dose level (74 sessment. Talc is not included in this report.
1600 mg/kg). Clinoptilolite had no effect on female rat repro-
ductive performance.
Noincrease mutation frequencies were seeniStimonella CONCLUSION
TA-1530 or G-46 assay and no significant increase in recom- The CIR Expert Panel concludes that Aluminum Silicate,
binant activity in theSaccharomyce®3 assay treated with Calcium Silicate, Magnesium Aluminum Silicate, Magnesium
Calcium Silicate. A subacute dose of 150 mg/kg of Calciumilicate, Magnesium Trisilicate, Sodium Magnesium Silicate,
Silicate produced 3% breaks in bone marrow cells arrested4{conium Silicate, Attapulgite, Bentonite, Fuller's Earth, Hec-
c-metaphase. In a metaphase spread of bone marrow cells, &4jte, Kaolin, Lithium Magnesium Silicate, Lithium Magne-
cium Silicate produced no significant increase in the numb@t!m Sodium Silicate, Montmorillonite, Pyrophyliite, and Zeo-
of aberrations compared to controls and in a dominant letH4¢ are safe as used in cosmetic products.
assay did not induce any dominant lethal mutations. In the
S. typhimuriuniT2 spot test (TA98, TA100, TA1535, TA1537, REFERENCES
and TA1538) with or without metabolic activation, Magnesium
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