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History of Borosilicate Glasses 
 
2010 – Added to priority list. 
 
November, 2011 – SLR posted. 
 
June, 2012 – Panel examined Draft Report.  Borosilicate glasses were found to be safe in 
the present practices of use and concentration. 
 
September, 2012 – Panel issues a Final Report? 
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Borosilicate Glasses Data Profile for September, 2012.  Writer ‐ Lillian Becker 
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BOROSILICATES SEARCH STRATEGY 

Database/Term/Date  Results 

SciFinder "Borosilicates subst" 
10/2011  

> get references (38); 2 useful 

SciFinder "borosilicate combo"  
11/2011 

"Book Clinical Trial Commentary Conference 
Dissertation Editorial Journal Letter Preprint 
Report Review" (788); 3 useful 
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Transcripts of Borosilicate Glasses 
June, 2012 

 
Dr. Belsito’s Team 

 
DR. BELSITO:  …  Okay.  Borosilicates.  Another Green Book.  And I'd just like to echo 

Wilma's comments beginning with this.  It's been amazing the way things have been presented in first draft.  
So this is the first time we're seeing five borosilicate ingredients -- calcium sodium, calcium aluminum, calcium 
titanium, silver, and zinc borosilicate.  There's not a lot of data on them as cosmetic ingredients, but there was 
data on calcium borosilicate that's not a cosmetic ingredient but I certainly thought could be used to fill in the 
gaps.  And basically I think when you look at how these chemicals are used and their physical properties, I 
thought we could just move this ahead to safe as used.  And really didn't have any concerns about the zinc or 
silver given the binding in those and didn't really see the need for any other data.  But I want to hear from my 
colleagues. 

DR. LIEBLER:  So I concur with that safe as used.  I had one sort of medium major editorial 
change was I just rewrote the chemistry definition section.  I know you talked about the schools of thought with 
respect to the structure.  I abbreviated that and shortened that a little bit because I thought it was sufficient to 
simply say that these have local structural features without long-range order.  So I have some language I 
substituted and I put it in my copy of this PDF for you. 

MS. BECKER:  Okay.  Thank you. 
DR. BELSITO:  Curt, Paul? 
DR. SNYDER:  I was also okay with it. 
DR. KLAASSEN:  Yes, I'm okay with it, too.  I thought in the summary you have a lot of 

discovered.  I thought maybe we could find some other words for some of those, like you couldn't find any 
other data instead of discovered. 

MS. BECKER:  Okay. 
DR. KLAASSEN:  Scientific, I had no problem. 
DR. BELSITO:  Rachel. 
MS. WEINTRAUB:  I mean, I just think as I read this ingredient, the data gaps, the lack of an 

exact structure were glaring.  You know, I just think, you know, I kept marking up there's no toxicokinetics.  
There's no reproductive and developmental tox.  There's no carcinogenicity.  You know, there are concerns 
about impurities.  You know, I think that the panel really needs to be comfortable that with the data that does 
exist that there can be comfort with saying this is safe where it seems like there are really so many gaps. 

DR. LIEBLER:  Yeah, I think the major issue with these is that the size of these molecular 
species, these are so big that they're just not going to be absorbed.  They don't have properties that would 
lead them to be absorbed and distributed.  So structure, you know, the structure is indeterminate at the global 
level for these.  At the local level, structural features are reasonably well understood.  But anyway, I think the 
main issue with the lack of data on acute toxicity, reproductive toxicity, reproductive developmental and so 
forth relates to the fact that these molecules have properties that are just going to prevent them from being 
absorbed, at least from the skin. 

DR. BERGFELD:  I thought that you had to have some discussant points in this one.  Do you 
think that irritation might be one that you take up, as well as what you've just stated in size of molecule in the 
fact that in eye makeup it was irritating and maybe it should be formulated to be non-irritating?  Animal studies 
are irritating? 

DR. LIEBLER:  Sure, I agree with that.  I mean, once I consider the chemical nature of these I 
kind of didn't worry about repro-developmental, for example, or chronic toxicity.  I was mainly interested in skin 
irritation, ocular irritation. 

MS. WEINTRAUB:  I think that needs to be made very clear in that discussion.  I don't know 
that it's clear enough now. 

DR. BELSITO:  Wilma, I'm not sure.  I'm not seeing where you're seeing that irritation data. 
DR. BERGFELD:  Well, I saw the ocular on the animal.  And let me see what page that was. 
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DR. BELSITO:  In Panel Book -- 
DR. BERGFELD:  That was Non-Human Panel Book 9.  And then followed in Panel Book 10 

was the information on human.  It was the first paragraph demonstrated N31 -- 
DR. BELSITO:  It said calcium -- 
DR. BERGFELD:  -- used daily for four weeks in 21 subjects having sensitive eyes. 
DR. BELSITO:  And there were no adverse effects? 
DR. BERGFELD:  No.  But I think that you could say --  
DR. BELSITO:  I didn't see anything here to really -- other than the calcium borosilicates for 

abraded and non-abraded skin in rabbits was reported to be slightly irritating.  And, I mean, we don't even 
know the concentration of that in distilled water and applied at 20 percent it was non-irritating.  And then we 
have concentration of use.  I guess there's one concentration at 97 percent, which then brings me to a point I 
actually had for -- Lillian, you're the author on this? 

MS. BECKER:  Mm-hmm. 
DR. BELSITO:  Incidental ingestion 2010 percent for calcium sodium borosilicate? 
MS. BECKER:  Right.  Definitely a typo.  Did you get in the Wave 2?  They were redone. 
DR. BELSITO:  If there was a Wave 2 redone for the calcium borosilicate I didn't get it. 
MS. BECKER:  We redid all of the use tables because we got new use data. 
DR. BELSITO:  I guess I missed the calcium borosilicate one.  Okay.  I don't know.  I mean, 

does anyone else feel that we need to put in when formulated to be non- irritating? 
DR. SNYDER:  I didn't really think so.  I mean, I noted the two examples on pages -- Panel 

Book pages 9 and 10.  We're on calcium borosilicate either applied to abraded skin or the unwashed material 
into the eye and it produced redness of the conjunctiva in all six unwashed treated eyes. 

DR. BELSITO:  And then you have one for calcium sodium borosilicate, which is the one that's 
used at 97 percent in dermal contact.  Again, an ocular being used up to 99 percent for four weeks.  And the 
exams before and after the use test period were unremarkable.  I mean, that's the eye.  It's not irritating the 
eye.  I can't imagine it irritating the skin.  And so to label something as when formulated not to be irritating 
based upon -- 

DR. BERGFELD:  I wasn't striving for that to be in the conclusion, just in the discussion. 
DR. BELSITO:  I'm not even sure the weight of evidence of three rabbits should outweigh the 

ocular toxicity of, you know, 72 rabbit eyes.  I mean, I can't imagine something being more irritating to the skin 
than it is to the eye. 

DR. LIEBLER:  I guess in the study, the human study you described, it's eye shadow as used 
daily, whereas the rabbits, the material is actually put into the eye.  That's the difference.  And if you put the 
material into the eye you get irritation.  So the people who are using this eye shadow may not have gotten any 
of it in their eyes or they may have gotten very little in their eyes.  They have no adverse effects in daily use. 

DR. BELSITO:  Right.  But my point is that irritation, except from surfactant, is something that 
comes up relatively quickly.  And so you have 72 men and/or women, presumably women, putting on 
something containing this onto the eyelid on a daily basis, excuse me, for four weeks and nothing happened.  
So I'm really not that concerned about the cutaneous irritant potential that it even merits discussion. 

DR. LIEBLER:  I agree. 
DR. KLAASSEN:  I agree. 
MS. BECKER:  Okay.  No discussion.  Going back to the incidental ingestion, if you go to the 

raw data submitted by the Council, the lipstick is 2 to 10 percent. 
DR. BELSITO:  So it should be 2-10? 
MS. BECKER:  Yes. 
DR. BELSITO:  Anything more on borosilicates?  Okay.  So the next one we're due for is 

dimethicone crosspolymers. 
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Dr. Marks’ Team 
 

DR. MARKS:  …Okay.  Borosilicates.  First review.  We have five ingredients to 
consider, so first thing is do all five -- do you want to keep them? 

DR. SHANK:  Yes. 
DR. MARKS:  Should we add or delete?  No?  Okay, so all five are okay.  Do we 

have any data needs? 
DR. SHANK:  No. 
DR. HILL:  No. 
DR. SLAGA:  I agree, too.  No. 
DR. MARKS:  None?  Ron Hill, none?  So we have a conclusion of safe? 
DR. SLAGA:  Right. 
DR. MARKS:  So we would issue a draft tentative report that borosilicates 

glasses as used in cosmetics are safe in the present use and concentration.  Okay.  Any 
comments? 

MS. BECKER:  I need a discussion. 
DR. MARKS:  They're safe.  They're safe.  They're safe. 
DR. SHANK:  Well, they're not soluble.  They won't penetrate the skin so there's 

no need for systemic toxicity data.  And because they're solids, there's no reason to expect 
dermal toxicity. 

DR. SLAGA:  If you dropped a glass -- 
DR. HILL:  Yeah, well, my only big concern related to this whole thing was did we 

get enough of what we needed on the inhalation end to be sure that we're covered well. 
DR. SHANK:  We could just use the boilerplate for the inhalation. 
DR. HILL:  Yeah, we have -- I mean it's in there basically. 
DR. MARKS:  Okay.  Anything else?  So you got enough, Lillian? 
MS. BECKER:  Yeah. 
DR. SHANK:  Incidentally, inhalation exposure in products where it's 97 percent 

of the formulation, that would seem that the borosilicates' fears are delivery -- 97 percent of the 
formulation are these glass beads and it's inhalation? 

DR. ANDERSEN:  It's a powder. 
DR. SHANK:  For inhalation -- well, that's what it sounds like. 
DR. ANDERSEN:  It's incidental inhalation, not purposeful inhalation.  So when 

you're -- not that I do it a lot -- but if you were applying a face powder or using one of those fine 
brushes to put on a makeup powder, then yes, particles could appear in the air, in and around the 
nose, and that's incidental inhalation.  But it's not in an atomizer that you're squeezing to go up 
your nose.  I think that's my understanding of exactly what the inhalation boilerplate is intended to 
cover was okay, what are the chances now that that's actually going to get into the lungs?  
Virtually zero is the answer.  So it would be a perfect application for that framework since we're 
not going to call it a boilerplate anymore. 

DR. SHANK:  Thank you. 
DR. MARKS:  Anything else, Ron Hill? 
DR. HILL:  No. 
DR. MARKS:  Okay.  So again I will move that we have a draft tentative report for 

these ingredients with a conclusion they're safe.  And Lillian, you had the discussion.  I don't think 
I need to bring it up tomorrow unless you want inhalation boilerplate. 

DR. HILL:  The only other question, and this may be editorial, like in the ocular 
data we have this data for calcium borosilicate, which is not a cosmetic ingredient.  Is there really 
any reason to leave that in there? 

MS. BECKER:  It was submitted by Council supporting data. 
DR. HILL:  Yes.  And then there's some evidence of some irritations.  But the 
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point is it's not a cosmetic ingredient, and we do have some test data on some that are.  I mean 
I'm just asking.  Does it need to be in there?  Or does it raise a red flag that we don't need to have 
because it's not a cosmetic ingredient? 

MS. BECKER:  It does cover a few of the empty spaces in the profile. 
DR. HILL:  I was asking specifically with regard to ocular because that's the only 

place where it really raises any red flag, and I'm asking do we need to raise that red flag because 
it's very different -- it's not a glass, I don't think, whereas these others are glasses.  I'll just leave 
that hanging in the air then since no one seems to have an opinion.  I just doubt it needs to be 
there because it's not a glass.  The other ingredients are glasses.  We're seeing an irritation here 
that probably isn't at all applicable to these others.  I grant you it's mild, reversible, a rinse, but -- 

DR. MARKS:  Okay.  Any other comments?  Think it's an irritant because it's a 
solid, like putting pieces of sand in your eye? 

DR. SHANK:  Uh-huh. 
DR. HILL:  I think it -- I don't know, it might be a much finer powder.  If it's not 

"glassified" -- that's not a correct term -- but a very different nature that provides the cause of the 
irritation, but it's probably small particles. 

 
 

DAY 2 
DR. MARKS:  This is the first review by the panel of this draft report on borosilicate classes 

as used in cosmetics and we felt that these cosmetic ingredients could move forward with a draft tentative 
report having a conclusion of safe, and I make that a motion. 

DR. BELSITO:  Second. 
DR. BERGFELD:  Is there any further discussion regarding this particular ingredient? 
DR. BELSITO:  Yes.  Dan had extensively rewritten the chemistry section. 
DR. LIEBLER:  I rewrote it because I think as Lillian noted in her initial draft there is local 

order and long-range lack of order for these structures, but the way it was presented was just a little too 
theoretical so I just condensed it a little bit to make a sharper description. 

MS. BECKER:  Thank you. 
DR. BERGFELD:  Rachel? 
MS. WEINTRAUB:  I sat with the Belsito team this time and I wanted to point out that in my 

review I thought there were glaring data gaps and I wanted to point that out to the team and they explained 
why they were comfortable with the existing report.  But I wanted to note again in this context that there do 
seem to be huge gaps in information that we don't have for this ingredient. 

DR. BERGFELD:  Thank you.  Does anyone want to address that at this time?  We have 
minutes from the team meetings so that can be addressed.  Ron Hill? 

DR. HILL:  I raised the question whether when we got to ocular irrigation that that calcium 
borosilicate data even needed to be in there because I doubted that that was in the form if a class like these 
others and I thought maybe it raised an unneeded red flag.  That was just maybe editorial.  I'm not sure. 

DR. BERGFELD:  I would consider it editorial.  Does anyone want to make a comment on it?  
I'll call for the question then.  All those in favor of safe?  Thank you.  Unanimous.  Moving on then to the next 
green ingredient which is dimethicone crosspolymers with Dr. Belsito. 
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ABSTRACT 
The Cosmetic Ingredient Review Expert Panel (the Panel) reviewed the safety of calcium sodium borosilicate, 

calcium aluminum borosilicate, calcium titanium borosilicate, silver borosilicate, and zinc borosilicate as used in cosmetics.  
These borosilicate glasses function mostly as bulking agents.  The Panel reviewed available animal and human data related to 
these ingredients along with a previous safety assessment of magnesium silicates.  The similar structure, properties, functions 
and uses of these ingredients enabled grouping them and using the available toxicological data to assess the safety of the 
entire group.  The Panel concluded that borosilicate glasses are safe as cosmetic ingredients in the practices of use and 
concentration as given in this safety assessment. 

 
INTRODUCTION 

This is a safety assessment of the borosilicate glasses as used in cosmetics.  These ingredients are:  
 

 calcium sodium borosilicate,  
 calcium aluminum borosilicate,  
 calcium titanium borosilicate,  
 silver borosilicate, and  
 zinc borosilicate.   

 
These ingredients function in cosmetics mostly as bulking agents, but also are used as abrasives, preservatives, and 

skin-conditioning agents-miscellaneous. 
 The Cosmetic Ingredient Review (CIR) Expert Panel previously reviewed the related ingredients silica, alumina 
magnesium metasilicate, aluminum calcium sodium silicate, aluminum iron silicates, hydrated silica, and sodium potassium 
aluminum silicate.1  These ingredients were determined to be safe in the present practices of use and concentration.  Data 
supporting the safety of silica and related silicate salts as used in cosmetics included single dose toxicity, where, for example, 
the acute dermal NOEL for silica was > 2 g/kg for rabbits, repeated-dose studies, genotoxicity studies, reproductive and 
developmental toxicity studies, and clinical and animal irritation and sensitization studies.  Data were available regarding 
silicosis, but these data were not relevant to the amorphous silica ingredients under review. 
 The Panel also reviewed the safety of various silicates and silicate clays used in cosmetics.2  These ingredients are 
not significantly toxic in single-dose or repeated-dose studies, except that inhalation toxicity is readily demonstrated.  Skin 
irritation and sensitization studies supported the safety of these ingredients, as did ocular irritation studies.  The risk of 
pulmonary damage was clearly affected by particle size, fiber length, and concentration.  The Panel considered that any spray 
containing these solids should be formulated to minimize their inhalation.  With this admonition to the cosmetics industry, 
the CIR Expert Panel concluded that these ingredients are safe as currently used in cosmetic formulations. 
 Data on the related compound calcium borosilicate, which is not an ingredient in the International Cosmetic 
Ingredient Dictionary and Handbook,3 are included since this chemical is similar to the ingredients under review and the data 
supplement the  few toxicity data available on the ingredients covered in this report. 

 
CHEMISTRY 

Definition 
 The CAS numbers, definitions, and functions for the 5 ingredients in this literature review are provided in Table 1. 

Borosilicate glass is frequently referred to as vitreous silica and consists of a network of SiO4 tetrahedra and metal 
cations.4  Borosilicates display heterogeneity of structure, with submicroscopically small volumes of ordered structure, but a 
lack of long-range order. 
 

Physical and Chemical Properties 
 Physical and chemical properties are provided in Table 2. 
 One manufacturer reported that calcium aluminum borosilicate, calcium sodium borosilicate or calcium titanium 
borosilicate all were sold under the same product names, further designated as low alkali or as extra corrosion resistant.5  The 
glass flakes were highly planar platelets with very smooth surfaces and were transparent.  The “apparent” density of the 
“low-alkali” borosilicate glass was reported to be 0.09 g/cm3 and real density to be 2.6 g/cm3.  The melt temperature for both 
types of borosilicates was reported to be 930 - 1020°C.  The glass composition (Table 3) may vary from batch to batch.  
These products are reported to be stable. 
 The chemical composition of calcium sodium borosilicate was reported to be: SiO2, 52%; Na2O, 0.3%; CaO,  
22.5%; MgO, 1.2%; Al2O3, 14.5%; Fe2O3, 0.2%; K2O, 0.2%, and B2O3, 8.6% (Table 3).6 
 The borosilicate in a cosmetic was described in a patent document as comprising a cosmetic grade flaky glass 
constituted of components comprising, by weight, at least 52% alkali metal oxide.7  The flaky glass may be unmodified, 
surface-coated (silicone), or complexed (titania and rare metal, ultramarine, or other pigments). 
 One manufacturer reported that its calcium aluminum borosilicate product consists of microspheres instead of 
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flakes.6,8 
The coordination of the boron network cations readily varied from 3 to 4 depending on composition and 

temperature, in turn varying the properties.4  There were also large differences caused by varying the size and charge of the 
"network modifier" cations (e.g., Na+ vs. Ca2+), B/Si ratio, and Al content.   
 Borosilicates generally are chemically unreactive and of high dielectric strength.4  Chemical analyses of samples of 
borosilicates of different compositions showed that B2O3 evaporation was practically negligible. 
CALCIUM BOROSILICATE 
 The melting point of calcium borosilicate is >1540ºC, its specific gravity is 2.65, and it has a water solubility of 
0.035 g/L. 9  It is reported to be 100% pure, chemically stable, and unreactive. 
 
Particle Size 
 A manufacturer reported that their borosilicate glass particles are flakes that are 50 nm – 5 μm in thickness with a 
particle size of 15 – 350 μm.5  For the low-alkali borosilicate glass, the particle size distribution is stated as 1000 – 300 μm, 
10% or less; 300 – 50 μm, 65% or more; and < 50 μm, 25% or less.  The product may also be milled to have a specific size 
range of 4 – 65 μm.  For the low corrosion resistant borosilicate glass, the particle size distribution is specified as being the 
same as the low alkali borosilicate. 
 In a product designed for cosmetic formulations, the calcium sodium borosilicate flakes had a geometric particle size 
of 9 – 13 μm.8   The size distribution is 3 – 6 μm 10%; 8 – 12 μm, 50%; and 16 – 23 μm, 90%. 
 In cosmetic applications, calcium aluminum borosilicate is used as a substrate for metal oxide colors.10  When 
coated with the colors, the particle size is reported to be 20 – 200 μm. 
 The borosilicate in a cosmetic was reported to have an average particle diameter of 1-100 µm, and an aspect ratio 
(average thickness dividing the average particle diameter) of ≥ 10 (in comparison to a value of 1 for a sphere).7 
 Manufacturers report supplying calcium aluminum borosilicate in sphere form with a mean diameter of 11.7 μm.6,8 
CALCIUM BOROSILICATE 
 Calcium borosilicate was reported to be a fine, white, odorless powder with a particle size range of the flakes of 3.4 
– 4.2 µm.9 
 

Method of Manufacture 
Borosilicate powder is prepared by the rotary method where glass flake is produced from melting a batch of raw 

material by electricity in a furnace.5  Once molten, the glass is poured into a spinning cup.  Centrifugal force causes the glass 
to leave the cup as a thin film.  This film is broken into flakes.  These flakes are then collected downstream if the product is 
classified as unmilled (large particle size).  In further downstream processing, the flake is passed through a hammer mill if 
the product is to be classified as milled (smaller particle size). For micronized glass flake, an opposed jet mill is used. 

Borosilicate glasses may also be prepared by the wet-chemical method.4  Reagent-grade metal salts (except for 
sodium and calcium) are introduced as nitrates, boron as boric acid and silicon as a colloidal solution of SiO2. 

The preparation of borosilicate glasses may also be by the sol-gel method, which results in reproducible properties.4  
In this method HBO3 is dissolved in the colloidal SiO2 sol.  A second solution of all the other glass constituents, such as 
nitrates, is then added.  After partial evaporation, the sol sets to a gel, the gel is dried at 200°C for 16 h, which usually results 
in a friable product that is ball milled.  This results in a fine powder in which all elements are intimately mixed.  This powder 
is melted in a furnace to a bubble-free glass for 2 h at temperatures varying from 800 to 1400°C (depending on the 
composition of the glass). 
 Calcium aluminum borosilicate is manufactured by placing finely divided sodium tetrahydrate pentahydrate (80 g), 
quartz (100 g), kaolin (180 g) and wollastonite (40 g) as a dry mix into a small mixer then stirred at low speed.11  Water is 
added slowly until the mixture formed a crumb.  The crumb is heated at 1000°C until completely dry.  The product is placed 
in a furnace and heated at a rate of 100°C/minute up to a maximum of 1500°C where the temperature is held for 90 min.  The 
product is then allowed to cool to ambient temperature in the furnace, removed, and broken up with a hammer. The resulting 
composition is reportedly opaque with a creamy-white color and particulate form. 
 Silver borosilicate is prepared through introduction of Ag2O during the melting process.12 
 

Impurities 
One manufacturer reported heavy metal impurities in calcium sodium borosilicate that included lead (<10ppm), 

arsenic (<2 ppm), and mercury (<1 ppm).8 
A safety data sheet reports that calcium aluminum borosilicate has no free SiO2; all components are amorphous/non-

crystalline.6 
Another manufacturer reported that a sample of calcium aluminum borosilicate contained lead (21.8 mg/kg) and 

barium (63.5 mg/kg).5  Arsenic, antimony, mercury, cadmium, chromium, or nickel were below the detection limit of 2 
mg/kg. 
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USE 
Cosmetic 

 Data on ingredient usage are provided by industry to the Food and Drug Administration (FDA) Voluntary Cosmetic 
Registration Program (VCRP)  and a survey conducted by the Personal Care Products Council (Council) collected maximum 
use concentrations for ingredients in this group (Table 4).13,14  Calcium sodium borosilicate was reported to be used in 751 
cosmetic products with a range of maximum concentrations of 0.0001% – 97%.  Of these, 740 products were leave-on 
products (including 397 lipsticks with a maximum concentration of 2% - 10%; body sprays at 0.5% - 0.6%; and face powders 
at 4% - 97%).  There were 11 rinse-off products with maximum concentrations of 0.05% - 11%.  Calcium aluminum 
borosilicate was used in 717 cosmetic products with a maximum range of 0.001% - 33%.  Of these 668 were leave-on 
produces (including 320 lipsticks at 2% - 8%; eye shadow at 0.001% - 33%; body sprays at 0.1%; and aerosol hair color 
sprays at 0.08%), 48 rinse-off products with a maximum range of 0.03% - 6%; and 1 diluted for bath product (no 
concentration of use reported.  Calcium titanium borosilicate was reported to be used in 1 eyeshadow at a maximum of 6%. 
There were no reported uses in the VCRP or use concentrations in the Council survey for silver borosilicate or zinc 
borosilicate. 13,14 

Calcium sodium borosilicate and calcium aluminum borosilicate were reported to be used in body sprays and 
aerosol hair color sprays up to 0.8% and face powders up to 97%.  In practice, 95% to 99% of the droplets/particles released 
from cosmetic sprays have aerodynamic equivalent diameters >10 µm.  Therefore, most droplets/particles incidentally 
inhaled from cosmetic sprays would be deposited in the nasopharyngeal and bronchial regions and would not be respirable 
(i.e., they would not enter the lungs) to any appreciable amount.15,16 
 

Non-Cosmetic 
 Borosilicates are used for laboratory glassware, household cooking ware, industrial piping, bulbs for hot lamps and 
electronic tubes of high wattage such as X-ray tubes.4  Multi-component borosilicate glasses have many applications, such as 
fiber reinforcements in composites, in flat-panel display screens for computers and cell phones, and in nuclear waste 
sequestration.17  Borosilicate glass impregnated with silver has antibacterial and anti-algal uses.18,19  
 

TOXICOKINETICS 
 There were no toxicokinetics data available for the cosmetic ingredients in this report. 
 

TOXICOLOGICAL STUDIES 
Acute Toxicity 

Dermal – Non-Human 
CALCIUM BOROSILICATE 
 The dermal LD50 of calcium borosilicate (moistened with distilled water and applied to ~20% of the body under 
occlusion; clipped and intact or abraded skin) was reported to be > 2000 mg/kg (the highest amount tested) for New Zealand 
White rabbits (n = 5/sex).9,20  There were no deaths.  Two animals showed decreased activity and 1 fecal staining of the 
anogenital area within 24 h.  Some animals showed discharges from the nose or eyes in the second week after dosing.  
Examination at necropsy showed no changes considered related to the test substance. 
 
Oral – Non-Human 
CALCIUM BOROSILICATE 
 The oral LD50 of calcium borosilicate (administered as a 30% solution in 1% carboxymethylcellulose) was reported 
to be > 5000 mg/kg for Sprague Dawley CDR rats (n = 5/sex).9,21  One female rat showed slight weight loss at day 14 and 1 
male had a soft stool 2 h after dosing. 
 

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY 
There were no reproductive or developmental toxicity studies available. 
 

GENOTOXICITY 
In Vitro 

CALCIUM BOROSILICATE 
 An Ames test using Salmonella typhimurium (TA100, TA98, TA1535 and TA1537) of the supernatant of calcium 
borosilicate in dimethyl sulfoxide (DMSO) was conducted.  Calcium borosilicate (1 g/mL) was steeped in DMSO overnight 
and the supernatant was used for the assay.  The supernatant was not mutagenic with or without metabolic activation.  
Controls were sodium azide, 2-nitrofluorene, and 9-aminoacridine which elicited the expected results.9,22 
 

CARCINOGENICITY 
There were no carcinogenicity studies available. 
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IRRITATION AND SENSITIZATION 
 Irritation 

Dermal – Non-Human 
CALCIUM BOROSILICATE 
 Calcium borosilicate was moistened with distilled water and applied to ~20% of the body under occlusion to clipped 
skin (intact or abraded) of New Zealand White rabbits (n = 5/sex).23  Mild erythema was observed in 2/5 animals in which the 
test material was applied to abraded skin and in of 3/5 animals that received the test material applied to intact skin. 
 Calcium borosilicate (0.5 g in 0.5 ml saline) was administered to the abraded and non-abraded skin of New Zealand 
White Rabbits (n = 3/sex) under occlusion for 24 h.9,20  At 30 min and 48 h after removal, there was no difference between 
the response of intact and abraded skin.  At removal, all treatment sites showed erythema ranging from very slight to 
moderate-to-severe.  Edema was present at abraded and non-abraded sites in 2 animals, being barely perceptible in one and 
slight in the other. At 72 h, the irritation was much decreased.  Calcium borosilicate was reported to be slightly irritating to 
rabbit skin. 
 
Ocular 
CALCIUM SODIUM BOROSILICATE 
 In a use test (n = 31), an eye shadow containing calcium sodium borosilicate (53%) was used daily for 4 weeks.24  
Ophthalmological examinations were conducted before and after the test period.  Twenty-one of the subjects were self-
perceived as “having sensitive eyes”.  There were no adverse effects reported and all ophthalmologic examinations were 
normal.  
 In a use test, (n = 41), several eye shadows containing calcium sodium borosilicate (94% - 99%; 81% - 97%; 74% - 
93%; 60% - 97%; 50% - 80%) were used daily for 4 weeks.25  Ophthalmological examinations were conducted before and 
after the test period.  No adverse effects were observed during treatment. 
CALCIUM ALUMINUM BOROSILICATE 

An Epiocular™ human cell assay was conducted on a powder eye shadow containing calcium aluminum 
borosilicate (31%).26  Test results showed no expectation of ocular irritation. 
 
Mucosal 
CALCIUM SODIUM BOROSILICATE 
 In a use test (n = 41), several lipsticks containing calcium sodium borosilicate (94% - 99%; 81% - 97%; 92% - 97%; 
74% – 93%; 60% - 97%; 50% - 80%) were used daily for 4 weeks.27  No adverse effects were observed during treatment.  
There were no reports of irritation. 
 

Sensitization 
Human 
CALCIUM SODIUM BOROSILCIATE 
 In an human repeat insult patch test (HRIPT; n = 98) of a powder eye shadow containing calcium sodium 
borosilicate (53%; 0.2 g) under semi-occlusion, there were no signs of irritation or sensitization observed.28 
 In an HRIPT (n = 104) of a cosmetic product containing calcium sodium borosilicate (60% - 97%; 0.2 g applied) 
under semi-occlusion, there were no signs of irritation or sensitization observed.29 

In an HRIPT (n = 103) of a cosmetic product containing calcium sodium borosilicate (53.5%; 0.2 g applied) under 
semi-occlusion, there were no signs of irritation or sensitization observed.30 
CALCIUM ALUMINUM BOROSILICATE 
 In an HRIPT (n = 105) of a powder eye shadow containing calcium aluminum borosilicate (31%; 0.2 g applied), 
there were no adverse effects observed and there was no evidence of sensitization.31 
 

SUMMARY 
Borosilicate glasses, including calcium sodium borosilicate, calcium aluminum borosilicate, calcium titanium 

borosilicate, silver borosilicate, and zinc borosilicate, are described as cosmetic ingredients although not all are in current use.  
These ingredients function mostly as bulking agents. 

A previous safety assessment of silica and related silicate salts included single-dose toxicity, where, for example, the 
acute dermal NOEL for silica was > 2 g/kg for rabbits, repeated-dose studies, genotoxicity studies, reproductive and 
developmental toxicity studies, and clinical and animal irritation and sensitization studies.  Data were available regarding 
silicosis, but these data were not relevant to the amorphous silica ingredients under review.  A previous safety assessment of 
various silicates and silicate clays used in cosmetics noted that these ingredients are not significantly toxic in single-dose or 
repeated-dose studies, except that inhalation toxicity is readily demonstrated.  Skin irritation and sensitization studies 
supported the safety of these ingredients, as did ocular irritation studies.  The risk of pulmonary damage was clearly affected 
by particle size, fiber length, and concentration.  The Panel considered that any spray containing these solids should be 
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formulated to minimize their inhalation.   
Potential heavy metal impurities of calcium sodium borosilicate are reported to be <10 ppm lead, <2 ppm arsenic 

and <1 ppm mercury.  Calcium aluminum borosilicate has no free SiO2; all components are amorphous/non-crystalline. 
Calcium sodium borosilicate was reported to be used in 681 cosmetic products with a range of maximum 

concentrations of 0.0001% – 97%.  Calcium aluminum borosilicate was used in 555 cosmetic products with a maximum 
range of 0.001% - 33%.  Calcium titanium borosilicate was reported to be used at a maximum of 6% in eye shadows.  There 
were no reported uses for silver borosilicate or zinc borosilicate. 
 There were no toxicokinetics data available for the cosmetic ingredients in this report. 

There were no acute or repeated dose toxicity data found for the cosmetic ingredients in this report, but, calcium 
borosilicate, a related chemical, had a dermal LD50 of > 2000 mg/kg for rabbits and an oral LD50 of > 5000 mg/kg for rats. 

There were no reproductive or developmental toxicity studies available. 
The supernatant of calcium borosilicate steeped in DMSO was not genotoxic in an Ames test. 
There were no carcinogenicity studies available. 
An eye shadow containing calcium sodium borosilicate was not irritating or sensitizing, nor did it cause eye 

irritation when used daily for 4 weeks in clinical tests.  Calcium aluminum borosilicate was not predicted to be an ocular 
irritant in an Epiocular™ assay.  Calcium borosilicate was a slight to mild dermal irritating and a moderate ocular irritant to 
rabbits. 

Products containing calcium sodium borosilicate at ~53% and calcium aluminum borosilicate at 31% were not 
sensitizing in HRIPTs. 
  

DISCUSSION 
Although there were data gaps for borosilicate glasses, these ingredients have similar chemical structures, 

physicochemical properties, functions and concentrations in cosmetics compared to silicate salts and calcium borosilicate.  
These similarities allow grouping these ingredients together and extending the available toxicology data for the silicate salts 
and calcium borosilicate to support the safety of the entire group. 

The CIR Expert Panel noted that these borosilicate ingredients are insoluble, inert, and will not significantly 
penetrate the skin.  The zinc and silver are secure in the molecules and will not leach.  Therefore, there would not be any 
systemic toxicity expected from dermal application. 

These ingredients are not dermal irritants or sensitizers. 
Because these ingredients can be used in products that may be aerosolized (including body and hand sprays, hair 

color sprays, and fragrance preparations) the Panel discussed the issue of incidental inhalation exposure.   There were no 
inhalation toxicity data available.  However, the particle size of borosilicate glasses was reported to range from 50 nm – 1000 
μm with the largest portion being in the 50 – 300 μm range.  The Panel believes that the sizes of a substantial majority of the 
particles of these ingredients, as manufactured, are larger than the respirable range and/or aggregate and agglomerate to form 
much larger particles in formulation.  The Panel considered other data available to characterize the potential for borosilicate 
glasses to cause irritation and sensitization.  They noted the lack of irritation or sensitization in tests of dermal exposure, no 
systemic toxicity at 5000 mg/kg, and the absence of genotoxicity in an Ames test for the supernatant of the related chemical 
calcium borosilicate.  Borosilicate glasses are chemically inert thus not systemically toxic.  Further, these ingredients are 
reportedly used at concentrations up to 97% in cosmetic products that may be aerosolized. The Panel noted that 95% – 99% 
of droplets/particles produced in cosmetic aerosols would not be respirable to any appreciable amount.  Coupled with the 
small actual exposure in the breathing zone and the short exposure time, this information indicates that incidental inhalation 
would not be a significant route of exposure that might lead to local respiratory or systemic toxic effects. 

 
CONCLUSION 

 The CIR Expert Panel concluded that borosilicate glasses are safe in the present practices of use and concentration.  
The ingredients in this safety assessment include: 
 

 calcium sodium borosilicate,  
 calcium aluminum borosilicate,  
 calcium titanium borosilicate,  
 silver borosilicate*, and  
 zinc borosilicate*. 

 
*Not in current use. Were ingredients in this group not in current use to be used in the future, the expectation is that they 
would be used in product categories and at concentrations comparable to others in this group. 
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TABLES 

 
Table 1.  Definitions and functions of borosilicate ingredients.3 

Ingredient CAS 
No. Definition Function 
Calcium Sodium 
Borosilicate 
65997-17-3 
(generic to all 
silicate glasses) 
[1204320-21-7] 
[308066-97-9]  

Calcium Sodium Borosilicate is a glass consisting essentially of calcium and 
sodium borosilicates.  [Essentially, Calcium Sodium Borosilicate is a 
synthetic product formed by the fusion of boron oxide, silica, sodium oxide, 
and calcium oxide, or combined sources thereof.] 

Bulking agent 

Calcium 
Aluminum 
Borosilicate 
94891-31-3 
65997-17-3 
(generic to all 
silicate glasses) 
[155775-82-9] 

Calcium Aluminum Borosilicate is a glass consisting essentially of calcium 
and aluminum borosilicates.  [Essentially, Calcium Aluminum Borosilicate is 
a synthetic product formed by the fusion of boron oxide, silica, sodium 
oxide, aluminum oxide, and calcium oxide, or combined sources thereof.] 

Bulking agent 

Calcium Titanium 
Borosilicate 

Calcium Titanium Borosilicate is a glass consisting essentially of calcium 
and titanium borosilicates.  [Essentially, Calcium Titanium Borosilicate is a 
synthetic product formed by the fusion of boron oxide, silica, sodium oxide, 
titanium oxide, and calcium oxide, or combined sources thereof.] 

Abrasive, bulking agent 

Silver Borosilicate 
[308062-97-7] 

Silver Borosilicate is a synthetic product formed by the fusion of boron 
oxide, silica, sodium oxide, and silver oxide. 

Preservative, skin-conditioning 
agent-miscellaneous 

Zinc Borosilicate 
37341-47-2 

Zinc Borosilicate is an amorphous glass composition consisting of boron 
oxide, silicon dioxide, sodium oxide and zinc oxide. 

Bulking agent 

 
 
 
 
 
 
 
 

Table 2.  Chemical and physical properties. 
Property Value Reference 

Calcium sodium borosilicate 
Physical Form  Solid Spheres; white 

powder 

6 

Color White 8 
Density/Specific Gravity g/cm3 1.1 

0.390 

8,32 

Melting Point oC ~730 32 
Water Solubility g/L @   oC & pH Insoluble 32 

Calcium aluminum borosilicate 
Physical Form  Hollow, non-porous 

spheres 

8 

Color White 6 
Odor None 6 
Density/Specific Gravity g/cm2 1.1 6 
Melting Point oC ~730 6 

Calcium titanium borosilicate 
No data found 

Silver borosilicate 
No data found   

Zinc borosilicate 
No data found    
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Table 3.  Chemical analysis calcium sodium borosilicate glasses.5 
Chemical Annalysis (%) 

Low-alkali Corrosive-
resistant 

Calcium sodium 
borosilicate 

SiO2 67-73 64-70 52 
K2O 0-3 0-3 0.2 
B2O3 7-12 2-5 8.6 
ZnO 0-2 1-5  
Na2O 8-13 8-13 0.3 
MgO 1-4 1-4 1.2 
CaO 1-4 3-7 22.5 
Al2O3 1-5 3-6 14.5 
TiO2 0-3 0-3  
Fe2O3   0.2 
 
 
 

 
Table 4. Current frequency and concentration of use according to duration and type of 
exposure.13,33  There were no uses reported for silver borosilicate or zinc borosilicate. 

 
Calcium sodium 

borosilicate 
Calcium aluminum 

borosilicate 
Calcium titanium 

borosilicate 

Use type 
# of 
Uses 

Concentration 
(%) 

# of 
Uses 

Concentration 
(%) 

# of 
Uses 

Concentration 
(%) 

Totals/conc. range 751 0.0001-97 717 0.001-33 1 6 
   Duration of use       
Leave-on 740 0.0001-97 668 0.001-33 1 6 
Rinse-off 11 0.05-11 48 0.03-6 NR NR 
Diluted for (bath) use NR NR 1 NR NR NR 
   Exposure Type    
Eye 149 2-72 149 0.001-33 1 6 
Incidental ingestion 397 2-10 320 2-8 NR NR 
Incidental inhalation-
sprays 

17 0.09-41 20 0.08-0.12 NR NR 
Incidental inhalation-
powders 

29 0.08-97 24 0.009-15 NR NR 
Dermal contact 293 0.0001-97 352 0.001-33 1 6 
Deodorant (underarm) NR NR NR NR NR NR 
Hair – non coloring 6 0.3 3 NR NR NR 
Hair - coloring NR NR NR 0.08 NR NR 
Nail 41 0.3-6 29 0.6-5 NR NR 
Mucous Membrane 407 0.05-10 367 0.03-8 NR NR 
Baby products NR NR NR NR NR NR 
NR = not reported.  Totals = rinse-off + leave-on product + diluted for bath uses. 
1 Body sprays at 0.5% - 0.6%. 
2 Body sprays at 0.1%. 
Note: Because each ingredient may be used in cosmetics with multiple exposure types, the sum of all exposure type uses 
may not equal the sum total uses. 
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