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Memorandum 
 

 
To:  CIR Expert Panel Members and Liaisons 
From:  Monice M. Fiume   MMF 
    Senior Scientific Analyst/Writer 
Date:  May 17, 2013 
Subject:  Safety Assessment of Boron Nitride as Used in Cosmetics 
 
 
Enclosed is the Draft Final Report on the Safety Assessment of Boron Nitride as Used in Cosmetics.  The Expert 
Panel reviewed this report for the first time in March, and issued a Tentative Report with a conclusion of safe in 
the present practices of use and concentration. 
 
The Panel did remark that irritation and sensitization data were not provided at the maximum reported use 
concentration (25% in eye product formulations), and the studies that were available only tested 55 subjects.  
Based on the results of the human repeat insult patch test (HRIPT) on formulations containing up to 18.7% 
boron nitride, the Expert Panel determined that the existing data were adequate to anticipate that no irritation 
and sensitization reactions would occur at the maximum use concentration of 25%.  However, the Panel 
indicated to industry that additional HRIPT data at the maximum use concentration and with a greater number of 
subjects would improve the basis for the Panel’s conclusion. 
 
The following unpublished studies were received and are included with this submittal.  The concentration of 
boron nitride included in the test formulations was actually less than what was already in the report, but the test 
populations were larger. 
 

1. Product Investigations Inc. 2008. Human repeated insult patch test of poudre compacte (pressed powder 
containing 16% boron nitride).  (107 subjects) 

2. TKL Research Inc. 2009. Human repeat insult patch test with challenge (face powder containing 16% 
boron nitride).  TKL Study No. DS101909; TKL Study Report No. DS101909-5  (104 subjects) 

 
 
Additionally, you will find that information from a 2013 paper updating the toxicity data for the nanotube form 
of boron nitride has been added.  The new data, which are supportive of data already included in this report (i.e., 
no toxicity), are denoted by vertical lines in the right and left margins. 
 
It is expected that the Panel will issue a Final Report. 
 
 



VtUY ki J}Y€ L3

SAFETY ASSESSMENT FLOW CHART

Draft Amended
Report

Draft Amended
Tentative Report

Green Cover 131
time

*The CIR Staff notifies of the public of the decision not to re-open the report and prepares a draft statement for review by
the Panel. After Panel review, the statement is issued to the Public.
**lf Draft Amended Report (DAR) is available, the Panel may choose to review; if not, CIR staff prepares DAR for Panel
Review.

Expert Panel Decision

___________

Document for Panel Review
Option for Re-review

60 day public comment period

Tentative Amended
Report

Draft Amended
Report

PUBLISN Final Rei

Distributed for Comment Only -- Do Not Cite or Quote

 
CIR Panel Book Page 1



Boron Nitride  Report History 
 

 
November 21, 2012:   Scientific Literature Review 
 
The following unpublished data were received in response to the SLR: 

1. Personal Care Product Council.  Sept 25, 2012.  Concentration of use by FDA product category:  boron nitride. 
2. Essex Testing Clinic, Inc.  2009.  Clinical safety evaluation of repeated insult patch test of an eye shadow containing 

13% boron nitride. 
3. Essex Testing Clinic, Inc.  2009.  Clinical safety evaluation of the ophthalmologic safety-in-use of an eye shadow 

containing 13% boron nitride. 
4. Clinical Research Laboratories, Inc.  2011.  Repeated insult patch test of an eye shadow containing 18.7% boron 

nitride. 
5. Anonymous.  2013.  Summary of boron nitride studies (skin irritation and eye irritation). 

 
 
March 18-19, 2013:  Draft Report for Panel Consideration 
 
The Panel issued a tentative safety assessment for public comment with the conclusion that boron nitride is safe in the present 
practices of use and concentration.   
 
The Panel remarked, however, that irritation and sensitization data were not provided from tests of the maximum reported use 
concentration (25%) in eye formulations.  Because human repeat insult patch test (HRIPT) data were available for 18.7% in 
formulation, the Panel determined that the data could be considered adequate, although  HRIPT data from tests using up to 
the 25% maximum would be preferable.  Further, the available HRIPT study tested only 55 subjects.  Thus, additional 
HRIPT data would greatly improve the basis for the Panel’s conclusion. 
 
The following unpublished studies were received and are included with this submittal.  The concentration of boron nitride 
included in the test formulations was actually less than what was already in the report, but the test populations were larger. 

1. Product Investigations Inc. 2008. Human repeated insult patch test of poudre compacte (pressed powder containing 
16% boron nitride).  (107 subjects); and 

2. TKL Research Inc. 2009. Human repeat insult patch test with challenge (face powder containing 16% boron nitride).  
TKL Study No. DS101909; TKL Study Report No. DS101909-5  (104 subjects). 

 
 
June 10-11, 2013:  Draft Final Report for Panel Consideration 
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Boron Nitride Data Profile – June 2013 – Writer, Monice Fiume 
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Boron Nitride – Search 
 
SciFinder Keep Me Posted results received weekly. 

 
August 20, 2012 

 searched PubMed 
 10043-11-5(RN) OR (boron AND nitride) – 570 hits 

o 4 useful 
 Searched Chem Portal 
 Searched all other preliminary databases, such as NTP, etc 
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Full Panel Meeting – March 19, 2013 

DR. BERGFELD:  Going on to the next item, Dr. Snyder, boron nitride.  

DR. SNYDER:  Yes, so, this is the first time that we've seen a document on boron nitride.  This was based upon a scientific 
literature review that was instituted in November of 2012.  After reviewing the data, our team was suggesting to move to a 
tentative report of insufficient based upon a no sensitization or irritation data at concentration of use.  We have it at 18.7 
percent, but not at 25 percent.  We have one lipstick use in which we have no absorption data, and, so, we wanted to make the 
motion to proceed to a tentative report insufficient of needs that I listed. 

DR. BERGFELD:  Any second or a discussion? 

DR. MARKS:  We didn't have the same concern, so, we felt we could move on with a safe.  I wasn't concern with the 
sensitization yed, it's a little bit less than a 25 percent, but it's not absorbed. 

DR. SNYDER:  Not our area of expertise.  Don was uncomfortable with it even at 18.7 percent and he indicated that it was a 
relatively small cohort, only 55 subjects, and it is used up to 25 percent.  And, so, based upon his input, we thought we could 
go either way; either say it's safe up to 18.7 percent based upon we only have data for sensitization up to 18.7 percent or to go 
insufficient as relatively early stage of the report.  I mean, we could glean additional data on sensitization. 

DR. BERGFELD:  Ron Shank? 

DR. SHANK:  But this is an insoluble polymer.  This is not likely to penetrate the stratum corneum.  So, we didn't think 
sensitization at any concentration was an issue. 

DR. BERGFELD:  Ron Hill? 

DR. HILL:  Yes, I mean, the closest analogy is graphite.  So, unless we believed that there was something somehow absorbed 
in this that would leach out in such a way as to cause sensitization, I just don't see an issue.  If it was we only had studies at 
0.5 percent and we're talking 50 percent, that would concern me a bit more. 

DR. BERGFELD:  Dan? 

DR. LIEBLER:  Well, I certainly agree that these very large molecules will not be absorbed and I don't know where that 
leaves us with sensitization and irritation, frankly. 

DR. BERGFELD:  Nowhere. 

DR. MARKS:  I hear Don's concern.  Perhaps, can we move it forward and we still have another before it would become 
final?  This could be sent out as a tentative and if Don continues to raise that issue, we could address it at the next time we 
evaluate this ingredient and perhaps we would have some more information by then since we've alerted industry to this 
concern that Don has, although our team, again, we would still move forward with safe. 

There was a second -- 

DR. BERGFELD:  Oh, excuse me. 

DR. MARKS:  Yes. 

DR. BERGFELD:  There was not a second to the motion. 

DR. MARKS:  Yes. 

DR. BERGFELD:  A second concern -- 

DR. SNYDER:  No, I did mention the lipstick use. 

DR. MARKS:  Right. 

DR. SNYDER:  But it was only at 2 percent, and if absorption's not an issue -- 

DR. MARKS:  Right.  Okay. 

DR. SNYDER:  So, if we're going to go insufficient, we were going to bring both to the table. 

DR. MARKS:  Okay. 

DR. SNYDER:  Even though that was not a very high concern of ours.  And, so, I think we're agreeable to moving it forward 
to the next step as a safe as used. 

DR. BERGFELD:  And, so, you've seconded? 

DR. SNYDER:  Second. 

DR. BERGFELD:  All right, any other discussion? 

(No response) 
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DR. BERGFELD:  Seeing none, I'll call for the vote.  All those in favor? 

(Hands raised) 

DR. BERGFELD:  Thank you, unanimous.   

 

 

Belsito Team Meeting – June 18, 2013 

DR. BELSITO:  Okay.  We're moving on to boron nitride.  So this is actually the first time we're seeing this document and 
only one ingredient in this report.  And so, looking at the report, just some of the things that I noticed    there were different 
types of boron nitrides.  And boron nitride nanotubes, which I don't think are probably relevant, were found to be cytotoxic 
when evaluated using lung epithelial cells.  And there is inhalation potential with this.  So I didn't know if that bothered 
anyone or that nanotubes were totally different from what we're really looking at as a cosmetic ingredient. 

DR. BRESLAWEC:  Dr. Belsito? 

DR. BELSITO:  Yes. 

DR. BRESLAWEC:  A nano boron nitride is not a cosmetic ingredient. 

DR. BELSITO:  Well, that's what I thought.  I'm just pointing this out, yes, because later on they said that the boron nitride 
did not induce cytotoxicity as the nanotubes did. 

I think the major issue here was that we didn't have sensitization and irritation in concentration of use, and I was going to go 
insufficient for that but for no other reason. 

DR. LIEBLER:  Great. 

DR. SNYDER:  Yes. 

MS. FIUME:  Irritation and sensitization? 

DR. BELSITO:  Mm hmm. 

MS. FIUME:  And then remove any of the nanotubes? 

DR. BELSITO:  Nanotubes, yes. 

DR. SNYDER:  Yes, I think I had a question about what constitutes borons    the definition in this report    because I got 
confused when we talked about the cubic boron nitride, the hexagonal boron nitride, the boron nitride nanotubes.  So I think 
we need to a little more succinctly define what this report is actually covering. 

MS. FIUME:  I believe the definition in the dictionary just says an inorganic compound.  You may have to flip to make sure 
that my reference that I'm looking at refers to the reference I'm talking about. 

DR. SNYDER:  So boron nitride only can exist in a hexagonal form? 

DR. LIEBLER:  No.  So, many compounds like this, particularly inorganic or even carbon, can exist in different polymorphs.  
And so, these polymorphs have the same chemical formula, but they have different three  dimensional structures, so different 
crystal lattice structures. 

So the difference between graphite and diamonds is the crystal lattice structure, and the same goes for the difference between 
the hexagonal polymorphic boron nitride, which is like graphite in its properties, compared to the hard, crystalline cubic 
polymorph. 

And so, I actually added an edit    I made a number of little edits to the chemistry section just to try and get it to flow a little 
more clearly.  I changed the initial sentence to:  A boron nitride is an inorganic compound with chemical formula BN.  The 
compound can assume three crystal polymorphs.  One is a flat hexagonal crystal    then it continues the next sentence. 

And I'll just note that we can get much better graphics, and we can get something that doesn't say Doc Brown on it. 

MS. FIUME:  Do you have a site for that? 

DR. LIEBLER:  I found a bunch on the web, and you can choose between images that look pleasing and are easy to get 
copyrighted or whatever.  I put a couple web addresses for you on my comments. 

MS. FIUME:  Thank you. 

DR. BELSITO:  And we also don't have cutaneous absorption.  I didn't think that that would be an issue that we could 
discuss, or put that in discussion, but I want Dan's and Paul's comments on that. 

DR. LIEBLER:  Yes, these are essentially    because of the large crystal lattice structure, these are essentially very large 
molecules, and so there's going to be essentially no absorption. 
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DR. BELSITO:  So as we move forward, assuming we get the sensitization and the irritation we want, that would need to be 
part of the discussion.  In the absence of reproductive toxicity and carcinogenicity, we don't really feel that these would be 
absorbed and they wouldn't be issues. 

DR. LIEBLER:  Right. 

DR. BELSITO:  Anything else?  Paul? 

DR. SNYDER:  No. 

DR. ANDERSEN:  Don, before you go on, two things.  One is just to clarify that the irritation and sensitization data really 
focus on at concentration of use because we've got data up to 18.7.  The problem is it's used up to 25. 

DR. BELSITO:  Right. 

DR. ANDERSEN:  I think, as the panel has in the past, were no further data provided you could limit it to what you have.  So 
there is a strategy.  You're giving industry one more chance to support the 25 percent.  Otherwise, you're going to have to 
limit it. 

DR. BELSITO:  Yes, I think    

DR. ANDERSEN:  The data are not exactly robust, but there are data. 

DR. BELSITO:  My concern    let me look because it's been a while since I did this    was that the highest uses were in eye 
products.  Is that not correct? 

DR. ANDERSEN:  Yes. 

DR. BELSITO:  Right. 

DR. LIEBLER:  And it was the eye shadows that were tested. 

DR. BELSITO:  And, you know, that's an area    I'm not so concerned about boron nitride being a sensitizer.  I'm more 
concerned about it being an irritant.  But, you know, I mean I would like to see a concentration of use. 

So although you're right; we have an HRIPT, 18.7, but it was only 55 subjects. 

So, I mean, it's the first time we're seeing it, and I would like to see a little bit more data on it.  You know, we can always 
change our minds next go around. 

Anything else?  Okay. 

 

 

Marks Team Meeting – March 18, 2013 

DR. MARKS:  Okay, next is boron nitride.  And this is the first time we've seen this document.  Let me see here.  So, we 
don't have a lot of ingredients in this report.  We don't have a lot of systemic toxicity data.  It's insoluble in water and acids 
and probably won't penetrate the skin.  The skin tox, to me, looked okay.  So, Rons and Tom, what did you feel?  And then, 
Wilma, you had your question. 

DR. BERGFIELD:  I just wanted to ask a chemist one question. 

COURT REPORTER:  Use the mic. 

DR. BERGFIELD:  Yeah, it's on there.  The question I had was whether -- how stable this molecule was.  Can it 
disassociate?  Because it's stable and insoluble I think it's fine.  But if there's any disassociation it may be another problem. 

DR. HILL:  From what I know, it's exceedingly stable. 

DR. SLAGA:  It's very much like graphite.   

DR. SHANK:  Yeah, and there are data where it was injected intravenously at 1 milligram per kilogram and no toxic 
response.  So, I think it's safe as used. 

DR. SLAGA:  I agree, safe as used. 

DR. MARKS:  Okay. 

MS. FIUME:  Can I ask a question?  Something I sort of posed maybe in the introduction.  These intravenous injections are 
of the nanotubes, which I don't think is actually the cosmetic version or cosmetic form of the ingredient.  So the information 
was included because I could not find any other information, so I sort of need guidance as to whether or not that information 
is acceptable in the report and it's useful. 

DR. SHANK:  I think it is because it relates to the stability of the compound, even though the physical form is different.  So, 
I would leave that in. 
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DR. MARKS:  And then Ron Shank, that's how you're going to address all these data needs as far as systemic? 

DR. SHANK:  Well, the main thing is insoluble polymer.  So, it's penetration of this epidermis is quite unlikely.  But even if 
there were a small amount, the intravenous injection of boron nitride, even though it was the nanotube form, produced no 
toxic response. 

DR. MARKS:  So that'll be obviously captured in the discussion.  Yeah.  Any other --  

DR. BRESLAWEC:  Dr. Marks, I wanted to point out that the nano form is not used as a cosmetic ingredient. 

DR. MARKS:  Okay. 

DR. HILL:  So what my comment on here was, in contrast to his, was I wrote, if there are no known cosmetic uses or 
ingredients having this form then we should remove the info.  The nanoforms put us into a separate safety assessment regime, 
than do the micrometers scale forms.  But I can go either way.  I just thought if there was something that came up, I mean, 
we'd -- if you include it in here then we need inhalation data.  Do we have that?  You know, that kind of deal.  But it's not 
used in a way that that's relevant anyway, correct? 

DR. SHANK:  Okay.  You would think that if any form -- physical form was more toxic than any other, the nanotubes would 
be more toxic and there was no toxicity, even with nanotubes.  So, that gives me more confidence for the cosmetic uses. 

DR. HILL:  I can't disagree with that. 

DR. MARKS:  Okay.  So, yes.  Rachel. 

MS. WEINTRAUB:  For this ingredient, I don't mean to go into it, but I had a long list of absence of data.  So, you know, I 
think the panel should make sure that it's -- the lack of data is addressed adequately in this report. 

DR. MARKS:  Yeah, that's what I was asking Ron.  So, in the discussion the lack of penetration of skin, the safety with the 
nano form IV, all those speak to even though there are, say, data gaps in terms of the specifics, we're not worried about the 
toxicity based on that. 

DR. HILL:  And I think the big thing is that really complete lack of chemical reactivity and biological systems.  So that's -- I 
mean, that doesn't mean that you can't have certain kinds of toxicology that don't rely on reactivity, but that's --  

DR. MARKS:  Okay, so --  

DR. ANSELL:  We would just like to make a point that I fully support what the Rons said, except for the part of assuming 
that because of its nano form it must be the most toxic of all the forms. 

DR. SHANK:  I didn't say it must be, but I said if any form were more toxic than any others, I would think it might be the 
nanoform. 

DR. BRESLAWEC:  In this case? 

DR. SHANK:  Yes. 

DR. HILL:  In this particular case.  Yes. 

DR. MARKS:  Okay.  So --  

DR. HILL:  Is that the qualification you were looking for. 

SPEAKER:  Yes, thank you. 

DR. MARKS:  So, tomorrow presumably I'll be seconding a motion that a draft tentative report be issued with a conclusion 
that boron nitride is safe as used.  Any other comments?  And I think we've, Monice, given you plenty in the discussion.  
We'll see how much of that are in our either Word or PDF files for you to get electronically.  Okay. 
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ABSTRACT 

The CIR Expert Panel assessed the safety of boron nitride as used in cosmetics, concluding that this ingredient is safe in the 
present practices of use and concentration in cosmetic formulations.  Boron nitride, an inorganic compound with a crystal-
line form that can be hexagonal or cubic, is reported to function in cosmetics as a slip modifier (i.e., it has a lubricating 
effect).  The highest reported concentration of use of boron nitride is 25% in eye shadow formulations.  The International 
Cosmetic Ingredient Dictionary and Handbook does not specify which crystal form(s) is (are) used in cosmetics, but it is pre-
sumed that the hexagonal form is used in cosmetics.  Although boron nitride nanotubes are produced, boron nitride is not 
listed as a nanomaterial used in cosmetic formulations.  The Panel reviewed available chemistry, animal data, and clinical 
data in making its determination of safety. 

INTRODUCTION 

This report reviews the safety of boron nitride as used in cosmetics.  Boron nitride is an inorganic compound reported to 
function in cosmetics as a slip modifier.  Although the International Cosmetic Ingredient Dictionary and Handbook does not 
specify which crystal form(s) is (are) used in cosmetics, it is presumed that hexagonal boron nitride is used.  In the 2011 
Associations Survey of Nanomaterials Used in Cosmetic Products, a report prepared for the International Cooperation on 
Cosmetic Regulation by a working group of the Personal Care Products Council (Council), Canadian Cosmetic Toiletry, and 
Fragrance Association, COLIPA (now known as Cosmetics Europe), and the Japanese Cosmetic Industry Association, boron 
nitride is not listed as a nanomaterial used in cosmetic formulations.1  This safety assessment prepared by the Cosmetic 
Ingredient Review (CIR) includes (limited) toxicity data on boron nitride nanotubes, because even though boron nitride is not 
thought to be a nanomaterial used in cosmetic formulations, these data demonstrate the lack of toxicity of boron nitride. 

CHEMISTRY 

Definition and Structure 
Boron nitride (CAS No. 10043-11-5) is an inorganic compound, with the chemical formula BN.2  The compound can assume 
three crystal polymorphs.  One is a flat, hexagonal crystalline structure, similar to graphite, except the carbon atoms are 
replaced by boron and nitrogen atoms.3,4  The alternate boron and nitrogen atoms form interlocking hexagonal rings, each 
with three boron atoms and three nitrogen atoms, and the layers are held together by van der Waals forces.5  (Figure 1)  There 
is no boron-nitrogen bonding between the layers.6  A spherical form, with a hexagonal crystal structure, also can occur.7  
Additionally, boron nitride can be in cubic form in which alternately-linked boron and nitrogen atoms form a tetrahedral 
bond network.5 (Figure 2)   

Physical and Chemical Properties 
The available physical and chemical properties of boron nitride are provided in Table 1.  The three-ring, layered structure 
gives hexagonal boron nitride a lubricating effect, high thermal stability, and oxidation resistance.8  The mean particle size of 
cosmetic-grade hexagonal boron nitride powder varies by trade names and grade, with sizes of 1-47 µm reported.4,6,9-14 

Cubic boron nitride is the second hardest material known, with diamond being the hardest.5   

Method of Manufacture 
Cosmetic-grade hexagonal boron nitride is synthesized using borax and a nitrogen source at a high temperature, resulting in a 
lamellar structure.6  Industrial synthesis of hexagonal boron nitride powder is based on a two-stage process.8  First, at approx-
imately 900°C, a boron source such as boron oxide or boric acid is converted in a reaction with a nitrogen source, mostly 
melamine or urea or possibly ammoniac, to amorphous boron nitride.  In the second step, crystallization occurs at tempera-
tures usually >1600°C in a nitrogen atmosphere; a transition into hexagonal boron nitride occurs.  At high temperatures (600 
- 2000 °C) and pressures (50 – 200 kbar), hexagonal boron nitride can be converted to the cubic phase.15 

Composition/Impurities 
The typical chemical analysis of hexagonal cosmetic-grade boron nitride is:  ≥98-99.8% BN, 0.2-1.6% O2, 0.02-0.1% B2O3, 
and <1 ppm metals (as Hg, As, Pb).4,6,9-12  

USE 

Cosmetic 
Boron nitride is reported to function in cosmetics as a slip modifier, which means it purportedly helps other substances to 
flow more easily and more smoothly, without reacting chemically, much like graphite.2,16  This ingredient is a type of 
ceramic, having the smoothness and chemical and thermal inertness associated with most ceramics.9  The Food and Drug 
Administration (FDA) collects information from manufacturers on the use of individual ingredients in cosmetics as a function 
of cosmetic product category in its Voluntary Cosmetic Registration Program (VCRP).  VCRP data obtained from the FDA 
in 2013 reported that boron nitride is used in 643 cosmetic formulations.17 Data received in response to a survey of the 
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maximum reported use concentration by category conducted by the Personal Care Products Council (Council) reported that  
boron nitride is used at concentrations up to 25%; the highest concentration of use is in eye shadow formulations.18   

Products containing boron nitride may be applied to the eye area (≤25% in eye product formulations), could possibly be 
ingested (2% in lipstick formulations), or may possibly be inhaled (≤16% in powders and at up to 0.9% in fragrance 
preparations).  Although use in baby products was reported to the VCRP, concentration-of-use data were not reported by 
industry.  In practice, 95% to 99% of the particles released from cosmetic sprays have aerodynamic equivalent diameters in 
the 10 to 110 µm range.19,20  Therefore, most particles incidentally inhaled from these sprays are deposited in the nasopharyn-
geal region and are not respirable to any appreciable amount.21,22  

Boron nitride is listed in the European Union inventory of cosmetic ingredients; no restrictions are specified.23  

Non-Cosmetic Use 
The properties of hexagonal boron nitride allow for its use in a number of technological processes.  Different forms of 
hexagonal boron nitride are used for different applications:  boron nitride, compacted by hot pressing or hot isostatic 
pressing, can be used in making shaped components for various industries; boron nitride coating systems using suspensions 
and sprays are used to selectively change the properties of substrate surfaces; and powdered boron nitride coating systems 
using powders and granules can be used in thermal management.8  Hexagonal boron nitride can be used as an electrical 
insulator; as thermocouple protection sheaths, in crucibles and linings for reaction vessels; and as a coating for refractory 
molds used in glass forming and in superplastic forming of titanium.24  It can also be incorporated in ceramics, alloys, resins, 
plastics, and rubber to give them self-lubricating properties.5  Hexagonal boron nitride is used in the formulation of coatings 
and paints for high temperature applications, and it is also used as a substrate for semi-conductors, lens coatings, and 
transparent windows.25 

Hexagonal boron nitride can be made in single layers to form nanotubes, and bundles of boron nanotubes are used for wire 
sleeving.5  Boron nitride nanotubes are being produced commercially.26 

Cubic boron nitride is used as an abrasive and wear-resistant coating; it is used for cutting tools and as abrasive components 
for shaping/polishing with low carbon ferrous metals.5  

TOXICOKINETICS 

In a pharmacokinetics study, four New Zealand white rabbits were given an intravenous (i.v.) injection of 10 mg/kg bw 
sterilized glycol chitosan-coated (G-chitosan) boron nitride nanotubes in physiological solution.27  Blood samples were taken 
at various intervals for up to 10 h.  Boron concentration was measured as an indicator of boron nitride nanotube presence.  
The terminal half-life was 98 ± 37 min.  The researcher stated that an absence of multi-exponential kinetic components 
indicated no significant temporary accumulation of boron nitride nanotubes in tissues.  The researchers also stated that the 
data suggested a “relatively high” clearance of boron nitride nanotubes from the blood and a quick distribution and/or 
excretion, but also noted that the functionalization of the nanoparticles has a role in their behavior at a systemic level. 

TOXICOLOGICAL STUDIES 

Single Dose (Acute) Toxicity 
Parenteral 
A single i.v. injection of 1, 5, or 10 mg/kg bw coated boron nitride nanotubes did not produce toxicity in rabbits.27,28  In a 
pilot study, three New Zealand White rabbits received a single 1 mg/kg i.v. dose of G-chitosan boron nitride nanotubes in 
physiological saline at a concentration of 1 mg/ml.28  Two control rabbits were given an i.v. dose of G-chitosan only.  Blood 
samples were collected at 0, 2, 24, and 72 h.  No signs of toxicity were observed, and with the exception of an increased 
platelet count at 72 h (that was still in the reference range), no differences in hematological parameters were observed 
between treated and control animals. 

In a follow-up study, groups of three male New Zealand white rabbits were given a single i.v. dose of 5 or 10 mg/kg steril-
ized G-chitosan boron nitride nanotubes in physiological solution (average hydrodynamic size 500 nm).27  The test volume 
was 10 mg/ml.  Blood samples were collected 0, 1, 3, and 7 days after dosing.  No signs of toxicity were observed, and 
results of the hematological analysis were within normal limits. 

Repeated Dose Toxicity 
Parenteral 
G-chitosan boron nitride nanotubes also did not produce toxicity in a repeated dose study.27  Three male New Zealand white 
rabbits were dosed by i.v. injection with 5 mg/kg bw/day sterilized G-chitosan boron nitride nanotubes in physiological solu-
tion for 3 consecutive days, and blood samples were taken as above.  As in the single-dose studies, no signs of toxicity were 
observed and results of the hematological analysis were within normal limits. 
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Cytotoxicity 
Contradictory results have been reported on the cytotoxicity of boron nitride nanotubes.  In one study, boron nitride nano-
tubes (not coated) were found to be cytotoxic when evaluated using lung epithelial cells (A549), alveolar macrophages 
(RAW 264.7), and fibroblast cells (3T3-L1), as well as in human embryonic kidney cells (HEK 293).26  Tween 80 was used 
as the dispersing agent and yielded a suspension of individual nanotubes with long-term stability; the typical diameters were 
less than 80 nm (average of ~50 nm) and the average length was ~10 µm.  Cells were exposed to 0.02, 0.2, 2, and 20 µg/ml of 
the nanomaterial.  In an MTT (3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide) assay of cell proliferation, 2 
µg/ml boron nitride nanotubes produced a decrease of the MTT signal when compared to untreated cells.  At 48-h, this result 
was time-, dose-, and cell type-dependent, with the greatest effect observed in cells with high endocytic (phagocytic) activity, 
i.e. macrophages, and the lowest toxicity observed in cells with the lowest endocytic activity, i.e., HEK 293 cells.  A fluoro-
metric DNA assay and fluorometric microculture assay were performed with lung A549 epithelial cells and RAW 264.7 
macrophage cells to confirm these results; exposures of 0.2, 2, and 20 µg/ml nanomaterial were used.  Similar results were 
obtained; a decrease of 60-80% in viable cell number was observed with 2 µg/ml in macrophage cells and a 30% loss was 
observed with 20 µg/ml in A549 epithelial cells. 

The results presented above contradict earlier studies on boron nitride nanotubes that did not report cytotoxicity.  In one study 
using human neuroblastoma SH-SY5Y cells, up to 100 µg/ml G-chitosan-coated boron nanotubes were tested in two cell 
proliferation assays, an MTT-assay and a WST-1 (2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl-2H-tetrazolium 
monosodium salt) assay, in a DNA content assessment, a viability/cytotoxicity assay, an early apoptosis detect assay, and a 
reactive oxygen species (ROS) assay.29   A statistically significant reduction in MTT was observed at a concentration of 20 
µg/ml boron nitride nanotubes, but this reduction was not observed with G-chitosan alone or in WST-1.  The researchers 
stated that, most likely, the boron nitride nanotubes interact with some tetrazolium salts, such as MTT, but not with others, 
such as WST-1, suggesting that the interference is due to the water-insoluble nature of MTT-formazan.  The boron nitride 
nanotubes did not affect the DNA concentration, cell viability, apoptosis, or ROS formation. 

In another study, HEK 293 cells were cultured with 100 mg/ml boron nitride tubules, which formed aggregates in culture 
media.30  Cells cultured with boron nitride nanotubules were not different from cells cultured in media.  Similar results were 
found with Chinese hamster ovary (CHO) cells. 

The Expert Panel noted that all of these studies should be viewed with caution because the very low solubility of the test 
compounds requires solution vehicles that could bias the results.  The exposures to cells in vitro are very different from the 
ways in which boron nitride might be presented to skin or epithelia in humans. 

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY 

Published reproductive and developmental toxicity studies were not found. 

GENOTOXICITY 

Published genotoxicity studies were not found. 

CARCINOGENICITY 

Published carcinogenicity studies were not found. 

IRRITATION AND SENSITIZATION 

Dermal 
Human 
Boron nitride was a weak skin irritant in a 24-h human patch test.31  Occlusive patches of boron nitride, 50% in olive oil, 
were applied to 20 subjects.  Two subjects exhibited a ± response.  (Additional details were not provided). 

Eye shadow formulations containing 13% boron nitride, tested at a concentration of 70% in squalane oil,32 and 18.7% boron 
nitride, tested neat,33 and face powder formulations containing 16% boron nitride,34,35 were not dermal irritants or sensitizers 
in human repeated insult patch tests (HRIPTs).  The details of these studies are presented in Table 3.   

Ocular 
Non-Human 
A short-term exposure (STE) test was performed to evaluate the irritation potential of  boron nitride; an STE is an in vitro 
assay for ocular irritation that assesses cytotoxicity in a rabbit corneal cell line (SIRC cells) following a 5 minute dose 
treatment.36  Boron nitride was ranked as a minimal irritant (lowest ranking) in the STE test.31  Cell viability was calculated at 
0.05% and 5% in mineral oil. 
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Results of chorioallantoic membrane (CAM) assays also predicted that boron nitride is not an ocular irritant.31  Boron nitride 
was assayed at 50% in Vaseline using the HET-CAM method (i.e., hen’s egg test-CAM, which determines hemorrhage, lysis, 
and coagulation in the CAM of the egg after exposure to test chemicals37) and the CAM-TB method (i.e., CAM-trypan blue 
staining, which measures the amount of trypan blue adsorbed onto the CAM as the endpoint of the assay37).  

Human 
An eye shadow containing 13% boron nitride did not cause any adverse effects in a 2-wk use study.38  Thirty female subjects 
completed the study, 17 of whom wore contact lenses.  The eye shadow was applied at least one time daily. 

SUMMARY 

Boron nitride is an inorganic compound that can be hexagonal or cubic in form.  Hexagonal boron nitride is similar to 
graphite, while cubic boron nitride is similar to diamond.  The mean particle size of cosmetic-grade hexagonal boron nitride 
powder varies by trade name and grade, with mean particle sizes of 1-47 µm reported.  Boron nitride nanotubes are produced 
commercially; however, boron nitride is not listed as a nanomaterial used in cosmetic formulations.   

Boron nitride is reported to function as a slip modifier in cosmetics.  VCRP data report 643 uses of boron nitride, and 
concentrations of use of up to 25% were reported by the cosmetics industry, with the highest use concentration reported in 
eye shadow formulations. 

In a pharmacokinetic study in which four New Zealand white rabbits were given an i.v. injection of 10 mg/kg bw sterilized 
glycol chitosan-coated (G-chitosan) boron nitride nanotubes in physiological solution, no significant temporary accumulation 
of boron nitride nanotubes in tissues was found.  The researchers concluded there was a relatively high clearance of boron 
nitride nanotubes from the blood and a quick distribution and/or excretion. 

A single i.v. injection of 1, 5, or 10 mg/kg G-chitosan boron nitride nanotubes did not produce toxicity in rabbits.  Toxicity 
also was not observed following repeated dosing with 5 mg/kg bw/day sterilized G-chitosan boron nitride nanotubes in 
physiological solution for 3 consecutive days. 

Contradictory results have been reported on the cytotoxicity of boron nitride nanotubes.  One study found that boron nitride 
nanotubes were cytotoxic when evaluated using lung epithelial A549 cells, alveolar macrophages RAW 264.7 cells, fibro-
blast 3T3-L1 cells, and human embryonic kidney HEK 293 cells, while another study reported that boron nitride was not 
cytotoxic to HEK 293 or CHO cells.  In human neuroblastoma SH-SY5Y cells, up to 100 µg/ml G-chitosan-coated boron 
nanotubes caused a statistically significant reduction in MTT at a concentration of 20 µg/ml boron nitride nanotubes, but this 
reduction was not observed with G-chitosan alone or in WST-1 and was attributed the water-insoluble nature of MTT-forma-
zan.  Boron nitride nanotubes did not affect DNA concentration, cell viability, apoptosis, or ROS formation in these cells. 

Boron nitride, 50% in olive oil, was a weak skin irritant in a 24-h human patch test.  Eye shadow formulations containing 
13% boron nitride, tested at a concentration of 70% in squalane oil, and 18.7% boron nitride, tested neat, and face powder 
formulations containing 16% boron nitride, were not dermal irritants or sensitizers in human repeated insult patch tests. 

In non-human testing, boron nitride, tested at 0.05 and 5% in mineral oil, was ranked a minimal irritant in an STE test.  Addi-
tionally, boron nitride, assayed at a concentration of 50% in Vaseline, was negative in a HET-CAM assay and a CAM-TB 
assay.  In human testing, an eye shadow containing 13% boron nitride did not produce any adverse effects in a 2-wk use 
study. 

DISCUSSION 

Boron nitride is an inorganic compound that can assume different crystal polymorphs, i.e., it can be a hexagonal crystalline 
structure or in cubic form.  The hexagonal form is a soft lubricant and is similar to graphite, and the cubic form is very hard 
like diamond.  Although it is not specified in the International Cosmetic Ingredient Dictionary and Handbook, it is presumed 
that hexagonal boron nitride is the form used in cosmetics because of its lubricant properties.  Boron nitride nanotubes are 
produced commercially, but boron nitride is not listed as a nanomaterial used in cosmetics. 

Human repeat insult patch test data were available on formulations that contained boron nitride at concentrations up to 
18.7%.  Although sensitization data were not provided at the maximum reported leave-on use concentration of 25%, the 
Expert Panel concluded that the existing data were adequate, anticipating that no irritation and sensitization reactions would 
occur at the maximum use concentration of 25%.  Additionally, boron nitride is not expected to be an ocular irritant at the 
maximum reported concentration of use; in a 2-wk use study, an eye shadow containing 13% boron nitride did not cause any 
adverse effects. 

The Expert Panel also stated that although there are data gaps, this ingredient is a chemically inert insoluble polymer, and the 
hexagonal crystal lattice structure makes boron nitride a very large molecule that is not expected to penetrate the stratum cor-
neum.  Even if it were to penetrate, it would not be expected to have chemical activity in biological systems.  Although boron 
nitride is not reported to be used in nanomaterial form in cosmetic formulations, the lack of toxicity observed in single-and 
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repeated-dose intravenous studies with coated boron nitride nanotubes supports the safety of boron nitride in other forms.  
Also, the fact that boron nitride is not expected to penetrate the skin precludes the need for repeated dose toxicity, 
reproductive and developmental toxicity, and carcinogenicity studies. 

The Panel discussed the issue of incidental inhalation exposure to boron nitride from powders and from products that may be 
aerosolized.  Boron nitride is reportedly used at up to 16% in products that may become airborne, i.e., in face powders, and at 
very low concentrations in cosmetic products that may be aerosolized, i.e., up to 0.9% in fragrance preparations.  Because 
boron nitride is not expected to have chemical activity in biological systems, particles deposited in the nasopharyngeal or 
bronchial regions of the respiratory tract present no toxicological concerns.  Coupled with the small actual exposure in the 
breathing zone and the concentrations at which the ingredients are used, the available information indicates that incidental 
inhalation would not be a significant route of exposure that might lead to local respiratory or systemic effects.  A detailed 
discussion and summary of the Panel’s approach to evaluating incidental inhalation exposures to ingredients in cosmetic 
products that may be aerosolized is available at http://www.cir-safety.org/cir-findings. 

CONCLUSION 

The CIR Expert Panel concluded that boron nitride is safe in the present practices of use and concentration described in this 
safety assessment. 
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FIGURES 

 

 
Figure 1.  Hexagonal boron nitride.15  

 

 

 
Figure 2.  Cubic boron nitride.15  

 
 
 
 

TABLES 

 
Table 1.  Chemical and physical properties 

Property Description Reference 
appearance white powder; hexagonal or cubic crystals 

white, photostable, odorless powder (hexagonal, cosmetic grade) 
colorless (cubic) 

39 
40 
15 

bond length hexagonal:  1.466 Å (with interlayer spacing of 3.331 Å) 
cubic:  1.56 Å 

41 
15 

melting point 2973 °C; sublimes (hexagonal) 15 

mean particle size 1-47 µm (varies by trade name and grade) 
30 µm (spherical morphology) 

4,6,9-14 
7 

density 2.18 g/cm3 
2.26 g/cm3 (hexagonal, cosmetic-grade) 

39 
6 

surface area 0.82-30 m2/g (hexagonal; varies by grade) 
4 m2/g (spherical morphology) 

4,6,9-12 
7 

refractive index 1.74 (hexagonal) 6 

solubility insoluble in water and in acid solutions 39 

stability chemically inert and stable (hexagonal) 6 

hardness 1-2 on the Mohs scale (hexagonal) 8 

coefficient of friction <0.3 6 
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Table 2.  Frequency and concentration of use according to duration and type of exposure 

 # of Uses17 Max.  Concentrations of Use (%)18 

Totals* 643 0.01-25 

Duration of Use   

Leave-On 641 0.01-25 

Rinse Off 2 0.05 

Diluted for (Bath) Use NR NR 

Exposure Type   

Eye Area 320 0.08-25 

Incidental  Ingestion 3 2 

Incidental Inhalation - Spray 12a 0.8-0.9 

Incidental Inhalation - Powder 103 1-16 

Dermal Contact 636 0.01-25 

Deodorant (underarm) NR NR 

Hair - Non-Coloring 4 0.05 

Hair-Coloring NR NR 

Nail 2 2 

Mucous Membrane 3 2 

Baby Products 1 NR 
 
* Because each ingredient may be used in cosmetics with multiple exposure types, the sum of all exposure types may not equal the sum of total uses. 
a Includes fragrance and suntan products 
NR – none reported 
 
 
 
 
Table 3.  Human repeated insult patch tests 

Test Article Conc. tested No. of Subjects Induction Challenge Results Reference
eye shadow con-
taining 13% boron 
nitride 

70% in 
squalane oil 

55 - occlusive 24-h patches 
applied to the back  3x/wk 
for 3 wks 

- 0.1-0.15 g of the test 
material (dose of 25-39 
mg/cm2) per patch 

- test sites were examined 
24-48 h after patch removal 

- the patch was applied 
to a previously 
unpatched site 

- the site was scored 
immediately and 48 h 
after patch removal 

not an irritant or sensitizer 
no reactions were observed 
at any time 

32 

pressed powder 
containing 16% 
boron nitride 

applied neat 107 - 20 mg of the test article 
was distributed evenly over 
the surface of an 8 mm 
filter paper 

- Finn chambers were used 
-  48-72 h patches were 

applied to the back 3x/wk 
for 3 wks 

- test sites were examined 
15-20 min after patch 
removal 

- concurrent 48-h chal-
lenge applications were 
made to the induction 
site and to a previously 
unpatched site  

- the sites were exam-
ined daily for 3 days 
upon patch removal 

not an irritant or sensitizer 
no adverse effects were 
observed during induction 
or challenge 

34 

face powder con-
taining 16% boron 
nitride 

applied neat 104 - as described above - as described above, 
with the exception that 
the sites were exam-
ined 30 min and 48 h 
after patch removal 

not an irritant or a 
sensitizer 
no adverse effects were 
observed during induction 
or challenge 

35 

eye shadow 
containing 18.7% 
boron nitride 

applied neat 55 - occlusive 24-h patches 
applied to the back 3x/wk 
for 3 wks 

- amount applied was not 
stated 

-  test sites were examined 
24-48 h after patch removal 

- the challenge patch 
was applied to a pre-
viously unpatched site 

-  the test sites were 
evaluated immediately 
and 24 h and 48 h after 
patch removal 

not an irritant or sensitizer 
no reactions were elicited 
during induction of 
challenge 

33 

*the challenge followed a 2-wk non-treatment period in each study 
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BORON NITRIDE 01B - Baby Lotions, Oils, Powders, and Creams 1

BORON NITRIDE 03A - Eyebrow Pencil 3

BORON NITRIDE 03B - Eyeliner 11

BORON NITRIDE 03C - Eye Shadow 291

BORON NITRIDE 03D - Eye Lotion 4

BORON NITRIDE 03G - Other Eye Makeup Preparations 11

BORON NITRIDE 04B - Perfumes 4

BORON NITRIDE 04C - Powders (dusting and talcum, excluding afters 4

BORON NITRIDE 04E - Other Fragrance Preparation 5

BORON NITRIDE 05A - Hair Conditioner 1

BORON NITRIDE 05F - Shampoos (non-coloring) 1

BORON NITRIDE 05I - Other Hair Preparations 2

BORON NITRIDE 07A - Blushers (all types) 48

BORON NITRIDE 07B - Face Powders 99

BORON NITRIDE 07C - Foundations 86

BORON NITRIDE 07E - Lipstick 3

BORON NITRIDE 07F - Makeup Bases 5

BORON NITRIDE 07G - Rouges 5

BORON NITRIDE 07H - Makeup Fixatives 1

BORON NITRIDE 07I - Other Makeup Preparations 19

BORON NITRIDE 08D - Nail Extenders 2

BORON NITRIDE 11A - Aftershave Lotion 1

BORON NITRIDE 12C - Face and Neck (exc shave) 11

BORON NITRIDE 12D - Body and Hand (exc shave) 1

BORON NITRIDE 12F - Moisturizing 14

BORON NITRIDE 12G - Night 3

BORON NITRIDE 12I - Skin Fresheners 1

BORON NITRIDE 12J - Other Skin Care Preps 3

BORON NITRIDE 13A - Suntan Gels, Creams, and Liquids 1

BORON NITRIDE 13B - Indoor Tanning Preparations 1

BORON NITRIDE 13C - Other Suntan Preparations 1
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