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The original Stearalkonium Chloride report was 
published in 1982, with a conclusion of safe as used.  
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published in 1989, with a conclusion of safe as used at 
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Memorandum 

 
To:  Expert Panel for Cosmetic Ingredient Safety Members and Liaisons 
From:  Priya Ferguson, M.S. 
    Senior Scientific Analyst/Writer, CIR 
Date:  August 15, 2025 
Subject:  Draft Amended Report on the Safety Assessment of the Alkonium Chlorides and Bromides 
 
 
The Expert Panel for Cosmetic Ingredient Safety (Panel) first published a review of the safety of Stearalkonium Chloride in 
1982 (identified as originalreportSAC_AlkoniumChlorides_092025 in the pdf).  The Panel concluded that Stearalkonium 
Chloride is “safe when incorporated in cosmetic products similar to those presently marketed.”  The Panel considered a re-
review of this report and re-affirmed the 1982 conclusion, as published in 2003 
(rereviewSAC_AlkoniumChlorides_092025).   

Because it had been at least 15 years since the re-review was published, in accordance with Cosmetic Ingredient Review 
(CIR) Procedures, the Panel again re-reviewed this ingredient in March 2023.  At this meeting, the report was re-opened for 
the addition of structurally similar ingredients.  One of the additions, Benzalkonium Chloride, was also previously reviewed 
by the Panel in a safety assessment published in 1989 (originalreportBAC_AlkoniumChlorides_092025) with the 
conclusion that “Benzalkonium Chloride, at concentrations up to 0.1% free, active ingredient, is safe as a cosmetic 
ingredient as presently used.”  The Panel considered a re-review of this ingredient 
(RRdataBAC_AlkoniumChlorides_092025), and re-affirmed the 1989 conclusion, as published in 2008 
(rereviewBAC_AlkoniumChlorides_092025).  Accordingly, a Draft Amended Report on these ingredients, as well as 4 
previously unreviewed ingredients (Behenalkonium Chloride, Benzalkonium Bromide, Cetearalkonium Bromide, and 
Lauralkonium Bromide) has been prepared (report_AlkoniumChlorides_092025) and submitted for your review.  

Benzalkonium Chloride and Stearalkonium Chloride were previously reported to be used in 79 (as of 2006) and 151 total 
formulations (as of 2001), respectively.  According to 2023 VCRP data, these ingredients were used in 69 and 88 
formulations, respectively.  The maximum reported concentration of use for Benzalkonium Chloride has remained 
consistent, with usage up to 0.5% reported in both 2006 and 2023.  The maximum concentration of use for Stearalkonium 
Chloride has decreased from a reported 7% in 2001.  RLD data (2024) indicate that Stearalkonium Chloride is currently 
used in 885 formulations, while Benzalkonium Chloride appears in 565 formulations. 

Numerous studies on Benzalkonium Chloride were identified in the literature, many of which are cited in the Other 
Relevant Studies section of this report. Since the relevance of these studies to cosmetic safety is uncertain, the Panel is 
asked to advise whether any can be removed to help clarify the report. 

Supporting documents for this report package include a flow chart (flow__AlkoniumChlorides_092025), report history 
(history__AlkoniumChlorides_092025), a search strategy (search _AlkoniumChlorides_092025), a data profile 
(dataprofile__AlkoniumChlorides_092025), minutes from the meetings at which the original reports were discussed 
(originalminutes__AlkoniumChlorides_092025), and transcripts from the recent meeting at which reopening this report was 
discussed (transcripts__AlkoniumChlorides_092025). 

If no further data are needed, the Panel should formulate an updated Discussion and issue a Tentative Amended Report.  
However, if additional data are required, the Panel should be prepared to identify those needs and issue an Insufficient Data 
Announcement. 
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Alkonium Chlorides and Bromides History 

1982 

Final report on Stearalkonium Chloride published with following conclusion: “Stearalkonium Chloride is safe when 
incorporated in cosmetic products similar to those presently marketed” 

1989 

Final report on Benzalkonium Chloride published with following conclusion: Benzalkonium Chloride, at 
concentrations up to 0.1% free, active ingredient, is safe as a cosmetic ingredient as presently used” 

2003 

Re-review on Stearalkonium Chloride published – re-affirmed original conclusion  

2008 

Re-review on Benzalkonium Chloride published – re-affirmed original conclusion  

March 2023 

Another re-review considered on Stearalkonium Chloride; Panel decided to re-open assessment for addition of 
structurally similar ingredients (including Benzalkonium Chloride) 

September 2025 

Panel reviews Draft Amended Report on alkonium chlorides and bromides 

Distributed for Comment Only -- Do Not Cite or Quote



1 
 

Alkonium Chlorides and Bromides  Data Profile* – September 2025 – Writer, Priya Ferguson 
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Behenalkonium Chloride X X  X                          
Benzalkonium Bromide X X                            
Benzalkonium Chloride XO XO XO  X XO X

O 
X
O X o xo xo  xo xo x x   XO XO  XO O  O XO X XO 

Cetearalkonium Bromide X X                            
Lauralkonium Chloride X X  X  X                        
Stearalkonium Chloride XO X XO X    O       x    O XO    O  O XO   
* “X” indicates that data were available in a category for the ingredient; “O” indicates that data were available in the previous reports on Stearalkonium Chloride or Benzalkonium Chloride 
 

Distributed for Comment Only -- Do Not Cite or Quote



updated January 8, 2025 

Alkonium Chlorides and Bromides 
 
Ingredient CAS # PubMed FDA CompTox ChemPort NIOSH NTIS NTP FEMA EU ECHA SIDS SCCS AICIS FAO WHO Web 
Behenalkonium 
Chloride 

16841-14-8         X       X 

Benzalkonium 
Bromide 

91080-29-4 X                

Benzalkonium 
Chloride 

61789-71-7; 
68391-01-5; 
68424-85-1; 
8001-54-5; 
85409-22-9 

X X X X     X X   X    

Cetearalkonium 
Bromide 

         X        

Lauralkonium 
Chloride 

139-07-1 X X X X     X X   X    

Stearalkonium 
Chloride 

122-19-0 X X       X X   X    

X = relevant hits found 
 
 
Search Strategy 

INCI names, CAS numbers, and technical names searched along with “typical search terms” listed below 
 
 
Typical Search Terms (this is informational – not for inclusion for search strategy that goes to the Panel) 

 Toxicity 
 Dermal 
 Safety 
 Skin 
 Allergy 
 Penetration 
 Genotoxicity 
 Cancer  
 Reproductive 
 Developmental 
 DART 
 Cosmetic 
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Expert Panel for Cosmetic Ingredient Safety Meeting Transcripts  
 

MARCH 2023 MEETING – FIRST REVIEW/SECOND RE-REVIEW 

Belsito Team – March 6, 2025 

 
DR. BELSITO:  Okay.  So, then, the next one is stearalkonium chloride.  This is a rereview.  The expert panel first published 
our safety of stearalkonium chloride in '82, with a conclusion safe when incorporated in cosmetic products in concentrations 
similar to those presently marketed.  We looked at a rereview in 2003, and we didn't reopen.  We reaffirm the conclusion.  But 
now it's been another 15 years, so we're back at it again.  There were new studies for several tox endpoints.  I don't think 
anything added to what we didn't already know.   
So my opinion was, unless there are other stearalkonium chlorides that we can add to this report, like myristalkonium or 
anything else, and/or we want to further explore EU restrictions, there's no reason to reopen this.  Thomas?   

DR. GREMILLION:  Thank you, Dr. Belsito.  I wanted to ask, on Page 9, in the table there, it says in the earlier report, a 
teratogenicity assay performed using this read-across ingredient did not induce any indication of teratogenicity.  My question 
was whether the more recent study reported in the table did find an indication of teratogenicity?   

DR. BELSITO:  You're on Page 9? 
DR. GREMILLION:  Yeah. 

DR. BELSITO:  That's the old report.   
DR. GREMILLION:  Wait a sec.  Am I -- let's see. 

DR. SNYDER:  Yeah.  The new DART study --  
DR. GREMILLION:  Oh, no.  I'm sorry.  Page 6. 

DR. SNYDER:  The new DART study was negative -- 
DR. HELDRETH:  That's Page 6. 

DR. SNYDER:  -- 2,000 parts per million, highest dose tested.   
DR. GREMILLION:  Sorry.  It was the first entry in the table on Page 6, under notable new data, the DART study.  And there 
are a few NOAELs stated.  So it just seemed like if the existing data didn't find any indication of teratogenicity, and this did, 
that might be a reason to reopen.   
DR. BELSITO:  It wasn't teratogenic.  The litter size was decreased.  

DR. GREMILLION:  Okay. 
DR. BELSITO:  There were NOAEL for reproductive toxicity for F2, 2,000 parts per million due to reduced litter size at the 
highest concentration.   

DR. GREMILLION:  I guess, just from a consumer perspective, I read this, and from a consumer advocate perspective, I saw 
EU is (audio skip), it's been quite a few years, since 1982, when the Panel really looked at it closely.  So I was looking for 
reasons to reopen.   

DR. BELSITO:  We are looking at it closely, in the sense that we're looking at all the new data plus our old report, right? 
DR. GREMILLION:  One other thing I noted was the EU reg says that contact with eyes should be avoided.  And a lot of 
uses are like conditioners and shampoos, where it seems like there would be at least kind of incidental contact with the eyes.  It 
shouldn't contain more than 3 percent, according to the EU reg, and here the max concentration of use is 3.8 percent.   

DR. BELSITO:  Well, it's 3 percent as benzalkonium chloride.   
DR. GREMILLION:  Okay.   
DR. BELSITO:  So this is stearalkonium chloride.  The way I read it, there must be some residual concentrations of 
benzalkonium chloride and stearalkonium chloride.  Which is why I raised -- one of the issues is we would reopen if there are 
other alkonium chlorides, like myristalkonium chloride, which is actually what one of the studies was done on, right?   

DR. GREMILLION:  Yeah, that was the teratogenicity.   
DR. BELSITO:  Right.  Have we reviewed those, Bart?   
DR. HELDRETH:  We have reviewed some of the alkonium chlorides.  I was trying to search right now to bring up which 
ones we looked at.   
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DR. BELSITO:  Is there a reason to reopen to group with others?   
DR. HELDRETH:  So the Panel has previously assessed the safety of benzalkonium chloride.   

DR. KLAASSEN:  That's what I thought.   
DR. HELDRETH:  Benzalkonium montmorillonite (phonetic), benzalkonium bezipiollite (phonetic). 

DR. BELSITO:  What about myristalkonium chloride, which is used in cosmetics?   
DR. HELDRETH:  We have not -- 

DR. RETTIE:  So the exposure of the population, generally, to benzalkonium chloride in hand sanitizers has just exploded, of 
course, over the last few years because of COVID.  And there was some calls, I believe, from regulatory authorities to look 
more closely at the toxicity of benzalkonium chloride.   
DR. BELSITO:  Yeah.  But that's being used as an OTC there, Allan, not as a cosmetic.   

DR. RETTIE:  Yeah.   
DR. BELSITO:  The use in cosmetics has also exploded because of the restrictions on MI, MCI, methyldibromo glutaronitrile 
and other preservatives.  So benzalkonium chloride that you never saw in cosmetic products, now you'll see in the label down 
low because it's being used as a preservative system in the cosmetic product.  But not at the level that it's used in hand 
sanitizers.   
DR. HELDRETH:  So, currently, in the VCRP data that we got from FDA this year, myristalkonium chloride only has two 
reported uses.   
DR. BELSITO:  I'm surprised.  They must be used in -- like, I see them in hair products.   

DR. SNYDER:  Max concentration use went from 3 to 3.8 percent.  Not significant, no new data, do not reopen.   
DR. BELSITO:  Right.  I mean, that's what I said, too, Paul, unless there were other alkonium chlorides and we wanted to 
further explore the EU restrictions.  But there was no reason from the data we saw to do it for EU reasons.  And the question is, 
do we reopen to include other ingredients?   
DR. HELDRETH:  There's a longer chain one behen (phonetic) alkonium chloride, but it only has ten uses reported this year.  
And (inaudible) alkonium chloride, which is a shorter one, which only has four uses.   

DR. BELSITO:  Okay.  So, Paul, you're in the not-reopened camp.  Allan, Curt?   
DR. KLAASSEN:  Yeah, the conclusion isn't going to change.   

DR. BELSITO:  Okay.   
DR. KLAASSEN:  There is new data, but we don't open just because of new data.   

DR. BELSITO:  Okay.  So we're suggesting not to reopen this, Priya.   
DR. GREMILLION:  Dr. Belsito, would you mind just saying again what the relationship between stearalkonium chloride 
and benzalkonium chloride is?   
DR. BELSITO:  There's no relationship, I mean, other than they're alkonium chlorides.  I can only imagine that there may be 
benzalkonium chloride present in some samples of stearalkonium chloride.  I don't know why the SCCS is pointing out 
benzalkonium chloride levels, and why they're equating stearalkonium chloride to benzalkonium chloride.  I'm not a chemist in 
that regard.   
DR. GREMILLION:  I'm just reading the line on the first page of the memorandum.  It says it should be noted that, according 
to the EU, stearalkonium chloride is used in rinsed-off hair products, and ready-to-use preparations should not contain more 
than 0.3 percent, parentheses as benzalkonium chloride.  I don't understand.   
DR. BELSITO:  I don't either, quite honestly.  That's what I was saying to Bart.  I see it in a lot of haircare products.  I think 
it's used as an antistatic.  It’s used, particularly, in hair conditioners is where I see these stearalkonium chloride, and 
myristalkonium chloride.   

DR. GREMILLION:  I mean, it's an order of magnitude under the concentration of use for stearalkonium chloride.  And then 
it says stearalkonium chloride is safe for use as a food additive.  It seems like --   
DR. ANSELL:  Well, that's an incorrect statement.  It's actually 3 percent.   

DR. BELSITO:  I'm sorry.  What's 40 percent, Jay?   
DR. ANSELL:  No, the CosIng at 0.3 percent is incorrect.  The actual regulation allows it up to 3.0 percent.   
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MS. CHERIAN:  The number in the table is correct.  The number in the memo is 0.3.  It should be 3.0.   
DR. BELSITO:  What pages are we on here?   

MS. CHERIAN:  PDF Page 2, in the memo, it says 0.3 for ready-to-use preparations and rinse-off hair products.  And, in the 
table and PDF Page 3, it says maximum concentration in ready-to-use preparations should not contain more than three percent.   
DR. ANSELL:  That goes back to -- 

DR. GREMILLION:  It says that according to European Union, ready-to-use preparation should not contain more than 0.3 
percent.  From Dr. Ansell, that should read 3 percent?  But, then, I also don't understand what it means, it says stearalkonium 
chloride should not contain more than -- or hair products should not contain more than 0.3 percent, and then, parentheses, as 
benzalkonium chloride.   

DR. BELSITO:  No, 3.0 percent is the correct number.  Right, Priya?   
MS. CHERIAN:  Yes.   

DR. GREMILLION:  Then what does it mean to have in parentheses as benzalkonium chloride?   
DR. ANSELL:  No guidance on that, I was just pointing out the correct number.   

DR. BELSITO:  I don't know.   
DR. KLAASSEN:  The only thing I could come up with, is maybe they are quantitating this by looking at how much alkonium 
chloride.  It's a relatively nonspecific analytical method.  That is, quantitating the alkyl chloride rather than the other compound 
or the other part of the molecule.  Do you think that could be possible?  I have no experience.   
DR. BELSITO:  If you look at the impurities data that we have from the old table, there's no mention of benzalkonium 
chloride.  Three to 6 percent sterile alcohol, 1.5 percent to 4 percent sterile dimethylamine hydrochloride and sterile 
dimethylamine.   
So I don't know why they're going to -- I mean, with formaldehyde it made sense because formalin is 37.5 percent 
formaldehyde in water.  And we wanted to get away from the confusion between what formalin and formaldehyde was, and 
when added, it had to be formaldehyde equivalents.   
That makes sense to me.  Benzalkonium chloride in here makes zero sense to me.  It's almost like they're using it as a surrogate, 
like Curt said.  I don't know, Thomas.  I can't answer your question.   

DR. HELDRETH:  I don't know if this informs the situation. 
DR. GREMILLION:  It could be a reason to reopen. 

DR. HELDRETH:  The Panel safety assessment of benzalkonium chloride, in 1989, states that the ingredient is used in 
cosmetic products as a foaming, cleansing bacterial side agent at concentrations up to 5 percent.  The compound was non-
mutagenic in several different cell assays.  It is a skin and ocular irritant at concentrations greater than 0.1 percent.  The 
cosmetic ingredient is not a sensitizer to normal humans at concentrations of 0.1 percent, but may be to individuals with 
diseased skin.   

It is concluded that benzalkonium chloride can be safely used as an antimicrobial agent at concentrations up to 0.1 percent.  
Maybe the concern has to do with the irritancy of benzalkonium chloride.  I'm not sure.   
DR. BELSITO:  So sort of a class effect like the FDA does where, if a (audio skip) inhibitor given systemically causes an 
effect when put topically, it has to be labeled that same way, despite the fact that there's zero absorption and any concern for 
any of the systemic tox.  I don't know.  I personally am not worried about it and think we shouldn't reopen.   
DR. ANSELL:  Yeah.  We would agree.  The fact that we can't explain the analysis doesn't suggest there's data that would 
affect us requiring a reopening.   
DR. BELSITO:  Plus, we've already restricted benzalkonium chloride to 0.1 percent, which is essentially what the EU did.   

DR. GREMILLION:  It's not clear what the EU did.   
DR. BELSITO:  Yeah, I know. 

DR. GREMILLION:  Yeah. 
DR. BELSITO:  Except that they said there shouldn't be more than 0.1 percent benzalkonium chloride.  Which, if you go to 
our benzalkonium chloride report, we've already said that.   

Distributed for Comment Only -- Do Not Cite or Quote



Ingredient/group 
 

Expert Panel for Cosmetic Ingredient Safety Meeting Transcripts  
 

While Thomas is thinking about that, Priya, just a question.  Here on PDF Page 4, under the ADME dermal, you say that the 
maximum systemic absorption, feces, urine, carcass, and skin site, was 50 and 51.1 percent for males and females.  Test 
substance uniformly distributed plasma.  So I'm having a hard time to really get to 50 percent.   
I think most of it was stuck in the skin, right, given all the other data we have on the poor absorption, unless the animals were 
really licking this stuff off.  So was the predominant amount found in the skin and the carcass, which I presume would have 
contained skin?   
MS. CHERIAN:  I can look back at the study and see if it differentiated the amount between carcass and skin type.   

DR. BELSITO:  Yeah.  I think the amount that would be present in plasma and blood would be extraordinarily low.  And here 
it gives the impression that it could be 50 to 50.1 percent.   
So it'd be nice to get some definition of where they really found it in the results overview there.  Because all the other data 
would suggest that they found it in the stratum corneum, the skin, the carcass, but not the blood.  That was it.  But I didn't think 
we needed to reopen.  Thomas?   
DR. GREMILLION:  Yeah.  I don't know.  I was hoping I could find the EU report or language to understand that better, but 
maybe it'll come out tomorrow.   

 
Cohen Team – March 6, 2025 

DR. COHEN:  So stearalkonium chloride was first reviewed in 1982, with a conclusion of safe.  And was re-reviewed and 
reaffirmed in 1982 -- they reaffirmed the 1982 conclusion in 2003, so it’s been 15 years.  A couple of notes that I highlighted; 
the EU has stearalkonium chloride as used in rinse off hair products, and ready to use preparations, not containing more than 
0.3 percent as benzalkonium chloride.  And FDA has stearalkonium chloride as safe as a food additive, antimicrobial agent, 
adhesive, and slimicide.  
We have updated use data with stearalkonium chloride in 88 formulations up to 3.8 percent in 2001.  And it’s reported use in 
151 formulations up to 7 percent now and 3 percent in leave-on.  Looks like the skin irritation/sensitization studies from the 
original report were at 1 percent.  There’s also some more recent literature on an increase in benzalkonium chloride reactivity 
in contact dermatitis.   
So, before I discuss what I thought we should with this, I just wanted to open it up for the rest of you.  Is this a reopen or not?   

DR. ROSS:  I thought it was a reopen. 
DR. BERGFELD:  I did, too. 
DR. ROSS:  Based on the EU conclusion.  I mean, I think we’re on record as -- I think previously, at least the way I read it, 
2001, it was at 7 percent and according to -- 

DR. COHEN:  Oh, did I reverse it? 
DR. ROSS:  Yeah. 

DR. TILTON:  Yeah. 
DR. ROSS:  2022 was 3.8 percent.  And so, I think it’s on record as safe as used at 7 percent and just based on that I thought 
we should reopen.   

MS. CHERIAN:  I just wanted to clarify that the 0.3 in the memo should be 3 percent.  In the table it says 3 percent.  So, max 
concentration in ready to use preparations should not contain more than 3 percent.   
DR. COHEN:  Oh.  Was that in the verbiage as 0.3 percent? 

MS. CHERIAN:  In the memo. 
DR. COHEN:  Okay. 

MS. CHERIAN:  It should’ve been 3.   
DR. COHEN:  Okay. 

DR. ROSS:  Alex pointed it out I think in the Wave 3.  Yeah.  In the text it was 0.3, in the table it was 3 and so it’s 3.   
DR. SLAGA:  So, it’s 0.3, right? 

MS. CHERIAN:  Three. 
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DR. ROSS:  No, it’s three. 
DR. COHEN:  It’s three.   

DR. SLAGA:  Three.   
DR. ROSS:  And so, I think it’s still on record as safe as used at 7 percent from the previous conclusion of this committee 
which is why I felt that we should reopen it, based on that a new conclusion if we’re still up at 7 percent and the EU has got a 
finding at 3 percent.   

DR. SLAGA:  Yeah.   
DR. BERGFELD:  We also have a lot of new tox data in this one, I think.  

DR. COHEN:  I came to the same conclusion that we should reopen it.  
DR. SLAGA:  Yeah. 

DR. BERGFELD:  Me too. 
DR. COHEN:  It’s a pretty commonly used product and I think as we heard from the discussion this morning, that commercial 
uses the ingredients are going to be disclosed.  Benzalkonium chloride gets -- these quaternary ammoniums get used a lot so 
it’s time for a refresh on this.  And just, I guess, one question.  Monice, is a hand protectant used in industry a cosmetic agent? 
MS. FIUME:  So, I’m not sure, David, what you’re asking.  Are you asking if it’s something that is required for use as they’re 
using it or as a moisturizer type protector? 
DR. COHEN:  It’s probably being used as a moisturizer or hand sanitizer or something like that, but within industry, not for 
retail use, but like as a GOJO or something like that.  Does that fall under this purview? 

MS. FIUME:  I am not sure.  Carol, do you have an answer to that question because I don’t want to answer it incorrectly?  Or 
does FDA have an answer to that question? 
MS. EISENMANN:  I mean, it depends on partly how the product is labeled.  But I’m not aware that it’s an official OTC 
material for that use.   
DR. COHEN:  Yeah, okay.  Okay.  So, we’ll reopen this and have further discussion tomorrow. 

MS. FIUME:  And then, I think I have one further clarification just for the purposes of this discussion tomorrow.  Am I 
reading the limitation, the limitation is 3 percent for -- 
DR. COHEN:  EU. 

MS. FIUME:  But for the rinse off hair products, what is the limit, Priya? 
MS. CHERIAN:  Three percent.   

MS. EISENMANN:  No, it has a limit of 0.1 for products other than rinse off hair products.  So other products is 0.1 percent.   
MS. FIUME:  And then rinse off hair products is 3 percent? 

MS. EISENMANN:  Correct. 
MS. FIUME:  Okay, thank you. 

DR. COHEN:  Yeah.  I guess, I was a little confused with that too because “ready to use preparations” kind of threw me off.  
So final product concentrations of benzalkonium chloride, bromide, and saccharinate with an alkyl chain of C14 or less must not 
exceed 0.1 percent as benzalkonium chloride.  And then David’s point is the old reports way higher than that.  So, we really 
need to relook at this.  Okay.  Any further comments? 

DR. BERGFELD:  Well, just to mention that in the summary in the old report, that they had rabbit studies at 25 percent and 
showed some irritations.  I mean, they had some animal studies, not just human.  
DR. COHEN:  Yeah.  Well, I think that would come into a new report anyway, right?  So, we pull that up. 
DR. BERGFELD:  Well, that’s the old report.  Yeah. 

DR. COHEN:  Yeah.  Okay.  I mean, we don’t often see benzalkonium chloride still in the North American standard series 
anymore, but I test to it routinely.  Okay.   
 

Propylene Carbonate 
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DR. COHEN:  We’ll move on to propylene carbonate.  Okay, get rid of that.  Okay, so propylene carbonate was first 
published in a review in 1987, with the conclusion of safe.  And the 1987 conclusion was reaffirmed in 2006.  We’ve got some 
new toxicologic data.  We know that propylene carbonate is used at up to 5 percent as an inactive ingredient in a FDA-
approved topical drug formulation.  We have frequency of use that has increased quite a bit from 178 uses, in 2002, to 911 uses 
in 2022.   
And in 2003 its use was up to five percent.  And according to 2022 concentration of use, propylene carbonates used up to 17.9 
percent.  It’s used in baby products as well.  And from the old report, the max use is close to sensitization studies which have 
appeared to have some positives, at least that’s what I could see in the old report, but any comments, thoughts?  
DR. TILTON:  So, I was recommending to reopen primarily based on the new ocular irritation data and increased use in eye 
makeup preparations.   

DR. ROSS:  I would second that.  I mean, I think also the increased uses, increase concentration, the new data with ocular, 
yeah, reopen. 
DR. COHEN:  Tom? 

DR. SLAGA:  I agree. 
DR. COHEN:  Yeah.  I had it as a reopen as well.  All right, any --  

DR. ROSS:  We had a propylene glycol in there as well, we had probably caught that.   
DR. COHEN:  What do you mean? 
DR. ROSS:  It was just a typo.  Propylene Glycol -- was misidentified as propylene glycol on page four.  I’m sure it’s -- 

DR. COHEN:  Okay.  And we’re sure that it was meant to be propylene carbonate and not glycol? 
DR. ROSS:  Yeah. 

DR. COHEN:  Okay.  Any other comments on propylene carbonate?  It’s used as an excipient in tacrolimus ointment.   
 

Full Panel – March 7, 2025 

DR. BERGFELD:  Okay.  Next item is Dr. Cohen again.  Stearalkonium chloride.   

DR. COHEN:  Okay.  So stearalkonium chloride was reviewed by the panel in 1982, with a conclusion of safe.  It was re-
reveiwed again in 2003, reaffirming that.  It’s listed in Annex 3 with some concentrations in rinse off and ready to use products 
of 3 percent as benzalkonium chloride and in other final products as 0.1.  It’s additionally cleared by FDA as a food additive 
anti-microbial agent, adhesive, and slimicide.   

We had some updated data, including concentration of use of 3.8 percent.  There’s been numerous publications about contact 
dermatitis to BAK.  There’s a lot of data out there discussing contact dermatitis to this -- to quaternary ammoniums and this 
report is 40 years old.  And we discussed reopening this to update this report.   

DR. BERGFELD:  Is that a motion? 
DR. COHEN:  That’s a motion.  

DR. BERGFELD:  Don, any support of that motion or discussion? 
DR. BELSITO:  We didn’t feel that it needed to be reopened, unless we were going to add other alkonium chlorides like 
myristalkonium, behenyl alkonium chloride (phonetic) to the report.  That was our team’s conclusion. 

DR. COHEN:  Don, can you give us -- because I don’t know -- a little history?  Were those previously reviewed? 
DR. BELSITO:  Bart would have to give that history.  We asked about myristalkonium, it was reviewed.  Is that correct, Bart? 

DR. HELDRETH:  Myristalkonium chloride, behenyl alkonium chloride have not been reviewed.  They both have VCRP 
entries of ten or fewer frequency of use.  The only alkonium chloride that the panel has performed a safety assessment on so far 
is the benzalkonium chloride.  

DR. BELSITO:  I mean, if we can add in those other alkonium chlorides, and you want to reopen it to look at sensitization 
data, I don’t have a problem with that.  I also don’t understand the EU sort of making the data as benzalkonium equivalents.  I 
don’t understand at all where that language comes from.  I understand with like formaldehyde because formalin is 37.5 percent 
formaldehyde.  I understand that clarification that we made in our report.  I don’t understand the EU.   
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But if we can add in all the other alkonium chlorides in the dictionary, even if they have low use and you want to look at the 
sensitization data, I’m happy with that.  
DR. COHEN:  I think that’s a great idea.  I hadn’t even thought of that, but that would make this more robust. 

DR. RETTIE:  Can I ask for some clarification on nomenclature here?  My internet dropped out and I missed this one 
yesterday, so I would’ve asked this then.  My understanding is we were talking about benzalkonium chloride as if it’s one 
thing.  

DR. COHEN:  Right, right. 
DR. RETTIE:  My understanding is that the BAKs are a family that includes the C18 chainline, which is -- I can’t say this 
word -- stearalkonium chloride, which is the single thing we’re talking about here.   

So, I’m just confused because I don’t understand if benzalkonium chlorides that we’ve looked at in the past include this or not.  
Because it seems to me that they should.  
DR. COHEN:  Allan, I was very confused by it as well, because some of the limits are as benzalkonium chloride.  And when 
you look up stearalkonium chloride, it says it is a benzalkonium chloride.  So, this report is 40 years old.  It might be nice to 
update the chemistry, the nomenclature, for people to use.  And I thought Don’s idea was great. 
DR. BERGFELD:  So are you adding that to your motion, by the way? 

DR. COHEN:  Yes. 
DR. BERGFELD:  Okay.  Bart, do you want to respond in any way? 
DR. HELDRETH:  Yeah.  No, I completely agree with Allan, it is very confusing.  We have these, essentially, tertiary 
ammonium chloride salts, which is supposed to only vary by the quote/unquote alkonium piece.  The -- how man -- you know, 
what the alkyl groups are that come off of this.  And then the other -- the fourth group on that tertiary ammonium is either 
stearal -- in the case of stearalkonium chloride, or benzal in the case of benzal and so forth.   
So I agree, we will -- when we create this draft amended report, we will try to flesh out those details to make it a little bit 
clearer.  

DR. BERGFELD:  Would you be also expanding the chemical groups, you think? 
DR. HELDRETH:  Yeah.  That’s what I’m hearing that the motion will now include adding the alkyl alkonium chlorides.  
Not benz, but things like myristal and behenyl that are just different chain links. 

DR. BERGFELD:  Okay.  Okay.  Allan, did you have something to say?  I’m sorry.   
DR. RETTIE:  No, it was off-topic.  Forget it. 

DR. BERGFELD:  Okay.  Okay.  It looks like we have a second, is that true, Don, to reopen this ingredient and expand it 
slightly? 
DR. BELSITO:  Yes. 
DR. BERGFELD:  Okay.  And we have an approval by Bart to do so.  So we have a second.  I’m going to call the question.  
All those opposing reopening?  Abstaining?  So, this ingredient is reopened.   
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Original Minutes – Alkonium Chlorides and Bromides 
 

STEARALKONIUM CHLORIDE 
Draft Report Review (November 1979) 
The Report contained the following Conclusion: It is the opinion of the Expert Panel based on the evidence at hand, 
which it believes to be relevant and accumulated in a reasonable manner, that the cosmetic ingredient, 
Stearalkonium Chloride, is safe when incorporated in concentrations similar to those presently marketed. 
Dr. Beyer instructed that, in view of the suggested revisions, the document be revised and mailed to the panel for 
further review.  Upon adoption, the document will be issued as a Tentative Report for a 90-day comment period. 
 
Draft Tentative Report Review (March 1980) 
Stearalkonium Chloride. Subject to minor revision, the Draft Tentative Report setting out the safety of this 
ingredient was adopted by the Expert Panel. Dr. Fine voted against the adoption because, is his opinion, there is a 
lack of human safety data available. 
 
Draft Final Report Review 
Not available  
 
First Re-Review (November 2001) 
Dr. Belsito stated that a CIR Final Report with the following conclusion on this ingredient was published in 1982: 
On the basis of the evidence at hand, the Expert Panel concludes that the cosmetic ingredient, Stearalkonium 
Chloride, is safe when incorporated in cosmetic products in concentrations similar to those presently marketed. 
Dr. Belsito noted that very little new information on Stearalkonium Chloride has entered the published literature 
since the Final Report was published, and that his Team concluded that the Final Safety Assessment on this 
ingredient does not need to be reopened. 
The Panel unanimously concluded that the CIR Final Safety Assessment on Stearalkonium Chloride does not need 
to be reopened. 

BENZALKONIUM CHLORIDE 
Draft Report Review  
Not available 
 
Draft Tentative Report Review (April 1988) 
Dr. Bergfeld reported that Benzalkonium Chloride is an antibacterial agent and has produced ocular and dermal 
irritation as well as sensitization at concentrations greater than 0.1%.  She noted that this had been addressed in the 
discussion of the report and was the basis for a recommendation of a concentration limit of 0.1% for use in 
cosmetics.  A UV spectrum also had been requested and received; Benzalkonium Chloride had a peak absorption 
maximum of 262 nm and did not absorb UV light at wavelengths of 300 nm and above. 
 
Dr. Schroeter noted his team’s concern with the fact that, in solution, Benzalkonium Chloride bears a net charge and 
therefore might be bound by proteins or other agents, possibly leaving no free Benzalkonium Chloride to act as a 
preservative.  His team concurred with the 0.1% concentration limit but wanted the limit to apply to the free active 
ingredient. 
 
After noting that the discussion of the report should reflect the Panel’s concerns as to Benzalkonium Chloride’s 
irritation and sensitization potential and its behavior in solution, the Panel unanimously approved Benzalkonium 
Chloride as safe as a cosmetic ingredient at concentrations up to 0.1% of the free, active ingredient.  The revised and 
corrected report will be mailed to the Panel for a two-week review, after which the tentative final report will be 
announced for a 90-day comment period. 
 
Draft Final Report Review  
Not available 
 
First Re-Review (June 2006) 
Dr. Marks stated that a CIR Final Report with the following conclusion was published in 1989: On the basis of the 
data presented in this report, the CIR Expert Panel concludes that Benzalkonium Chloride, at concentrations up to 
0.1% free, active ingredient, is safe as a cosmetic ingredient as presently used.  He then noted that his Team 
determined that the Final Report should not be reopened. 
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ABBREVIATIONS 

AICIS  Australian Industrial Chemicals Introduction Scheme 

ATP  adenosine triphosphate 

BALF  bronchoalveolar lavage fluid 

CIR  Cosmetic Ingredient Review 

CFR  Code of Federal Regulations 

Cx43  connexin 43 

Council  Personal Care Products Council 

DEREK  Deductive Estimation of Risk from Existing Knowledge 

Dictionary  International Cosmetic Ingredient Dictionary and Handbook 

DNA  deoxyribonucleic acid 

DMSO  dimethyl sulfoxide 

EC  European Commission 

EC3  effective concentration causing a 3-fold increase in lymph node cell proliferation 

ECHA  European Chemicals Agency 

EPA  Environmental Protection Agency 

ER  estrogen receptor 

ET50  exposure time required to reduce tissue viability to 50% 

EU  European Union 

FDA  Food and Drug Administration 

FEV1  forced expiratory volume in 1 sec 

GD  gestation days 

GPER1  G-protein coupled estrogen receptor 1 

HRIPT  human repeated-insult patch test 

IC50  half-maximal inhibitory concentration 

IgE  immunoglobulin E 

IL  interleukin 

IL-6  interleukin-6 

IL-1α  interleukin-1alpha 

IFNα  interferon alpha-2b 

LC50  median lethal concentration  

LD50  median lethal dose 

LLNA  local lymph node assay 

l.o.  leave-on 

MALDI-TOF matrix assisted laser desorption ionization time-of-flight 

MCF-7  Michigan Cancer Foundation 

MMAD  mean mass aerodynamic diameter 

MOE  margin of exposure 

MOS  margin of safety 

MoCRA  Modernization of Cosmetics Regulation Act 

MTT  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

NA  not applicable 

NACDG  North American Contact Dermatitis Group 

NOAEL  no-observed-adverse-effect-level 

NOEL  no-observed-effect-level 

NR  not reported 

OECD  Organisation for Economic Co-operation and Development 

OPP  Office of Pesticide Programs 

OPPTS  Office of Prevention, Pesticides, and Toxic Substances 

OTC  over-the-counter 

Panel  Expert Panel for Cosmetic Ingredient Safety 

PBS  phosphate-buffered saline 

QSAR  quantitative structure-activity relationship   

RLD  Registration and Listing Data 

RNA  ribonucleic acid 

r.o.  rinse-off 

ROS  reactive oxygen species 

SCC  Scientific Committee on Cosmetology 

SCCS  Scientific Committee on Consumer Safety 

SED  systemic exposure dose 

SDS  sodium dodecyl sulfate 
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SLS  sodium lauryl sulfate 

TG  test guidelines 

US  United States 

UV  ultraviolet 

ZO-1  tight junction zonula occludens-1 
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INTRODUCTION 

This assessment reviews the safety of the following 6 ingredients as used in cosmetic formulations:   

Behenalkonium Chloride  

Benzalkonium Bromide 

Benzalkonium Chloride* 

Cetearalkonium Bromide 

Lauralkonium Chloride 

Stearalkonium Chloride*

  *previously reviewed 

 

According to the web-based International Cosmetic Ingredient Dictionary and Handbook (Dictionary), all of these 

ingredients are reported to function as antistatic agents (Table 1).1  The majority of these ingredients (4 of the 6) are also 

reported to function as cosmetic biocides. 

Stearalkonium Chloride was previously reviewed by the Expert Panel for Cosmetic Ingredient Safety (Panel) in a safety 

assessment published in 1982, with the conclusion that Stearalkonium Chloride is safe when incorporated in cosmetic 

products at concentrations similar to those presently marketed (as indicated in that report).2  The Panel also considered a re-

review of this report and re-affirmed the 1982 conclusion, as published in 2003.3  In March 2023, this ingredient was again 

considered for re-review, and the report was re-opened for the addition of structurally similar ingredients. 

It should be noted that Benzalkonium Chloride was also previously reviewed by the Panel in a safety assessment 

published in 1989 with the conclusion that Benzalkonium Chloride, at concentrations up to 0.1% free, active ingredient, is 

safe as a cosmetic ingredient as presently used (as indicated in that report).4  The Panel considered a re-review of this 

ingredient and re-affirmed the 1989 conclusion, as published in 2008.5 

This safety assessment includes relevant published and unpublished data that are available for each endpoint that is 

evaluated.  Published data are identified by conducting an extensive search of the world’s literature; a search was last 

conducted July 2025.  A listing of the search engines and websites that are used and the sources that are typically explored, as 

well as the endpoints that the Panel typically evaluates, is provided on the Cosmetic Ingredient Review (CIR) website 

(https://www.cir-safety.org/supplementaldoc/preliminary-search-engines-and-websites; https://www.cir-

safety.org/supplementaldoc/cir-report-format-outline).  Unpublished data are provided by the cosmetics industry, as well as 

by other interested parties. 

Some of the data included in this safety assessment was found on the European Chemicals Agency (ECHA)6,7 and 

Australian Industrial Chemicals Introduction Scheme (AICIS) websites.8  Please note that these websites provide summaries 

of information generated by industry, and it is those summary data that are reported in this safety assessment when ECHA or 

AICIS is cited.   

It should be noted that Benzalkonium Chloride consists of mixtures of alkylbenzyldimethylammonium chlorides, and 

may therefore have varying chain lengths.9  They are typically commercialized as compounds ranging from C8 – C18, with 

higher biocide activity for C12 and C14 derivatives.10  Some review sources (e.g., ECHA and AICIS) list test substances in 

studies by chain length (e.g., C12 - C16 alkylbenzyldimethylammonium chloride).8,11,12  As these mixtures are equivalent to 

Benzalkonium Chloride, the test substance for these studies will be listed as Benzalkonium Chloride, with the addition of a 

notation stating the chain length (e.g., Benzalkonium Chloride (C12 – C16)).  This distinction is not made in text summarizing 

studies in tables; but have been indicated in the “Test Article” column of tables, as appropriate. 

Excerpts from the 1982 report on Stearalkonium Chloride, the 1989 report on Benzalkonium Chloride, and the re-

review document13 presented to the Panel in June 2006 are disseminated throughout the report, as appropriate, and are 

identified by italicized text.  (This information is not included in the tables or the Summary section.)  Accordingly, for 

Stearalkonium Chloride and Benzalkonium Chloride, an exhaustive search of the world’s literature was performed for studies 

dated 1999 and 2003 forward, respectively, and relevant new studies were included. 

CHEMISTRY 

Definition and Structure 

The definitions and structures of the ingredients included in this review are provided in Table 1.1  These ingredients are 

quaternary ammonium halides, specifically, alkylbenzyldimethylammonium salts with chloride or bromide counterions, as 

shown in Figure 1.8   

 

Figure 1. Alkonium halides, wherein R is an even numbered alkyl chain (C10 – C22) and X is bromide or chloride. 

 These cationic surfactants have varying carbon chain lengths of the hydrophobic alkyl moieties (C10 – C22; e.g., 

Stearalkonium Chloride (CAS No. 122-19-0) has a chain length of C18).  Benzalkonium Bromide (CAS No. 91080-29-4) and 
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Benzalkonium Chloride (CAS No. 61789-71-7; other CAS numbers for this ingredient may be found in Table 1) are mixtures 

of alkylbenzyldimethylammonium chlorides.9   

Chemical Properties 

Benzalkonium Chloride exists as a white or yellowish-white amorphous powder or gel that is soluble in water, acetone, 

and alcohol, and has an average formula weight of 360 g/mol.4  Chemical properties of Benzalkonium Chloride and the other 

ingredients reviewed in this report may be found in Table 2. 

Method of Manufacture 

Benzalkonium Chloride is prepared by treating a solution of N-alkyl-N-methylbenzylamine in an organic solvent with 

methyl chloride (the appropriate solvent results in quaternary compound precipitates).4  This ingredient may be formulated 

by preparing a primary amine from a fatty acid or a blend of fatty acids, followed by methylation of the primary amine to 

form dimethyl alkylamine.  This tertiary amine is then quaternized with benzyl chloride. 

The quaternary ammonium compounds evaluated in this report are synthesized through a quaternization reaction 

involving N,N-dimethylbenzylamine and the respective 1-bromoalkanes or 1-chloroalkanes.14  In a typical process, N,N-

dimethylbenzylamine is combined with the selected 1-bromoalkane or 1-chloroalkane (each differing by alkyl chain length 

(behenyl C22, cetearyl C16 - C18, lauryl C12, stearyl C18, or mixed chains)) in dry ethanol.  The reaction mixture is heated to 

facilitate quaternization, where the tertiary amine is converted into a quaternary ammonium salt.  After reaction completion, 

solvent removal is followed by purification steps including recrystallization from acetone, washing with ether, and drying at 

room temperature.   

Composition and Impurities 

Benzalkonium Chloride is sold commercially as 50 or 80% solutions in water or alcohol.4  It may also be sold in a 

mixture of water, ethyl alcohol, and isopropyl alcohol.  The total alkylbenzyldimethylammonium chloride content of 

Benzalkonium Chloride is not less than 97%. 

There are several known impurities of Stearalkonium Chloride.2  These include stearyl alcohol (3 – 6%) and stearyl 

dimethylamine hydrochloride (1.4 – 4%). 

Benzalkonium Chloride 

Several impurities may be present in raw Benzalkonium Chloride.15  These impurities include benzyl alcohol, 

benzaldehyde, and benzyl chloride.  

Reactivity 

These cationic can be used to precipitate sulfated hydrocolloids at critical temperature and pH values.  These 

substances may lower surface tension, making possible many chemical reactions (e.g., hydrolysis of carboxylic acid esters of 

polyvinyl alcohol).  In the presence of nitrites, nitrogen oxides, or other nitrosating agents, alkylbenzyldimethylammonium 

chlorides will give rise to traces of N-nitrosamines.  The significant impurities, alkyldimethylamines, are easily nitrosated to 

N-nitrosamines. 

Ultraviolet (UV) Absorption 

In a UV spectral analysis of Benzalkonium Chloride, the absorption peak was well below 300 nm.13  There was no 

measurable absorption above 310 nm.  The maximum UV absorption was observed to be 262 nm for this ingredient. 4  

USE 

Cosmetic 

The safety of the cosmetic ingredients addressed in this assessment is evaluated based on data received from the US 

Food and Drug Administration (FDA) and the cosmetics industry on the expected use of these ingredients in cosmetics.  Data 

included herein were obtained from the FDA and the Personal Care Products Council (Council), and it is these values that 

define the present practices of use and concentration that are assessed by the Panel.  Responses to a survey conducted by the 

Council indicate maximum reported concentrations of use.  Frequency of use were obtained from the FDA Voluntary 

Cosmetic Registration Program (VCRP) database and from Registration and Listing Data (RLD).  Since 2024, as a result of 

the Modernization of Cosmetics Regulation Act (MoCRA) of 2022, manufacturers and processors are required to register 

facilities and list their products (and ingredients therein) with the FDA (i.e., RLD).  An exception is made for small 

businesses (average gross annual sales in the US of cosmetic products for the previous 3-yr period is less than $1,000,000, 

adjusted for inflation), which are exempt from MoCRA reporting for most cosmetic product categories.  Eye area products, 

injected products, internal use products, or products that alter appearance for more than 24 h, and the facilities that 

manufacture these products, are not included in this exemption.16  Please note, at this time, it is not appropriate to contrast 

data from the VCRP and RLD to determine a trend in frequency of use because there are numerous differences in the ways 

the data for the VCRP and the RLD were collected and processed, and because reporting frequency of use is now mandatory 

(as opposed to the past practice of voluntary reporting).  Although the VCRP program is now defunct, trends in frequency of 

use from the RLD alone are not yet possible in that a baseline is currently not available. 
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According to 2024 RLD, Stearalkonium Chloride has the highest number of uses (it is used in 885 total formulations; 

Table 3 and Table 4).17  This ingredient is also reported to have the highest concentration of use.  It is used at up to 3.8% in 

tonics, dressings, and other hair grooming aids.18 

These ingredients may result in incidental ingestion, incidental ocular exposure,  and mucous membrane exposure as 

they are reported to be used in formulations used in the mouth (e.g., Benzalkonium Chloride is used in mouthwashes and 

breath fresheners at 0.3%), near the eye (e.g., Benzalkonium Chloride is used in other eye makeup preparations at up to 

0.01%) and other mucus membranes (Benzalkonium Chloride is used in bath soaps and body washes at up to 0.14%).19  In 

addition, these ingredients are reported to be used in baby products (e.g., Benzalkonium Chloride is used in other baby 

products (concentration of use not stated)). 

Benzalkonium Chloride and Stearalkonium Chloride were previously reported to be used in 79 (as reported in 2006) and 

151 (as reported in 2001) formulations, respectively.3,5  According to 2023 VCRP, these ingredients were used in 69 and 88 

formulations, respectively.17,20  Maximum concentrations of use for Benzalkonium Chloride have remained unchanged since 

2006 (Benzalkonium Chloride was reported to be used at up to 0.5% in both 2006 and 2023).19  The concentration of use for 

Stearalkonium Chloride has decreased (in 2001, Stearalkonium Chloride was reported to be used at up to 7%). 

These ingredients may be used in cosmetic sprays and powders, and could possibly be inhaled (e.g., Benzalkonium 

Chloride is used in perfumes (concentration not reported).  In practice, as stated in the Panel’s respiratory exposure resource 

document (https://www.cir-safety.org/cir-findings), most droplets/particles incidentally inhaled from cosmetic sprays would 

be deposited in the nasopharyngeal and tracheobronchial regions and would not be respirable (i.e., they would not enter the 

lungs) to any appreciable amount.  Conservative estimates of inhalation exposures to respirable particles during the use of 

loose powder cosmetic products are 400-fold to 1000-fold less than protective regulatory and guidance limits for inert 

airborne respirable particles in the workplace. 

Some products containing these ingredients may be marketed for use with airbrush delivery systems.  With the advent 

of MoCRA and the current product categories outlined by the FDA, it is now mandatory that cosmetic products used in 

airbrush delivery systems be reported as such for some, but not all, product categories in the RLD.  In other words, a reliable 

source of frequency of use data regarding the use of cosmetic ingredients in conjunction with airbrush delivery systems is 

now available, in some instances.  Some of the reported product categories for these ingredients as listed in the RLD do 

require designation if airbrush application is used (e.g., indoor tanning preparations), but no airbrush use was indicated.   

Additionally, the Council currently surveys the cosmetic industry for maximum reported use concentrations of ingredients in 

products which may be used in conjunction with an airbrush delivery system; thus, this type of data may also be available, 

when submitted.  Please note that no concentration of use data were provided indicating airbrush application.  Nevertheless, 

no consumer habits and practices data or particle size data are publicly available to evaluate the exposure associated with this 

use type, thereby preempting the ability to evaluate risk or safety.  Without information regarding the consumer habits and 

practices data or product particle size data (or other relevant particle data, e.g., diameter) related to this use technology, the 

data profile is incomplete, and the Panel is not able to determine safety for use in airbrush formulations.  Accordingly, the 

data are insufficient to evaluate the exposure resulting from cosmetics applied via airbrush delivery systems.   

Benzalkonium Bromide and Benzalkonium Chloride are listed in the European Union (EU) Cosmetic Regulation 

1223/2009 Annex V (list of preservatives allowed in cometic products) with a maximum concentration of 0.1% in cosmetic 

formulations.21  Additionally, these substance are also referenced in Annex III, Entry 65, which permits certain quaternary 

ammonium compounds in rinse-off hair products at concentrations up to 3%, provided the total content of benzalkonium 

compounds with alkyl chains of C14 or less do not exceed 0.1% (as Benzalkonium Chloride).  Although Behenalkonium 

Chloride, Cetearalkonium Bromide, Lauralkonium Chloride, and Stearalkonium Chloride are not individually listed in Annex 

III, they fall under the scope of Entry 65 due to their chemical similarity to listed quaternary ammonium compounds, and are 

subject to the same restrictions. 

Non-Cosmetic 

Benzalkonium Chloride is commercially available in aqueous solutions up to 5%, and is used at concentrations of up to 

0.1% as a germicide and sanitizer.4  Benzalkonium Chloride is also used as a preservative in ophthalmic solutions, 

medications, and contact lenses, and as a spermicide.  It is used in both prescription and non-prescription drug products.  

Some over-the-counter (OTC) products that Benzalkonium Chloride may be used in include antimicrobial soaps, 

handwashes, preoperative skin preparations, skin antiseptics, wound protectant, wound cleansers, surgical hand scrub, 

dandruff treatment, astringents, and insect bite/sting treatment.  

Benzalkonium Chloride and Stearalkonium Chloride have reported non-industrial uses.8  These uses include excipients 

in pharmaceutical formulations and in hospital or household/commercial grade disinfectants.  Stearalkonium Chloride is 

reported to be used as an inactive ingredient in an FDA-approved topical drug at 3.15%.22  Benzalkonium Chloride is 

reported to be used in both OTC and prescription formulations (e.g., glaucoma medications, eye/ear drops, nasal sprays).8,23  

These chemicals may be used in cleaning products at up to 20% as well as in the manufacture of building materials, paper 

products, and textiles, and in insect spray, pool care products, pet care products, paints, lacquers, varnishes, adhesives, fillers, 

and lubricant.  In scientific assays, Benzalkonium Chloride may be used to induce cytotoxicity, dry eye disease, or ocular 

irritation/inflammation.24-28  Several Code of Federal Regulation (CFR) citations permitting the use of some of these 
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ingredients for certain uses (e.g., food additive for sugarcane juice, use in food packaging) have been established.  A listing 

of these citations may be found in Table 5. 

TOXICOKINETIC STUDIES 

The average value of the membrane cell integral diffusion coefficient for Benzalkonium Chloride was 0.000008 cm2/s at 

25° C, indicating low diffusivity across lipid membranes.13  There was no significant effect of alkyl chain length on the 

measured value of the membrane cell integral diffusion coefficient.  

According to an assay evaluating the metabolism of Benzalkonium Chloride homologues (C₁₀–C₁₆) by human hepatic 

cytochrome P450 enzymes, metabolic stability in human liver microsomes increased with alkyl chain length.29  The study 

demonstrated that Benzalkonium Chloride undergo nicotinamide adenine dinucleotide phosphate-dependent ω- and 

(ω-1)-hydroxylation, producing a range of oxidized alkyl chain metabolites, including ω-hydroxy, diol, ketone, and ω-

carboxylic acids, with no N-dealkylation observed.  Shorter-chain benzalkonium chlorides were metabolized more rapidly 

than their longer-chain counterparts, as indicated by increasing half-lives in the order of C10 < C12 < C14 < C16.  

Dermal Penetration 

The dermal absorption and penetration studies summarized herein can be found in Table 6.  Benzalkonium Chloride 

(0.123%) was observed to readily penetrate through the epidermis and into the dermis in an assay performed using excised 

human skin.30  In this assay, penetration was affected by vehicle, with the highest penetration occurring when citric acid was 

used as the vehicle.  An average of 15% of the applied dose was absorbed in an assay in which rats were dermally treated 

with radiolabeled Benzalkonium Chloride for 72 h under occlusive conditions.31  The absorbed dose was determined to be 

approximately 0.05% in an assay in which Benzalkonium Chloride (80.5% active ingredient; radiolabeled and non-

radiolabeled) was applied to human skin samples at 0.03%.11  Systemic exposure to Benzalkonium Chloride (0.13%) via 

hand soap was determined to be very low in a study performed in 32 subjects.32   

Penetration Enhancement 

Permeation of cyclosporin A through intact and de-epithelialized human vaginal mucosa was enhanced by 0.01% 

Benzalkonium Chloride.13  Specimens were obtained from excess tissue removed from 8 post-menopausal patients. 

Details regarding the penetration enhancement study summarized below may be found in Table 6.  The effect of 

Benzalkonium Chloride (0.5 – 5%) on lorazepam permeation was evaluated in rat skin.33  An increased steady-state flux of 

lorazepam was observed when applied to the skin with Benzalkonium Chloride, compared to controls; however, this effect 

was not observed in a dose-dependent manner. 

Absorption, Distribution, Metabolism, and Excretion (ADME) 

The lung and kidneys were target organs of Benzalkonium Chloride in an assay in which 12 - 18 rats (sex not stated) 

were administered Benzalkonium Chloride via catheter (either jugular vein or femoral artery administration; dose of 15 

mg/kg 1% Benzalkonium Chloride over 1 min).13  Blood Benzalkonium Chloride levels and kinetics were similar among the 

different routes of administration; however, the lung and kidney levels were higher in jugular vein-administered rats.  

A commercial mixture of alkylbenzyldimethylammonium chlorides (predominantly C12, C14, and C16) was administered 

orally, rectally, or intramuscularly to rabbits, dogs, and cats, at 10 times the lethal dose.2  After oral administration, most of 

the compound remained in the upper gastrointestinal tract, with small concentrations found in the liver and blood.  After 

rectal administration, nearly all of the compound was recovered from the lower bowel, with small amounts in the blood, 

liver, and kidney tissue.  Following intramuscular administration, nearly all of the mixture remained at the injection site. 

No Benzalkonium Chloride was detected in blood or breast milk samples at any time point (15 min – 24 h after 

application) following the use of tampons containing Benzalkonium Chloride (60 mg; n = 3 – 4 women).4   

Benzalkonium Chloride was found in the corneal epithelium, endothelium, stroma, and in the bulbar and palpebral 

conjunctivae of rabbits (number and sex not stated) following administration of a 50 µl eyedrop containing [14C]-

Benzalkonium Chloride.4  Measurable levels of Benzalkonium Chloride were present in ocular tissues for up to 120 h.  No 

radioactive material was found in the aqueous humor or any other tissues.   

The ADME studies summarized herein can also be found in Table 6.  After a single dermal application of radiolabeled 

0.1% Benzalkonium Chloride (49.9% active ingredient) to rats, mean radioactivity levels were below quantifiable limits in all 

tissues and organs except for intestines and stripped skin.12  Rapid absorption of the test substance (in limited amounts) was 

observed in a 3-part experiment in which rats were orally administered (via diet (at 100 ppm) or gavage (at 1 or 5 mg/ml)) 

Benzalkonium Chloride (30% active ingredient; radiolabeled and non-radiolabeled).11  Following a single oral dose of 200 

mg/kg bw radiolabeled Benzalkonium Chloride (49.9% active ingredient), radioactivity levels were highest in the intestines 

of rats while trace levels were found in other tissues and organs (e.g., abdominal fat, heart, lungs).12  The maximum amount 

of Lauralkonium Chloride observed in the blood and liver were determined to be 1000 and 550 nm, respectively, following 

administration of 120 µg/g/d via diet to mice.34  
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TOXICOLOGICAL STUDIES 

Acute Toxicity Studies 

Of 96 mice receiving dermal applications of 6.5 and 50% Benzalkonium Chloride, 29 died within 72 h after application.  

Other effects at these concentrations included permanent bald spots, ear necrosis, and weight loss, while lower 

concentrations (0.1 – 1.5%) produced mild, temporary effects.  A dermal median lethal dose (LD50) of 525 mg/kg was 

established in an acute oral toxicity assay in which Benzalkonium Chloride was given to white rats.4  No toxic effects were 

observed in an assay in which a cream containing 0.13% Benzalkonium Chloride (5 ml/kg) was administered to rats via 

gavage.  No deaths were observed in an assay in which a cream containing 0.1% Benzalkonium Chloride (7 ml/kg) was given 

to rats via gavage.  Adverse effects such as difficulty breathing, diarrhea, and death were observed in rats (number and sex 

not stated) treated with 250 mg/kg Benzalkonium Chloride via gavage.13 

LD50s of greater than 0.5 g/kg but less than 1.25 g/kg were determined in experiments in which 25% aqueous solutions 

of Stearalkonium Chloride was administered to rats via gavage.2  An aqueous solution containing 20% Stearalkonium 

Chloride yielded an LD50 of 4 ml/kg in rats (method of oral administration not stated).  In a different study, pure 

Stearalkonium Chloride administered via gavage (type of animals used not stated) yielded an LD50 greater than 0.0625 g/kg 

but less than 1.25 g/kg.  An oral LD50 of 0.76 g/kg was established in an assay performed using pure Stearalkonium Chloride 

in mice (method of oral administration not stated).   

Details regarding the acute toxicity studies summarized below may be found in Table 7.  LD50s were determined to be 

3.56 ml/kg bw (assay performed in rabbits) and 930 mg/kg bw (species not stated) Benzalkonium Chloride in acute dermal 

irritation assays.8,11  The lowest oral LD50 for Benzalkonium Chloride was reported to be 234 mg/kg following administration 

of 10% Benzalkonium Chloride to rats.11,12,35,36  A no-observed-effect-level (NOEL) of < 0.049 mg/m3 was determined in an 

acute inhalation toxicity assay in which female mice were administered aerosolized Benzalkonium Chloride.37  In a different 

acute inhalation toxicity assay performed in rats, a median LC50 of 52.84 mg/m3 Benzalkonium Chloride was determined.8,38  

Repeated-Dose Toxicity Studies 

The short-term toxicity of 1.5% Benzalkonium Chloride was evaluated in female mice (3/group) dermally treated daily, 

5d/wk, for 8 wk.13  An intense inflammatory infiltrate in the dermis resulted in a migration of neutrophils through the 

epidermis to form a huge exudate within a parakeratotic horny layer (keratinocytes showed marked cytotoxic changes).  

Benzalkonium Chloride solutions (50 and 100 mg/kg (doses were 1:20 and 1:10 dilutions of 10% Benzalkonium Chloride, 

respectively)) diluted in water or milk were administered to rats (10 males/group), via gavage, once daily, for 12 wk.4  Two 

rats receiving 100 mg/kg died (vehicle not specified).  Growth suppression was observed in rats treated with the aqueous 

solution at 100 mg/kg.  No signs of toxicity were observed at the lower dose, regardless of the vehicle.  No adverse effects 

were observed in a 14-wk inhalation toxicity assay in which rats (n = 12 females) and hamsters (n = 12 (sex not stated)) 

were exposed to an aerosolized hair conditioner containing 0.1% Benzalkonium Chloride (9.9 mg/m3 of air) for 4 h/d, 5 

d/wk.  Beagle dogs (6/group; sex not stated) were given 10% Benzalkonium Chloride (12.5 – 50 mg/kg) diluted in either milk 

or water, daily, for 52 wk, via gavage.4  Deaths were observed in groups given the water dilutions at 25 and 50 mg/kg.  Slight 

to moderate hyperemia of the small intestine and pyloric stomach was observed in animals given milk dilutions at 50 mg/kg.  

Moderate to severe gastrointestinal irritation was observed at all water-diluted doses. 

Details regarding the repeated-dose toxicity studies summarized below may be found in Table 8.  A no-observed-

adverse-effect-level (NOAEL) of 5000 mg/kg was determined in a 91-d assay in which Sprague-Dawley rats (10/sex/group) 

were given a sanitizing agent containing 0.01% Benzalkonium Chloride (up to 5000 mg/kg) via gavage.39  An NOEL of 500 

ppm was determined in an assay in which Sprague-Dawley rats (15/sex/dose; 95 – 96 d) were treated with up to 4000 ppm 

Benzalkonium Chloride (79.7 – 80.5% active ingredient) via diet due to adverse effects observed at higher concentrations 

(e.g., gross lesions, hepatocellular atrophy).11  No treatment-related adverse toxicological effects were observed in a 13-wk 

assay in which Beagle dogs (4/sex/group) were treated with up to 3000 ppm Benzalkonium Chloride (50% active 

ingredient).12  Statistically significant increased lung weight and increased immunoglobulin E (IgE) and interleukin-6 (IL-6) 

values were observed in female Wistar rats (5/sex/group) exposed to aerosolized Benzalkonium Chloride at 30 mg/m3 (6 h/d; 

3 d).38  Similar results, along with statistically increased absolute liver mass and histopathological adverse effects of the lungs 

were observed in female Wistar rats (7 – 10/group) given aerosolized Benzalkonium Chloride (35 mg/m3; 6/d exposure; 5 

d).40 A no-observed-adverse-effect concentration (NOAEC) of < 0.08 mg/m3 was determined in a 14-d assay in which Fischer 

344 rats (5/sex/dose) were treated with aerosolized Benzalkonium Chloride at concentrations up to 20 mg/m3 (6 h/d 

exposure).41 

DEVELOPMENTAL AND REPRODUCTIVE TOXICITY (DART) STUDIES 

Female mice (number not stated) were given Benzalkonium Chloride (3, 10, and 30 mg/kg), daily, via gavage, on days 0 

– 6 of gestation.13  No significant adverse effects were observed in dams.  The number of implantations, live fetuses, sex ratio, 

and body weights in fetuses were not significantly affected; however, a tendency toward a slight decrease in the pregnancy 

rate of dams in the 10 and 30 mg/kg treated group, and a slight increase in the number of dead or resorbed fetuses in the 30 

mg/kg treated group, was observed.  No significant differences were noted in treated and control dams and fetuses in an 

assay in which female rats (number not stated) were treated with up to 100 µg/kg on days 0 – 6 of gestation or up to 50 µg/kg 
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on days 0 – 18 of gestation (method of administration not stated).  A teratogenicity assay was performed in female rats (6 – 

8/group) administered aqueous Benzalkonium Chloride (25 – 200 mg/kg) into the vagina.4  Dams were killed on day 21 of 

gestation and fetuses were removed for examination.  Reductions in maternal body weight and inflammation in the vagina 

were observed at doses of 100 mg/kg and higher.  Statistically significant, dose-dependent reductions in the mean number of 

live fetuses and litter weights were noted in rats dosed with 50 mg/kg and higher, compared to controls.  Sternal defects were 

observed in fetuses of mothers treated with 100 mg/kg and higher.  The mean number of implantations in dams treated with 

200 mg/kg was significantly reduced compared to controls (p < 0.05). 

Details regarding the DART studies summarized below can be found in Table 9.  Statistically significant decreases in 

sperm viability and motility were observed in an assay in which human sperm were treated with up to 0.02 mmol/l 

Benzalkonium Bromide.42  Similar effects were observed when human sperm was treated with 6.81 mM Benzalkonium 

Chloride.43  In a prenatal developmental toxicity study using female CD rats (25/group) administered Benzalkonium Chloride 

(81.09% active ingredient; up to 100 mg/kg/d; gavage treatment on gestation day (GD) 6 - 15), no significant effects were 

observed regarding maternal weight, food survival, or skeletal development.44  However, isolated fetal abnormalities were 

observed across dosed groups.  A reproductive NOAEL of 2000 ppm for F0, F1, and F2 rats was determined in a 2-generation 

reproductive toxicity assay in which Sprague-Dawley rats (28/sex/dose) were treated with Benzalkonium Chloride (81.09% 

active ingredient; via diet; treatments before and during mating, and throughout gestation, parturition, and lactation).11  

Similarly, a reproductive NOAEL of 2000 ppm was established in a 2-generation assay in which Sprague-Dawley rats 

(25/sex/group) were given Benzalkonium Chloride (49.9% active ingredient) in the diet at up to 4000 ppm, before, during, 

and after mating, until pups were weaned.12  In a prenatal developmental toxicity study performed in female New Zealand 

White rabbits (16/group) at doses of up to 9 mg/kg/d (treatment during GD 6 – 18) of Benzalkonium Chloride (81.09% active 

ingredient), no treatment-related effects were observed relating to maternal weight, fetal survival, or malformations; however, 

isolated fetal variations occurred across all groups, including controls.44  A developmental NOAEL of 30 mg/kg bw/d was 

established in a prenatal developmental toxicity assay in which female New Zealand White rabbits (22/dose) were 

administered up to 30 mg/kg bw/d Benzalkonium Chloride (49.9% active ingredient) on GD 6 – 28.8,45 

GENOTOXICITY STUDIES 

Benzalkonium Chloride (concentration not stated) was not mutagenic to Salmonella typhimurium strains TA1535, 

TA1536, TA1537, and TA1538 and Escherichia coli strains B/r WP2 hcr+ and WP2 hcr in rec-assays in combination with 

reverse mutation systems.4  The mutagenic activity of Benzalkonium Chloride (concentration not stated) was not 

demonstrated in reversion assays involving strains S. typhimurium TA1535, TA1536, TA1537, and TA1538, and in a rec-

assay, with Bacillus subtilis strains H17 rec+ and M45 rec-.  Similarly, the deoxyribonucleic acid (DNA)-damaging capacity 

of Benzalkonium Chloride (10%) was not positively detected when evaluated in a rec-assay using Bacillus subtilis and S. 

typhimurium TA98 and TA100.13  In a plate incorporation assay, Benzalkonium Chloride (concentration not stated) was not 

mutagenic to S. typhimurium strains TA98, TA1538, TA1537, and TA100.  In an E. coli DNA polymerase assay, 

Benzalkonium Chloride induced repairable DNA damage in strains W3110 (polA+) and p3478 (pol A-).  No genotoxicity was 

observed (with and without metabolic activation) when the genotoxicity potential of Benzalkonium Chloride (up to 5 µg/ml) 

was evaluated in an umu assay using S. typhimurium TA1535/pSK.  Benzalkonium Chloride (0.3 – 30 µg/ml) elicited a 

significant level of sister chromatid exchanges when evaluated in Syrian hamster embryo cells; however, the inducibility did 

not exceed twice that of the control level.  Benzalkonium Chloride (up to 30 µm) produced negative results in a chromosomal 

aberration assay using Syrian hamster embryo cells (with and without metabolic activation).  Treatment of L5178 with 

Benzalkonium Chloride (concentration not stated) alone or in combination with UVA irradiation did not induce any 

mutations. 

Details regarding the genotoxicity studies summarized below may be found in Table 10.  Positive results were observed 

in alkaline comet assays performed in human corneal epithelial cells and human Chang conjunctival cells using 

Benzalkonium Chloride (0.00001 – 0.001%).46,47  Similarly, Benzalkonium Chloride resulted in positive results in single cell 

gel electrophoresis assays (in human bronchial cells at 0.002 – 0.02%; in primary rat hepatocytes at 1 mg/ml).48,49  

Conversely, Benzalkonium Chloride (up to 2 mM) was non-mutagenic in a single-cell gel electrophoresis assay performed in 

human hepatocellular carcinoma and liver cancer cells.50  Benzalkonium Chloride (0.01% in a sanitizing solution or 50 – 

80% active ingredient) yielded negative results in multiple Ames assays (tested at up to 110 µg/plate; assays performed in 

E. coli and/or S. typhimurium; performed with and without metabolic activation).11,39,49  Stearalkonium Chloride (up to 5000 

µg/plate) also yielded negative results when evaluated in Ames assays performed with and without metabolic activation in 

E. coli and/or S. typhimurium.12,51  No mutagenicity was observed in mammalian cell gene mutation assays performed on 

Benzalkonium Chloride (81.09% active ingredient; up to 100 µg/ml) using Chinese hamster cells.11,12  Benzalkonium 

Chloride (50 – 99.24% active ingredient; using Chinese hamster ovary cells (at up to 98 µg/ml) and human lymphocyte (at up 

to 24 µg/ml)) and 10% Benzalkonium Chloride (up to 0.0003% in human dental pulp cells) yielded negative results in 

chromosomal aberration assay performed with and without metabolic activation.11,12,52  Statistically significant increases in 

micronucleus formation (compared to controls) were observed at 1 mg/l in a micronucleus assay (performed without 

metabolic activation; peripheral human lymphocytes) using Benzalkonium Chloride.49  Negative results were obtained in in 

vivo assays performed using rats given either 0.01% Benzalkonium Chloride (up to 20 ml/kg) or 400 mg/kg Benzalkonium 

Chloride.8,39 
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CARCINOGENICITY STUDIES 

The tumorigenicity of Benzalkonium Chloride was evaluated in a dermal assay using 100 female mice and 10 rabbits 

(male and female).4  Animals were treated with either 8.5% or 17% Benzalkonium Chloride (solvent either methanol or 

acetone), dermally, 2x/wk, for 80 – 90 wk.  No animals survived the full treatment period.  The test substance induced 

ulceration and inflammation in both species but did not cause tumors. 

OTHER RELEVANT STUDIES  

Effect on Histamine Release 

The effect of Benzalkonium Chloride on histamine release was evaluated using mixed cellular suspensions (11% mast 

cells) from peritoneal cavities of rats.4  Low concentrations of Benzalkonium Chloride (0.3 and 3 µg/ml) inhibited histamine 

release by 70 and 14%, respectively.  Higher concentrations of Benzalkonium Chloride (10 and 30 µg/ml) stimulated 

histamine release by 70 and 90%, respectively.  In a similar study, Benzalkonium Chloride (1 and 5 µg/ml) produced a 

concentration-dependent inhibition of histamine secretion in rat mast cells (2 -10% purity). 

Benzalkonium Chloride inhibited histamine release from rat peritoneal macrophages induced plasma bradykinin, 

oligomer-specific Datura stramonium agglutin, synthetic compound 48/80, and polyethyleneimine, resulting in half-maximal 

inhibitory concentrations (IC50s) of 0.63, 3.04, 1.56, and 0.48, respectively.13  

Ototoxicity 

Benzalkonium Chloride (0.026 and 0.05%) resulted in statistically significant mild to moderate mucosal thickening of the 

tympanic membrane when instilled into the bulla of juvenile male guinea pigs (number not stated) for 7 d (compared to saline 

control).13  Applications of 0.1% Benzalkonium Chloride in water or 70% alcohol to the round window membrane of the middle 

ear of 13 guinea pigs (5 – 8/group; sex not stated) for 10 - 60 min resulted in severe, time-dependent ototoxicity.4  These effects 

include fibrosis, inner hair cell loss, and vestibular damage.   

Ocular Toxicity 

In vitro and in vivo studies demonstrate concentration- and exposure-dependent corneal and retinal toxicity.4  No 

morphological changes were observed in excised rabbit corneas exposed to 0.0001% Benzalkonium Chloride for 2 h.  However, 

0.01 – 0.02% Benzalkonium Chloride caused endothelial cell damage, mitochondrial disruption, and persistent edema in rabbit 

corneas.  Dose-dependent endothelial swelling occurred at ≥ 0.000065% Benzalkonium Chloride.  Subconjunctival injections 

of 0.007 – 0.01% Benzalkonium Chloride for 2 wk caused retinal elevation and detachment.  Corneal epithelial necrosis and 

leukocytic infiltration were observed at ≥ 0.5% Benzalkonium Chloride in rabbits and guinea pigs; at 0.1%, only rabbits were 

affected.  Progressive damage was noted within 6 h after a single 0.01% Benzalkonium Chloride instillation.  In contrast, no 

corneal endothelial abnormalities were observed in human subjects treated with 0.01% Benzalkonium Chloride (0.1 mg/ml) 

2x/d for 2 wk.  

Significantly reduced stromal nerve fiber density and aqueous tear production and increased inflammatory cell 

infiltration was observed in an assay in which Thy1-YFP+ mice (5/group; sex not stated) were topically treated with 

Benzalkonium Chloride (0.01 or 0.1%; ocular treatment 1x/d for 7 d).53  Severe corneal epithelial defects were observed in an 

assay performed in C57BL/6J mice (n = 72) treated with topical Benzalkonium Chloride (0.2%) for 7 d.  In the same study, 

0.1% Benzalkonium Chloride induced punctate fluorescent staining without detriment to corneal smoothness, disorganized 

basal corneal epithelial cells with enlarged cytoplasmic halos, and decreased goblet cells.54   Topical exposure to 0.01% 

Benzalkonium Chloride in male Wistar rats (n = 6) caused permanent functional impairment of corneal cold-sensitive 

trigeminal neurons and structural degeneration of intraepithelial nerve fibers.55   

Benzalkonium Chloride (0.1%) applied to the eyes of male New Zealand albino rabbits (8/group) resulted in significant 

increases in central corneal thickness, endothelial carboxy fluorescein permeability, endothelial cell damage, and disruption 

of the perijunctional actomyosin ring (application 2x/d for 4 d).56  Dose-dependent corneal toxicity with significant epithelial 

disruption was observed at concentrations ≥ 0.01% in an assay performed in male New Zealand White rabbits (3/group) using 

commercially available Benzalkonium Chloride (C12 – C16).57  Rabbits received 10 instillations (every 30 min) at 

concentrations ranging from 0.001 – 0.03% over 10 d.  Topical administration of eye drops containing 0.01 and 0.1% 

Benzalkonium Chloride (4x/d for 14 d) to male New Zealand White rabbits (6/group) resulted in decreased goblet cell 

density and histopathological changes.58  Conversely, no local ocular toxicity was observed in assay in which 0.005 and 

0.01% Benzalkonium Chloride was applied to the eyes of Macaca fascicularis monkeys (n = 6 – 10) and Dutch rabbits (n = 6 

– 18).59  Applications occurred multiple times per day (6 – 8 x/d) for several weeks (3 – 52 wk). 

Effect on Gap Junction Communication 

 Topical administration of Benzalkonium Chloride (0.05% and 0.1%) to the eyes of male New Zealand albino rabbits (n 

= 12/group; application 2x/d for 7 d) resulted in altered connexin43 (Cx43) and tight junction zonula occludens-1 (ZO-1) 

distribution and reduced Cx43 expression.60  The test substance also induced significant increases in Cx43 phosphorylation 

status concomitant with decreases in the Cx43-ZO-1 protein-protein interaction.  These effects are associated with a decline 

in gap junction intercellular communication activity.  
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Cytotoxicity 

Cytotoxicity was observed in multiple cell types (rat prostatic epithelial cells, rat cardiac fibroblasts, human conjunctival 

cells, corneal epithelial cells, human neutrophils) in in vitro assays performed using Benzalkonium Chloride at varying 

concentrations (0.00001% - 0.15%).4,13  Cytotoxicity from Benzalkonium Chloride was also observed in murine tumor cell lines 

(at concentrations of 0.6 – 7.2 ppm), red blood cells of rabbits (at 0.042 mM), Chinese hamster cells (at concentrations as low 

as 10 µg/ml), human oral and skin keratinocytes (at concentrations as low as 0.001 mM), and 3T6 fibroblasts (at concentrations 

as low as 1 µg/ml).  

Many cytotoxicity assays using Benzalkonium Chloride were found in the literature.  Cell types evaluated, as well as 

concentrations at which Benzalkonium Chloride induced cytotoxicity are as follows: human alveolar epithelial A549 cells (at 

≥ 1 µg/ml), human and rabbit corneal epithelial cells (at ≥ 0.001%), human trabecular meshwork cells (at ≥  0.001%),  human 

respiratory epithelial cells (at ≥ 0.005%), reconstructed human epidermis (at ≥ 0.5 mg/ml), human corneal stromal fibroblasts 

(at ≥ 0.00000001%), human meibomian gland epithelial cells (at ≥ 50 µg/ml in one assay and at ≥ 0.005 µg/ml in a different 

assay), human conjunctival cells (at ≥ 0.005 µg/ml ), human vaginal cells (at ≥ 0.05 mM), porcine corneal explants (at 

0.01%), in human nasal epithelial cells (at ≥ 0.01%), T-lymphocytic Jurkat cells (at ≥ 0.0001%), human limbal epithelial 

stem cells (at ≥ 0.00002%), rat neural progenitor cells (at 1 µM), human primary subcutaneous pre-adipocytes (at ≥ 0.005%), 

human gingival fibroblasts (at ≥ 0.05 mM), and Sertoli cells (at 0.02%).46,48,61-75 

Transport and Interaction of Cosmetic Product Material on the Ocular Surface 

The transfer of cosmetic product material to any area of the ocular surface precedes the onset of adverse effects—such 

as discomfort and tear film instability—associated with eye cosmetics containing Benzalkonium Chloride.76  The inter-

transport of cosmetic product material across pre-corneal tear film occurs due to diffusion and drift processes.   Diffusion is 

driven by concentration gradients while the drift of cationic Benzalkonium Chloride is influenced by electric field.  The 

inherent electric field is determined by the distribution of ions secreted into the aqueous layer, and the negative glycocalyx 

charge at the mucin layer.  Because of this, those with mucin deficiency may experience an increased risk of adverse effects 

following the use of eye cosmetics containing Benzalkonium Chloride.   

Reactive Oxygen Species (ROS) Generation 

A stimulation of ROS (dioxygen and hydrogen peroxide) production was observed in an in vitro assay at concentrations 

of 0.00001% and higher following cell (human conjunctival cell line) human treatment with Benzalkonium Chloride.13  

Arachidonic acid release was evaluated in murine Swiss albino 3T6 fibroblasts treated with Benzalkonium Chloride.  

Benzalkonium Chloride induced significant [3H]arachidonic acid release at a concentration of 1µg/ml. 

The effect of Benzalkonium Chloride (0, 2, 5, 10, 20 and 40 µg/ml on ROS formation was evaluated using human type 

II alveolar epithelial (A549) cells.77  Treatment with the test substance did not induce production of extracellular ROS as low 

concentrations (≤ 5 µg/ml); however, a slight increase was observed at the 10 µg/ml concentration (not statistically 

significant).  Statistically significant increases in extracellular ROS levels were observed following treatment with ≥ 20 

µg/ml.  Similarly, Benzalkonium Chloride (1 µM) resulted in a 9-fold increase in ROS generation when evaluated in rat 

neural progenitor cells compared to the vehicle-control group (0.1% dimethyl sulfoxide (DMSO)).71 

Reduction of Skin Irritation Potential 

The potential for Benzalkonium Chloride (1%) to reduce the skin irritation of 20% sodium dodecyl sulfate was 

evaluated in 54 subjects.13  Sodium dodecyl sulfate was applied for 2 h under occlusion, then Benzalkonium Chloride was 

applied to the same site (water used instead of Benzalkonium Chloride as control).  Forty subjects had some reaction to 

sodium dodecyl sulfate following by either Benzalkonium Chloride or water.  In comparison to the water control, 20/40 

subjects had a weaker irritation reaction, and 4 had a stronger reaction. 

Accumulation Following Ocular Administration 

Ocularly applied Benzalkonium Chloride is reported to accumulate in the cornea, lens, conjunctiva, iris, ciliary muscle 

epithelium, and trabecular meshwork.78  Because of this, exacerbated ocular toxicity may be apparent in patients using 

eyedrops containing Benzalkonium Chloride repetitively. 

Ocular Penetration Enhancement 

An in vitro assay was performed in rabbit eyes (n = 25) to evaluate the penetration enhancement of Benzalkonium 

Chloride (0.01 or 0.05%) on betamethasone 21-phosphate solution (solutions of betamethasone 21-phosphate with and 

without Benzalkonium Chloride; continuously administered to sclera via osmotic pump for 1 wk).13  Benzalkonium Chloride 

increased concentrations of betamethasone 21-phosphate in the vitreous and retina-choroid compared with the control. 

The permeability enhancement ability of Benzalkonium Chloride in ocular pharmaceutical formulations may enhance 

toxicity.  For example, in a rabbit model, topical latanoprost preserved with 0.02% Benzalkonium Chloride significantly 

increased corneal epithelial permeability (measured by carboxyfluorescein uptake) and caused loss of tight-junction integrity, 

compared to both untreated controls and travoprost preserved without Benzalkonium Chloride.79,80 
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Barrier Disruption 

The effect of Benzalkonium Chloride (0.05% in water) on stratum corneum organization and permeability of the protein 

drug interferon alpha-2b (IFNα) was evaluated in human skin samples (full-thickness breast skin) in vitro.81  The test 

substance decreased both short and long lamellar periodicity distances.  In addition, a high degree of lateral packing 

disruption was observed.  Although significant lipid disordering was observed, IFNα permeation remained low (total IFNα 

permeation approximately 1 ng/cm2 of skin; PBS resulted in permeation of approximately 1.5 ng/cm2 skin).  In addition to 

skin barrier disruption, Benzalkonium Chloride has been observed to result in corneal epithelial disruption (effects observed 

at 0.005 – 0.4% Benzalkonium Chloride).56,64,82,83   

Effect on Cytokines 

In an assay performed in human keratinocytes, Benzalkonium Chloride (0.1 µg/ml) stimulated the production and 

intracellular accumulation of interleukin-1α (IL-1α).13  The release of IL-1α was also observed when evaluated in mouse 

keratinocytes were exposed to Benzalkonium Chloride.  Benzalkonium Chloride (concentrations up to 30% in distilled water) 

elicited neutrophils to the site of chemical application in mouse skin (number and sex not stated) in an in vivo assay; 

however, time-dependent and chemical-specific patterns of inflammation were not detected.   

The effect of Benzalkonium Chloride (0.25 – 2 mg/ml) on the differential release of IL-1α and interleukin (IL)-8 was 

evaluated in reconstructed human epidermis (20 h incubation).62  Reconstructed human epidermis treated with the test 

substance released large amounts of IL-1α and IL-8 (increases were observed in a dose-dependent manner).  Measurable 

increases of IL-6 and IL-8 were observed in organ culture fluids in a similar assay in which tissue (hip skin via human punch 

biopsies) was exposed to 5 and 10 µM Benzalkonium Chloride.84  In a different assay, immortalized human conjunctival and 

corneal epithelial cells exposed to 0.1% Benzalkonium Chloride for 1 h resulted in induction of significant amounts of IL-1, 

tumor necrosis factor, and moderate amounts of C-reactive protein, IL-10, and IL-12 in both cell types.85 

Intranasal Products 

A published literature review evaluated conflicting reports of damage to human nasal epithelia and/or rhinitis 

medicamentosa exacerbation associated with intranasal products containing Benzalkonium Chloride.86  This review 

considered 18 studies (11 in humans, 3 in animals, and 4 in vitro) with concentrations of Benzalkonium Chloride ranging 

from 0.00045 to 0.1%.  Ten studies concluded that Benzalkonium Chloride resulted in degenerative changes in human nasal 

epithelia or exacerbation of rhinitis medicamentosa; however, only 2 of these studies were supported by statistically 

significant differences between Benzalkonium Chloride and the control group.  In these 2 studies, oxymetazoline was used in 

some or all subjects (oxymetazoline is associated with rhinitis medicamentosa).  No toxic effects were observed in 8/18 of the 

reviewed studies, including a 6-mo and 1-yr study. 

Effect on DNA, RNA (Ribonucleic Acid), and Protein Synthesis 

Inhibition of DNA, RNA, and protein synthesis was observed in a dose-dependent matter in Chinese hamster lung 

fibroblast cells treated with Benzalkonium Chloride (3 – 30 µg/ml).13  Cells were exposed to the test substance for 2 h. 

Neurotoxicity 

Markedly reduced, damaged, or degenerating nerves, loss of mitochondrial cristae, damaged organelles, and cell 

membrane lysis were observed in an assay in which the serosal surface of small intestines of male rats (number not stated) 

were exposed to 0.062% Benzalkonium Chloride.13  A significant reduction in the neuron number of the myenteric plexus, 

and thickening of smooth muscle was observed following serosal application of a 0.2% solution of Benzalkonium Chloride to 

the jejunum of male rats (n = 87).  Denervation was apparent following local treatment to the bladders of female rats (n = 

15) with 0.3% Benzalkonium Chloride.  Topical Benzalkonium Chloride (0.5%) application to the muscularis of the 

esophagus of 38 rats (sex not stated) resulted in distal esophageal aganglionosis, characterized by distal narrowing, 

proximal dilation, decreased food intake, and limited weight gain (compared to controls). 

The potential neurotoxicity of Benzalkonium Chloride (0 – 10 µg/ml) on human-derived SH-SY5Y astrocyte cultures 

was evaluated via a neurite outgrowth assay.87  The neurite length and cell number were evaluated following a 24-h exposure 

to the test substance.  Complete inhibition of neurite outgrowth and cell number occurred at 2.5, 5, and 10 µg/ml. 

Endocrine Activity 

A H295R steroidogenesis assay was performed to evaluate the effect of Benzalkonium Chloride (0, 0.5, 1, and 1.5 mg/l; 

48-h incubation) on estrogen synthesis.88   Exposure to the test substance at concentrations of 1 and 1.5 mg/l significantly 

increased estradiol production of H295R cells in a concentration-dependent manner.  In addition, transcription of 4 

steroidogenic genes, 3β-HSD2, 17β-HSD-1, 17β-HSD4, and CYP19A, was statistically significantly enhanced by 

Benzalkonium Chloride (at all concentrations tested; compared to controls).  A Michigan Cancer Foundation-7 (MCF-7) 

proliferation assay was performed using estrogen-responsive breast cancer MCF-7 cells incubated with Benzalkonium 

Chloride (0, 0.5, 1, and 1.5 mg/l; 48-h incubation).  In ER-positive MCF-7 cells, exposure to the test substance at all 

concentrations significantly increased the cell proliferation rate in a dose-dependent manner (p < 0.01; compared to controls).  

The protein expression levels of ERα and G-protein coupled estrogen receptor 1 (GPER1) were statistically significantly 

increased by all concentrations of Benzalkonium Chloride.  In the MCF-7 cells exposed to the highest concentration, the 

expressions of ERα and GPER1 were 2.1-fold and 2.3-fold of the controls, respectively.  Conversely, no estrogen-stimulating 
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effects were observed in an assay in which recombinant human breast cancer cells (cells containing stably integrated ER-

responsive firefly luciferase reporter plasmid) were incubated with Benzalkonium Chloride at concentrations up to 10 µM for 

24 h.89 

Effect of Lauralkonium Chloride on Gut Microbiome and Bile Acid Profile 

The effect of orally-ingested Lauralkonium Chloride (120 µg/g/d; 1-wk treatment; via diet; controls fed untreated diet) 

on the gastrointestinal microbiota and bile acid profiles of C57BL/6J mice (4 - 6/sex/group) was studied.34  Effects on the 

microbiome were evaluated using 16S ribosomal RNA gene sequencing using cecum intestinal content and bile acids were 

evaluated via feces and liver extraction.  Treatment with the test substance resulted in statistically significant decreased alpha 

diversity and differential composition of gut bacteria, with notability decreased actinobacteria phylum (compared to 

controls).  In addition, statistically significant decreases in secondary bile acids were observed in treated mice.  All effects 

were more prominent in female versus male mice. 

Effect of Benzalkonium Chloride on Atopic Dermatitis 

The effect of Benzalkonium Chloride (0.2%) on atopic dermatitis was evaluated in male NC/Nga mice (72 total mice; 

number/group not stated) subcutaneously injected with mite allergen to induce atopic dermatitis-like skin lesions.90  

Benzalkonium Chloride-exposed mice exhibited markedly elevated clinical dermatitis scores, significant increases in 

eosinophil infiltration and mast cell accumulation, and degranulation in the subcutaneous tissue.  Test substance exposure 

also resulted in upregulated expression of inflammatory cytokines and elevation of serum immunoglobulin E (IgE).  These 

effects were statistically significant compared to controls (control group 1 was treated with saline (in place of mite allergen) 

+ vehicle (vehicle not stated); control group 2 treated with mite allergen + vehicle). 

Effect of Benzalkonium Chloride on Mucociliary Clearance 

A double-blind, placebo-controlled, randomized, single-center trial with a 3-wk washout period was performed in order 

to determine the effect of a saline nasal spray containing 0.01% Benzalkonium Chloride on nasal mucociliary clearance 

rate.91  Healthy subjects (n = 43) were instructed to use a nasal spray for 2 separate periods of 3x/d for 3 wk, with a 3-wk 

washout period in between periods 1 and 2.  Subjects were randomized and given either saline or the nasal spray containing 

Benzalkonium Chloride during period 1.  After the 3-wk washout period, subjects were given the spray that they did not use 

during period 1.  Evaluations were performed at baseline and the end of each period by γ-scintigraphy with technetium99m-

labeled strontium.  No differences were observed between baseline and post-treatment nasal mucociliary rate values after 

treatment with saline; however, the nasal mucociliary rate was determined to be significantly impaired following treatment 

with spray containing Benzalkonium Chloride (p < 0.01 compared to baseline and after saline period). 

DERMAL IRRITATION AND SENSITIZATION STUDIES 

Multiple studies report concentration-dependent dermal irritation associated with Benzalkonium Chloride.4,13  In rats 

and rabbits, Benzalkonium Chloride concentrations ≥ 0.1% caused erythema, necrosis, edema, or eschar formation, 

particularly under occlusive conditions.  Severe skin damage was observed in rabbits exposed to 2% Benzalkonium Chloride 

on intact and abraded skin. Human patch testing with 0.1 – 5% Benzalkonium Chloride demonstrated dose-dependent 

irritation, with erythema and edema increasing at higher concentrations.  However, repetitive daily application of 0.1% 

Benzalkonium Chloride showed no cumulative irritation in rabbits or humans.  Sensitization was observed in 2/10 guinea 

pigs in a modified Buehler’s assay (induction: 10%; challenge: 0.5%), and significant ear swelling was noted in a murine 

local lymph node assay (LLNA)/irritancy assay at concentrations up to 5%.  In contrast, human repeated-insult patch testing 

(HRIPT) (n = 101 – 155) with creams containing 0.1 – 0.13% Benzalkonium Chloride showed no sensitization.  

Stearalkonium Chloride was mildly irritating at concentrations ≥ 1.25% in rabbits, with primary irritation indices up to 6.0 

at 25%.2  A 20% solution of Stearalkonium Chloride induced minimal swelling in guinea pig stratum corneum.  In HRIPTs (n 

= 50), 1 – 20% solutions produced mild erythema in some cases but did not result in sensitization. 

The irritation and sensitization studies summarized below can be found in Table 11.  Stearalkonium Chloride 

(undiluted) was determined to be a non-irritant in a reconstructed human epidermis assay.12  Benzalkonium Chloride (50 – 

80% active ingredient) was irritating/corrosive in a dermal irritation assay performed in rabbits (n = 6; occlusive conditions; 

tested neat).11  Moderate irritation was observed in a 24-h dermal irritation assay performed in rabbits (n = 2; occlusive 

conditions) using a mixture containing 40% Stearalkonium Chloride (tested neat). 92  Seven out of 30 subjects had a positive 

patch test reaction to 0.1% Benzalkonium Chloride in an irritancy patch test assay (no positive reactions at lower 

concentrations).93 Benzalkonium Chloride was determined to be sensitizing in a 2-stage modified LLNA performed in female 

mice (4/group) at concentrations of 0.5 and 1%.94  Conversely, Benzalkonium Chloride (50%; tested at 0.1% for induction 

and challenge) active ingredient was non-sensitizing in a modified Draize assay performed in guinea pigs (6/group).12   

Computational Predictions 

The Deductive Estimation of Risk from Existing Knowledge (DEREK) Nexus system was used to predict the skin 

sensitization of ingredients in this group.8  Alerts for skin sensitization by quaternary ammonium cations (hapten acting 

though ion pair formation) were reported; however, insufficient data were available to make an effective concentration 

causing a 3-fold increase in lymph node cell proliferation (EC3) prediction, and the confidence level of the prediction was 

equivocal.  The molecular initiating event leading to dermal sensitization in the OECD adverse outcome pathway for dermal 
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sensitization is covalent binding of a relatively low molecular weight electrophilic chemical with key nucleophilic sites of 

skin proteins.8,95  Due to their chemical structures, it is unlikely that the chemicals in this group would bind to proteins in this 

manner. 

Phototoxicity 

Details regarding the following phototoxicity assay may be found in Table 11.  The combined toxic effect of UV 

radiation (0.17 J/cm2) and Benzalkonium Chloride (0.001 - 0.004%) was evaluated in cultured human corneal epithelial 

cells.96  UV administrations occurred at different times (before, at the same time, or after Benzalkonium Chloride 

administration).  In all 3 exposure orders, synergistic effects were observed when UV was administered with Benzalkonium 

Chloride at all concentrations. 

Ocular Irritation Studies 

Benzalkonium Chloride exhibited concentration-dependent ocular irritation in animal studies.4,13  No irritation was 

observed in rabbits following a single instillation of 0.1% Benzalkonium Chloride.  Minimal-to-weak and reversible irritation 

was noted at concentration of 0.01 – 0.3%.  Severe ocular effects, including conjunctival necrosis and iritis, were reported in 

rabbits administered 2% Benzalkonium Chloride twice daily for 7 d.  While 0.01 – 0.1% Benzalkonium Chloride did not 

cause ocular damage at low frequency, repeated instillation (e.g., 0.1% Benzalkonium Chloride 5x/d), resulted in corneal 

endothelial damage.  Corneal damage percentages were 50.55 and 57% in mice and rabbits, respectively, following a single 

administration of 0.5% aqueous Benzalkonium Chloride.  Draize scores ranged from 6 (50% Benzalkonium Chloride at 24 h; 

scale not provided) to 40/110 (concentration unspecified; 3 h post-application).  In humans, 0.02% Benzalkonium Chloride 

produced slight conjunctival hyperemia in 1/51 subjects. 

In rabbits, Stearalkonium Chloride caused transient irritation at concentrations ≤ 1.25%.2  A 25% solution was 

classified as a severe ocular irritant.  A 4:1 mixture of Stearalkonium Chloride to stearyl alcohol was non-irritating at a 

threshold of 0.04% Stearalkonium Chloride and 0.01% stearyl alcohol in 2/5 animals. 

Details regarding the ocular irritation assays summarized below can be found in Table 12.  No prediction of irritation 

could be made in an EpiOcularTM assay performed using undiluted Benzalkonium Chloride; however, cell viability was 

significantly reduced compared to controls.  Stearalkonium Chloride (tested at 2%) was determined to be moderately 

irritating in an EpiOcularTM assay.57  Ocular irritation was observed at concentrations ≥ 0.01% Benzalkonium Chloride when 

evaluated in male rabbits (3/group).57  A mixture containing 40% Stearalkonium Chloride was observed to be corrosive to the 

eyes in an assay performed in rabbits (n = 2).92  Mild conjunctival hyperemia was observed in a Draize assay performed in 

rabbits (n = 7) treated with 0.002% Stearalkonium Chloride.8 

MUCOUS MEMBRANE IRRITATION STUDIES 

Cervical erythema, vaginal erythema, and vaginal epithelial disruption was noted in female monkeys (n = 50) treated 

intravaginally with a spermicide containing 1.2% Benzalkonium Chloride (treatment 1x/d for 4 d).13  Cervical biopsy 

specimens revealed acute inflammatory infiltrates with occasional plasma cells and lymphoid follicles. 

Histological changes and nasal lesions were observed in the male rats (5/group) treated intranasally with 0.01% 

Benzalkonium Chloride for 1 or 2 wk (effects worsened in a time-dependent manner).13  The long-term use of Benzalkonium 

Chloride (0.01 and 0.1%) solutions on rat nasal respiratory mucosa was evaluated in rats (9/group; sex not stated).  

Solutions were administered to the nasal cavities through both nostrils for 2 – 4 wk (duration of each administration not 

stated).  Nazal wheezing was observed at the higher concentration.  Histological changes (e.g., severe degrees of 

proliferation of intraepithelial glands, vascular hyperplasia) were observed in treated groups.  In a study performed in 

humans, the use of an oxymetazoline nasal spray containing Benzalkonium Chloride (0.1 mg/ml) resulted in nasal swelling (n 

= 10; subjects treated 3x/d for 10 d).  In a different assay, no rebound swelling was observed in subjects (n = 18) that 

administered oxymetazoline hydrochloride nasal spray containing Benzalkonium Chloride (0.5 mg/ml) for 10 d. 

In a nasal irritation assay using male Sprague-Dawley rats (number of animals not stated), animals were intranasally 

administered 0.2% Benzalkonium Chloride in saline (25 µl).97  Approximately 20 min post-dose, the cavity was lavaged with 

a bolus of saline, and fluid was evaluated for total protein, lactate dehydrogenase, and IL-1α (20 min lavage collection time). 

Test substance administration resulted in strong mucosal irritation and significant increases in all nasal lavage biomarkers 

compared to controls treated with a saline solution (p < 0.05).  In an assay performed in rat, cat, and pig vaginal models, 2% 

Benzalkonium Chloride was used as a positive control to stimulate known mucosal irritant effects (vaginal inflammation, 

epithelial damage, and cytokine elevation were observed following vaginal administration).98 

The effect of Benzalkonium Chloride (0.02, 0.2, and 2%) on the vaginal surface of female Swiss Webster mice (n = 9 -

14/group) was evaluated by endoscopic colposcopy and histology imaging following vaginal instillation (controlled treated 

with PBS only).99  Images from 0.02% Benzalkonium Chloride-treated animals were similar to controls; however, vascular 

changes (petechiae and blood vessel size and number increase) were observed in animals treated with 0.2% Benzalkonium 

Chloride.  Vaginal surfaces appeared blanched and epithelial disruption was apparent in animals treated with the highest 

concentration.  Treatment with 0.2% Benzalkonium Chloride significantly increased vascular injury scores (p < 0.01; 

compared to controls) and treatment with 2% significantly increased epithelial disruption (p < 0.01; compared to controls).  
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Erythema scores were comparable across all treatment groups.  Epithelial denuding was statistically significantly increased in 

the mid- and high-dose treatment groups, compared to controls.  Similarly, in a different assay, vaginal treatment with 2% 

Benzalkonium Chloride in female New Zealand White rabbits (3/group) resulted in multifocal damage of the vaginal mucosa 

with congestion, edema, inflammatory infiltrate, and epithelial disruption.75  The total rabbit vaginal irritancy score was 

statistically significantly higher in Benzalkonium Chloride-treated animals compared to controls treated with saline. 

The potential for 0.2% Benzalkonium Chloride (single 8 ml administration; controls treated with PBS) to cause mucosal 

disruption was evaluated in an assay in which yearling female sheep (4/group) were treated rectally.100  Colonoscopy and 

imaging were performed at baseline and after treatment.  At baseline, erythema or petechiae were seen in 3/8 sheep.  After 

treatment, erythema was seen in both control and treated groups, and Benzalkonium Chloride-treated animals had superficial 

mucosal disruption, primarily noted in the distal colon.  Treatment with Benzalkonium Chloride also resulted in epithelial 

disruption and a hyporeflective granular appearance of the mucosa and submucosa.  Histological investigations revealed that 

Benzalkonium Chloride treatment caused crypt disruption and inflammatory changes.  Inflammation and necrosis were 

statistically-significantly more prominent in the Benzalkonium Chloride-treated group compared to controls. 

CLINICAL STUDIES  

Retrospective and Multicenter Studies 

A meta-analysis was performed evaluating 7 controlled clinical trials to compare the incidence of punctate keratitis 

among patients assigned to treatment latanoprost or timolol.101  In all studies, treatment solutions contained Benzalkonium 

Chloride; however, the amount of Benzalkonium Chloride in the latanoprost solution was twice that of the timolol solution.  

A total daily dose of up to 14.2 µg of Benzalkonium Chloride in latanoprost-treated patients was not associated with an 

increased incidence of punctate keratitis compared with the daily dose of 6.2 µg of Benzalkonium Chloride in timolol-treated 

patients. 

Ocular Irritation/Toxicity in Patients 

A retrospective study was performed using glaucoma patients treated with 0.5% timolol preserved with or without 

0.01% Benzalkonium Chloride (n = 15 - 17).13  Analyses revealed a significant increase in inflammatory markers (human 

leukocyte antigen and intercellular adhesion molecule-1) and decrease in goblet cell density in the groups treated with 

timolol and Benzalkonium Chloride versus timolol alone.  Twelve out of 19 eyes that underwent routine cataract surgery 

developed permanent corneal decompensation post-operatively.  Investigation revealed that the cause was inadvertent 

intracameral use of a balanced salt solution preserved with 0.013% Benzalkonium Chloride. 

Benzalkonium Chloride used as a preservative in topical ophthalmic medications has been reported to result in a higher 

rate of ocular surface disease.102,103  Increased dosing of treatments containing Benzalkonium Chloride correlates with 

increased ocular surface disease prevalence and severity.  Symptoms of Benzalkonium Chloride-induced ocular toxicity in 

these patients include pain, discomfort, dryness, inflammation, tearing, increased staining of conjunctival and corneal 

epithelial surfaces, increased tear break-up time, and lower Schirmer scores. 

The effect on Benzalkonium Chloride-preserved timolol versus preservative-free timolol on inflammation in the anterior 

chamber of the eye was evaluated in a randomized clinical trial (measured by flare values).104  Patients with ocular 

hypertension (n = 26) received Benzalkonium Chloride-preserved timolol in one eye and unpreserved timolol in the other eye 

(applications 2x/d for 1 mo).  Flare values were obtained at baseline and following treatment.  Treatment with eyedrops 

containing  Benzalkonium Chloride as a preservative resulted in statistically significantly higher flare values than eyes treated 

with unpreserved drops (p = 0.0013). 

Case Reports 

Many case reports were found in the literature reporting adverse dermal effects, bronchoconstriction, and allergic 

disease.13  These effects were observed in patients following use of products (disinfectants, detergents, nebulized solutions, 

eyedrops, plaster casts, intraarticular medications, perfume, antifungal solutions, creams, and shampoos) containing 

Benzalkonium Chloride.  Patch testing with Benzalkonium Chloride in many of these cases, but not all, yielded positive 

results. 

Case reports on the ingestion of Benzalkonium Chloride in humans is reported to result in caustic burns in the digestive 

tract, hypersalivation, vomiting, hematemesis, diarrhea, confusion, hypotension, shock, respiratory paralysis/failure, cough, 

irritability, fever, dehydration, convulsions, coma, and cardiorespiratory arrest, and death.8,105  In addition, topical exposure in 

humans has been reported to cause severe skin and eye irritation and corrosion.  Many case reports have been found in the 

literature regarding adverse effects following the use of products containing Benzalkonium Chloride.  These adverse effects 

include contact dermatitis, eczema, corrosive balanoposthitis, bronchospasms, granular parakeratosis, anaphylaxis, 

rhinorrhea, nasal obstruction.106-122 

Occupational Exposure 

Adverse effects such as dermatitis or asthma were observed in nurses, a cleaner, a varnish maker, and an 

ophthalmology department worker, all of whom were exposed to substances containing Benzalkonium Chloride in the 

workplace.13  Patch testing (using Benzalkonium Chloride at 0.05 – 1%)/inhalation sensitization assays (using disinfectants 
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containing 10 or 40% Benzalkonium Chloride) resulted in positive results in the majority, but not all of these individuals.  In 

a study evaluating occupational irritant and allergic contact dermatitis in healthcare workers, 7/360 patients showed positive 

patch test results to Benzalkonium Chloride.  

Occupational exposure to Benzalkonium Chloride (typically in the healthcare, cleaning, and manufacturing industries) 

has been associated with irritant effects, predominantly dermatitis.123,124  Other effects such as asthma, as well as stomach, 

respiratory, and ocular irritation have also been reported in the occupational setting.125,126 

Patch Testing in Patients 

Multiple patch testing studies performed in patients with various diseases (conjunctivitis, otitis, allergic disorders, 

contact dermatitis, leprosy, leg ulcers) demonstrate that Benzalkonium Chloride is a contact sensitizer with concentration-

dependent allergic potential.4,13  In studies using 0.1% Benzalkonium Chloride, positive reaction rates ranged from 0.9% 

(1/110 patients w) to 5.5% (126/2295 patients with allergic contact dermatitis).  A North American Contact Dermatitis 

Group (NACDG) assay reported 4.3% positive reactions in 4892 patients.  Lower concentrations also showed sensitization 

potential (e.g., 6% of conjunctivitis patients reacted to 0.07% and some individuals reacted to concentrations as low as 

0.005% Benzalkonium Chloride).  Higher concentrations of Benzalkonium Chloride (0.5 – 10%) resulted in reactions such as 

primary irritant dermatitis (observed in 12 – 13 patients (total number of patients not stated), erythema (in 47% of leprosy 

patients at 2.5%), and pustular/bullous reactions (in 47% of patients at 0.5 – 2%).  Patients with pre-existing allergic 

conditions demonstrated higher reaction rates (27 – 40%) when tested with 1% aqueous Benzalkonium Chloride.  

Many clinical assays (n = 10 – 42,898 subjects) were found in the literature regarding patch tests performed using 0.1% 

Benzalkonium Chloride (patch tests predominantly performed in patients with confirmed or suspected dermatitis; Table 

13).8,93,124,127-142  Positive patch test results were seen in 0.5 – 32.2% of these populations.  It should be noted that according to 

some sources, although positive reactions are noted in many studies, these supposed allergic reactions are likely 

misinterpreted irritant responses.143,144 

Benzalkonium Chloride Cross-Reaction in Patients 

In one study, 6 out of 8 patients with allergy to Benzalkonium Chloride (positive patch test to 0.1 and/or 0.15% 

Benzalkonium Chloride) had a cross reaction with benzethonium chloride (positive patch test reaction to 0.15 and/or 0.5% 

benzethonium chloride).145  Data from a patch testing center indicate that of 17 Benzalkonium Chloride patch test-reactive 

patients, 11.8% were positive to quaternium-15 (concentrations of test substances not stated).146 

Benzalkonium Chloride Administration to Asthma Patients 

Airway response to Benzalkonium Chloride and histamine was evaluated in 12 asthmatic patients.13  Airway caliber 

was measured before and during the inhalation challenge as the forced expiratory volume in 1 second (FEV1).  Benzalkonium 

Chloride (dissolved in 0.9% sodium chloride to produce a range of doubling concentrations of 0.4 to 50 mg/ml) and 

histamine caused concentration-related decreases in FEV1 in all subjects, with Benzalkonium Chloride being 7.4 times less 

potent as a bronchoconstrictor agonist than histamine. 

The effects of inhaled aqueous solutions containing Benzalkonium Chloride (600 µg nebulized Benzalkonium Chloride; 

inhalations repeated every 20 min until FEV1 decreased by 15% or more, or 3 doses were administered) were evaluated in 30 

subjects with bronchial asthma (10 healthy patients used as control).147  FEV1 was measured at baseline and 15 min after each 

dose.  FEV1 reductions following inhalation of the test substance was significantly higher in asthmatics than normal subjects 

(p < 0.05; mean percent fall in FEV1 in asthmatics after the first, second, and third inhalation was 2.69, 5.36, and 5.30%, 

respectively).  Benzalkonium Chloride induced bronchoconstriction in 6 asthmatics.  No significant changes were observed 

in FEV1 values in control groups at baseline and after treatment.  Conversely, no evidence of bronchoconstriction was 

observed in a meta-analysis in which 631 asthma and 1538 chronic obstructive pulmonary disease patients using a soft-mist 

inhaler containing approximately 0.44 µg Benzalkonium Chloride per actuation.148 

RISK ASSESSMENT 

Margin of exposure (MOE) is a quantitative factor calculated for cosmetic ingredients by dividing the NOAEL for an 

ingredient in an animal experiment by the estimated systemic exposure dose (SED) for the ingredient in humans, generally 

according to US Environmental Protection Agency (EPA) and European Commission (EC) Scientific Committee on 

Consumer Safety (SCCS) guidelines. An MOE value greater than 100 has traditionally been considered an indication of 

safety.  The MOE is sometimes referred to as the margin of safety (MOS) despite the parameters being definitionally 

different. 

A risk assessment was found in the literature evaluating Benzalkonium Chloride in certain cosmetic products (hair 

conditioners, shampoos, and lotion (on various body sites)).149  Systemic exposure doses (SEDs) were estimated to be 

approximately 0.0081 – 0.032 mg/kg bw/d (for hair conditioners used at up to 2%) and 0.044 – 0.176 (for shampoos used at 

up to 2%) based on the following parameters: a maximum daily usage amount of up to 528.4 g/d, an average use frequency of 

approximately 1.1 applications/d, 10% dermal absorption, 60 kg average adult body weight, and a retention factor of 0.01 (to 

account for wash-off/dilution effects on wet skin or hair).  The NOAEL chosen for risk characterization was 20 mg/kg/d 

(derived from a 90-d unpublished dermal rat study treated with topical 1% Benzalkonium Chloride).  MOE values were 

Distributed for Comment Only -- Do Not Cite or Quote



between 621 – 2483 for hair conditioners and 114 – 454 for shampoos.  The MOE calculation performed for body lotion and 

face cream were calculated by using a maximum concentration of 0.1%, a NOAEL of 20 mg/kg/d (based on the same study 

as above), a 60 kg average adult body weight, dermal absorption of 10%, and SED values ranging from 0.016 – 0.128 

(dependent on location of application).  The MOE remained above 100 across all body sites (MOE values reported for hands, 

arms, feet, legs, neck/throat, back, and other parts were determined to be 156, 217, 348, 298, 769, 1271, and 826, 

respectively.  The MOS for face cream was determined to be 323. 

An MOE of 372 was calculated by the EC Scientific Committee on Cosmetology (SCC) based on daily bioavailability 

when used in preservatives, intimate hygiene, skin, and hair products.31  This calculation was based on a daily bioavailability 

of 0.08, maximum concentrations of 0.1 - 3% (maximum concentrations vary by product), average adult body weight of 60 

kg, cutaneous penetration of 15% (derived from a rat study using radiolabeled Benzalkonium Chloride) and an NOAEL of 30 

mg/kg/d (based on absence of systemic toxicity in several oral toxicity assays performed using Benzalkonium Chloride). 

In a different risk assessment, an MOE calculation for Benzalkonium Chloride as a cosmetic ingredient was calculated 

to be 260.2.150  This calculation was based on 100% dermal absorption, a maximum concentration of 0.1%, an estimated 

daily exposure of 269 mg/kg bw/d, an SED of 0.269, and an NOAEL of 70 mg/kg bw/d (based on a subchronic oral toxicity 

assay; no other details provided). 

SUMMARY 

The quaternary ammonium compounds evaluated in this report are reported to function in cosmetics as antistatic agents 

and cosmetic biocides.  Stearalkonium Chloride was first reviewed by the Panel in a safety assessment published in 2003, 

with the conclusion that Stearalkonium Chloride is safe when incorporated in cosmetic products similar to those presently 

marketed.  The Panel re-affirmed this conclusion in a re-review as published in 2003.  In March 2023, this ingredient was 

again re-reviewed, and the report was re-opened for the addition of structurally similar ingredients.  One of these ingredients, 

Benzalkonium Chloride, was also previously reviewed by the Panel in a safety assessment that was published in 1989 with 

the conclusion that Benzalkonium Chloride, at concentrations up to 0.1% free, active ingredient, is safe as a cosmetic 

ingredient.  This conclusion was re-affirmed in re-review as published in 2008. 

According to 2024 RLD and 2022 concentration of use data, Stearalkonium Chloride has the highest number and 

concentration of use (it is used in 885 formulations at up to 3.8%).  Benzalkonium Chloride and Stearalkonium Chloride were 

reported to be used in 79 and 151 formulations, respectively, in their previous reviews.  According to 2023 VCRP data, these 

ingredients were used in 69 and 88 formulations, respectively.  The maximum concentration of use for Benzalkonium 

Chloride has remained unchanged since 2006 (up to 0.5%); however, the concentration of Stearalkonium Chloride has 

decreased since 2003 (previously reported to be used at up to 7%). 

Benzalkonium Chloride homologues are metabolized by human liver enzymes via NADPH-dependent ω- and (ω–1) 

hydroxylation, producing various oxidized metabolites.  Metabolic stability increases with alkyl chain length, with shorter 

chains (e.g., C10) metabolizing more rapidly than longer ones (e.g., C16).  Benzalkonium Chloride (0.123%) extensively 

penetrated the epidermis and dermis when citric acid was used as the vehicle.  An average of 15% of the applied dose was 

absorbed in an assay in which rats were dermally treated with radiolabeled Benzalkonium Chloride for 72 h under occlusive 

conditions.  The absorbed dose was determined to be 0.05% in an assay in which Benzalkonium Chloride (80.5% active 

ingredient) was applied to human skin samples at 0.03%.  A study performed in 32 subjects found systemic exposure from 

hand soap to be very low.  Benzalkonium Chloride (0.5 – 5%) enhanced transdermal flux of lorazepam, though not in a dose-

dependent manner. 

After a single dermal application of radiolabeled 0.1% Benzalkonium Chloride (49.9% active ingredient) in rats, 

detectable radioactivity was limited to the intestines and stripped skin.  Oral administration in rats (via diet or gavage) with 

Benzalkonium Chloride (30% active ingredient) showed limited but rapid absorption.  Following a single oral dose of 200 

mg/kg bw (Benzalkonium Chloride (49.9% active ingredient) in rats, the highest radioactivity was found in the intestines, 

with trace levels in other tissues.  In mice, dietary exposure to Lauralkonium Chloride (120 µg/g/d) resulted in maximal 

blood and liver levels of 1000 and 550 nm, respectively. 

Acute dermal LD50 values for Benzalkonium Chloride were reported as 3.56 ml/kg bw in rabbits and 930 mg/kg bw 

(species not specified).  The lowest oral LD50 was 234 mg/kg in rats given 10% Benzalkonium Chloride.  Inhalation studies 

found a NOEL of < 0.049 mg/m3 in female mice exposed to Benzalkonium Chloride and an LC50 of 52.84 mg/m3 in rats. 

In repeated-dose toxicity studies, a NOAEL of 5000 mg/kg was determined in a 91-d gavage study in rats given a 

sanitizing agent containing 0.01% Benzalkonium Chloride.  In a 95 – 96-d dietary study in rats, a NOEL of 500 ppm was 

established due to adverse effects at higher doses.  No adverse toxicological effects were observed in Beagle dogs treated 

with up to 3000 ppm Benzalkonium Chloride for 13 wk.  Inhalation studies showed increased lung weight, IgE, IL-6, liver 

mass, and lung histopathology at 30 – 35 mg/m3 Benzalkonium Chloride.  A NOAEC of < 0.08 mg/m3 was identified in a 14-

d inhalation study in rats exposed to up to 20 mg/m3 Benzalkonium Chloride. 

Benzalkonium Bromide (0.02 mmol/l) and Benzalkonium Chloride (6.81 mM) reduced human sperm viability and 

motility in vitro.  In rats, prenatal exposure (up to 100 mg/kg/d) showed no significant maternal or developmental effects; 

Distributed for Comment Only -- Do Not Cite or Quote



however, isolated fetal abnormalities were observed.  Two 2-generation studies in rats established reproductive NOAELs of 

2000 ppm.  In rabbits, no treatment-related effects were seen at doses up to 9 mg/kg/d, with isolated fetal variations across all 

groups.  In a prenatal developmental toxicity study, a developmental NOAEL of 30 mg/kg/d was identified in rabbits. 

Benzalkonium Chloride showed positive results in comet assays at 0.0001 – 0.001% and in single-cell gel 

electrophoresis assays at 0.002 – 0.02% and 1 mg/ml, but was non-mutagenic up to 2 mM in other assays.  Benzalkonium 

Chloride tested negative in Ames assays up to 110 µg/plate and mammalian gene mutation assays at up to 100 µg/ml.  

Stearalkonium Chloride was negative in Ames assays up to 5000 µg/plate.  Chromosomal aberration assays with 

Benzalkonium Chloride (24 – 98 µg/ml and 0.0003%) were negative, though micronucleus formation increased at 1 mg/l.  In 

vivo rat studies with doses up to 20 ml/kg (using Benzalkonium Chloride at 0.01%) and 400 m/kg.  Negative results were 

obtained in in vivo assays performed using rats given either 0.01% Benzalkonium Chloride (up to 20 ml/kg) or 400 mg/kg 

Benzalkonium Chloride 

Topical application of Benzalkonium Chloride caused dose-dependent ocular toxicity in animals.  In mice, 0.01 – 0.2% 

applied for 7 d led to nerve damage, inflammation, epithelial defects, and goblet cell loss.  In rats, 0.001% Benzalkonium 

Chloride caused permanent nerve impairment.  In rabbits, ≥ 0.01% (up to 0.03%) Benzalkonium Chloride caused corneal and 

epithelial damage, with effects worsening at higher doses and frequency.  However, no ocular toxicity was observed in 

monkeys or rabbits treated with 0.005 – 0.01% up to 8 x/d for 3 – 52 wk. 

Topical Benzalkonium Chloride (0.05% and 0.1%, 2x/d for 7 d) in rabbits disrupted Cx43 and ZO-1 distribution, 

reduced Cx43 expression, increased its phosphorylation, and weakened Cx43–ZO-1 interaction.  These changes were linked 

to reduced gap junction intercellular communication. 

Numerous cytotoxicity assays report that Benzalkonium Chloride induces toxicity across a wide range of human and 

animal cell types (e.g., human corneal stromal fibroblasts, human respiratory epithelial cells).  Cytotoxic effects were 

observed at concentrations as low as 0.00000001%. 

Adverse effects form eye cosmetics containing Benzalkonium Chloride occur after the product spreads across the ocular 

surface via diffusion and electric field-driven drift.  Individuals with mucin deficiency may be at higher risk for toxicity 

following use of eye cosmetics containing Benzalkonium Chloride. 

Benzalkonium Chloride induced significant extracellular ROS formation in human alveolar epithelial cells at 

concentrations ≥ 20 µg/ml, with only slight, non-significant increases at lower doses.  Similarly, a 1 µM concentration of 

Benzalkonium Chloride caused a 9-fold increase in ROS generation in rat neural progenitor cells compared to controls. 

Ocularly-applied Benzalkonium Chloride is reported to accumulate in the cornea, lens, conjunctiva, iris, ciliary muscle 

epithelium, and trabecular meshwork.  Because of this, exacerbated ocular toxicity may be apparent in patients using 

eyedrops containing Benzalkonium Chloride repetitively. 

The permeability enhancement ability of Benzalkonium Chloride in ocular pharmaceutical formulations may enhance 

increase toxicity.  For example, in a rabbit model, topical latanoprost preserved with 0.02% benzalkonium chloride 

significantly increased corneal epithelial permeability and caused loss of tight-junction integrity. 

Benzalkonium Chloride (0.05%) disrupted stratum corneum organization and lipid packing in human skin but did not 

significantly increase IFNα permeation.  Additionally, Benzalkonium Chloride has been shown to cause corneal epithelial 

disruption at concentrations as low as 0.005%. 

Benzalkonium Chloride (0.25 – 2 mg/ml) induced dose-dependent increases in IL-1α and IL-8 release in reconstructed 

human epidermis after 20 h.  Similarly, exposure to Benzalkonium Chloride (5 – 10 µM) in human skin biopsies and 0.1% in 

conjunctival and corneal epithelial cells triggered elevated levels of various inflammatory cytokines, including Il-1, tumor 

necrosis factor, and IL-8. 

A published literature review of 18 studies on intranasal products with Benzalkonium Chloride (0 – 0.1%) found mixed 

results regarding nasal epithelial damage and rhinitis medicamentosa exacerbation.  While 10 studies reported adverse 

effects, only 2 showed statistically significant differences, both involving oxymetazoline use.  Eight studies, including long-

term ones, found no toxic effects. 

Benzalkonium Chloride (2.5 – 10 µg/ml) completely inhibited neurite outgrowth and reduced cell number in human 

derived astrocyte cultures.  Cultures were exposed for 24 h. 

Benzalkonium Chloride (0.5 – 1.5 mg/ml) increased estradiol production and upregulated steroidogenic gene 

transcription in human adrenal cells, and significantly enhanced proliferation and estrogen receptor protein expression in ER-

positive MCF-7 breast cancer cells.  No estrogenic effects were observed in a luciferase reporter assay using recombinant 

breast cancer cells at concentrations up to 10 µM. 

Oral exposure to Lauralkonium Chloride (120 µg/g/d for 1 wk) in mice caused significant reductions in gut microbiota 

diversity and lowered secondary bile acid levels.  These effects were more pronounces in males compared to females. 
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Benzalkonium Chloride (0.2%) worsened atopic dermatitis in mice.  Significant increases in clinical dermatitis scores, 

eosinophil infiltration, mast cell activation, inflammatory cytokines, and serum IgE levels were observed compared to 

controls. 

A placebo-controlled trial was performed in 43 healthy subjects testing a nasal spray containing 0.01% Benzalkonium 

Chloride over 2 3-wk periods separated by a washout period (saline spray used as control).  Results showed that while saline 

had no effects, Benzalkonium Chloride spray significantly impaired nasal mucociliary clearance (p < 0.01). 

Stearalkonium Chloride (undiluted) was non-irritating in a reconstructed human epidermis assay, though moderate 

irritation was observed in rabbits with a 40% mixture.  Benzalkonium Chloride (0.1 – 1%) caused irritation and sensitization 

in some animal and human assays, but was non-sensitizing in a modified Draize assay using guinea pigs.  The combined 

effects of UV radiation and Benzalkonium Chloride (0.001 – 0.004%) were tested in human corneal epithelial cells.  

Benzalkonium Chloride and UV treatment combined, regardless of exposure order, produced synergistic cytotoxic effects. 

Undiluted Benzalkonium Chloride significantly reduced cell viability in an EpiOcularTM assay, while concentrations ≥ 

0.01% caused ocular irritation in rabbits.  Stearalkonium Chloride was moderately irritating at 2%, corrosive at 40%, and 

caused mild conjunctival hyperemia at 0.002% in rabbit studies. 

In nasal and mucosal irritation assays, Benzalkonium Chloride caused dose-dependent irritation and tissue damage 

across multiple species and sites.  Specifically, 0.2% intranasal dosing in rats induced strong mucosal irritation and increased 

biomarkers, while vaginal application of 0.2 – 2% in mice and rabbits led to vascular injury, epithelial disruption, and 

inflammation.  Additionally, 0.2% rectal treatment in sheep caused mucosal disruption, crypt damage, and inflammation. 

A meta-analysis of 7 controlled clinical trials found no increased incidence of punctate keratitis in patients treated with 

latanoprost, which contains twice the amount of Benzalkonium Chloride compared to the timolol solution.  Daily 

Benzalkonium Chloride doses of up to 14.2 µg in the latanoprost solution did not raise keratitis risk compared to the 6.2 µg in 

timolol solution-treated patients. 

Benzalkonium Chloride used as a preservative in topical eye medications is linked to a higher incidence and severity of 

ocular surface disease, causing symptoms like pain, dryness, inflammation, and tear film disruption.  In a clinical trial with 

ocular hypertension patients, eyes treated with Benzalkonium Chloride-preserved timolol showed statistically significantly 

increased anterior chamber inflammation compared to those treated with preservative-free timolol. 

Ingestion of Benzalkonium Chloride in humans can cause severe digestive burns, respiratory failure, shock, and even 

death.  Topical exposure has been linked to severe skin and eye irritation, as well as various allergic and inflammatory 

reactions. 

Occupational exposure to Benzalkonium Chloride (typically in the healthcare, cleaning, and manufacturing industries) 

has been associated with irritant effects, predominantly dermatitis.  Other effects such as asthma, as well as stomach, 

respiratory, and ocular irritation have also been reported in the occupational setting. 

Clinical assays using 0.1% Benzalkonium Chloride showed positive reactions in 0.5 – 32.2% of patients with suspected 

dermatitis.  However, some sources suggest many of these positive results may actually be irritant responses rather than true 

allergy. 

In one study, 6/8 allergic to Benzalkonium Chloride also showed cross-reactivity with benzethonium chloride.  

Additionally, data from a patch testing center found that 11.8% of 17 Benzalkonium Chloride-reactive patients tested positive 

for quaternium 15. 

In a study of 30 asthmatic subjects, inhalation of nebulized Benzalkonium Chloride (600 µg doses) caused significant 

reductions in FEV1 and bronchoconstriction in 6 patients, while no changes were seen in healthy controls.  However, a meta-

analysis of over 2000 patients using a soft-mist inhaler containing Benzalkonium Chloride (approximately 0.44 µg per 

actuation) found no bronchoconstriction. 

A risk assessment of Benzalkonium Chloride in cosmetics estimated systemic exposure doses (SEDs) ranging from 

0.0081 to 0.176 mg/kg bw/day for products like hair conditioners (up to 2%) and shampoos (up to 2%), with MOE values 

well above 100.  Additional assessments using different exposure and NOAEL assumptions yielded MOE values between 

260 and 372, supporting the safety of Benzalkonium Chloride at typical cosmetic use concentrations (up to 0.1 – 3%). 

PREVIOUS DISCUSSION 

Discussion from Original Report on Benzalkonium Chloride Published in 1989 

Skin irritation studies in humans involved patients and normal subjects.  Patients were tested with Benzalkonium Chloride 

concentrations ranging from 0.1 to 10.0%, and normal subjects with concentrations of 0.1 to 17.0%.  Skin irritation was noted 

in both populations after applications of Benzalkonium Chloride concentrations greater than 0.1%.  Skin irritation and ocular 

irritation were usually noted in animals when Benzalkonium Chloride was tested at concentrations greater than 0.1%. 
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Skin sensitization was noted in patients tested with Benzalkonium Chloride concentrations ranging from 0.01 to 0.7%.  

However, there was no incidence of skin sensitization in a population of normal subjects tested with 0.1% Benzalkonium 

Chloride.  Individuals with diseased skin may be at risk for sensitization to Benzalkonium Chloride. 

The Expert Panel recognizes that some of the products tested contained concentrations of Benzalkonium Chloride 

greater than 0.1%.  If these products contain proteins or other agents that bind Benzalkonium Chloride, Benzalkonium 

Chloride concentrations greater than 0.1% would have to be added to yield 0.1% free Benzalkonium Chloride.  It is 

important to note that free Benzalkonium Chloride is effective as an antimicrobial agent, and, also, that the free agent 

induces dermal toxicity. 

DISCUSSION 

To be developed. 

CONCLUSION 

To be determined. 
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TABLES 

 

Table 1.    Definitions, idealized structures, and reported functions1, CIR Staff 

Ingredient/CAS No. Definition Function(s) 

Behenalkonium Chloride  

16841-14-8 

Behenalkonium Chloride is the quaternary ammonium salt that conforms to the 

structure: 

Antistatic Agents 

 

Benzalkonium Bromide  

91080-29-4 

Benzalkonium Bromide is the mixture of alkylbenzyldimethylammonium bromides 

that conforms generally to the structure in Figure 1, wherein R represents a mixture 

of even numbered alkyl chains, including all or some of the group beginning with 
capryl and extending through higher homologs, with lauryl, myristyl, and cetyl 

predominating; and X is bromide. 

Antistatic Agents 

Cosmetic Biocides 

Deodorant Agents 

Benzalkonium Chloride 

61789-71-7 

68391-01-5 
68424-85-1 

8001-54-5 

85409-22-9 

Benzalkonium Chloride is a mixture of alkylbenzyldimethylammonium chlorides 

that conforms generally to the structure in Figure 1, wherein R represents a mixture 

of even numbered alkyl chains, including all or some of the group beginning with 
capryl and extending through higher homologs, with lauryl, myristyl, and cetyl 

predominating; and X is chloride. 

Antimicrobial Agents 

Antistatic Agents 

Cosmetic Biocides 
Deodorant Agents 

Pesticides 

Cetearalkonium Bromide Cetearalkonium Bromide is the quaternary ammonium salt that conforms generally to 

the mixture of structures derived from cetyl and stearyl alcohol: 

Antistatic Agents 

Cosmetic Biocides 

 

Lauralkonium Chloride 

139-07-1 

Lauralkonium Chloride is a quaternary ammonium salt that conforms to the structure: Antistatic Agents 

Cosmetic Biocides 

 

Stearalkonium Chloride 

122-19-0 

Stearalkonium Chloride is the quaternary ammonium salt that conforms generally to 

the structure: 

Antistatic Agents 

 

 
 
 

 

Table 2.  Chemical properties   

Property Value Reference 

Behenalkonium Chloride 

Formula Weight  (g/mol) 480.2 151 

Vapor pressure (mmHg @  25ºC) 0 (estimated; modified grain method) 152 

Melting Point (ºC) 284 (estimated)  152 

Boiling Point (ºC) 654 (estimated) 152 

Water Solubility (mg/l @ 25ºC) 0.0002 (estimated; WSKOW v1.42) 152 

log Kow (@  25ºC) 7.74 (estimated; WSKOW v1.42) 152 

Benzalkonium Bromide 

Formula Weight  (g/mol; median (range)) 440.0 (355.4 – 524.7) 153 

Benzalkonium Chloride  

Physical Form  amorphous powder or gelatinous pieces 4 

Color white or yellowish-white 4 

Odor aromatic 4 

Formula Weight  (g/mol; average (range)) 360 (310.9 – 480.2) 4 

Water Solubility  very soluble in water 4 

Other Solubility (g/l) very soluble in acetone and alcohol; slightly soluble in benzene; almost insoluble in ether 4 
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Table 2.  Chemical properties   

Property Value Reference 

UV Absorption (λ) (nm) 262 4 

Cetearalkonium Bromide 

Formula Weight  (g/mol; range) 440.6 – 468.6 153 

Lauralkonium Chloride 

Physical Form  solid 11 

Color white 11 

Formula Weight  (g/mol) 340 154 

Density (g/ml @ 20ºC)   1.03 11 

Vapor pressure (mmHg @  20ºC) 0 11 

Melting Point (ºC) 45.2 11 

Boiling Point (ºC) 162.7 11 

Water Solubility (g/l) 65 - 175 11 

log Kow (@  24ºC) 1.1 11 

Stearalkonium Chloride 

Physical Form  solid 12 

Color white 12 

Formula Weight (g/mol) 424.2 153 

Odor sweet 12 

Specific Gravity (@  20ºC)   1.02 12 

Melting Point (ºC) 63.4 12 

Water Solubility (mg/l @ 20ºC) 20.8 12 

log Kow (@  20ºC) 3.89 (estimated) 12 
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Table 3.  Frequency (RLD/VCRP) and concentration of use according to likely duration and exposure and by product category 

 BENZALKONIUM CHLORIDE STEARALKONIUM CHLORIDE 

 # of Uses Max Conc of Use # of Uses Max Conc of Use 

 RLD (2024)17 VCRP 

(2023)20 

VCRP (2006)5 % (2023)19 % (2006)5 RLD (2024)17 VCRP 

(2023)17,20 

VCRP (2001)3 % (2022)18 % (2001)3 

Totals* 564 69 79 0.001 – 0.5 0.01 – 0.5 885 88 151 0.0055 – 3.8 0.3 – 7  

summarized by likely duration and exposure**       

Duration of Use         

Leave-On *** 38 33 0.002 – 0.47 0.01 – 0.1 *** 22 25 0.0055 – 3.8 0.3 – 3  

Rinse-Off *** 31 46 0.001 – 0.5 0.01 – 0.5 *** 66 121 0.25 – 3 0.4 - 7 

Diluted for (Bath) Use *** NR NR 0.13 NR *** NR 5 NR NR 

Exposure Type           

Eye Area *** 9 11 0.0066 – 

0.01 

0.01 – 0.1 *** NR NR NR NR 

Incidental Ingestion *** NR NR 0.3 0.03 *** NR NR NR NR 

Incidental Inhalation-Spray *** 14a; 5b 1; 15a; 7b 0.055 – 
0.13; 0.035 

– 0.3a 

0.02 – 0.1; 
0.02 – 1a; 

0.06 – 0.1b  

*** 1; 12a; 2b 3; 15a; 2b 0.0055; 0.09 
– 3.8a 

0.3 – 3a 

Incidental Inhalation-Powder *** 1; 5b 7b; 2c 0.01; 0.01 – 
0.1c 

0.08 – 0.1; 
0.06 – 0.1b; 

0.03 – 0.1c 

*** 2b 2b NR NR 

Dermal Contact *** 67 55 0.002 – 0.25 0.01 – 0.5 *** 3 10 NR 0.3 

Deodorant (underarm) *** NR 1a 0.25 0.1 *** NR NR NR NR 

Hair - Non-Coloring *** 2 21 0.002 – 0.5 0.02 – 0.1 *** 79 140 0.0055 – 3.8 0.7 - 7 

Hair-Coloring *** NR 1 0.001 0.02 *** 6 NR 0.38 – 1.3 0.4 – 2  

Nail *** NR 2 0.1 0.01 – 0.1 *** NR 1 NR NR 

Mucous Membrane *** 20 1 0.098 – 0.3 0.03 – 0.5 *** NR NR NR NR 

Baby Products *** 3 4 NR 0.03 – 0.1 *** NR NR NR NR 

as reported by product category         

Baby Products 26          

Baby Lotions/Oils/Powders/Creams 2 NR 2 NR 0.03 – 0.1      

Baby Wipes 23 NA NA NR NA  NA NA  NA 

Other Baby Products 1 (r.o.) 3 2 NR 0.03      

Bath Preparations 1     3     

Bubble Baths 1 NR NR NR NR 1 NR 5 NR NR 

Other Bath Preparations NR NR NR 0.13 NR 2 NR NR NR NR 

Eye Makeup Preparations (not children’s) 50          

Eyebrow Pencil 3 NR NR NR 0.02      

Eyeliner NR NR NR NR 0.02      

Eye Shadow NR NR NR NR 0.02      

Eye Lotion NR 1 1 NR 0.02      

Eye Makeup Remover 22 1 10 NR 0.01 – 0.05      

Mascara 2 NR NR NR 0.02 – 0.1      

Eyelash and Eyebrow Adhesives, Glues, and Sealants 12 NA NA NR NA  NA NA  NA 

Eyelash and Eyebrow Preparations (primers, 
conditioners, serums, fortifiers) 

9 NA NA NR NA  NA NA  NA 

Other Eye Makeup Preparations 2 7 NR 0.0066 – 

0.01 

0.02      

Fragrance Preparations 1          

Cologne and Toilet Water NR NR 1 NR 0.1      

Perfumes 1 NR NR NR 0.1      
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Table 3.  Frequency (RLD/VCRP) and concentration of use according to likely duration and exposure and by product category 

 BENZALKONIUM CHLORIDE STEARALKONIUM CHLORIDE 

 # of Uses Max Conc of Use # of Uses Max Conc of Use 

 RLD (2024)17 VCRP 

(2023)20 

VCRP (2006)5 % (2023)19 % (2006)5 RLD (2024)17 VCRP 

(2023)17,20 

VCRP (2001)3 % (2022)18 % (2001)3 

Powders (dusting/talcum, excl aftershave talc) NR NR NR NR 0.08 – 0.1      

Sachets NR NR NR NR 0.1      

Other Fragrance Preparation 1 NR NR NR 0.1      

Hair Preparations (non-coloring) 177     597     

Hair Conditioners 23 (l.o.); 36 

(r.o.) 

NR 12 0.005 – 

0.007 

0.05 45 (l.o.); 381 

(r.o.) 

55 107 0.25 - 3 0.7 – 7  

Hair Sprays (aerosol fixatives) 8 NR NR NR NR 1 1 3 0.0055 NR 

Hair Straighteners NR NR NR NR 0.1 7 1 NR NR NR 

Permanent Waves 4 NR NR NR 0.1 NR NR 2 NR NR 

Rinses (non-coloring) 4 NR 2 NR 0.1 40 2 5 NR 3 

Shampoos (non-coloring) 4 (l.o.); 35 
(r.o.) 

NR NR 0.2 – 0.5 0.1 1 (l.o.); 19 
(r.o.) 

2 4 1.5 2 

Tonics, Dressings, and Other Hair Grooming Aids 39 1 7 0.035 – 0.05 0.02 – 0.05 30 12 14 0.09 – 3.8 2 – 3  

Wave Sets      3 NR 2 NR NR 

Other Hair Preparations 48 (l.o.); 10 
(r.o.) 

1 NR 0.002 – 0.47 NR 48 (l.o.); 65 
(r.o.) 

6 3 NR 2  

Hair Coloring Preparations 3     247     

Hair Dyes and Colors (all types requiring caution 

statements and patch tests) 

1 NR NR NR 0.02 153 1 NR NR 0.5 – 2  

Hair Tints NR NR NR NR 0.02 68 NR NR NR NR 

Hair Rinses (coloring) 1 (r.o.) NR NR NR 0.02 1 (l.o.); 53 

(r.o.) 

NR NR 1.3 NR 

Hair Shampoos (coloring) 2 (r.o.) NR NR 0.001 NR 3 (r.o.) 4 NR NR NR 

Hair Color Sprays (aerosol) NR NR NR NR 0.02      

Hair Lighteners with Color NR NR NR NR 0.02 3 NR NR NR NR 

Hair Bleaches NR NR 1 NR 0.02 NR NR NR 0.38 0.4 

Other Hair Coloring Preparation 1 NR NR NR NR 2 (l.o.); 4 (r.o.) 1 NR NR NR 

Makeup Preparations (not eye; not children’s) 2          

Blushers and Rouges (all types) NR NR NR NR 0.1      

Face Powders 1 1 NR 0.01 0.1      

Foundations NR NR NR 0.002 0.1      

Makeup Bases NR NR NR NR 0.1      

Makeup Fixatives NR NR NR NR 0.1      

Other Makeup Preparations 1 (l.o.) 3 NR 0.01 0.1      

Manicuring Preparations 1          

Cuticle Softeners 1 NR NR 0.1 0.1      

Nail Creams and Lotions NR NR 1 NR NR      

Nail Extenders           

Nail Polish and Enamel      NR NR 1 NR NR 

Other Manicuring Preparations NR NR 1 NR 0.01      

Oral Products           

Mouthwashes and Breath Fresheners NR NR NR 0.3 0.03      

Personal Cleanliness  173     4     

Bath Soaps and Body Washes 20 3 NR 0.098 – 0.14 0.1 4 NR NR NR NR 

Deodorants (underarm) 1 NR 1 0.25 (not 

spray) 

0.1      
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Table 3.  Frequency (RLD/VCRP) and concentration of use according to likely duration and exposure and by product category 

 BENZALKONIUM CHLORIDE STEARALKONIUM CHLORIDE 

 # of Uses Max Conc of Use # of Uses Max Conc of Use 

 RLD (2024)17 VCRP 

(2023)20 

VCRP (2006)5 % (2023)19 % (2006)5 RLD (2024)17 VCRP 

(2023)17,20 

VCRP (2001)3 % (2022)18 % (2001)3 

Douches 1 NR NR NR 0.1      

Feminine Deodorants 2 (r.o.) NR 1 NR 0.1      

Disposable Wipes 117 NA NA NR NA  NA NA  NA 

Other Personal Cleanliness Products 20 (l.o.); 20 

(r.o.) 

16 1 NR 0.1 – 0.5 1 (r.o.) NR 1 NR NR 

Shaving Preparations 1     8     

Aftershave Lotions NR NR NR NR 0.1      

Beard Softeners      1 NR NR NR NR 

Pre-shave Lotions (all types) 1 NR NR NR NR      

Shaving Creams (aerosol, brushless, lather) NR NR NR NR 0.1 7 NR NR NR NR 

Shaving Soaps (cakes, sticks, etc.) NR NR NR NR 0.1      

Skin Care Preparations 88     29     

Cleansing  28 10 17 0.13 0.05 – 0.1 8 NR NR NR NR 

Depilatories NR NR NR NR 0.1      

Face and Neck (excluding shaving preparations) 13 (l.o.); 6 

(r.o.) 

1 3 NR 0.06 – 0.1 2 (l.o.) NR NR NR NR 

Body and Hand (excluding shaving preparations) 15 (l.o.); 1 

(r.o.) 

3 3 0.055 – 0.13 

(spray); 0.01 

– 0.1 

0.06 – 0.1 7 (l.o.); 2 (r.o.) 2 2 NR NR 

Foot Powders and Sprays 2 NR 1 NR 0.08 – 0.1      

Moisturizing 22 12 1 0.13 (not 

spray) 

0.1 18 NR 1 NR 0.3 

Night NR NR 1 NR 0.1      

Paste Masks (mud packs) NR 1 3 NR 0.1      

Skin Fresheners 4 1 5 NR 0.1      

Other Skin Care Preparations 6 (l.o.); 7 (r.o.) 3 2 0.002 0.1 1 (l.o.); 1 (r.o.) 1 1 NR NR 

Suntan Preparations 4          

Suntan Gels, Creams, and Liquids NR NR 1 NR NR      

Indoor Tanning Preparations 4 NR NR NR NR      

Other Preparations (i.e., those preparations that do 

not fit another category) 
71 NA NA  NA 4 NA NA  NA 

NA – not applicable (this category was not part of the VCRP); NR – not reported 

l.o. – leave-on; r.o. – rinse-off 

*The total FOU provided for RLD refers to the ingredient count supplied by FDA, and is not a summation of the number of uses per category because each product may be categorized under multiple product categories.  
For data supplied via the VCRP or by the Council survey, the sum of all exposure types may not equal the sum of total uses because each ingredient may be used in cosmetics with multiple exposure types. 

**Likely duration and exposure are derived from VCRP and survey data based on product category (see Use Categorization https://www.cir-safety.org/cir-findings) 

*** In the RLD each ingredient may be reported under several product categories, making a summation of RLD misleading in comparison to VCRP data.  Accordingly, RLD are presented below by product category (as 
supplied by FDA), but are not summarized by likely duration and exposure. 
a It is possible these products are sprays, but it is not specified whether the reported uses are sprays. 
b Not specified whether a spray or a powder, but it is possible the use can be as a spray or a powder, therefore the information is captured in both categories 
c It is possible these products are powders, but it is not specified whether the reported uses are powders. 
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Table 4.  Frequency and concentration of use according to likely duration and exposure and by product category 

 BEHENALKONIUM CHLORIDE BENZALKONIUM BROMIDE CETEARALKONIUM BROMIDE LAURALKONIUM CHLORIDE 

 # of Uses Max Conc of Use # of Uses Max Conc of Use # of Uses Max Conc of Use # of Uses Max Conc of Use 

 RLD (2024)17 % (2023)19 RLD (2024)17 % (2023)19 RLD (2024)17 % (2023)19 RLD (2024)17 % (2023)19 

Totals* 56 0.52 – 2.9 2 NR NR 3.7 1 NR 

summarized by likely duration and exposure**         

Duration of Use         

Leave-On *** 0.52 *** NR *** 3.7 *** NR 

Rinse-Off *** 0.91 – 2.9 *** NR *** 3.7 *** NR 

Diluted for (Bath) Use *** NR *** NR *** NR *** NR 

Exposure Type         

Eye Area *** NR ***  NR *** NR ***  NR 

Incidental Ingestion *** NR ***  NR *** NR ***  NR 

Incidental Inhalation-Spray *** 0.52 ***  NR *** 3.7a ***  NR 

Incidental Inhalation-Powder *** NR ***  NR *** NR ***  NR 

Dermal Contact *** NR ***  NR *** NR ***  NR 

Deodorant (underarm) *** NR ***  NR *** NR ***  NR 

Hair - Non-Coloring *** 0.52 – 2.9 ***  NR *** 3.7 ***  NR 

Hair-Coloring *** NR ***  NR *** NR ***  NR 

Nail *** NR ***  NR *** NR ***  NR 

Mucous Membrane *** NR ***  NR *** NR ***  NR 

Baby Products *** NR ***  NR *** NR ***  NR 

as reported by product category          

Baby Products         

Baby Lotions/Oils/Powders/Creams         

Baby Wipes         

Other Baby Products         

Bath Preparations (diluted for use)         

Bubble Baths         

Other Bath Preparations         

Eye Makeup Preparations (not children’s)         

Eyebrow Pencil         

Eyeliner         

Eye Shadow         

Eye Lotion         

Eye Makeup Remover         

Mascara         

Eyelash and Eyebrow Adhesives/Glues/Sealants         

Eyelash and Eyebrow Preparations (primers, 

conditioners, serums, fortifiers) 

        

Other Eye Makeup Preparations         

Fragrance Preparations         

Cologne and Toilet Water         

Perfumes         

Powders (dusting/talcum, excl aftershave talc)         

Sachets         

Other Fragrance Preparation         

Hair Preparations (non-coloring) 42        

Hair Conditioners 2 (l.o.); 8 (r.o.) 0.91 – 2.9       

Hair Sprays (aerosol fixatives) NR 0.52       

Hair Straighteners         
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Table 4.  Frequency and concentration of use according to likely duration and exposure and by product category 

 BEHENALKONIUM CHLORIDE BENZALKONIUM BROMIDE CETEARALKONIUM BROMIDE LAURALKONIUM CHLORIDE 

 # of Uses Max Conc of Use # of Uses Max Conc of Use # of Uses Max Conc of Use # of Uses Max Conc of Use 

 RLD (2024)17 % (2023)19 RLD (2024)17 % (2023)19 RLD (2024)17 % (2023)19 RLD (2024)17 % (2023)19 

Permanent Waves         

Rinses (non-coloring) 1 NR       

Shampoos (non-coloring)         

Tonics, Dressings, Other Hair Grooming Aids 1 NR   NR 3.7   

Wave Sets         

Other Hair Preparations 1 (l.o.); 29 

(r.o.)_ 

NR       

Hair Coloring Preparations 14        

Hair Dyes and Colors (all types requiring caution 

statements and patch tests) 

1 NR       

Hair Tints         

Hair Rinses (coloring)         

Hair Shampoos (coloring)         

Hair Color Sprays (aerosol)         

Hair Lighteners with Color         

Hair Bleaches         

Other Hair Coloring Preparation 14 (r.o.) NR       

Makeup Preparations (not eye or children’s)         

Blushers and Rouges (all types)         

Face Powders         

Foundations         

Makeup Bases         

Makeup Fixatives         

Other Makeup Preparations         

Manicuring Preparations   1      

Cuticle Softeners         

Nail Creams and Lotions         

Nail Polish and Enamel   1 NR     

Other Manicuring Preparations   1 NR     

Oral Products         

Mouthwashes and Breath Fresheners         

Personal Cleanliness          

Bath Soaps and Body Washes         

Deodorants (underarm)         

Douches         

Feminine Deodorants         

Disposable Wipes         

Other Personal Cleanliness Products         

Shaving Preparations         

Aftershave Lotions         

Beard Softeners         

Pre-shave Lotions (all types)         

Shaving Cream (aerosol, brushless, lather)         

Shaving Soap (cakes, sticks, etc.)         

Skin Care Preparations   1    1  

Cleansing         

Depilatories         
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Table 4.  Frequency and concentration of use according to likely duration and exposure and by product category 

 BEHENALKONIUM CHLORIDE BENZALKONIUM BROMIDE CETEARALKONIUM BROMIDE LAURALKONIUM CHLORIDE 

 # of Uses Max Conc of Use # of Uses Max Conc of Use # of Uses Max Conc of Use # of Uses Max Conc of Use 

 RLD (2024)17 % (2023)19 RLD (2024)17 % (2023)19 RLD (2024)17 % (2023)19 RLD (2024)17 % (2023)19 

Face and Neck (excluding shaving preps)         

Body and Hand (excluding shaving preps)         

Foot Powders and Sprays         

Moisturizing       1 NR 

Night   1 NR     

Paste Masks (mud packs)         

Skin Fresheners   1 NR     

Other Skin Care Preparations         

Suntan Preparations         

Suntan Gels, Creams, and Liquids         

Indoor Tanning Preparations         

Other Preparations (i.e., those that do not fit 

another category) 

        

 

NR – not reported 

l.o. – leave-on; r.o. – rinse-off 
*The total FOU provided for RLD refers to the ingredient count supplied by FDA, and is not a summation of the number of uses per category because each product may be categorized under multiple product categories.  

For data supplied by the Council survey, the sum of all exposure types may not equal the sum of total uses because each ingredient may be used in cosmetics with multiple exposure types. 

**Likely duration and exposure are derived from survey data based on product category (see Use Categorization https://www.cir-safety.org/cir-findings) 
*** RLD are presented below by product category (as supplied by FDA), but are not summarized by likely duration and exposure 
a It is possible these products are sprays, but it is not specified whether the reported uses are sprays. 
b It is possible these products are powders, but it is not specified whether the reported uses are powders. 
c Not specified whether a spray or a powder, but it is possible the use can be as a spray or a powder, therefore the information is captured in both categories 
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Table 5.  CFR citations 

CFR Citation Regulation Information Ingredient(s) 

21CFR172.165 These ingredients may be used safely as a food additive under the following conditions: 
1) pH (5% active solution) 7.0 – 8.0; total amines, maximum 1% as combined free 

amines and amine hydrochlorides 

2) used as an antimicrobial agent in raw sugar cane juice; added before clarification 
when further processing of the sugar cane juice must be delayed 

3) additive is applied to sugarcane juice in the following quantities: 

                  1.6 – 6.0 ppm Stearalkonium Chloride 
                  0.25 – 1.0 ppm Lauralkonium Chloride  

Lauralkonium Chloride 
Stearalkonium Chloride 

21CFR173.320 May be used as an agent controlling microorganisms cane sugar and beet sugar mills according 

to the following conditions: 
1) they are applied to the sugar mill grinding, crusher, and/or diffuser systems 

2) used at 0.05 ± 0.005 ppm for Lauralkonium Chloride and 0.30 ± 0.030 for 

Stearalkonium Chloride 
3) may adhere to proper labeling  

Lauralkonium Chloride 

Stearalkonium Chloride 

21CFR175.105 May be used in food-contact adhesives under strict use conditions. Benzalkonium Chloride 

Lauralkonium Chloride 

Stearalkonium Chloride 

21CFR176.300 May be used as a slimicide in processing paper of paperboard used for food-contact materials, 

controlling microbial slime.  

Benzalkonium Chloride 

Lauralkonium Chloride 

Stearalkonium Chloride 

21CFR178.1010 May be used in sanitizing solutions for food-contact surfaces, provided residuals are drained 

and concentrations meet prescribed limits. 

Benzalkonium Chloride 

21CFR310.201 May be used at 0.02% in specific OTC ophthalmic solutions containing 0.25% tyloxapol, under 
defined formulation and labeling conditions. 

Benzalkonium Chloride 

21CFR310.545 Recognizes Benzalkonium Chloride as an ingredient in certain OTC topical drug products (e.g., 

insect bite, dandruff products); inadequate data to establish the general recognition of the safety 
and effectiveness of Benzalkonium Chloride for the specified uses 

Benzalkonium Chloride 

40CFR180.940 Exempts Benzalkonium Chloride (C12 – C18) from tolerance requirements when used in food 

contact sanitizing solutions, up to 400 ppm 

Benzalkonium Chloride 

CFR = Code of Federal Regulations; OTC = over-the-counter 
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Table 6.  Dermal absorption/penetration, penetration enhancement, and ADME studies 

Test Article Vehicle Test Population Concentration/Dose  Protocol Results Reference 

DERMAL ABSORPTION/PENETRATION 

Benzalkonium Chloride 

(C12 – C14) 

citric acid, caprylyl 

glycol, and vitamin 

E (evaluated 
separately) 

excised human skin (n = 3 – 

6/substance evaluated) 

0.123% MALDI-TOF mass spectrometry 

imaging; ex vivo application using Franz 

diffusion cells; test substance evaluated 
in different vehicles; 30 sec single 

application; penetration of Benzalkonium 

Chloride evaluated by using MALDI 
imaging heat maps of ions m/z 304 and 

m/z 332 (penetration depths determined 

for both ions); Benzalkonium Chloride in 
water was also evaluated as the positive 

control 

Average ion m/z 304 and m/z 332 penetration into the 

dermis based on vehicle: 

 
Benzalkonium Chloride in water: 760 and 730 µm 

Benzalkonium Chloride in citric acid: 1450 and 1280 µm 

Benzalkonium Chloride in caprylyl glycol: 360 and 300 
µm 

Benzalkonium Chloride in vitamin E: 450 and 400 µm 

 
Overall, the study showed that Benzalkonium Chloride 

readily penetrates through the epidermis and into the 

dermis, and penetration is affected by the vehicle. 

30 

radiolabeled and non-

radiolabeled 

Benzalkonium Chloride 
(80.5% active 

ingredient; C12 – C16)  

water full-thickness human skin 

samples 

0.03 and 0.3% OECD TG 428; automated flow-through 

diffusion cell system; 24 h diffusion 

At the low concentration level, the mean total unabsorbed 

dose was 96.8% of the applied dose.  The bulk of the 

radioactivity (30.26%) was recovered in the outermost tape 
strips (strips 1 – 5).  The absorbed dose was approximately 

0.05%.  Dermal delivery was determined to be 2.22% (sum 

of the absorbed dose and exposed skin). 
 

At the high concentration level, the mean total unabsorbed 

dose was 94.7% of the applied dose.  The bulk of the 
radioactivity (10.86%) was recovered in the outermost tape 

strips (strips 1 – 5).  The absorbed dose was approximately 

0.03%.  Dermal delivery was determined to be 2.16%. 

11 

radiolabeled 

Benzalkonium Chloride 

NR rats (6/sex; strain not stated) 0.4 ml; concentration 

not reported 

test substance applied to shaved skin of 

rats under occlusive conditions for 72 h; 

amount of material excreted in feces and 

urine measured; amount remaining in 

carcass measured 

In female animals, approximately 0.7, 6.1, and 7% were 

obtained for urine elimination, fecal elimination, and 

amount in carcass, respectively.  In male animals, the 

corresponding values were 0.8, 9.9, and 5.2%, 

respectively.  The bulk of the applied dose remained on the 

treated skin/  Approximately 14% of the applied dose was 
absorbed in females and approximately 16% was absorbed 

in males. 

31 

hand soap containing 
0.13% Benzalkonium 

Chloride  

none 32 subjects 100% blood levels of Benzalkonium Chloride 
evaluated following use of soap 30x/d for 

5 d (60 sec hand wash); blood plasma 

collected on 32 occasions over the study 
period; plasma samples valuated for the 

C12 and C14 homologues of 

Benzalkonium Chloride  

Among the 32 subjects, the C12 homolog was detected 
above the lower limit of quantification in only 4/1024 

plasma samples (at 117.8 – 191.7 ng/l) and the C14 

homolog was detected in only 1/1024 samples (at 59.5 
mg/l).  The systemic exposure to Benzalkonium Chloride 

via hand soap was determined to be very low. 

32 

PENETRATION ENHANCEMENT 

Benzalkonium Chloride NR rat abdominal skin  0.5 – 5% effect of Benzalkonium Chloride on the 

permeation of lorazepam (in water and 
propylene glycol) evaluated in rat skin; 

Franz diffusion cells used with 

diffusional area of 5.3 cm2; receptor fluid 
collected at time intervals ranging from 

0.25 to 24 h after application 

The steady-state flux of lorazepam in the presence of 

Benzalkonium Chloride at concentrations of 0.5, 1, 2.5, 
and 5% was 0.49, 0.95, 0.62, and 0.89 µg/cm2/h, 

respectively.  Control samples were not treated with 

Benzalkonium Chloride and yielded a steady-state flux of 
0.12 µg/cm2/h.  The highest enhancement ratio for 

Benzalkonium Chloride was determined to be 7.66 

(observed at 1% Benzalkonium Chloride).  The 
enhancement ratio for the negative control was 1. 

33 
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ADME 

Dermal 

radiolabeled and non-

radiolabeled 
Benzalkonium Chloride 

(49.9% active 

ingredient; C12 – C16)  

water Sprague-Dawley rats 

(64/group/sex) 

0.1 and 1%; 1.5 ml/kg OECD TG 417; test substance applied rat 

skin for 6 h followed by washing; 
samples of blood, urine, feces, bile, 

expired air, organs, carcass, and skin at 

intervals from 0 – 168 h after 
administration 

Total recovery was approximately 87.2% in males and 

91% in females.  The minimum percutaneous absorption 
(in feces, urine, and intestines) was approximately 46.4% 

in males and 47.4% in females.  The maximum systemic 

absorption (in feces, urine, carcass, and skin site) was 
approximately 50 and 50.1% in male and females, 

respectively.  The test substance was uniformly distributed 

in the stratum corneum.  The mean plasma and blood 
levels for males and females at the 0.1% concentration 

remained below quantifiable limits at all time points, 

except from the 7 and 8 time points for blood (average 
levels in males and females were 3.96 and 2.97 ng-eq./g at 

the 7 and 8 h time points, respectively).  For the 1% 

concentration, values above quantified limits in the blood 

were observed at 8 h and 24 h (average levels in males and 

females were 69.4 and 58.65 ng-eq./g at the 8 and 24 h 

time points, respectively).  Following single dermal 
application of 0.1%, mean radioactivity levels were below 

quantifiable limits in all tissues and organs except for the 

intestines and stripped skin. 

12 

Oral 

radiolabeled and non-

radiolabeled 
Benzalkonium Chloride 

(30% active ingredient; 

C12 – C16) 

water Sprague-Dawley rats 

(5/sex/group) 

experiment 1: 1 mg/ml 

experiment 2: 100 ppm  
experiment 3: 5 mg/ml 

EPA OPP 85-1; 3 different experiments; 

experiment 1: oral gavage with single 
low dose; experiment 2: dietary with 

repeated low dose (14 d); experiment 3: 

gavage with single high dose 
 

tissues and body fluids sampled: urine, 

feces, blood, plasma, cage washes; 
samples collected at intervals ranging 

from 0 – 168 h post administration  

Following oral administration, the test substance was 

rapidly absorbed, although in very limited amounts as 
indicated by low blood levels.  Blood concentrations 

declined to approximately 25% of the peak value within 24 

h.  Residual radioactivity in tissues was negligible after 
administration of test substance in all experiments. 

 

total recovery in experiment 1 (averaged amounts in males 
and females): 

urine: 6.33% 

feces: 94.9% 
total: 101% 

 

total recovery in experiment 2 (averaged amounts in males 
and females): 

urine: 5.25 % 

feces: 96.2% 
total: 102% 

 

total recovery in experiment 3 (averaged amounts in males 
and females): 

urine: 7.35% 

feces: 88.8% 
total: 96.5% 

11 

radiolabeled and non-

radiolabeled 
Benzalkonium Chloride 

(49.9% active 
ingredient; C12 – C16)   

water Sprague-Dawley rats 

(3/sex/time/group) 

50 and 200 mg/kg bw; 

10 ml/kg 

OCED TG 417; gavage administration; 

single and repeated doses performed 
using 50 mg/kg bw/d; single dose 

performed using 200 mg/kg bw/d; 
samples of blood, urine, feces, bile, 

expired air, organs, carcass, and skin at 

Approximately 3 – 4% of the orally administered 

substance was excreted in the urine, and 3.75 – 4.58% was 
excreted in the bile.  Approximately 70-80% of the test 

compound was excreted, primarily in the feces, 24 h after 
administration.  After a single dose of 50 mg/kg bw, 

radioactivity levels were below the limit of quantification 

12 
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intervals from 0 – 168 h after 

administration 

at all timepoints, and in all organs except for the liver and 

intestines.  Following a single oral dose of 200 mg/kg bw, 

radioactivity levels were highest in the intestines.  Trace 

levels were found in abdominal fat, heart, kidney, liver, 
lungs, and pancreas. 

deuterated 

Lauralkonium Chloride 

diet C57BL/6J mice (4 - 

6/sex/group) 

120 µg/g/d animals given test substance in diet for 1 

wk; following 1-wk administration, liver, 
feces, and blood analyzed for 

metabolites; analysis via ultra-high 

performance liquid chromatography-
tandem mass spectrometry  

The highest levels of the test substance were observed in 

fecal samples (maximum amounts of approximately 1800 
µM in female feces).  The maximum amount of the test 

substance observed in the blood and liver was 

approximately 1000 and 550 nM, respectively (in females). 
 

Quantifiable levels of ω- and (ω-1)- hydroxy metabolites 

were observed (predominantly in the liver).  Even 
numbered, chain-shortened carboxylic acids (C6, C18, C10, 

and C12) were quantified in the blood, liver, and feces (C10 

observed in highest amounts; maximum amount reported 

in male and female feces; approximately 475 µM). 

34 

EPA = Environmental Protection Agency; MALDI-TOF = matrix assisted laser desorption ionization time-of-flight; NR = not reported; OECD = Organisation for Economic Cooperation and Development; OPP = Office of 

Pesticide Programs; TG = test guidelines  

 

 
Table 7.  Acute toxicity studies 

Test Article Vehicle  Animals/Group Concentration/Dose Protocol LD50/LC50/Results Reference 

DERMAL 

Benzalkonium Chloride 
(50 – 80% active 

ingredient; C12 – C16) 

none rabbit (4/sex/group; strain not 
specified) 

3, 4, and 5 ml/kg bw EPA OPPTS 870.1200; test substance applied to 
abraded and intact skin, under occlusive 

conditions, for 24 h 

LD50 = 3.56 ml/kg bw (after correcting for 
100% active test substance, the LD50 was 

calculated to be 2730 mg/kg bw) 

11 

Benzalkonium Chloride NR NR 82.26% NR LD50 = 930 mg/kg bw 8 

ORAL 

Benzalkonium Chloride 

(50 – 80% active 
ingredient; C12 – C16) 

propylene glycol 

(for low doses); 
high doses tested 

undiluted 

Albino rats (5/sex/group) 0.25, 0.32, 0.40, 0.50, 1, 2, 4, 8, 

and 16 ml/kg bw 

single gavage administrations; 14-d 

observations 

LD50 = 0.43 ml/kg bw (after correcting for 

100% active test substance, the LD50 was 
determined to be 344 mg active 

ingredient/kg bw) 

11 

10% Benzalkonium 
Chloride 

NR male Sprague-Dawley rats (n 
= 3/group)  

250 and 1250 mg/kg single gavage administration; animals observed 
for 24 h after administration 

LD50 = 234 - 525 mg/kg 35 

Benzalkonium Chloride  saline male Balb/c mice (6/group) 100, 150, 200, 300, and 400 

mg/kg 

single oral administration; method of oral 

administration not stated 

LD50 = 241.7 mg/kg 36 

Benzalkonium Chloride 

(50% active ingredient; 

C12 – C16) 

water Sprague-Dawley rats 

(5/sex/group) 

500, 794, 1260, and 2000 

mg/kg bw 

OECD TG 401; gavage administration; 14-d 

observations  

LD50 = 795 mg/kg bw 12 
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INHALATION 

aerosolized 
Benzalkonium Chloride 

air female BALB/cJ mice (7-
8/group) 

0, 0.049, 0.19, 0.57, 1.8, 5.3, 
and 19 mg/m3 

head only exposure for 30 min; respiratory 
parameters (respiratory rate, 

inspiration/expiration times, tidal volume, mid-

expiratory flow rates) evaluated; following a 16-
h recovery period, BALF was collected 

NOEL < 0.049 mg/m3 

 

A concentration-dependent reduction in 

tidal volume and an increase in respiratory 
rate was observed (compared to baseline).  

Statistically significantly increased numbers 

of inflammatory cells in BALF were seen at 
the highest exposure level (compared to 

controls).  No inflammation was seen in 

fluid from mice exposed to concentrations 
of 1.8 mg/m3 and below. 

37 

aerosolized 
Benzalkonium Chloride 

(95% purity) 

air female Wistar rats (5/group) 37.64 and 52.84 mg/m3 head/nose inhalation; 4 h single exposure; 14-d 
observation 

LC50 = 52.84 mg/m3; out of the 5 rats, 2 
died within the first 24 h after exposure to 

52.84 mg/m3 

8,38 

Distributed for Comment Only -- Do Not Cite or Quote



EPA = Environmental Protection Agency; LC50 = medial lethal concentration; LD50 = medial lethal dose; NOEL = no-observed-effect-level; NR = not reported; OECD = Organisation for Economic Cooperation and 

Development; OPPTS = Office of Prevention, Pesticides, and Toxic Substances 

 

Table 8.  Repeated dose toxicity studies 

Test Article Vehicle Animals/Group Study Duration Dose/Concentration Protocol Results Reference 

ORAL 

2% dilution of a 
sanitizing agent 

containing 

Benzalkonium 
Chloride (diluted test 

substance contained 

0.01% 
Benzalkonium 

Chloride) 

none Sprague-Dawley 
rats 

(10/sex/group) 

91 d 0, 500, 1000, or 5000 
mg/kg bw/d 

OECD TG 408; once daily gavage 
administration; controls given water 

NOAEL = 5000 mg/kg 
 

All animals survived until study termination.  

No clinical or ophthalmological toxic effects 
observed.  Food consumption was similar 

among treated and control groups.  Minor body 

weight differences between control and treated 
groups were observed but were not considered 

to be related to the test substance.  An increase 

in the number of nitrite-positive urine was 
observed in high-dose animals; however 

corresponding increases in bacteria or white 

blood cells in urine were not observed.  A 
statistically significant decrease in serum 

aspartate aminotransferase was observed in 

mid-dose females compared to controls.  The 
only statistically significant difference in organ 

weight between treated and control groups were 

decreased heart/body weight and lung/body 
weight ratios in low-dose males, and increased 

epididymides/brain weight ratio in high dose 

males.  All gross and microscopic findings were 
considered to be of no toxicological relevance. 

39 

Benzalkonium 

Chloride (79.7 - 
80.5% active 

ingredient; C12 – C16) 

diet Sprague-Dawley 

rats 
(15/sex/dose) 

95 - 96 d 0, 100, 500, 1000, 4000, or 

8000 ppm (equivalent to 0, 
6, 31, and 62 mg/kg bw/d in 

males and 0, 8, 38, and 77 

mg/kg bw/d in females); 
due to mortality in the 4000 

and 800 ppm groups, the 

corresponding daily intakes 
could not be calculated 

OECD TG 408; animals administered test 

substance via diet; controls given untreated diet 

male and female NOEL: 500 ppm (equivalent to 

25 mg active ingredient/kg bw/d for males and 
30 mg active ingredient/kg bw/d for females) 

 

All animals in the 8000 ppm group died.  In the 
4000 ppm group, 12/15 males and 11/15 

females died.  Treatment-related clinical 

findings were observed in the 4000 and 8000 
ppm groups (general cachexia, loose feces, 

decrease in body, weight, gross lesions, 

organ/tissue congestion, mucosal cell 
degeneration in the gastrointestinal tract, splenic 

contraction, hepatocellular atrophy) 

11 
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Table 8.  Repeated dose toxicity studies 

Test Article Vehicle Animals/Group Study Duration Dose/Concentration Protocol Results Reference 

Benzalkonium 
Chloride (50% active 

ingredient; C12 – C16) 

diet Beagle dogs 
(4/sex/group) 

13 wk 0, 500, 1500, 3000 ppm 
(corresponding to 

approximately 0, 8, 25, 50 

mg active ingredient/kg 
bw/d in males and 0, 9, 26, 

and 45 mg active 

ingredient/kg bw/d in 
females); from week 8 the 

test substance concentration 

was reduced to 2500 ppm in 
the high dose female group 

due to low food intake 

OECD TG 409; animals administered test 
substance via diet; controls given untreated diet 

NOAEL in males: 50 mg active ingredient/kg 
bw/d (1500 ppm); NOAEL in females: 45 mg 

active ingredient/kg bw/d (1250 ppm) 

 
No treatment-related toxicologically significant 

effects were observed throughout the study.  A 

mean body weight loss was observed in females 
in the high dose group (not dose-related and 

correlated to the decrease of food consumption).  

Mean body weight gain was similar to controls 
once the dosing was reduced to 2500 ppm. 

 

12 

INHALATION 

aerosolized 

Benzalkonium 
Chloride (95% 

purity) 

air female Wistar 

rats (5/group) 

3 d 30 mg/m3 6 h/d exposure; exposure via exposure chamber; 

BALF collected from exposed and control 
(unexposed) animals immediately after 

termination of exposure and 18 h after exposure 

Lung weight, total protein, lactate 

dehydrogenase activity in BALF, and BALF IL-
6 and IgE concentrations were statistically 

significantly increased (compared to controls) 

immediately after exposure at both test 
concentrations. 

38 

aerosolized 

Benzalkonium 
Chloride (95% 

purity) 

air female Wistar 

rats (7 – 
10/group) 

5 d 0 and 35 mg/m3 6 h/d exposure; exposure via exposure chamber; 

food intake and body weight evaluated on day 7, 
14, and 21; animals were challenged after a 2-

wk no-treatment period, with the same test 

substance; biological material (including BALF) 
collected from animals immediately after 

termination of exposure (day 21) and 18 h after 

challenge inhalation  

All animals survived treatment.  At all 

measurement time points, food intake and body 
weight of animals exposed to the test substance 

were statistically significantly lower compared 

to controls.  Macroscopic examinations did not 
reveal any significant changes between exposed 

and control animals.  A statistically significant 

reduction in absolute liver mass and a 
statistically significant increase of the absolute 

and relative mass of the lungs was noted in 

treated animals compared to controls.  A 
statistically significant increase in total protein 

concentration, leukocyte count, and macrophage 

inflammatory protein-2 in BALF was observed 
(compared to controls).  Statistically 

significantly higher IL-6 and IgE concentrations 

and a statistically significant decrease in CC16 
concentrations in BALF were observed 

immediately after treatment (compared to 

controls).  Minimal perivascular, interstitial 
edema, focal aggregates of alveolar 

macrophages, interstitial mononuclear cell 

infiltrations, thickened alveolar septa, and 
marginal lipoproteinosis were observed in the 

lungs of treated rats. 

40 
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Table 8.  Repeated dose toxicity studies 

Test Article Vehicle Animals/Group Study Duration Dose/Concentration Protocol Results Reference 

aerosolized 
Benzalkonium 

Chloride 

air Fischer 344 rats 
(5/sex/dose) 

14 d 0.8, 4, 20 mg/m3 6 h/d exposure; MMAD of 1.1 – 1.61 µm; no 
other details regarding treatment provided 

NOAEC = < 0.8 mg/m3 

 

Nasal discharge was observed in all treated 

groups.  Deep breathing and rales were reported 
in male rats in the high dose group.  Significant 

reductions in body weight were observed in mid 

and high dose animals.  Significant differences 
in hematology and organ weights (lung and 

spleen) were observed in mid and high dose 

groups.  Adverse effects in the respiratory tract 
were observed in mid and high dose groups 

(degeneration and regeneration of terminal 
bronchiolar epithelium, smooth muscle 

hypertrophy of the bronchoalveolar junction, 

hypertrophy and hyperplasia of mucous cells in 
the bronchi and cell debris in the alveolar 

lumens.  Ulceration with suppurative 

inflammation, squamous metaplasia and erosion 
with necrosis were observed in the respiratory 

tract and transitional epithelium in all treated 

groups.  Atrophy of olfactory epithelium was 
observed in the high dose group only. 

41 

BALF = bronchoalveolar lavage fluid; IgE = immunoglobulin E; IL-6 = interleukin-6; MMAD = mean mass aerodynamic diameter; NOAEC = no-observed-adverse-effect-concentration; NOAEL = no-observed-adverse-

effect-level; NOEL = no-observed-effect-level; OECD = Organisation for Economic Cooperation and Development; SDS = sodium dodecyl sulfate; TG = test guidelines 
 

 
Table 9.  Developmental and reproductive toxicity studies 

Test Article Vehicle  Test Population Dose/Concentration Procedure Results Reference 

IN VITRO 

Benzalkonium 
Bromide 

NR sperm from 
normozoospermic 

men 

up to 0.02 mmol/l in vitro assay evaluating human sperm viability, motility, 
mitochondrial status, capacitation, acrosomal status, and 

calcium movements; 60 or 180 min exposure; untreated 

negative control 

Statistically significant decreases in sperm 
viability were observed at concentrations of 0.01 

mmol/l (for 60 min incubation) and 0.025 (for 

180 min incubation) respectively, compared to 
untreated control.  Statistically significant 

decreases in sperm motility were observed at 

0.0085 mmol/l (for 60 min incubation) and 0.015 
mmol/l (for 180 min incubation) compared to 

untreated control.  A significant loss of 
mitochondrial membrane potential was observed 

at all test concentrations.  A strong inhibition of 

capacitation was observed following exposure to 
the test substance at a concentration of 0.02 

mmol/l for 180 min (p < 0.05).  No effects on 

sperm acrosomal status were observed.  
Significantly increased sperm intracellular 

calcium concentration in 20.2% of cells (p < 

0.05). 

42 
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Table 9.  Developmental and reproductive toxicity studies 

Test Article Vehicle  Test Population Dose/Concentration Procedure Results Reference 

Benzalkonium 
Chloride  

none sperm from 
normozoospermic 

men (n = 15) 

6.81 mM in vitro assay evaluating human sperm motility, viability, 
acrosomal status, and ability to penetrate cervical mucus; 10 

min exposure; PBS used as control 

Exposure to the test substance resulted in 
reduced acrosome integrity, total 

immobilization, and complete loss of sperm 

viability (p < 0.001; compared to controls).  The 
test substance also significantly decreased sperm 

penetration ability (p < 0.0110; compared to 

controls). 

43 

ANIMAL 

Benzalkonium 

Chloride (81.09% 
active ingredient; C12 – 

C16) 

water female CD rats 

(25/group) 

0, 10, 30, or 100 mg/kg/d prenatal developmental toxicity assay; animals administered 

test substance via gavage to pregnant animals on GD 6-15; 
animals necropsied on GD 21; control group treated with 

water 

All animals survived until scheduled necropsy.  

Treatment-related effects were observed at the 
highest dose level (peroral wetness, audible 

respiration, unkempt appearance, loose feces, 

urine stains).  Audible respiration was observed 

in 2 animals at the 30 mg/kg/d dose level.  Mean 

maternal body weights and body weight gains 

were unaffected by the test substance.  Mean 
maternal food consumption in rats at 100 

mg/kg/d was significantly (p < 0.05) lower 

compared to control during the first 3 d of 
treatment.  A single rat dosed at 100 mg/kg/d 

had the following macroscopic findings: gas -

filled gastrointestinal tract, ulceration of the 
stomach, color changes in the liver and lymph 

nodes, and a small spleen.  No treatment-related 

effects were observed regarding terminal body 
weight, gravid uterine weight, net body weight, 

net body weight change, or liver weight.  

Intrauterine growth and survival (as determined 

by preimplantation loss, total number implants, 

viable implants, nonviable implants, percent live 

fetuses, mean fetal body weights, and fetal sex 
ratios) were similar in treated and control 

groups.  One rat fetus in the high dose group had 

gastroschisis, and another fetus in this group had 
a thread-like tail and imperforate anus.  An 

absent innominate artery was observed in one rat 

fetus at 10 mg/kg/d.  Hydronephrosis and/or 
hydroureter observed in all groups (including 1 

animal in the control group).  No skeletal 

malformations were observed in fetuses. 

44 
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Table 9.  Developmental and reproductive toxicity studies 

Test Article Vehicle  Test Population Dose/Concentration Procedure Results Reference 

Benzalkonium 
Chloride (81.09% 

active ingredient; C12 – 

C16) 

diet Sprague-Dawley 
rats (28/sex/dose) 

0, 300, 1000, or 2000 
ppm (equivalent to 0, 16 

– 31, 51 – 102, and 100 – 

188 mg/kg in males and 
0, 21 – 32, 67 – 106, and 

139 – 198 in females) 

EPA OPP 83-4; 2-generation reproductive toxicity assay;  
P0 animals underwent a 10-wk pre-breed exposure period, 

also exposed during 3-wk mating period and continued 

through gestation, parturition, and lactation; F1 generation 
treated for 10 wk pre-breed period and paired with P1 to 

produce F2, animals continued treatment during mating, 

gestation, parturition, and lactation; F2 generation treated 
until weaning; control animals given untreated diet 

reproductive NOAEL for F0, F1, and F2 rats: 
2000 ppm 

 

The rat NOAEL for systemic toxicity for both 
parental and offspring generation was considered 

to be 1000 ppm.  Reproductive parameters were 

not affected in either of the two breeds (F1 or 
F2).  However reduced body weight gains were 

noted in F1 and F2 pups treated with 2000 ppm.  

No treatment-related observations or 
histopathological findings were observed in 

adult animals or pups at any dose.  

11 

Benzalkonium 

Chloride (49.9% active 

ingredient; C12 – C16) 

diet Sprague-Dawley 

rats 

(25/sex/group) 

0, 500, 2000, or 4000 

ppm 

OECD TG 416; 2-generation reproductive toxicity assay; 

animals exposed for 10 wk before mating, 2 wk during 

mating, and until after weaning of the pups; controls given 

untreated diet 

reproductive NOAEL: 2000 ppm 

 

At the 2000 ppm level, P0 males and P1 males 

and females showed marginally to slightly lower 
body weight gains and reduced food 

consumption.  Necropsy of parents of both 

generations revealed dilatation of the caecum in 
some animals (associated with lower liver 

weights in parental animals of both generations).  

At the highest concentration, in P0 and P1 
generations, the number of implantation sites 

and litter size at birth were reduced, and the 

progenies showed lower pup weights.  Upon 
necropsy, dilatation of the caecum with feces 

was observed in 4/25 males and 2/25 females in 

the F2 generation.  Test substance treatment had 

no effect on mating, fertility, and behavioral 

parameters in P0 and P1 rats at levels up to 2000 

ppm.  No effect on litter parameters and pre- and 
post-natal development was observed for either 

generation at 2000 ppm.  The systemic toxicity 

NOAEL for P1 was determined to be 500 ppm 
due to adverse effects relating to body weight, 

food consumption, organ weight, and gross 

pathology. 

12 
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Table 9.  Developmental and reproductive toxicity studies 

Test Article Vehicle  Test Population Dose/Concentration Procedure Results Reference 

Benzalkonium 
Chloride (81.09% 

active ingredient; C12 – 

C16) 

water female New 
Zealand White 

rabbits 

(16/group) 

0, 1, 3, or 9 mg/kg/d pregnant animals treated via gavage on GD 6 – 18; animals 
necropsied GD 29; control group treated with water 

All animals survived treatment.  Treatment 
related effects were observed in 2 animals at the 

highest dose (hypoactivity and labored 

respiration).  No effects were observed regarding 
mean maternal body weight or body weight gain.  

No treatment-related effects gross macroscopic 

findings were observed.  The terminal body 
weight, gravid uterine weight, net body weight, 

net body weight change, and liver weight were 

unaffected by treatment.  Intrauterine growth and 
survival (as determined by preimplantation loss, 

total number implants, viable implants, 

nonviable implants, percent live fetuses, mean 

fetal body weights, and fetal sex ratios) were 

similar in control and treated groups.  No 

treatment-related fetal malformations were 
observed. No external malformations observed 

in fetuses.  A herniated diaphragm was observed 

in one fetus at 1 mg/kg/d.  Dilated lateral 
ventricle of the brain with tissue depression were 

observed in 2 rabbits of the 3 and 9 mg/kg/d 

groups.  Skeletal malformations were observed 
in one control rabbit fetus with absent lumbar 

centrum and arches and one rabbit litter in the 9 

mg/kg/day group with one fetus exhibiting fused 
thoracic centra and ribs and another fetus 

presenting an extra rib between ribs 10 and 11. 

44 

Benzalkonium 

Chloride (49.9% active 

ingredient; C12 – C16) 

NR female New 

Zealand White 

rabbits (22/dose) 

0, 3, 10, or 30 mg/kg 

bw/d 

prenatal developmental toxicity assay; treatment on GD 6 – 

28; animals necropsied GD 29; gavage administration 

maternal NOAEL: 3 mg/kg bw/d 

developmental NOAEL: 30 mg/kg bw/d 

 

Three animals in the high dose group did not 
survive treatment.  Gross pathological findings 

included edema in stomach mucosa, dilated 

intestines, and gall bladder, in some mid and 
high dose animals.  No treatment related effects 

on any litter parameters, fetal development, or 

fetal malformations, were reported. 

8,45 

EPA = Environmental Protection Agency; GD = gestation days; LD50 = median lethal dose; NOAEL = no-observed-adverse-effect-level; NR = not reported: OECD = Organisation for Economic Cooperation and 

Development; OPP = Office of Pesticide Programs; PBS = phosphate-buffered saline; TG = test guidelines 
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Table 10.  Genotoxicity studies     

Test Article Vehicle  Concentration/Dose Test System Protocol Results Reference 

IN VITRO 

Benzalkonium Chloride  culture 

medium 

0.00005, 0.0001, 0.0005, and 

0.001% 

human corneal epithelial 

cells 

alkaline comet assay with immunofluorescence 

microscope detection of the phosphorylated form of 
histone variant H2AX foci; use of metabolic activation not 

stated; 30 min incubation; control treated with culture 

medium only 

Benzalkonium Chloride at 0.00005, 

0.0001, 0.0005, and 001% resulted in 
2.56-, 2.74-, 2.95-. and 3.24-fold 

increases in single-strand breaks 

compared to the control (p < 0.001). 

46 

Benzalkonium Chloride culture 

medium 

0.00001, 0.00005, 0.0001, 

0.0005, and 0.001% 

human Chang conjunctival 

cells 

alkaline comet assay; mean olive tail movement evaluated 

as marker for DNA damage; use of metabolic activation 

not stated; control treated with culture medium only  

All concentrations of Benzalkonium 

Chloride induced a significant increase in 

olive tail movement compared to the 
negative control (p < 0.01). 

47 

Benzalkonium Chloride 

(C12 – C16) 

NR 0, 0.002, 0.005. 0.007, 0.01, 

0.02, and 0.05% 

human bronchial epithelial 

cells 

single-cell gel electrophoresis assay; 2 h incubation; tail 

moment used as marker for DNA damage; use of 
metabolic activation not stated; appropriate positive and 

negative controls used 

Concentrations of 0.002 – 0.02% resulted 

in a stepwise increase of tail moments 
compared to negative controls (p < 

0.001).  This effect was not observed at 
0.05%. 

48 

Benzalkonium Chloride NR 0, 0.11, 0.33, and 1 mg/l primary rat hepatocytes single-cell gel electrophoresis assay; 60 min incubation; 

DNA migration evaluated via computer-aided system; use 
of metabolic activation not stated; appropriate positive and 

negative controls used 

DNA migration significantly affected 

only at 1 mg/l (p ≤ 0.05); controls gave 
expected results 

49 

Benzalkonium Chloride  PBS 0, 0.5, 1, 2 mM human hepatocellular 
carcinoma cells and liver 

cancer cells 

single-cell gel electrophoresis assay; DNA tail intensity 
evaluated as marker for DNA damage; performed with 

and without metabolic activation: appropriate positive and 

negative controls used; 

non-mutagenic; controls gave expected 
results 

50 

2% dilution of a 

sanitizing agent 

containing 
Benzalkonium Chloride 

(diluted test substance 

contained 0.01% 
Benzalkonium Chloride) 

none 0, 1.56, 3.13, 6.25, 25, 50, 

100 µg/plate 

S. typhimurium TA1535, TA 

1537, TA98, TA100 and E. 

coli WP2uvrA 

OECD TG 471; Ames assay performed with and without 

metabolic activation; appropriate positive and negative 

controls used 

non-mutagenic; controls gave expected 39 

Benzalkonium Chloride 

(50 – 80% active 
ingredient; C12 – C16) 

water 0, 0.15, 0.5, 1.5, 5, 15, and 

50 µg/plate 

S. typhimurium TA1535, TA 

1537, TA98, TA100, and 
TA102 

OECD TG 471; Ames assay performed with and without 

metabolic activation; appropriate positive and negative 
controls used 

non-mutagenic; controls gave expected 

results 

11 

Benzalkonium Chloride NR 0, 0.011, 0.110. 1.10, 11, 110 

µg/plate 

S. typhimurium TA98, 

TA100, and TA102 

Salmonella/microsome assay; 48 h incubation; number of 

his+ colonies manually counted; performed with and 
without metabolic activation; appropriate positive and 

negative controls used 

non-mutagenic; controls gave expected 

results 

49 

Benzalkonium Chloride 
(C12 – C16) 

NR without metabolic activation: 
0, 5, 10, 12.5, 15, 17.5, and 

20 nl/ml 

 
with metabolic activation: 0, 

15, 30, 45, 60, 75, and 90 

nl/ml 

Chinese hamster ovary cells OECD TG 476; in vitro mammalian cell gene mutation 
assay performed with and without metabolic activation; 

target gene: HGPRT locus; appropriate positive and 

negative controls used 

non-mutagenic; controls gave expected 
results 

12 

Benzalkonium Chloride 

(81.09% active 

ingredient; C12 – C16) 

 experiment 1 without 

metabolic activation: 0, 1, 5, 

10, 13, 16, 20, 25, 35, 50, 
and 65 µg/ml 

 

Chinese hamster ovary cells EPA OPPTS 870.5300; mammalian cell gene mutation 

test performed with and without metabolic activation; 

target gene: HGPRT locus; appropriate positive and 
negative controls used; 2-part experiment 

non-mutagenic; controls gave expected 

results 

11 

Distributed for Comment Only -- Do Not Cite or Quote



Table 10.  Genotoxicity studies     

Test Article Vehicle  Concentration/Dose Test System Protocol Results Reference 

experiment 1 with metabolic 

activation: 0, 1, 5, 10, 20, 30, 
40, 50, 65, 85, and 100 

µg/ml 

 
experiment 2 without 

metabolic activation: 0, 1, 5, 

10, 12, 14, 16, 18, 20, and 24 
µg/ml 

 

experiment 2 with metabolic 
activation: 0, 10, 20, 22, 24, 

26, 28, 30, 40, and 50 µg/ml 

Benzalkonium Chloride 
(50 – 80% active 

ingredient; C12 – C16) 

cell culture 
medium 

experiment 1: 0, 4, 8, 16, 20 
µg/ml 

 

experiment 2: 0, 4, 8, 12, 16, 
24 µg/ml 

human lymphocytes OECD TG 473; chromosomal aberration assay performed 
with and without metabolic activation; appropriate 

positive and negative controls used; 2-part experiment  

non-clastogenic; controls gave expected 
results 

11 

Benzalkonium Chloride 

(99.24% active 
ingredient; C12 – C16) 

NR without metabolic activation: 

0, 0.36, 1.09, 3.27, and 9.8 
µg/ml 

 

with metabolic activation; 0, 
6.1, 3, 12.25, 24.5, 49, and 

98 µg/ml 

Chinese hamster ovary cells OECD TG 473; chromosomal aberration assay performed 

with and without metabolic activation; appropriate 
positive and negative controls used 

non-clastogenic; controls gave expected 

results 

12 

10% Benzalkonium 
Chloride in PBS 

NR 0, 0.0001, 0.0001, and 
0.0003% 

human dental pulp cells chromosomal aberration assay performed with and 
without metabolic activation; up to 30 h incubation; 

appropriate positive and negative controls used 

non-clastogenic; controls gave expected 
results 

52 

Benzalkonium Chloride NR 0, 0.11, 0.33, and 1 mg/l peripheral human 
lymphocytes 

micronucleus assay; 60 min incubation; micronucleus 
formation and nuclear division indices evaluated; 

appropriate positive and negative controls used; performed 

without metabolic activation 

Significant increase in micronucleus 
formation observed only at 1 mg/l ((p ≤ 

0.05); nuclear division indices were 

similar to control at all test 
concentrations; controls gave expected 

results  

49 

Stearalkonium Chloride water 0, 0.02, 0.05, 0.16, 0.50, 1.6, 
5.0, 15.8, 50, 158.1, 500, 

1581, and 5000  µg/plate 

S. typhimurium TA98, 
TA100, TA1535, and 

TA1537 and E. coli WP2 

uvrA 

OECD TG 471; Ames assay performed with and without 
metabolic activation; appropriate positive and negative 

controls used 

non-mutagenic; controls gave expected 
results 

12 

Stearalkonium Chloride 

(93.9% purity) 

NR 0, 1, 3, 10, 33, 100, 166, 333, 

666, 1000, 1666, 3333 

µg/plate 

S. typhimurium TA97, TA98, 

TA100, TA1535, and 

TA1537 

Ames assay performed with and without metabolic 

activation; appropriate positive and negative controls used 

non-mutagenic; controls gave expected 

results 

51 

IN VIVO 

2% dilution of a 

sanitizing agent 
containing 

Benzalkonium Chloride 

(diluted test substance 
contained 0.01% 

Benzalkonium Chloride 

none 0, 5, 10, and 20 ml/kg Sprague-Dawley rats (5-

7/sex/group) 

OECD TG 474; mammalian erythrocyte micronucleus 

test; appropriate positive and negative controls used 

non-genotoxic 39 
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Table 10.  Genotoxicity studies     

Test Article Vehicle  Concentration/Dose Test System Protocol Results Reference 

Benzalkonium Chloride 

(C12 – C16) 

NR 400 mg/kg rat bone marrow in vivo micronucleus assay; no other details provided non-genotoxic 8 

EPA = Environmental Protection Agency; NR = not reported; OECD = Organisation for Economic Cooperation and Development; OPPTS = Office of Prevention, Pesticides, and Toxic Substances; PBS = phosphate-

buffered saline; SDS = sodium dodecyl sulfate; TG = test guidelines

 

 

 
Table 11.  Dermal irritation, sensitization, and phototoxicity studies     

Test Article  Vehicle Concentration/Dose Test Population/System Protocol Results Reference 

IRRITATION 

IN VITRO  

Stearalkonium Chloride none 100%; 16 ± 2 mg reconstructed human 

epidermis (n = 3) 

OECD TG 439; reconstructed human 

epidermis assayPBS used as negative control; 
SDS used as positive control; 42 min exposure 

non-irritant; 96.1% tissue viability; 

controls gave expected results 

12 

ANIMAL 

Benzalkonium Chloride (50 – 
80% active ingredient; C12 – C16) 

none 100%; 0.5 ml rabbit (n = 6; sex and strain 
not stated) 

EPA OPPTS 870.2500; dermal irritation assay 
in abraded and intact skin; 24-h exposure 

period under occlusive conditions 

irritating/corrosive; severe erythema and 
edema observed in all test animals in 

abraded and intact sites; mean primary 

irritation index calculated to be 6.29/8 

11 

mixture consisting of 40% 

Stearalkonium Chloride, 39% 
water, 10% 1-octadecanol, and 

11% 2-propanol 

none 100%; 0.5 ml rabbits (n = 2; sex and 

species not stated) 

24-h dermal irritation assay in intact and 

abraded skin; occlusive conditions; sites 
evaluated 24 and 72 h and 7 d after exposure 

moderately irritating; primary irritation 

score of 4.3 (irritation scores between 2 
and 5 considered moderately irritation)  

92 

HUMAN 

Benzalkonium Chloride water 0.01, 0.025, 0.05, and 

0.1% 

30 subjects irritancy patch test; Finn chamber taped to 

upper arm; removed after 4 d; readings 3 and 4 

d after removal; no other details provided 

7/30 subjects had positive patch test 

reading to 0.1% Benzalkonium Chloride 

on day 4; no positive reaction were 
observed at other test concentrations 

93 

SENSITIZATION 

ANIMAL 

Benzalkonium Chloride  acetone and 

olive oil 

0, 0.25, 0.5, and 1% 

 

female BALB/c mice  

(2 – 4/group) 

2-stage LLNA: Daicel alternative method; ears 

first treated with 1% SLS followed by 

application of test substance (at highest 
concentration) or vehicle (treatment performed 

on days 1, 2, 3 and 7); on day 8, mice killed 

and auricular lymph nodes removed and 
evaluated; in stage 2, test substance was 

evaluated according to OECD TG 442 

sensitizing; statistically significant 

increased ATP content at 0.5 and 1% 

94 

Benzalkonium Chloride (50% 
active ingredient; C12 – C16) 

water 0.1% (for 
induction and 

challenge) 

guinea pigs (6/group; sex and 
species not stated) 

modified Draize assay; induction phase: test 
substance injected intradermally; procedure 

repeated every other day for 9 total injections; 

2-wk no treatment period followed by 
challenge injection; no positive or negative 

controls used; ATP content used to assess 

lymphocyte proliferation 

non-sensitizing 12 

ATP = adenosine triphosphate; EPA = Environmental Protection Agency; LLNA = local lymph node assay; OECD = Organisation for Economic Co-operation and Development; OPPTS = Office of Prevention, 

Pesticides, and Toxic Substances; PBS = phosphate-buffered saline; SDS = sodium dodecyl sulfate; SLS = sodium lauryl sulfate; TG = test guidelines 
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Table 12.  Ocular irritation studies  

Test Article 

Vehicle 

Concentration/Dose 

Test 

Population Protocol Results 

Reference 

IN VITRO 

Benzalkonium 

Chloride 

none 100%; 50 mg EpiOcularTM 

tissues (n = 2) 

OECD TG 492; reconstructed human cornea-like 

epithelium assay; appropriate positive and negative 

controls used; 6 h exposure 

potentially irritating (viability was determined to be 

5.7%, well below the threshold (≤60%), indicating 

no prediction could be made for classification under 
the globally harmonized system; percent viability 

negative control:100.3%; percent viability positive 

control: 10.5% 

12 

25% Stearalkonium 

Chloride 

NR 8% (final test 

concentration of 

Stearalkonium Chloride 
was 2%) 

EpiOcularTM 

tissues (n = 2) 

EpiOcularTM assay and MTT assay; up to 30 min 

incubation  

moderately irritating (ET50 = 28.3%) 155 

ANIMAL 

Benzalkonium 

Chloride (C12 – C16) 

saline 0.001, 0.003, 0.005, 

0.01, and 0.03; 50 µl  

male New Zealand 

White rabbits 

(3/group) 

test substance administered to eyes 10x (every 30 

min); eyes observed 30 min after last application 

irritation not observed at concentrations ≤ 0.005%;  

irritation observed at concentrations ≥ 0.01%, with 

severity increasing in a dose-dependent manner. 

57 

mixture consisting 

of 40% 

Stearalkonium 
Chloride, 39% 

water, 10% 1-

octadecanol, and 
11% 2-propanol 

none 100%; 0.1 ml rabbits (n = 2; sex 

and strain not 

stated) 

animals administered test substance into conjunctival 

sac; evaluations occurred 4, 24, 48, 72, 96 h, and 7, 

14, and 21 d post-dosing 

corrosive to eyes; irreversible ocular damage 92 

Stearalkonium 

Chloride 

NR 0.002% New Zealand 

White rabbits (n = 
7; sex not stated) 

Draize assay; test substance applied to eyes; no other 

details provided  

mild conjunctival hyperemia reported 4 h after 

treatment; effects were reversible within 24 h 

8 

PHOTOTOXICITY 

Benzalkonium 
Chloride  

NR 0.001, 0.002, 0.003, and 
0.004% 

culture human 
corneal epithelial 

cells 

combined toxic effect of UV radiation (0.17 J/cm2) 
and Benzalkonium Chloride  evaluated; UV 

administrations occurred at different times (before, at 

the same time, or after Benzalkonium Chloride 
administration; cells also exposed to Benzalkonium 

Chloride (at all concentrations), alone, or UV 

administration, alone (phosphate-buffered saline 
(PBS) also used as control) 

Benzalkonium Chloride alone reduced the metabolic 
activity and cell viability of the corneal epithelial 

cells in a dose- and time-dependent manner.  UV 

alone had little toxicity on cells and was not 
significantly different than the PBS control.  In all 3 

exposure orders, synergistic effects were observed 

when UV was administered with Benzalkonium 
Chloride at all concentrations. 

96 

ET50 = exposure time required to reduce tissue viability to 50%; MTT = 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; NR = not reported; OECD = Organisation for Economic Cooperation and 

Development; SDS = sodium dodecyl sulfate; TG = test guideline 
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Table 13.  Patch testing in patients using Benzalkonium Chloride 

Patch Test Concentration Number of Patients/Patient Type Number of Positive Reactions (% of total) Reference 

0.15% 10 patients (8 patients with history of rash or 
positive patch test to Benzalkonium Chloride; 

2 patients receiving routine patch testing) 

2 patients (20%) 127 

0.1% 30 patients using inhaled or intranasal 

corticoid steroids for allergic conditions 

2 patients (6.7%) 128 

0.1% 91 dermatitis patients 5 patients (5.5%) 129 

0.1% 131 cheilitis patients  17 patients (13%)  130 

0.1% 149 dermatitis patients 5 patients (3.4%) 131 

0.1% 215 periorbital dermatitis patients 10 patients (4.7%) 132 

0.1% 429 dermatitis patients (evaluating for late 

delayed positive reactions) 

2 patients (0.5%) 133 

0.1% 584 dermatitis patients 71 patients (12.2%) 93 

0.1% 615 dermatitis patients 198 patients (32.2%) 124 

0.1% 1389 dermatitis patients 48 patients (3.5%) 134 

0.1% 2295 dermatitis patients 126 patients (5.5%) 8 

0.1% 2546 dermatitis patients 176 patients (6.9%) 135 

NR 2611 dermatitis patients 47 patients (1.8%) 136 

0.1% 2694 dermatitis patients 164 patients (6.1%) 137 

0.1% 3043 dermatitis patients 37 patients (1.2%) 138 

0.1% 4116 dermatitis patients 21 patients (0.5%) 139 

0.1% 4892 dermatitis patients 210 people (4.3%) 140 

0.1% 7390 dermatitis patients 108 patients (1.5%) 141 

0.1% 42,898 dermatitis patients 361 patients (0.8%) 142 

NR = not reported 
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Final Report on the Safety 
Assessment of Stearalkonium 

Chloride 

Stearalkonium Chloride is a cationic quaternary ammonium salt used in 
cosmetic products at concentrations of I 0.1 to 5%. It is used in cosmetics 
predominantly for its surfactant and antimicrobial properties. 

Studies have failed to establish with certainty the oral LD50 in rats of 
Stearalkonium Chloride, the value falling between 0.5 and 1.25 g/kg. In mice, 
an LD50 value of 0.760-0.113 g/kg was reported in a seven-day oral study. 
Single application dermal studies with concentrations of up to 25% have 
shown Stearalkonium Chloride to produce minor irritation in rabbits. Acute 
eye studies in rabbits have shown a 25% solution of the material to be a severe 
irritant. Concentrations of 1.25% and less are slightly and transiently irritating 
to the rabbit eye. 

A repeated insult patch test with a 1% aqueous solution of Stearalkonium 
Chloride on 50 subjects showed the material to be neither a primary irritant 
nor a sensitizer. A single 48-hour patch test with challenge two weeks later in- 
dicated that 20% Stearalkonium Chloride is not a sensitizer. 

On the basis of the evidence at hand, it is concluded that Stearalkonium 
Chloride is safe when incorporated in cosmetic products in concentrations 
similar to those presently marketed. 

CHEMICAL PROPERTIES 

S tearalkonium Chloride is a quaternary ammonium salt. The compound con- 
sists of an aliphatic hydrophobic portion and a nitrogenous hydrophilic por- 

tion. Because of this amphoteric property and also because of the fact the com- 
pound carries a positive charge upon ionization, Stearalkonium Chloride is 
classified as a cationic surfactant. It has the following structural formula:(‘J) 

CH 

0 
I 3 

/ \ -CHyy-CH,(CH&CH3 
- 

CH3 I 
+ 
Cl- 
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The respective structures of Cetalkonium and Myristalkonium Chlorides, two 
compounds closely related to Stearalkonium Chloride, are the same as above, 
exceptthat thestearyl (-CH2(CHJ16CH3) moiety isreplaced bycetyl (-CHI(CHJ14CHJ) 
or myristyl (-CH2(CHJ11CH3) moieties. The safety of Cetalkonium and Myristal- 
konium Chlorides is not under review in this report. Information and data per- 
taining to these two compounds have been included to permit a more complete 
appraisal of the safety of Stearalkonium Chloride. The three alkonium com- 
pounds are prepared by the quaternization of the appropriate alkyldimethylamine 
(stearyl, cetyl, or myristyl) with benzyl chloride. Each is a free flowing powder 
normally sold as a dispersion in isopropyl alcohol and/or water.c3) 

Physical Properties 

The melting points of a homologous series of this class of compounds 
decrease sharply from chain lengths of Cs to C,, and gradually increase with 
longer alkyl groups. Those with chain lengths of Ca to C13 are soluble in water. 
The odd-numbered compounds are more soluble in 95% ethanol than even- 
numbered ones.(3) The pH ranges for 1% and 10% aqueous solutions of 
Stearalkonium Chloride are 3.5-6.5 and 3-4, respectively.(4p5) The ability to 
lower the surface tension of water increases with increasing chain length (C, to 
C,,) until a minimum of 42-43 dynes/cm is approached.(3) 

Aqueous solutions of Cetalkonium Chloride and other quaternary am- 
monium compounds at concentrations above their critical micelle concentration 
(CMC) were studied as a function of monovalent electyrolyte concentration and 
temperature. At a given temperature, there is a critical electrolyte concentration 
above which the material separates into two phases; the top layer is virtually free 
of the quaternary ammonium salt, and the bottom layer shows the characteristics 
of an oil. The volume of the bottom layer decreases with increasing electrolyte 
concentration. Before separation, turbidity and dissymmetry of light scattering 
rise sharply with increasing eletrolyte concentration. The phenomenon of two- 
phase formation in Cetalkonium Chloride and other cationic soap systems shows 
a pronounced specificity to the anions of the added electrolyte. Small 
temperature changes produced marked changes in the volume of each layer in 
the two-phase systems.(6) 

The electrical conductance of long-chain alkyldimethylbenzylammonium 
chlorides (Cl0 to C16) has been studied through the use of a Wheatstone Bridge 
with an oscilloscope detector. The resulting conductance curves were used to 
determine C values (Table 1). Calculated values indicate that an increase in 
chain length by one methylene group changes the free enthalpy of micellization 
by a constant value.“) 

In a series of studies in which viscosity and conductance measurements were 

TABLE 1. Critical Micelle Concentration Values.a 

Ingredient 

Stearalkonium Chloride 

Cetalkonium Chloride 

Myristalkonium Chloride 

CMC 

mo/e/dm3 

Not available 

2.9 x 10-a 

1.9 x 10-s 

‘Data from Ref. 8. 
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made in molten pyridinium chloride, Bloom and Peinsborough(*,9) determined 
the CMC of Cetalkonium Chloride to be 0.06-0.07 M at 155 OC. Another method. 
has been described for determining micellar charge using the osmotic response 
of permeable, charged membranes. (lo) With increased alkyl chain-length, 

alkylbenzylammonium chlorides exhibit increasing ability to lower surface ten- 
sion in the presence of excess electrolyte; this increase adheres closely to 
Traube’s rule. (The surface tension of dilute solutions of certain organic com- 
pounds decreases with the increase of the carbon chain length within 
homologous series.) There is significant deviation in these materials’ ability to 
lo,wer surface tension in the absence of electrolyte.(“) 

Reactivity 

The cationic charge possessed by these materials enables them to react with 
the anionic charge of other substances. This permits these compounds to 
precipitate carrageenan and other sulfated hydro-colloids at critical temperatures 
and pH values. These materials form water insoluble precipitates when combined 
with tannic, gallic, and salicylic acids. Their property of lowering surface tension 
makes possible many chemical reactions, including the basic hydrolysis of car- 
boxylic acid esters of polyvinyl alcohol.(1z-14) 

It can be expected that in the presence of nitrites, nitrogen oxides, or other 
nitrosating agents, alkylbenzyldimethylammonium chlorides will give rise to 
traces of N-nitrosamines. Furthermore, the significant impurities, alkyldimethyl- 
amines (Table 2), are easily nitrosated to N-nitrosamines. 

Analytical Methods 

Quantitative determinations of all cationic surfactants can be accomplished 
by a two-phase titration with thymolphthalein, eosin, or methylene blue, as in- 
dicated. They can also be identified by paper chromatography.(15*16) 

Cationic surfactants react with thymolsulfonaphthalein dyes to form large 
cation-anion complexes. Following a series of extractions, photometric deter- 
mination of the cationic surfactant complex with thymolsulfonaphthalein is made 
by the calorimetry at 555 nm.(“) 

Spectrophotometry, employing a sulfuric acid blank, for both anionic and ca- 
tionic compounds of this type has been described by Spada et al.‘lB’ A 
gravimetric method employs conversion of the quaternary compounds to insolu- 
ble reineckates.(19a”0) An alkali-metric method in which salts of organic bases are 
precipitated as tetraphenylboron compounds and then titrated with acid has 
been described as accurate between + 1.6% and -3%, but most errors were 
much smaller.(21) 

A gas-liquid chromatography method utilizing lithium aluminum hydride 
(LAH) has been described. The long-chain quaternary ammonium salts are 
reduced to tertiary amines with LAH. Subsequently, the amines are analyzed by 
temperature-programmed gas chromatography.‘22) A method has also been 
developed for the rapid identification of quaternary ammonium derivatives; this 
involves (1) the use of a silver nitrate-nitric acid solution to detect the halide; (2) 
the determination of halide type; and (3) the determination of the halide’s melting 
point to make the final differentiation. (23) It is possible to detect five cationic 
quaternary ammonium compounds by nuclear magnetic resonance. However, 
this methodology is more adapted to anionic compounds.‘24) In order to identify 
quaternary compounds in the presence of many others, a semi-microtitration 
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technique has been developed using sodium lauryl sulfate in a chloroform/water 
two-phase system. The compounds are first separated on an ion-exchange col- 
umn.(25) 

Impurities 

Table 2 lists the reported known impurities contained in Stearalkonium 
Chloride. 

TABLE 2. Impurities.a 

Chemical names 

of impurities 

Percent present 

in material 

Stearyl Alcohol 

Stearyl Dimethylamine 

Hydrochloride 

Stearyl Dimethylamine 

3-6 

1.5-4 

(combined) 

aData from Ref. 3. 

PURPOSE AND FREQUENCY OF USE IN COSMETICS 

In cosmetic products, Stearalkonium Chloride is primarily used as surface- 
active and antimicrobial agents. Because it has a high affinity for proteins, this 
material is quite serviceable in cosmetic products intended for use on the hair. 
Properties relevant to such use are presented in Table 3. 

The categories of cosmetic products and the concentrations in which 
Stearalkonium Chloride is used appear in Table 4. The cosmetic product formula- 
tion computer printout which is made available by the Food and Drug Ad- 
ministration (FDA) is compiled through voluntary filing of such data in accor- 
dance with Title 21 part 720.4 of the Code of Federal Regulations (1979). Ingre- 
dients are listed in prescribed concentration ranges under specific product type 
categories. Since certain cosmetic ingredients are supplied by the manufacturer 
at less than 100% concentration, the value reported by the cosmetic formulator 
may not necessarily reflect the true, effective concentration found in the finished 
product; the effective concentration in such a case would be a fraction of that 
reported to the FDA. The fact that data are only submitted within the framework 

TABLE 3. Cosmetic Properties of Stearalkonium Chloride.” 

Property Product type(s) 

Improvement of wet combing 

Increased luster 

Improvement of feel 

Improvement of dry combing 

Wetting power (leveling action) 

Antistatic effect 

Foaming power 

Hydrophobizing effect 

Rinses, conditioners 

Rinses, conditioners 

Setting lotions, bleaches 

Setting lotions, rinses, 

conditioners 

Bleaches, dyes, setting 

lotions 

All hair products 

Special purpose shampoos 

All hair products 

aData from Ref. 1. 
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TABLE 4. Product Formulation Data on Stearalkonium Chloride.” 

61 

Cosmetic Product Type 

Hair conditioners 

Hair sprays (aerosol 

fixatives) 
Hair straighteners 

Permanent waves 

Rinses (noncoloring) 

Tonics, dressings, 

and other hair 

grooming aids 

Wave sets 

Other hair preparations 

Hair dyes and colors (all 

types requiring caution 

statement and patch test) 

Hair rinses (coloring) 

Nail creams and lotions 

Aftershave lotions 

Cleansing (cold creams, 

cleansing lotions, liquids 

and pads) 

Moisturizing 

Other skin care preparations 

‘Data from Refs. 26. 27. 

Concentration No. of product 

(461 formulations 

>l-5 52 

>O.l-1 18 

10.1 8 

>O.l-1 4 

so.1 5 

>O.l-1 1 

>l-5 1 

>O.l-1 3 

SO.1 2 

>l-5 55 

>O.l-1 5 

>l-5 1 

>O.l-1 2 

SO.1 1 

SO.1 8 

>O.l-1 2 

10.1 3 

>l-5 6 

>O.l-1 4 

so.1 11 

>l-5 3 

>O.l-1 38 

so.1 6 

>O.l-1 1 

SO.1 1 

>l-5 1 

>O.l-1 1 

>l-5 4 

>O.l-1 1 

>l-5 1 

of preset concentration ranges also provides the opportunity for overestimation 
of the actual concentration of an ingredient in a particular product. An entry at 
the lowest end of a concentration range is considered the same as one entered at 
the highest end of that range, thus introducing the possibility of a two- to ten-fold 
error in the assumed ingredient concentration. The compounds are found in a 
variety of formulations, but are particularly prevalent in hair care products. Con- 
centrations of use for Stearalkonium Chloride range from 50.1 to 5°/~.(26,27) 

Stearalkonium Chloride is used in formulations that are applied to all areas of 
the skin, nails, and hair, and around the body orifices. Formulations containing 
this ingredient may be applied to the body as infrequently as once each month 
(hair dyes and colors) or as frequently as once or twice a day (tonics, dressings, 
and hair grooming aids). They may be in contact with various areas of the body 
for as little as a few minutes or as much as a few days. Occasional or daily use 
may extend over a period of years. 

Potential Interactions with other Ingredients 

The quaternary ammonium salt, Stearalkonium Chloride, is insoluble in 
water; it can be solubilized by adding an excess of anionics or cationics.(13) 
However, these solubilized materials cease to have the characteristic properties 
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of Stearalkonium Chloride. The cationic portion of the quaternary ammonium 
complex loses its microbial activity, while the anionic portion loses its foaming 
characteristics.(28) Stearalkonium Chloride is compatible with nonionic ingre- 
dients or compounds, is stable in hard water, and is a good emulsifying agent. 

BlOLOGlCAL PROPERTIES 

General Effects 

The antibacterial activity of cationic quaternary ammonium compounds 
varies wih the length of the alkyl chain, the greatest activity being associated with 
the C16 or CIs chain length (depending on the organism tested). This activity may 
increase with increased charge on the nitrogen atom, but may decrease if ex- 
cessive atoms are clustered around it. Bactericidal activity tends to increase with 
‘critical micelle concentration,(2g) although no direct correlation has been 
reported between the surfactant activity and bactericidal action.(2g*30) 

Standard antibacterial and antifungal tests were performed on a series of 
alkyldimethylammonium chlorides of C _ 8 1g chain length. The most consistent 
amount of bactericidal and fungistatic activity was seen in compounds of C12-16 
chain-length. The bactericidal action of a series of these compounds on a myx- 
obacterium, pathogenic to fish, was greatest for the Hexadecyl compound.(31*32) 

A 1% solution of Stearalkonium Chloride inhibited bacterial growth in a 
study of this material’s germicidal activity. When tested for bacteriostatic efficiency 
against Salmonella typhosa, Staphylococcus aureus, and Bacillus anthracis, 
Stearalkonium Chloride was found to be an effective bacteriostat, particularly 
against 5. aureus. (33*34) 

Secondary Effects 

The adjuvant activity of 203 aliphatic nitrogenous bases was evaluated 
through the use of diphtheria toxoid in guinea pigs. The toxoid was administered 
subcutaneously in the abdominal wall twice, at 28-day intervals. Dilutions were 
made to achieve a dose of 1 LF in 0.2 ml per injection. (LF = limit flocculation: 
that amount of dyphtheria toxoid which gives the most rapid flocculation when 
incubated with one standard unit of dyphtheria antitoxin.) A single 0.1 ml dose of 
each adjuvant was administered at the time of the first toxoid dose. Adjuvant ac- 
tivity required a combination of basicity and a long aliphatic chain length (C,,). 
Active compounds were hemolytic and produced damage to monkey kidney or 
human epitheloid (HEp*) tissue culture mono-layers. Stearalkonium Chloride was 
highly active by virtue of its long alkyl chain.fJ5) 

Concentrations of Stearalkonium Chloride producing 100% and 50% 
hemolysis of isolated erythrocytes from rabbits and sheep, respectively, have 
been determed to be 2.4 x 10m5 M and 3.0 x 15" IV.(~~,~') 

Absorption, Metabolism, Storage, and Excretion 

A commercial mixture of alkylbenzyldimethylammonium (ABMA) chlorides 
(predominantly C12, Ci4, C,,) was administered orally, rectally, or intramuscularly 
to rabbits, dogs, and cats at 10 times the lethal dose. The concentrations in blood 
and various tissues were determined. After oral administration, most of the com- 
pound remained in the upper gastrointestinal tract, with small concentrations be- 
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ing found in the liver and blood. After rectal administration, nearly all the ABMA 
chloride was recovered from the lower bowel with small amounts. from blood, 
liver, and kidney tissue. Following intramuscular administration, nearly all the 
mixture remained at the injection site. These results indicate that the ABMA 
chlorides are poorly absorbed and poorly distributed in the tissues.(38) 

Animal Toxicology 

General Studies 

Oral toxicity: acute 

Studies have failed to establish with certainty the LD50 of Stearalkonium 
Chloride in rats. Two separate experiments have been reported (Table 5). A 25% 
aqueous solution of pure Stearalkonium Chloride introduced by stomach tube 
into rats produced an LD50 value of greater than 0.5 g/kg but less than 1.25 g/kg. A 
sec:ond study reported Stearalkonium Chloride administered by gavage to have 
an LD50 value greater than 0.0625 g/kg but less than 1.25 g/kg for the pure ingre- 
dient.(39.40) 

A seven-day oral LD50 in mice has been reported to be 0.76 f 0.11 g/kg, ac- 
cording to the method of Hoppe and Lands, for pure Stearalkonium Chloride.(30) 
An aqueous solution containing 20% Stearalkonium Chloride and 5% stearyl 
alcohol was determined to have an LD50 of 4.0 f 0.1 ml/kg in rats.(41) 

Eye irritation: acute 

The Draize procedure was used to determine the eye irritation index in rab- 
bits of Stearalkonium Chloride at various concentrations. Table 6 presents a sum- 
mary of the data from these experiments. The 25% solution is a severe irritant to 
the eye, while solutions of 1.25% or less are slightly and transiently irritating, with 
the effects being limited to the conjunctivae; these effects disappear after 3-4 
days. (33.42-45) 

A study was undertaken to determine the highest concentration of an 
aqueous solution containing a 4:l ratio of Stearalkonium Chloride to stearyl 
alcohol that did not produce irritancy to rabbit eye mucosa in three or more of 
five test animals used. This threshold concentration was determined to be 0.04% 
Stearalkonium Chloride and 0.01% stearyl alcohol.(41) 

Dermal irritation: acute 

Adult rabbits were used in determining Stearalkonium Chloride’s potential 
for skin irritation. Primary dermal irritation indices were calculated according to 
the Draize procedure for 25%, 2.570, and 1.25% concentrations of the material. 

TABLE 5. Oral LD50 in Rats. 

Dose 

@‘kg pure 

Stearalkonium Chloride) 

0.5 

1.25 

2.5 

0.0625 

1.25 

Animals lD50 

Dead/Total fp/ks, 

O/6 >0.5 

416 < 1.25 

516 <2.5 

3110 >0.0625 

g/10 < 1.25 

Ref. 

39 

39 

39 

40 

40 
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TABLE 6. Primary Eye Irritation Scores in Rabbits.” 

Days 
Concentration No. of 

(%o) Animals 1 2 3 4 7 Ref 

Unwashed 

25. 

1.25 

2.5 

2 

4 

2.5 

0.5 

Washed 

2.5 

0.5 

6 max score of 5.3-cleared after 4 days 32 

6 0.0 0.0 0.0 0.0 0.0 32 

33.5 37.8 35.5 36.8 73.8 
14.7 10.0 3.2 1 .o 0.0 

10.7 6.7 3.0 - 0.0 

7.3 4.0 0.67 0.0 0.0 

28.0 24.0 24.0 - - 

max score of 16.7-blindness after 7th day 

max score of 2.0-cleared after 3 days 

41 

41 

42 

43 

44 

32 

32 

aTotal score possible/animal/observation interval = 110. 

Applications of 0.5 ml of the test solutions were made to clipped areas of intact 
and abraded skin. The treated areas were covered with gauze and wrapped to 
keep the test material in contact with the skin and to decrease the rate of 
vaporization. The wrapping and test material were removed 24 hours following 
application and the sites examined and scored separately for erythema and 
edema at 24 and 72 hours. The mean scores for 24- and 72-hour readings were 
averaged to determine the irritation index. Primary irritation indices were 
calculated to be 6.0, 2.4, and 1.0 for the 25%, 1.25%, and 2.5% solutions, 
respectively.(46~47) 

The effect of Stearalkonium Chloride on skin swelling was studied using 
guinea pigs. After being soaked in water for one hour, squares of stratum cor- 
neum were lifted out of the water and their dimensions were determined. The 
squares were then immersed in a 20% solution of Stearalkonium Chloride for 16 
hours, after which their dimensions were again measured. Swelling was expressed 
as the percentage increase in area after exposure to the second solution. Twenty 
percent Stearalkonium Chloride produced swelling of 1.6’10, while sodium lauryl 
sulfate at a concentration of 13.5% produced swelling of 13.1 o/o.c4e) 

Fish toxicity 

Blueback salmon fingerlings (2 inch) were exposed to solutions of Stearalkon- 
ium Chloride at 19 “C for one hour and then placed in fresh water for observa- 
tion. The concentration at which all fish survived exposure for two days was 
1 :800,000.‘32’ 

Subchronic studies: dermal irritation 

Hair was clipped from the backs and sides of six albino rabbits. Two ml of an 
aqueous solution of a trade product containing 0.2% Stearalkonium Chloride 
and 0.05% stearyl alcohol was applied to the clipped area of the skin once daily, 
five days a week for four weeks. The condition of the skin was monitored care- 
fully, as were signs of toxicity and weight loss in the animals. At the conclusion of 
the experiment, the animals were sacrificed and representative tissues were ex- 
amined histopathologically. The product caused a mild and transient erythema of 
the skin, but in no case were systemic effects apparent.(41) 

Myristalkonium Chloride was applied to rabbits in a 20-day subchronic der- 
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mal test. Two rabbits each were used at the dose levels of 4 and 1 ml/kg. Two 
control animals each received a dose of 400 ml/kg of water. The hair was clipped 
from the backs and flanks of the rabbits, and one-half of each test area was 
abraded whilethe remainder was left intact. An aqueous solution containing 800 
ppm (0.08%) of pure Myristalkonium Chloride was applied daily for 20 con- 
secutive days to 10% of the total body surface. After each application of the test 
material, the torsos of the rabbits were wrapped with a rubberized fabric to pre- 
vent possible ingestion and/or inhalation of the material. The animals were 
observed for 14 days after the last application. Minimal erythema appeared in the 
4 ml/kg group on Day five, with minimal edema being evident on Day nine. On 
Day 11, the erythema became more pronounced, and it persisted, along with 
minimal edema, through the rest of the treatment. At the 1 ml/kg dose level, 
there was minimal hyperemia with no edema. Though the hyperemia increased 
slightly in intensity on Day 15, it became minimal again on Day 19 and remained 
so through the rest of the treatment. Minimal edema was observed in this group 
on Days 17-21. Minimal hyperemia was observed in the controls from Days 
1 ‘I -21. All rabbits showed complete recovery within four days after treatment 
was stopped.(49) 

Chronic studies 

An unidentified alkyldimethylbenzyl ammonium chloride surfactant com- 
pound at concentrations of 0.063, 0.125, 0.25, or 0.5% was fed to four groups of 
12 male rats in their diet for two years. An equal number of rats were used as con- 
trols. The animals that received 0.5% died early in the study. As Table 7 shows, 
weight gains for the first year were reduced among those surviving animals that 
received the lower doses. The only gross or microscopic pathologic changes 
were “. . . produced by irritation of the gastrointestinal tract. To an extent which 
depended on the concentration of the surfactant agents in the diet, this irritation 
prevented proper nutrition. In severe cases of irritation, death resuIted.“‘50) 

Special Studies 

Teratology 

Albino rats were used to evaluate the teratogenic potential of a 50% solution 
of Myristalkonium Chloride. Virgin, adult female rats were mated with young 
adult males, and the detection of vaginal sperm plug was considered to be Day 0 
of gestation. Beginning on the sixth day and continuing through Day 15 of gesta- 
tion, each rat received an appropriate quantity of test material to achieve a dose 

TABLE 7. Chronic Feeding of an Undiluted Alkyldimethylbenzylammonium 

Chloride.” 

Dietary 

Dose 

(96) 

0 

No. of Mean wt 

animals gain (g) 

11 471.9 

Standard 

error of mean 

h13.2 

Significance 

probability 

- 

0.063 10 455.5 h21.6 

0.125 10 417.4 zt16.4 <0.05 

0.25 7 

aData from Ref. 49. 

297.8 zt31.2 <O.OOl 
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of 0, 10, 25, or 50 mg/kg/day. The gavage vehicle was water. Water and aspirin 
were used for the negative and positive controls, respectively. On Day 20 of 
gestation, each dam was sacrificed and the fetuses removed. Among the treated 
groups, neither reproduction performance of the dam nor fetus weights differed 
from those of the control animals. The incidences of any skeletal abnormality and 
soft tissue abnormalities were no greater in the Myristalkonium Chloride groups 
than in the control groups. The incidence of both types of abnormalities was 
significantly greater in the aspirin-treated group. On the basis of this study, in- 
vestigators concluded that daily oral doses of 10, 25, or 50 mglkg of 
Myristalkonium Choloride during days six through 15 of pregnancy did not pro- 
duce any indication of teratogenicity.(51) 

Clinical Assessment of Safety 

Skin Irritation and Sensitization: The Shelanski repeated insult patch test 
was used to determine the irritation/sensitization potential of Stearalkonium 
Chloride in humans. Fifty volunteers were treated with a 1% solution in water for 
15 applications and then given a challenge application. Zero readings were ob- 
tained for all subjects, for all induction applications, and for the challenge dose. 
At this concentration, the material was shown to be neither a primary irritant nor 
a sensitizer. In a SO-subject test, it is possible to achieve 95% certainty that the 
test material will only sensitize O-6% of the population if none of the 50 subjects 
show any indication of sensitization. Since all readings were zero, it was con- 
cluded that this material at the specified concentration was safe for use in contact 
with the human skin.(52) 

In a second study, a cotton patch saturated with an aqueous solution of 20% 
Stearalkonium Chloride and 5% stearyl alcohol was placed on the inner surface 
of the forearm of 50 human subjects. The patch was covered with aluminum foil 
which was held in place with adhesive tape. Forty-eight hours following applica- 
tion, the patch was removed and the area inspected for signs of primary irritation. 
The solution produced a definite erythema in some subjects (number not 
reported). Two weeks after the first patch had been applied, the procedure was 
repeated on the other arm to test for sensitization; none resulted. The 
Stearalkonium Chloride used in this study was not a highly purified material. The 
primary irritation may have been due to impurities in the material or to thestearyl 
alcohol vehicle;r41) however, the latest (1979) diagnostic patch-test data from the 
North American Contact Dermatitis Group indicate that 30 percent stearyl 
alcohol is at most a minimal sensitizer. (=) A 0.8% Stearalkonium Chloride solu- 
tion did not provoke irritation or sensitization.(41) 

SUMMARY 

Stearalkonium Chloride is a cationic quaternary ammonium salt used in 
cosmetic products at concentrations of I 0.1-S%. It appears in cosmetics primar- 
ily for its surfactant and anti-microbial properties. 

Studies have failed to establish with certainty the oral LD50 of Stearalkonium 
Chloride in rats, the value falling between 0.5 and 1.25 g/kg. In mice, an LD50 
value of 0.760-0.113 g/kg was reported in a seven-day oral study. In single ap- 
plication dermal studies with concentrations of up to 25%, Stearalkonium 

- - 
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Chloride produced minor irritation in rabbits. According to acute eye studies 
inI rabbits, a 25% solution of the material was a severe irritant. Concentrations of 
1..25% and less were slightly and transiently irritating to the rabbit eye. 

A repeated insult patch test with a 1% aqueous solution of Stearalkonium 
Chloride on 50 human subjects showed the material to be neither a primary irri- 
tant nor a sensitizer. A single 48-hour patch test with challenge two weeks later 
indicated that 20% Stearalkonium Chloride was not a sensitizer. 

No subchronic, chronic, carcinogenicity, mutagenicity, or teratogenicity 
animal testing data were available to the Panel, nor was there substantial infor- 
mation on the absorption, metabolism, storage, and excretion of Stearalkonium 
Chloride. 

Human safety data, namely irritation and sensitization studies are limited, and 
there is an absence of photosensitization studies. 

CONCLUSION 

On the basis of the evidence at hand, the Expert Panel concludes that the 
cosmetic ingredient, Stearalkonium Chloride, is safe when incorporated in 

cosmetic products in concentrations similar to those presently marketed. 

1. 

2: 

3. 

4.. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

12. 

13. 

REFERENCES 

COSMETIC, TOILETRY AND FRAGRANCE ASSOCIATION (CTFA). (1978). Submission of data by CTFA. 

Stearalkonium Chloride group: a summary of unpublished safety data.* 

ESTRIN, N.F., (ed.). (1977). CTFA Cosmetic Ingredient Dictionary, 2nd ed. Washington, DC: Cosmetic, 

Toiletry and Fragrance Association. 

CUTLER, R.A., CIMICOTTI, E.B., OKOLOWICH, T.J., and WETTERAU, W.F. (1967). Alkyl benzyldimeth- 

ylammonium chlorides; a comparative study of the odd and even-chain homologs of 12 different quater- 

nary ammonium compound antimicrobila agents. Soap, Chem. Spec. 43(3), 84,88,90,92. 

CTFA. (1978) Submission of data by CTFA. Cosmetic ingredient descriptions for Stearalkonium Chloride, 

Olealkonium Chloride group: a summary of unpublished safety data.* 

WINDHOLZ, M., (ed.). (1976). Merck Index, 9th ed. Rahway, NJ: Merck. 

COHEN, I. and VASSILIADES, T. (1961). Critical phenomena in aqueous solutions of long-chain quater- 

nary ammonium salts. II. Specificity and light-scattering properties. J. Phys. Chem. 65, 1774-81. 

CZAPKIEWICZ, I. and SLIWA, B. (1970). Conductometric studies of micellization of long-chain alkyldi- 

methylbenzylammonium chlorides. Rocz. Chem. 44(7/8), 1565-70. 

BLOOM, H. and PEINSBOROUGH, V.C. (1969). Viscosity and conductance micelle studies in molten 

pyridinium chloride. Aust. J. Chem. 22(3), 519-25. 

BLOOM, H. and PEINSBOROUGH, V.C. (1968). Surface tensions and densities of solutions in large 

organic ions in molten pyridinium chloride. Aust. J. Chem. 21(6), 1525-30. 

CHANDLER, R.C. and McBAIN, J.W. (1949). Diffusion and osmotic coefficients, conductivity, membrane 

analyses, and the determination of micellar charge and composition in some colloidal electrolytes. J. Phys. 

Colloid Chem. 53, 930-44. 

BLOIS, D.W. and SWARBRICK, J. (1971). Interfacial properties of alkylbenzyldimethylammonium 

chlorides. J. Colloid Interface Sci. 36(2), 226-33. 

GRAHAM, H.D. and THOMAS, L.B. (1962). Quantitative aspects of the interaction of carrageenan with ca- 

tionic substances. II. Precipitation with long-chain quaternary ammonium detergents. J. Food Sci. 27(l), 

98-105. 

KLUGE, A. (1961). The properties of quaternary ammonium salts and their use in cosmetic products for 

treatment of hair. Parfuen. Kosmet. 42, 341-46. 

*Available upon request: Administrator, Cosmetic Ingredient Review, 1110 Vermont Ave. N.W., Suite 810, 

Washington, DC 20005 

- 

Distributed for Comment Only -- Do Not Cite or Quote



68 COSMETIC INGREDIENT REVIEW 

14. BLUME, R.C. (Jan. 8, 1952). Heterogeneous, basic hydrolysis of carboxylic acid esters of polyvinyl alcohol 

with quaternary ammonium bases. U.S. Pat. 2,581,832. 

15. BORRMEISTER, B. and SCHIFFNER, R. (1967). Quantitative determination of anionic and cationic surfac- 
tants by means of two-phase titration. Dtsch. Textiltech. 17(5), 303-7. 

16. GASPARIC, J. and HANZLIK, J. (1961). Identification of organic compounds. XLIII. Paper chromatography 

of quaternary alkylpyridinium and ammonium salts. Collection Czech. Chem. Commun. 26, 2954-56. 

17. RUF, E. (1964). Photometric determination of cationic tensides and cation-active amphotensides. Z. Anal. 

Chem. 204(5), 344-55. 

18. SPADA, A., COPPINI, D., and MONTORSI, M. (1957). Determination of quaternary ammonium com- 
pounds of antiseptic action. Farmace Ed. Sci. 12, 582-85. 

lg. TILLSON, A.H., EISENBERG, W.V., and WILSON, J.B. (1952). Identification of certain quaternary am- 

monium compounds as reineckates. j. Assoc. Off. Agric. Chem. 35, 459-65. 

20. WILSON, J.B. (1952). Determination of quaternary ammonium compounds as reineckates. J. Assoc. Off. 

Agric. Chem. 35, 455-58. 
21. GAUTIER, J.A., RENAULT, J., and PELLERIN, F. (1955). Alkalimetric determination of salts or organic bases 

after precipitation as tetraphenylboron compounds, I. Quaternay ammonium compounds with long 

chains. Ann. Pharm. Fr. 13, 725-30. 

22. KOJIMA, T. and OKA, H. (1968). Application of lithium aluminum hydride to analytical chemistry. II. Gas- 

liquid chromatography of long-chain quaternary ammonium cationic surfactants. Kogyo Kagaku Zassi 

71(11), 1844-47. 

23. KIGER, J.L., and KICER, J.G. (1967). Procedure for rapid, individual, serial analysis of common quaternary 

ammonium derivatives and related compounds. Ann. Pharm. Fr. 25(9-lo), 601-12. 

24. KOENIG, H. (1970). Examination of detergents by nuclear magnetic resonance spectroscopy. Fresenius’ Z. 

Anal. Chem. 251(4), 225-62. 

25. PELLERIN, F., GAUTIER, J.A., and DEMAY, D. (1964). Determination of organic bases by semimicrotitri- 

metry using sodium lauryl sulfate. II. Scope of the method. Ann. Pharm. Fr. 22(8-g), 495-504. 

26. FOOD AND DRUG ADMINISTRATION (FDA). (Aug. 31, 1976). Cosmetic product formulation data. FDA 

Computer Printout. 

27. FDA. (Feb. 21, 1980). Personal communication, M. Greif to Director, CIR. 

28. POWERS, D.H. (1972). Shampoos. Revised by N.D. Steigelmeyer and E.W. Lang. Vol. 2, In: Cosmetics: 

Science and Technology, 2nd ed., 3 vols. pp. 73-116. M.S. Balsam and E. Sagarin (eds.). New York: 

Wiley-Interscience. 

29. CELLA, J.A., EGGENBERGER, D.N., NOEL, D.R., HARRIMAN, L.A., and HARWOOD, H.J. (1952). The 

relation of structure and critical concentration to bactericidal activity of quaternary ammonium salts. J. 

Am. Chem. Sot. 74, 2061-62. 

30. LAWRENCE, C.A., KWARTLER, C.E., WILSON, V.L., and KIVELA, E.W. (1947). Germicidal action of some 

benzyl quaternary ammonium compounds having substituents in the aromatic nucleus. J. Am. Pharm. 

Assoc. Sci. Ed. 36, 353-58. 

31. CUTLER, R.A., CLIMIJOTTI, E.B., OKOLOWICH, T.J., and WETTERAU, W.F. (1967). Alkylbenzyldimethyl- 

ammonium chlorides. Soap Chem. Spec. 43(4), 74,76,80,92,96. 

32. RUCKER, R.R., JOHNSON, H.E., and ORDAL, E.J. (1949). An investigation of the bactericidal action and 

fish toxicity of two homologous series of quaternary ammonium compounds. J. Bact. 57, 225-34. 

33. SCHLOSSMAN, M.L. (1976). Quaternized lanolin in cosmetics. Soap Cosmet. Chem. Spec. 52(10), 

33-4,38,40. 

34. MAIOROVICI, C. and ARIESAN, V. (1958). Quaternary ammonium disinfectants of the zephiran chloride 

type. Farmacia (Bucharest) 6, 29-36. 

35. GALL, D. (1966). The adjuvant activity of aliphatic nitrogenous bases. Immunology 11(4), 369-86. 
36. CADWALLADER, D.E. and ANSEL, H.C. (1965). Hemolysis of erythrocytes by antibacterial preservatives. 

II. Quaternary ammonium salts. J. Pharm. Sci. 54(7), 1010-12. 

37. ROSS, S. and SILVERSTEIN, A.M. (1954). Hemolysis by colloidal electrolytes. J. Colloid Sci. 9, 157-65. 
38. BOGS, U. and LOHSE, E. (1971). On the distribution of cationic surface-active agents in the body of mam- 

mals. Arch. Toxikol. 28(l), 68-71. 

39. WARF INSTITUTE. (1976). Submission of data by CTFA. Acute oral toxicity study in rats: Stearalkonium 

Chloride.* 

40. CONSUMER PRODUCTTESTING CO. (1977). Submission of data by CTFA. Acute oral toxicity study in 

rats: Stearalkonium Chloride.* 

41. FINNEGAN, J.K. (1953). Toxicological observations in certain surface-active agents. Proc. Sci. Sec. Toilet 
Goods Assoc. 20, 16. 

42. CONSUMER PRODUCT TESTING CO. (1977). Submission of data by CTFA. Rabbit eye irritation study: 

Stearalkonium Chloride.* 

Distributed for Comment Only -- Do Not Cite or Quote



ASSESSMENT: STEARALKONIUM CHLORIDE 69 

43. 

44 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

5;!. 

53. 

WARF INSTITUTE. (1976). Submission of data by CTFA. Rabbit eye irritation study: Stearalkonium 

Chloride.* 

LEBERCO LABORATORIES. (1976). Submission of data by CTFA. Rabbit eye irritation study: Stearalkonium 

Chloride.* 

SCHOENBER, T.G. (1975). New look at cationic surfactants for today’s Jaw pH shampoos. Cosmet. Per- 

fum. 90(3), 89-92. 

CONSUMER PRODUCT TESTING CO. (1977). Submission of data by CTFA. Primary irritation studies with 

rabbits: Stearalkonium Chloride.* 

WARF INSTITUTE. (1976). Submission of data by CTFA. Primary skin irritation study with rabbits: 

Stearalkonium Chloride.* 

PUlTERMAN, G.J., WOLEJSZA, N.F., WOLFRAM, M.A., and LADEN, K. (1977). The effect of detergents 

on swelling of stratum corneum. J. Sot. Cosmet. Chem. 28, 521-32. 

WELLS LABORATORIES. (1972). Submission of data by CTFA. Subchronic dermal toxicity study with rab- 

bits: Myristalkonium Chloride. 

FITZHUGH, O.G. and NELSON, A.A. (1948). Chronic oral toxicities of surface-active agents. J. Am. 

Pharm. Assoc. Sci. Ed. 37(l), 29-32. 

FOOD AND DRUG RESEARCH LABORATORIES. (1977). Submission of data by CTFA. Teratology study 

with rats: Myristalkonium Chloride.* 

INDUSTRIAL BIOLOGY RESEARCH AND TESTING LABORATORIES. (1958). Submission of data by CTFA. 

Human repeated insult patch test: Stearalkonium Chloride.* 

NORTH AMERICAN CONTACT DERMATITIS GROUP. (7/l/78 to 6/30/79). Allergic Indices. 

Distributed for Comment Only -- Do Not Cite or Quote



30 COSMETIC INGREDIENT SAFETY ASSESSMENTS—2001/2002

TABLE 29
Stearalkonium Chloride use

1976 use 2001 use 1976 concentrations 2001 concentrations
Product category (Elder 1982) (FDA 2001) (Elder 1982) (CTFA 2001)

Bubble baths — 5 — —
Hair conditioners 78 107 ≤0.1%–5% 0.7%–7%
Hair sprays (aerosol fixatives) 9 3 ≤0.1%–1% —
Hair Straighteners 1 — >0.1%–1% —
Permanent waves 6 2 ≤0.1%–5% —
Rinses (noncoloring) 60 5 >0.1%–5% 3%
Shampoos (noncoloring) — 4 — 2%
Hair tonics, dressings, etc. 4 14 ≤0.1%–5% 2%–3%
Wave sets 8 2 ≤0.1% —
Other hair preparations 5 3 ≤0.1%–1% 2%
Hair dyes and colors 21 — ≤0.1%–5% 0.5%–2%
Hair rinses (coloring) 47 — >0.1%–5% —
Hair bleaches — — — 0.4%
Nail creams and lotions 1 — >0.1%–1% —
Nail polish and enamel — 1 — —
Other personal cleanliness products — 1 — —
Aftershave lotions 1 — ≤0.1% —
Skin cleansing preparations 2 — >0.1%–5% —
Body and hand skin care preparations — 2 — —
Moisturizing skin care preparations 5 1 >0.1%–5% 0.3%
Other skin care preparations 1 1 >1%–5% —

Totals/ranges 249 151 ≤0.1%–5% 0.3%–7%

Dennis, K. J., and T. Shibamoto. 1989. Production of malonaldehyde from squa-
lene, a major skin surface lipid, during UV-irradiation.Photochem. Photobiol.
49:711–716.

Desai, K. N., H. Wei, and C. A. Lamartiniere. 1996. The preventive and ther-
apeutic potential of the squalene-containing compound, Roidex, on tumor
promotion and regression.Cancer Lett. 10:93–96.

Doran, T. I., R. Baff, P. Jacobs, and E. Pacia. 1991. Characterization of human
sebaceous cells in vitro.J. Invest. Dermatol. 96:341–348.

Elder, R. L., ed. 1982 Final report on the safety assessment of Squalene and
Squalane.J. Am. Coll. Toxicol.1:37–56.

Fan, S. R., I. C. Ho, F. L. F. Yeoh, C. J. Lin, and T. C. Lee. 1996. Squalene
inhibits sodium arsenite-induced sister chromatid exchanges and micronuclei
in Chinese hamster ovary-K1 cells.Mutat. Res. 368:165–169.

Food and Drug Administration. 2001. Frequency of use of cosmetic ingredients.
FDA database. Washington, DC: FDA.

Gylling, H., and T. A. Miettinen. 1994. Postabsorptive metabolism of dietary
squalene.Atherosclerosis106:169–178.

Holms, B. C., H. W. Xu, L. Jacobsson, A. Larsson, H. Luthman, and J. C.
Lorentzen. 2001. Rats made congenic for Oia3 on chromosome 10 be-
come susceptible to squalene-induced arthritis.Human Mol. Genet. 10:565–
572.

Kamimura, H., K. Fuchigami, H. Nioue, and R. Komada. 1991. Studies on
distribution and excretion of squalane in dogs administered after 2 weeks.
Fukuoka Acta Med. 82:300–304.

Kamimura, H., N. Koga, K. Oguri, and H. Yoshimura. 1989. Studies on distribu-
tion, excretion and subacute toxicity of squalane in dogs.Fukuoka Acta Med.
80:269–280.

Katdare, M., H. Singhal, H. Newmark, M. P. Osborne, and N. T. Telang. 1997.
Prevention of mammary preneoplastic transformation by naturally-occurring
tumor inhibitors.Cancer Lett. 111:141–147.

Kelly, G. S. 1999. Squalene and its potential clinical uses.Altern. Med. Rev.
4:29–36.

Khono, Y., Y. Egawa, S. Itoh, S. Nagaoka, M. Takahashi, and K. Mukai. 1995.
Kinetic study of quenching reaction of singlet oxygen and scavenging reaction
of free radical by squalene in n-butanol.Biochim. Biophs. Acta1256:52–
56.

Kligman, L. H., and A. M. Kligman. 1979. The effect on rhino mouse skin of
agents which influence keratinization and exfoliation.J. Invest. Dermatol.
73:354–358.

Leyden, J. 1998. Pharmacokinetics and pharmacology of terbinafine and itra-
conazole.J. Am. Acad. Dermatol. 38:S42–S47.

Mills, O. H., M. Porte, and A. M. Kligman. 1978. Enhancement of comedogenic
substances by ultraviolet radiation.Br. J. Dermatol. 98:145–150.

Murakoshi, M., H. Nishino, H. Tokuda, A. Iwashima, J. Okuzumi, H. Kitano,
and R. Iwasaki. 1992. Inhibition by squalene of the tumor-promoting activity
of 12-O-tetradecanoylphorbol-13-acetate in mouse-skin carcinogenesis.Int.
J. Cancer52:950–952.

Nakagawa, M., T. Yamaguchi, H. Fukawa, J. Ogata, S. Komiyama, S. Akiyama,
and M. Kuwano. 1985. Potentiation by squalene of the cytotoxicity of anti-
cancer agents against cultured mammaliam cells and murine tumor.Jpn. J.
Cancer Res. 76:315–320.

Pepe, R. C., J. A. Wenninger, and G. N. McEwen, Jr., eds. 2002.Interna-
tional cosmetic ingredient dictionary and handbook, 9th ed. Washington, DC:
CTFA.

Picardo, M., C. Zompetta, C. De Luca, A. Amantea, A. Faggioni, M. Nazzaro-
Porro, and S. Passi. 1991. Squalene peroxides may contribute to ultraviolet
light-induced immunological effects.Phtotdermatol. Photoimmunol. Pho-
tomed. 8:105–110.

Relas, H., H. Gylling, and T. A. Miettinen. 2001. Fate of intravenously adminis-
tered squalene and plant sterols in human subjects.J. Lipid Res. 42:988–994.
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TABLE 30
Wheat Germ Glycerides use

1976 use 2001 use 1976 concentrations 2001 concentrations
Product category (Elder 1980a) (FDA 2001) (Elder 1980a) (CTFA 2001)

Eyeliner — — — 0.05%–2%
Eye shadow 3 — >0.1%–1% 2%
Other eye makeup preparations 4 — ≤0.1%–1% —
Hair conditioners — — — 0.001%
Hair tonics, dressings, etc. — — — 0.1%
Face powders 2 — >0.1%–1% —
Foundations 9 — ≤0.1%–1% 2%
Lipstick 114 126 ≤0.1%–5% 0.3%–25%
Makeup bases 6 — ≤0.1%–1% —
Other makeup preparations — 1 — 0.3%
Cuticle softeners — 1 — 2%
Deodorants (underarm) 1 — >0.1%–1% —
Aftershave lotions — — — 0.4%
Cleansing preparations (cold creams, 8 — ≤0.1%–1% —

cleansing lotions, liquids, and pads)
Face and neck skin care preparationsa — —

12 >0.1%–5%Body and hand skin care preparationsa — —
Hormone (creams, lotions)b 1 — >0.1%–1% —
Moisturizing preparationsc 24 — ≤0.1%–1% —
Wrinkle smoothing (removers)c 1 — ≤0.1% —
Night (creams, lotions) 11 — ≤0.1%–5% —
Skin fresheners 1 — ≤0.1% —
Other skin care preparations 15 — >0.1%–1% —

Totals/ranges 212 128 ≤0.1%–5% 0.001%–25%

aOriginally, Face and Neck and Body and Hand were combined as one category, but now they are separated.
bNo longer a product category.
cWrinkle smoothing (removers) are now part of the Moisturizing category.

Richter, E., and S. G. Schäfer. 1982. Effect of squalane on hexachlorobenzene
(HCB) concentration in tissues of mice.J. Environ. Sci. HealthB17:195–
203.

Saint-Leger, D., A. Bague, E. Cohen, and M. Chivot. 1986. A possible role for
squalene in the pathogenesis of acne. I. In vitro study of squalene oxidation.
Br. J. Dermatol. 114:535–542.

Stewart, M. E. 1992. Sebaceous gland lipids.Semin. Dermatol. 11:100–105.
Storm, H. M., S. Y. Oh, B. F. Kimler, and S. Norton. 1993. Radioprotection of

mice by dietary squalene.Lipids28:555–559.
Thiele, J. J., C. Schroeter, S. N. Hseih, M. Podda, and L. Packer. 2001. The

antioxidant network of the stratum corneum.Curr. Prob. Dermatol.29:26–
42.

Tilvis, R., P. T. Kovanen, and T. A. Miettinen. 1982. Metabolism of squalene in
human fat cells.J. Biol. Chem. 257:10300–10305.

Yoder, J. A., B. W. Stevens, and K. C. Crouch. 1999. Squalene: A naturally
abundant mammalian skin secretion and long distance tick-attractant (acari:
ixodidae).J. Med. Entomol. 36:526–529.

STEARALKONIUM CHLORIDE
A safety assessment of Stearalkonium Chloride was pub-

lished in 1982 with the conclusion that this ingredient is “safe
when incorporated in cosmetic products in concentrations sim-

ilar to those presently marketed” (Elder 1982). New studies,
along with the updated information regarding uses and use con-
centrations, were considered by the CIR Expert Panel. The Panel
determined to not reopen this safety assessment.

In 1976, Stearalkonium Chloride was used in 249 cosmetic
products, with the largest single use in rinses (noncoloring) in the
concentration range of>0.1% to 5%. In 2001, Stearalkonium
Chloride was used in 151 products (FDA 2001), with the largest
single use reported for hair conditioners. The highest concentra-
tion of use was also in hair conditioners (0.7% to 7%) in 2001
(CTFA 2001). Table 29 presents the available use information.

REFERENCES
Cosmetic, Toiletry, and Fragrance Association (CTFA). 2001. Concentration of

use informatiion. Unpublished data submitted by CTFA.2

Elder, R. L., ed. 1982. Final report on the safety assessment of stearalkonium
chloride.J. Am. Coll. Toxicol.1:57–69.

2Available from Director, Cosmetic Ingredient Review, 1101 17th Street
NW, Suite 310, Washington, DC 20036, USA.
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TABLE 31
Triticum Vulgare (Wheat) Gluten use

1976 use 2001 use 1976 concentrations 2001 concentrations
Product category (Elder 1980a) (FDA 2001) (Elder 1980a) (CTFA 2001)

Mascara 1 2 ≤0.1% —
Other shaving preparations — 1 — —
Other skin care preparations — 2 — —

Totals/ranges 1 5 ≤0.1% —

Food and Drug Administration (FDA). 2001. Frequency of use of cosmetic
ingredients.FDA database. Washington, DC: FDA.

Gordon, V. C., S. Mirhashemi, and R. Wei. 1998. Evaluation of the CORROSI-
TEX method to determine the corrosivity potential of surfactants, surfactant-
based formulations, chemicals, and mixtures. InAdvances in Animal
Alternative Safety Efficacy Test, ed. S. Salem and A. Sidney, 309–329.
Washington, DC: Taylor & Francis.

Herman, J. R., and P. Bass. 1989. Enteric neuronal ablation: Structure activity
relationship in a series of alkyldimethylbenzylammonium chlorides.Fundam.
Appl. Toxicol.13:576–584.

Palmer, A. K., A. M. Bottomley, J. A. Edwards, and R. Clark. 1983. Absence
of embryotoxic effects in rats with three quaternary ammonium compounds
(Cationic Surfactants).Toxicology26:313–315.

Pepe, R. C., J. A. Wenninger, and G. N. McEwen, Jr., eds. 2002.Interna-
tional cosmetic ingredient dictionary and handbook, 9th ed. Washington, DC:
CTFA.

Rohm & Haas Company. 1992. Initial submission: Letter from Rohm & Haas
Company to USEPA submitting enclosed information on an acute skin &
eye irritation study in rabbits with four components with attachments. NTIS
Report no. OTS0543739.

Stern, M., M. Klausner, R. Alvarado, K. Renskers, and M. Dickens. 1998. Evalu-
ation of the EpiOcular tissue model as an alternative to the Draize eye irritation
test.Toxicol. In Vitro12:455–461.

TABLE 32
Triticum Vulgare (Wheat) Starch use

1976 use 2001 use 1976 concentrations 2001 concentrations
Product category (Elder 1980b) (FDA 2001) (Elder 1980b) (CTFA 2001)

Hair conditioners — 1 — 0.01%–0.6%
Hair sprays (aerosol fixatives) — 1 — 0.001%
Permanent waves — — — 0.001%–0.2%
Shampoos (noncoloring) — — — 0.001%–0.2%
Hair tonics, dressings, etc. — 5 — 0.1%
Hair dyes and colors — 19 — —
Face powders 4 2 >5%–25% 0.1%
Foundations — — — 3%
Bath soaps and detergents — — — 25%
Skin cleansing preparations — 1 — 0.03%
Face and neck skin care preparations — 1 — —
Body and hand skin care preparations — 3 — 0.1%
Night skin preparations — 1 — —
Paste masks (mud packs) — 4 — —
Other skin care preparations — 1 — —

Totals/ranges 4 39 >5%–25% 0.001%–25%

Zeiger, E., B. Anderson, S. Haworth, T. Lawlor, and K. Mortelmans. 1992.
Salmonella mutagenicity tests: V. Results from the testing of 311 chemicals.
Environ. Mol. Mutagen21:2–141.

WHEAT GERM GLYCERIDES AND WHEAT GLUTEN,
WHEAT FLOUR AND WHEAT STARCH, AND WHEAT
GERM OIL

Safety assessments of Wheat Germ Glycerides and Wheat
Gluten were published in 1980 with the conclusion that these two
ingredients were “safe when incorporated in cosmetic products
and constitute no risk to the public in its present cosmetic use of
these products” (Elder 1980a). Wheat Flour and Wheat Starch
were found to be “safe as cosmetic ingredients in the present
practices of use and concentration” (Elder 1980b). Wheat Germ
Oil was also found “safe as a cosmetic ingredient in the present
practices of use and concentration” (Elder 1980c). New studies,
along with the updated information below regarding uses and
use concentrations, were considered by the CIR Expert Panel.
The Panel determined to not reopen these safety assessments.

Distributed for Comment Only -- Do Not Cite or Quote

Monice Fiume
Cross-Out

Monice Fiume
Cross-Out

Monice Fiume
Cross-Out



JOURNAL OF THE AMERICAN COLLEGE OF TOXICOLOGY 
Volume 8, Number 4,1989 
Mary Ann Liebert, Inc., Publishers 

2 

Final Report on the Safety 
Assessment of Benzal konium 

Chloride 

Benzalkonium Chloride is a mixture of alkylbenzyldimethylammonium chlo- 
rides. The ingredient is used in cosmetic products as a foaming cleansing and 
bactericidal agent at concentrations up to 5.0%. The compound was nonmuta- 
genie in several different cell assays. It is a skin and ocular irritant at 
concentrations greater than 0.1%. This cosmetic ingredient is not a sensitizer 
to normal humans at concentrations of O.l%, but may be to individuals with 
diseased skin. It is concluded that Benzalkonium Chloride can be safely used 
as an antimicrobial agent at concentrations up to 0.1%. 

CHEMISTRY 

B enzalkonium Chloride (CAS No. 8001-54-5), is the U.S. Pharmacopeia 
(USP) name for alkyldimethylbenzylammonium chloride.’ It is a mixture of 

alkylbenzyldimethylammonium chlorides that conforms generally to the for- 
mula2 in Figure 1. 

The R represents a mixture of alkyls, including all or some of the group 
beginning with n-&H,, and extending through higher homologs, with n- 
C1zH15, n-C,,H,,, and n-&H,, making up the major portion.3 On the anhy- 
drous basis, the content of n-C,,H2, is not less than 40.0% and the content of 

“-C,,H2cl is not less than 20.0% of the total alkylbenzyldimethylammonium 
chloride content. The amounts of n-C12H25 and n-C,,H,, together make up 
not less than 70.0% of the total. The total alkylbenzyldimethylammonium 
chloride content of Benzalkonium Chloride is not less than 97%.3 Properties of 
Benzalkonium Chloride are listed in Table 1. 

Benzalkonium Chloride is sold commercially as 50.0% or 80.0% solutions in 
water or alcohol, or in mixtures of water, ethyl alcohol, and isopropyl alcohol.4 
Solutions of Benzalkonium Chloride are alkaline and foam strongly when 
shaken5 Benzalkonium Chloride, in water or in methanol, has an ultraviolet 
(UV) absorption maximum at 262 nm; it does not absorb UV light at wave- 
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FIG. 1. Benzalkonium Chloride. 

TABLE 1. Properties of Benzalkonium Chloride 

Cl- 

Variables Reference 

Avg. molecular weight 

Form 

Odor 

Taste 

Solubility 

Optimum pH 

Stability 

Flash point 

Residue on 

ignition 

360 

White or yellowish- 

white amorphous powder 

or gelatinous pieces 

Aromatic 

Very bitter 

Very soluble in 

water, alcohol, and 

acetone; slightly 

soluble in benzene. 

Almost insoluble 

in ether 

4.0-10.0; 1 .O% 

solution pH 6.0-8.0 

Stable at 121°C for 

30 min 

482°F 

Not more than 

2.0% 

3 

8 

8 
a 

8 

9 

9 

10 

3 

lengths of 300 nm and above at concentrations up to 1.527 g/L.’ Properties of 
50.0% and 80.0% Benzalkonium Chloride solutions are listed in Table 2. 

METHODS OF PRODUCTION 

Benzalkonium Chloride is prepared by treating a solution of N-alkyl-N- 
methylbenzylamine in a suitable organic solvent with methyl chloride, the 
solvent being so chosen that the quaternary compound precipitates as it is 
formed.5 It can also be made by preparing a primary amine from a fatty acid or 
a blend of fatty acids, then methylating the primary amine to form dimethyl 
alkylamine. This tertiary amine is then quaternized with benzyl chloride.’ 
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TABLE 2. Properties of 50% and 80% Benzalkonium Chloride4 

50% Benzalkonium Chloride 80% Benzalkonium Chloride 

Assay (%) 49.0-52.0 78.0-82.0 

Free amines (% max) 1 .o 1.6 

PH 
5% aqueous 7.0-9.5 6.0-9.0 

10% aqueous 6.5-8.5 7.2-8.0 

Residue on ignition (% max) 2.0 2.0 

Specific gravity 

at 20/20°C 0.97 0.92-0.94 
at 25/25”C 0.93-0.96 - 

REACTIVITY 

The interaction of label adhesives with Benzalkonium Chloride was 
demonstrated in ophthalmic solutions packaged in plastic bottles. A compo- 
nent of each adhesive (monomeric plasticizer) migrated through the plastic 
and reacted with Benzalkonium Chloride in the ophthalmic solution. This 
reaction involved the loss of Benzalkonium Chloride, the formation of a turbid 
solution, and the deposition of blue-colored residues on the interior wall of 
the container. Because of the proprietary nature of commercial adhesives, 
neither the qualitative nor quantitative composition of adhesives tested was 
provided by the suppliers. Some of the plasticizers commonly used in adhe- 
sives are polypropylene (isotactic form), dibutyl phthalate, and polyiso- 
butylene.ll 

A white precipitate is formed in a 1 :3000 aqueous solution of Benzalko- 
nium Chloride when nitrates are present at concentrations greater than the 
equivalent of 0.5% ammonium nitrate.8 

Benzalkonium Chloride is incompatible with anionic detergents and some 
inorganic salts. It is unstable in the presence of strong oxidizing or reducing 
agents. When Benzalkonium Chloride is stored in closed containers, its 
stability is indefinite.4 

ANALYTICAL METHODS 

Benzalkonium Chloride has been identified by the following methods: gas 
chromatography, 12-14 high performance liquid chromatography (HPLC),’ -I’ 
thin layer chromatography,18 chemical ionization mass s 
direct spectrophotometric assay using bromthymol 

ectroscopy,lg and a 
blue.2 8 

IMPURITIES 

Information concerning impurities in Benzalkonium Chloride is not avail- 
able. 
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USE 

Purpose in Cosmetics 

Benzalkonium Chloride has the following cosmetic uses: foaming and 
cleansing agent, conditioner, and bactericide.’ 

Scope and Extent of Use in Cosmetics 

The cosmetic formulation listing made available by the Food and Drug 
Administration (FDA) is compiled through voluntary filing of such data in 
accordance with Title 21 part 720.4 of the Code of Federal Regulations, 1979. 
Ingredients are listed in prescribed concentration ranges under specific prod- 
uct type categories. Since certain cosmetic ingredients are supplied by the 
manufacturer at less than 100% concentration, the value reported by the 
cosmetic formulator may not necessarily reflect the actual concentration 
found in the finished product; the actual concentration in such a case would 
be a fraction of that reported to the FDA. The fact that data are only 
submitted within the framework of preset concentration ranges also provides 
the opportunity for overestimation of the actual concentration of an ingredi- 
ent in a particular product. An entry at the lowest end of a concentration 
range is considered the same as one entered at the highest end of that range, 
thus introducing the possibility of a 2- to IO-fold error in the assumed 
ingredient concentration. Data submitted to the FDA in 1986 by cosmetic 
firms participating in the voluntary cosmetic registration program indicated 
that Benzalkonium Chloride was an ingredient in 83 cosmetic formulations at 
the following concentrations of use: I 0.1% (21 products), > 0.1-l% (60 
products), and > l.O-5.0% (2 products) (Table 3). 

TABLE 3. Product Formulation Data” 

Product category 

Total no. of Total no. No. of product formulations within 

formulations containing each concentration range (percentage) 

in category ingredient > 1-5 > 0.1-I IO.1 

Baby products 

Eye make-up preparations 

Hair shampoos, rinses, tonics, 

conditioners, and related 

preparations 

Personal cleanliness products 

Skin cleansing preparations 

(cold creams, lotions, 

liquids, and pads) 

Moisturizing skin care 

preparations 

Skin care preparations 

(nonspecified) 

1986 Totals 

33 4 1 3 

414 6 1 5 

2212 45 2 40 3 

506 11 10 1 

729 6 5 1 

802 4 

1901 7 

1 3 

2 5 

2 60 21 83 
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Surfaces to which Applied 

Cosmetic products containing Benzalkonium Chloride are applied to the 
skin, hair, and vaginal mucosa and may come in contact with the nasal 
mucosa and eyes. 

Frequency and Duration of Application 

Product formulations containing Benzalkonium Chloride may be used as 
often as once per week to several times daily. Many of the products may be 
expected to remain in contact with body surfaces for as briefly as a few 
minutes to as long as a few days. Each product has the potential for being 
applied many times over a period of several years. 

Noncosmetic Use 

Benzalkonium Chloride is commercially available as 2.0-5.0% aqueous 
solutions; it is employed at use concentrations of 0.1% (and less) as a 
germicide and sanitizer for chemically clean surfaces.’ In sanitizing aqueous 
solutions, Benzalkonium Chloride consists principally of 12-16 carbon alkyl 
groups and contains not more than 1.0% of groups with 8 and 10 carbon 

TABLE 4. OTC Panel Recommendations for Benzalkonium Chloride 

Pharmaceutical use Advisory review panel Categorya 

Antimicrobial soap Antimicrobial PR, II SE 
Health care personnel Antimicrobial PR, III SE 

handwash 

Preoperative skin Antimicrobial PR, III SE 
preparation 

Skin antiseptic Antimicrobial PR, Ill SE 
Skin wound protectant Antimicrobial PR, III SE 

Skin wound cleanser Antimicrobial PR, I 

Surgical hand scrub Antimicrobial PR, Ill SE 
Dandruff Miscellaneous external ANPR, III E 

drug products 
Astringent Miscellaneous external ANPR, II SE 

drug products 
Insect bite and sting treatment Miscellaneous external ANPR, II SE 

drug products 
Antimicrobial Oral cavity ANPR, III SE 
Minor irritations Contraceptives ANPR, III SE 

‘Category I: conditions under which OTC drug products are generally 

recognized as safe and effective and are not misbranded; category II: 

conditions under which OTC drug products are not generally recognized 

as safe and effective or are misbranded; category III: conditions for which 

the available data are insufficient to permit final classification at this time 

as category I or II. 

ANPR, Advanced Notice of Proposed Rulemaking; PR, Proposed Rule; FR. 

Final Rule; S, Safety; E, Effectiveness. 
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atoms; the aqueous solutions may contain either ethyl or isopropyl alcohol as 
an optional ingredient. 22 Benzalkonium Chloride is commonly used as a 
preservative in ophthalmic medications and solutions for contact lenses, and 
is also a potent spermicide.23,24 It appears in the list of inactive ingredients for 
approved prescription drug products prepared by the FDA.25 Some over-the- 
counter drug uses of Benzalkonium Chloride and their respective safety 
evaluations are listed in Table 4.26 

BIOLOGICAL PROPERTIES 

Absorption and Distribution 

The absorption of Benzalkonium Chloride by the vaginal mucosa was 
evaluated in three women (ages 23, 27, and 36 years old) using tampons 
containing Benzalkonium Chloride (60 mg). Venous blood samples (10 ml) 
were drawn 15 min prior to tampon application and during the following 
intervals after application: 15 min, 1 h, 3 h, and 24 h. The content of 
Benzalkonium Chloride in each blood sample was determined via HPLC 
(detection sensitivity < 50 ng/ml of blood). Benzalkonium Chloride was not 
detected in blood samples at any time during the study.27 

In another study, the recovery of Benzalkonium Chloride from the blood 
and breast milk of four women using tampons containing Benzalkonium 
Chloride (60 mg) was evaluated. Venous blood and breast milk samples were 
taken 15 min prior to tampon application and 3 and 24 h after application. The 
HPLC method mentioned above was used for determining the content of 
Benzalkonium Chloride in each sample. Benzalkonium Chloride was not 
detected in any of the four subjects.28 

A 50 ~1 drop of [14C]-Benzalkonium Chloride solution was placed on the 
cornea1 surface (lids held open) of young and adult New Zealand albino or 
Dutch belted rabbits. Normal blinking resumed after the lower lid was 
elevated to prevent fluid runoff. At various intervals after administration, the 
eye was washed with at least 1 ml saline and the following tissues and fluids 
were removed: bulbar and palpebral conjunctiva, aqueous humor, cornea1 
epithelium, endothelium and stroma, iris-ciliary body, lens, vitreous, retina, 
and choroid. A plasma sample was obtained by direct cardiac puncture. 
Multiple drops of the radioactive solution were also applied. After administra- 
tion of one drop, Benzalkonium Chloride was found in the cornea1 epithe- 
lium, endothelium, and stroma, and in the bulbar and palpebral conjunctivae. 
At no time was radioactive material found in the aqueous humor or any other 
tissues. Benzalkonium Chloride loss from ocular tissues was such that about 
one-third to two-thirds of its concentration (depending on the tissue) at 30 
min remained after 24 h; measurable values existed for as long as 120 h. The 
administration of multiple drops led to continued accumulation of Benzalko- 
nium Chloride.29 

Effect on Histamine Release 

The effect of Benzalkonium Chloride on histamine release was evaluated 
using mixed cellular suspensions (11.0% mast cells) from peritoneal cavities of 
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Wistar rats (200-400 g). Benzalkonium Chloride concentrations of 0.3 and 3.0 
pg/ml caused approximately 70.0 and 14.0% inhibition of histamine release 
from mast cells, respectively, in the presence of a potent histamine releaser. 
Concentrations of 10.0 and 30.0 pg/ml caused approximately 70.0% and 90.0% 
increases in histamine release, respectively. Benzalkonium Chloride also an- 
tagonized histamine release induced by ATP, bradykinin, polylysine, and 
curare, but not that induced by antigens, enzymes, monoamines, or deter- 
gents.30 In another study, the challenge of rat mast cells (2.0-10.0% purity) 
with Benzalkonium Chloride concentrations of 1.0 and 5.0 pg/ml produced a 
concentration-dependent inhibition of histamine secretion.3’ 

Effect on Enzymatic Activity 

The effect of Benzalkonium Chloride on the hydrolysis of p-toluene- 
sulfonyl-L-arginine methyl ester hydrochloride (substrate for trypsin and chy- 
motrypsin) was evaluated. In separate experiments, trypsin and chymotrypsin 
(0.275 mg/ml) were each incubated with various concentrations of Benzalko- 
nium Chloride (0.005-0.040 M) at 30°C and pH 3.0. Aliquots (10 ~1) of the 
mixtures were removed over the next 48 h to assay for remaining activity. The 
substrate concentration in each assay was 0.0015 M. A sigmoid curve was 
obtained when the percentage inhibition of trypsin was plotted against 
Benzalkonium Chloride concentration and showed 50.0% inhibition with 
0.015 M Benzalkonium Chloride. A similar curve was obtained for chy- 
motrypsin, with 50.0% inhibition occurring at a IO-fold lower Benzalkonium 
Chloride concentration.32 

ANIMAL TOXICOLOGY 

Subchronic Inhalation Toxicity 

An inhalation toxicity study of an aerosolized hair conditioner containing 
0.2% of a 50.0% Benzalkonium Chloride solution (effective Benzalkonium 
Chloride concentration = 0.1%) was conducted with 12 female albino rats of 
the CD strain (mean weight 216 g) and 12 Syrian Golden hamsters (mean 
weight 88 g). Exposures were carried out in 500 L dynamic flow inhalation 
chambers. The animals were exposed to the conditioner (9.9 mg/m3 of air) 5 
days a week (4 h/day) for 14 consecutive weeks. Gravimetric analysis was 
used to determine the aerosol concentration in the chamber atmosphere; the 
desired concentration was maintained by adjusting the rate of airflow through 
each chamber. Chamber air flow rates ranged from 18 to 29 cubic feet/min. 
The body weights of all animals were recorded weekly. Hematologic and 
serum chemistry studies were conducted with blood samples obtained from 
rats after the 6th and 13th weeks of exposure. Gross and microscopic examina- 
tions of tissues from rats and hamsters were also conducted. There were no 
significant differences in weight gain, hematologic values, and serum chem- 
istry data between experimental and control groups. There were no exposure- 
related deaths, and neither gross nor microscopic changes were attributed to 
Benzalkonium Chloride inhalation.33 
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Acute Oral Toxicity 

The oral toxicity of Benzalkonium Chloride (composition: 60.0% C14, 30.0% 
Clb, 5.0% C12, and 5.0% C,,) was assessed in white rats (procedure, weights, 
and strain not stated). The LD,, was 525 mg/kg.34 In another study, the mean 
acute oral LD,, in rats (number and strain not stated) was 400 mg/kg (range, 
342-469 mg/kg). The experimental procedure was not stated (Table 5).35 

The oral toxicity of a moisturizing cream containing 0.13% Benzalkonium 
Chloride was evaluated using 10 young adult Sprague Dawley rats (5 males, 
5 females). Each animal was fasted for 18 h and then given a single dose 
(5 ml/kg) of the cream via oral gavage. The animals were observed for a 
period of 14 days postadministration. No toxic effects were observed, and 
none of the animals died.3b 

In another study, the oral toxicity of a cream containing 0.1% Benzalko- 
nium Chloride was evaluated using 10 rats (weight range 130-180 g) of the 
Fischer 344 strain. A single dose of 7.0 ml/kg was administered to each animal 
via oral gavage. None of the animals died during the 2-week observation 
period (Table 5).37 

Subchronic Oral Toxicity 

Benzalkonium Chloride solutions were administered via stomach tube to 
40 male albino rats (Sprague-Dawley, 130 g) once daily for 12 weeks at 
dosages of 50.0 mg/kg (2 groups of 10 rats) and 100.0 mg/kg (2 groups of 10). 
The 50.0 mg/kg and 100.0 mg/kg dosages were 1 :20 and 1 :I0 dilutions of 
10.0% Benzalkonium Chloride, respectively. Ten animals in both dose groups 
received Benzalkonium Chloride diluted with distilled water, while the re- 
maining animals received Benzalkonium Chloride diluted with milk. Two 
control groups (10 rats/group) were given distilled water and milk, respec- 
tively. Hematologic studies were conducted at 4 and 12 weeks with rats 
receiving 100 mg/kg doses. Two rats receiving the 100.0 mg/kg dose died on 
days 62 and 69, respectively. Animals surviving the 12-week period were killed 
and examined macroscopically and microscopically. The growth rates of rats 
given 50.0 mg/kg (in water), 50.0 mg/kg (in milk), and 100 mg/kg (in milk) 
were similar to those of control groups throughout the experiment. Growth 
rates of rats given 100.0 mg/kg (in water) were depressed throughout the 
experiment; the average body weight at I2 weeks was 29.0% less than that of 
the control (water) group. In hematologic studies, there were no significant 
changes in any of the following values (all treatment groups): total number of 
erythrocytes and leukocytes, differential count, hematocrit, and hemoglobin 
values. Neither gross nor microscopic tissue changes related to Benzalkonium 
Chloride administration were noted in any of the treatment groups (Table 5).38 

Chronic Oral Toxicity 

The chronic oral toxicity of 10.0% Benzalkonium Chloride was evaluated in 
18 beagle dogs (weight range 6.6-9.3 kg). Dosages of 12.5, 25.0, and 50.0 
mg/kg (6 animals/dose) were administered via stomach tube once daily for 

Distributed for Comment Only -- Do Not Cite or Quote



TABLE 5. Oral Toxicity of Benzalkonium Chloride 

7ype of study Animals tested Test substance Methodology Results References 

Short-term oral toxicity 

Short-term oral toxicity 

Short-term oral toxicity 

Subchronic oral toxicity 

White rats (no., weights, 

strain not stated) 

Rats (no., strain, and 

weights not stated) 

IO rats (Fisher 344 strain, 

130~.I80 g) 

20 male albino rats 

(Sprague-Dawley strain, 

130 8) 

Chronic oral toxicity 18 beagle dogs 

(t h re e groups of six: 

6.6-9.3 kg) 

Benzalkonium Chloride LD,, = 525 mg/kg 34 

Benzalkonium Chloride 

Cream containing 0 1% 

Benzalkonium Chloride 

1 :I0 and 1 :20 dilutions of 

10.0% Brnzalkonium 

Chloride 

10.0% Benzalkonium Chlo- 

ride (in water) 

Single oral dose of 7.0 

ml/kg 
1 :I0 and 1 :20 dilutions 

administered vra stom- 

ach tube in doses of 100 

mg/kg (10 rats) and 50 

mg/kg (10 rats) once 

daily for 12 weeks 

Doses of 12.5, 25.0, and 

50.0 

tered viams,P,‘,:cgh t uLbb 

dose/group) adminis- 

once daily for 52 weeks 

LD,, = 400 mg/kg (range, 

342-469 mg/kg) 

No deaths or signs of toxi- 

city 

Two rats receiving 100 

mg/kg died. No treat- 

ment-related gross or 

microscopic changes 

35 

37 

38 

Four deaths: 1 dog (50 

mg/kg dose), 3 dogs (25 

mg/kg dose) 

38 
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52 weeks. The solution was administered in milk to half of the animals, and in 
water to the remaining half. Two control groups (two animals/group) were 
given milk and water, respectively. Hematologic studies were conducted with 
all animals at 6-week intervals throughout the experiment. Urine specimens 
were also obtained at 6-week intervals. Necropsies were performed on all 
animals, and tissues were examined macroscopically and microscopically. 
Significant fluctuations in body weight were not noted in any of the treatment 
groups. The only deaths reported were one of the three dogs receiving 50.0 
mg/kg doses in water and the three dogs receiving 25.0 mg/kg doses in 
water. In all treatment groups, there were no significant changes in the blood 
or urine attributable to Benzalkonium Chloride administration. Slight to mod- 
erate hyperemia of the small intestine and pyloric portion of the stomach was 
observed in dogs receiving 50 mg/kg doses in milk. No significant macro- 
scopic lesions were observed in dogs receiving 12.5 or 25.0 mg/kg doses in 
milk. Moderate to severe irritation of the small intestine was observed in all 
dogs receiving 50.0 and 25.0 mg/kg doses in water and in two of three dogs 
receiving 12.5 mg/kg doses in water. The dogs receiving 50.0 and 25.0 mg/kg 
doses in water also had moderate to severe irritation and congestion of the 
stomach and intestines. No microscopic changes due to doses of Benzalko- 
nium Chloride in milk were noted. However, congestion and subacute in- 
flammation of the intestines were noted in animals dosed with 12.5 mg/kg of 
Benzalkonium Chloride in water. These observations were regarded as minor 
microscopic changes (Table 5).38 

Ototoxicity 

The ototoxicity of Benzalkonium Chloride was evaluated using 13 pig- 
mented guinea pigs. Applications of a 0.1% Benzalkonium Chloride solution in 
distilled water (5 animals) and a 0.1% Benzalkonium Chloride solution in 
70.0% alcohol (8 animals) were made onto the round window membrane of 
the middle ear via glass pipettes; the entire cavity of the bulla was filled. 
Exposure periods were of 10, 30, and 60 min duration, after which the bulla 
cavity was emptied by careful suction and repeatedly washed with physiologi- 
cal saline. Ten of the animals were killed after 2 weeks. Three of the animals 
exposed to Benzalkonium Chloride in alcohol for 6 min were killed after 9 
weeks to evaluate the effect of prolonging the length of postoperative survival 
of the inner ear sensory epithelia. Microscopic examinations revealed fibrosis 
in tissues from the tympanic cavity (13 animals), cochlea (10 animals), and 
vestibulum (5 animals). Inner hair cell loss from the organ of Corti (13 animals) 
and destruction of vestibular neuroepithelia (8 animals) were also noted. The 
extent of damage to all tissues examined was more pronounced after 60 min 
exposures than after 10 and 30 min exposures and was increased by extending 
the postoperative survival time from 2 to 9 weeks. The application of different 
Benzalkonium Chloride solutions did not affect differences in the extent of 
damage to the tympanic cavity, cochlea, organ of Corti, and vestibular sensory 
epithelia. However, the extent of fibrous tissue formation in the vestibulum 
was less extensive after exposures (10 and 30 min) to Benzalkonium Chloride 
in alcohol. Differences were not noted after 60 min exposures.39 
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Dermal Toxicity 

The dermal toxicity of Benzalkonium Chloride was evaluated in 
RFM,/UnWg and BALB/c mice (4 and 10 weeks old). A disinfectant contain- 
ing 50% Benzalkonium Chloride, 44-45% water, and 5-6% isopropanol was 
diluted with water to form 0.8, 3, and 13% Benzalkonium Chloride solutions 
(effective Benzalkonium Chloride concentrations of 0.1, 1.5, and 6.5%, respec- 
tively). The 50% Benzalkonium Chloride solution and its dilutions (0.1, 1.5, 
and 6.5% Benzalkonium Chloride) were each applied to 8 animals (total of 32 
animals, 16 per strain). The test solutions (0.05 ml) were placed on the hair of 
each animal at the midline of the neck (between the base of the skull and the 
scapulae) and then rubbed in. Animals were observed for changes in appear- 
ance of the application site and body weight for approximately 1 month. 
Forty-eight animals served as controls for body weight. Six identical experi- 
ments were conducted (total of 192 experimental animals). The application 
sites in mice given the 0.1 and 1.5% solutions had a slightly unkempt appear- 
ance for only 3 or 4 days. Sites in animals treated with 6.5 and 50% solutions 
remained unkempt for several days. Also, small areas on the ears of some of 
these animals (number not stated) became hyperemic and then necrotic. The 
edges of necrotic areas on the ears eventually healed. Each animal treated 
with 6.5 and 50% solutions (number not stated) also had a 5 mm bald spot 
within the application site 4 weeks after application. A 10% reduction in body 
weight (2 days postapplication) was noted in animals receiving the 50% 
solution. After day 5, the rate of weight gain was the same as in the other 
groups. Animals receiving the 6.5% solution had a slight weight reduction and 
a growth rate, after day 5, similar to that of the 50% group. Weight reductions 
were not noted in the 0.1 and 1.5% dose groups. A total of 29 deaths (6 
experiments) were reported, all having occurred within 72 h after application. 
Deaths were confined to animals treated with 6.5 and 50% Benzalkonium 
Chloride solutions. Results from necropsies of animals that died were as 
follows: absence of feed and feces in the alimentary tract, hyperemia of the 
nose and footpads (extravasated blood under the claws) and discoloration on 
the undersurface of the skin opposite the application sjte. Additional lesions 
were not found when visceral tissues from two mice were examined micro- 
scopically. The cause of death was not apparent4’ 

Cytotoxicity 

The effect of Benzalkonium Chloride on the growth of epithelial cells and 
fibroblasts was evaluated in tissues from the prostate gland and heart, respec- 
tively. Prostatic tissue was excised from adult rats (ages not stated), and 
cardiac tissue from young rats (I-IO days old). Tissue fragments were treated 
with the following aqueous solutions of Benzalkonium Chloride: 0.01, 0.02, 
0.033, and O.lO%, and cultured with adult cockerel plasma and human serum. 
The cultures were incubated for 10 days at 37.5”C. Cellular growth (change in 
size) rates were recorded by planimetric calculation of tissue fragment areas 
each day, as described by Bengmark et al.41 All concentrations of Benzalko- 
nium Chloride retarded the growth of epithelial tissue. The greatest degree of 
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retardation was achieved at a Benzalkonium Chloride concentration of 0.1%. 
Cellular growth rates were significantly different from controls at all dosages 
tested. The growth rates of cardiac fibroblasts from newborn animals were 
lower and more irregular than those of adult epithelial cells (prostate gland). 
Benzalkonium Chloride concentrations of 0.01 and 0.02% did not result in 
growth retardation of cardiac fibroblasts that was significantly different from 
controls. However, concentrations of 0.033 and 0.10% resulted in significant 
retardation. The greatest degree of growth retardation of cardiac fibroblasts 
was achieved with a Benzalkonium Chloride concentration of 0.1% (Table 6).42 

The cytotoxicity of 0.007% Benzalkonium Chloride was evaluated using 
human conjunctival cell cultures. The cells remained in culture for 48 h 
(37°C). Each culture was then exposed to 0.5 ml of the test solution at 
temperatures of 4”C, 15”C, and 37°C during a 16 min period. Control cultures 
were exposed to a phosphate buffer solution. The exposure time causing 
50.0% cell damage in cell culture (CDT,,) served as the cytotoxic parameter. 
The CDT,,, for 0.007% Benzalkonium Chloride were 91.0 k 13.0 s at 4”C, 
94.2 + 11.9 s at 15”C, and 98.9 + 12.1 s at 37°C. Cellular growth in control 
cultures was not affected by different experimental temperatures (Table 6).43 

In another cytotoxicity study, suspension cultures of the murine P815 
tumor cell line were exposed to 1.5 M Benzalkonium Chloride during 30 min, 
2 h, and 4 h periods. The dosage resulting in 50.0% cytotoxicity (CD,,) was 
determined for each exposure period. CD,, values for one experimental trial 
were as follows: 7.2 ppm (0.5 h), 3.5 ppm (2 h) and 0.6 ppm (4 h). Similar data 
were obtained for a mouse lymphoma cell line tested with the same concen- 
trations of Benzalkonium Chloride (Table 6).44 

The hemolytic activity of Benzalkonium Chloride (4.2 X lop5 M, 3.3 X IO-’ 
M, and 2.2 x 10e5 M) was assessed using defibrinated blood from rabbits. 
Mixtures of defibrinated blood (0.05 ml) and aqueous Benzalkonium Chloride 
(5.0 ml) were incubated in a water bath for 45 min at 37”C, after which the 
unhemolyzed cells were settled by centrifugation and absorbance readings of 
the hemolysate were determined with a photoelectric calorimeter. Each ab- 
sorbance reading was compared with a total hemolysis reading, obtained by 
laking red cells in distilled water. In determining the hemolytic activity of each 
of the test solutions, 0.6% sodium chloride was added as an extracellular agent 
to protect the erythrocytes from simple osmotic hemolysis. The degree of 
hemolysis occurring in each test solution was expressed as the percentage of 
total hemolysis. Benzalkonium Chloride concentrations of 2.2 X lop5 M, 3.3 X 

lop5 M, and 4.2 x lop5 M resulted in 10.0, 50.0, and 100.0% hemolysis, 
respectively. These data represented the average of a minimum of two, but 
usually four, similar experiments (Table 6).45 

Ocular Irritation 

The ocular irritation potential of Benzalkonium Chloride was evaluated 
using 108 rabbits (strain not stated). Aqueous solutions of the test substance 
(2.0, 1.0, 0.5, 0.1, and 0.01%) were each instilled (one drop) into both eyes 
twice a day for 7 days; globes were examined grossly and photographed at 
different time intervals. Animals were killed after the seventh instillation and 
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TABLE 6. Cytotoxicity of Benzalkonium Chloride 

Cells tested Test substance Methodology Results References 

Epithelral cells (prostate gland) 0.10, 0.033, 0.02 and 0.01% Benra- 

and fibroblasts (heart) from rats 

Cell cultures incubated with Ben- 0.10 and 0.033% Benzalkonium 42 
lkonium Chloride ralkonium Chloride for 10 days Chloride caused significant 

Human conjunctival cells 
growth retardation 

0.007% Benzalkonium Chloride Cell rultures exposed to 0.5 ml of Exposure period resulting in 50% 43 
test solution for ‘16 min cellular damage was 98.9 + 12.‘1 

s at 37°C 
Murine suspension cultures of 1.5 M Benralkonium Chloride 

P815 tumor cell line 
0.5, 2, and 4-h exposures Dosages resulting in 50% cytotox- 44 

icity were: 7.2 ppm (at 0.5 h), 

3.5 ppm (at 2 h), and 0.6 ppm 

Defibrinated blood from rabbits 4.2 X IO-’ M, 3.3 X10-s M,, and 

(at 4 h) 

2.2 x 10-S 

Mixtures of blood (0.05 ml) and 2.2 X10-s M, 3.3 X 10-s M, and 45 
M Benzalkonium Benzalkonium Chloride (5.0 ml) 4.2 x 1O-5 M concentrations 

Chloride were incubated for 45 min caused lO.O%, 50.0%. and 

100.0% hemolysis, respectively 
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ocular tissues were examined microscopically. The 2.0% solution caused con- 
junctival necrosis, ulceration and haziness of the cornea, and severe iritis, all 
observed initially on the first day of instillation. By the seventh day, the cornea 
was vascularized and cloudy; significant tissue damage was also noted. The 
1.0% solution caused cloudiness of the cornea and severe injection of the 
bulbar and palpebral conjunctivae, with some areas of necrosis and large 
amounts of mucous material. With the 0.5% solution, most of the damage was 
limited to the bulbar and palpebral conjunctivae, with only occasional cornea1 
damage. No gross damage was noted after instillation of the 0.01 and 0.1% 
solutions. At microscopic examination, almost total destruction of the cornea1 
epithelium and endothelium of eyes treated with 1.0 and 2.0% solutions was 
noted. Severe damage to the cornea1 epithelium was also noted after 7 days of 
treatment with the 0.5% solution. When eyes were treated with 0.1% Benz- 
alkonium Chloride solution 5 times daily (2 h intervals) for 1 week, damage to 
cornea1 endothelial cells was evident (Table 7).46 

In another ocular irritation study, 50.0% Benzalkonium Chloride was tested 
at a concentration of 0.65% in water (effective Benzalkonium Chloride con- 
centration = 0.3%). The test solution (0.1 ml) was instilled once into 1 eye of 
each of 6 rabbits. The eyes were not rinsed. Ocular irritation was scored on 
days 1, 2, and 3 postinstillation according to the scale used by Draize4’: O-110. 
The total ocular irritation score was 2 on day 1. Irritation had cleared by 
day 3. The test solution had the potential to induce minimal ocular irritation 
(Table 7).48 

The ocular irritation potential of a moisturizing cream containing 0.13% 
Benzalkonium Chloride was evaluated according to the procedure of Draize.47 
The cream (0.1 ml) was instilled once into one eye of each of six female New 
Zealand White rabbits. Untreated eyes served as controls. Ocular reactions 
were scored 1, 2, 3, 4, and 7 days after instillation according to the Draize4’ 
scale. The moisturizing cream did not induce ocular irritation in any of the 
animals tested.49 

In another study, the ocular irritation potential of 0.1% Benzalkonium 
Chloride was evaluated using 6 young adult New Zealand albino rabbits (male 
and female). The test substance was instilled into one eye (directly on the 
cornea) of each animal in volumes of 0.01, 0.03, and 0.10 ml; untreated eyes 
served as controls. Eyes were examined and scored according to the scale by 
Draize et al.50 at 1, 3, 7, 14, and 21 days after instillation. The test substance 
was not an ocular irritant (Table 7).51 

Intraocular Toxicity 

Benzalkonium Chloride was instilled into the eyes of rabbits and guinea 
pigs (number not stated) at concentrations of 0.1, 0.5, 1.0, and 10.0%. Corneas 
were examined microscopically at 4 h and 1 and 7 days postinstillation. At 4 h 
and day 1, desquamation and necrosis of epithelial cells and leukocytic 
infiltration were observed in rabbit and guinea pig corneas treated with 0.5, 
1.0, and 10.0% Benzalkonium Chloride. Desquamation and necrosis were 
noted in rabbit corneas 4 h after instillation of 0.1% Benzalkonium Chloride; 
no microscopic changes were noted in guinea pig corneas. At day 1, desqua- 
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TABLE 7. Ocular Irritation of Benzalkonium Chloride 

Animals tested Test substance Methodology Results References 

‘108 rabbits (strain not stated) 2.0, 1.0, 0.5, 0.1, and 0.01% Benz- All five solutions instilled into 2.0% solution caused conjunctrval 
alkonium Chloride both eyes twice daily for 7 necrosis, ulceration, and hazi- 

days. A 0.1% solution instilled ness of the cornea and massive 
into eyes five times daily for ‘I iritis. The 1.0 and 0.5% solu- 

week tions caused damage to the 

cornea and bulbar and palpe- 

bral conjunctivae. The 0.1 and 

0.01% solutions (instilled twice 

daily) did not cause ocular 

damage. 0.1% solution (in- 

stilled five times daily) dam- 

46 

6 rabbits (strain not stated) 0.3% Benzalkonium Chloride 
aged cornea1 endothelium 

Aqueous solution instilled once Minimal ocular irritation Draize 48 
into one eye (no rinsing). Ocu- score, 2 (max = 110) 

lar irritation scored according 

6 New Zealand albino rabbits 0.1% Benzalkonium Chloride 
to Draize (1959) scale 

Instilled into one eye No ocular irritation 51 

Distributed for Comment Only -- Do Not Cite or Quote



604 COSMETIC INGREDIENT REVIEW 

mation and necrosis of epithelial cells and leukocytic infiltration were noted 
in rabbit corneas treated with 0.1% Benzalkonium Chloride; microscopic 
changes were not noted in guinea pig corneas. Desquamation, necrosis, and 
leukocytic infiltration were also observed 7 days after the instillation of 0.5, 
1.0, and 10.0% Benzalkonium Chloride (rabbits) and 1.0 and 10.0% Benzalko- 
nium Chloride (guinea pigs) (Table 8).52 

The toxic effects of Benzalkonium Chloride on the cornea1 epithelium 
were evaluated using four to six New Zealand albino rabbits. Drops of 0.01% 
Benzalkonium Chloride in 0.9% saline (neutral pH) were instilled into both 
eyes. An additional four to six rabbits received instillations of 0.9% saline 
(negative control). Cornea1 specimens were examined using scanning electron 
microscopy (SEM) at 5, 15, and 30 min, and 1, 3, and 6 h after instillation. 
Specimens were prepared for SEM according to the procedure of Pfister.53 
Results were as follows: peeling of cells at borders, exposing cells beneath 
(5 min postinstillation); many adjacent cells separated from one another 
(I5 min); most of the surface epithelial cells lying loosely on cornea1 surface 
with extensive disruption of plasma membranes (30 min); most of the surface 
cells prematurely desquamated, exposing prominent nuclear bulges in second 
cell layer (1 h); second layer of cells desquamating, extensive plasma mem- 
brane damage (3 h); newly exposed third cell layer had nearly normal epithe- 
lial cell appearance (6 h). Damage to the cornea1 epithelium was not noted in 
the negative control group (Table 8).54 

The effect of Benzalkonium Chloride on the cornea1 endothelium was 
evaluated via in vivo and in vitro methods in another study involving New 
Zealand White rabbits (number not stated). In the in vitro study, corneas were 
excised from freshly enucleated eyes. The endothelial surface of each was 
flooded with 0.5 ml of 0.01% Benzalkonium Chloride (pH 6.47); corneas 
remained in solution for 2 min. Specimens were then examined via SEM and 
transmission electron microscopy (TEM). Ruptured endothelial cells with ex- 
posed nuclei were observed in SEMs. The disorganization of cellular struc- 
tures, due to cellular edema, was observed in TEMs. In the in vivo study, 
aqueous humor (0.1 ml) was removed from each globe and replaced with 0.1 
ml 0.01% Benzalkonium Chloride. Animals were killed 1.5 h, 3 h, or 2 days 
after injection and the corneas were excised. Specimens were then prepared 
for SEM and TEM. Edema of the cornea1 endothelium was noted 1.5 h, 3 h, and 
2 days after injection. Endothelial cells were fusiform in shape and the normal 
hexagonal pattern was gone. Large areas of bare Descemet’s membrane had 
overlying cellular debris that may have represented remains of the endothelial 
cells. Other ultrastructural damage induced by Benzalkonium Chloride in- 
cluded mitochondrial swelling, dilation of endoplasmic reticulum, intracyto- 
plasmic vacuole formation, and ruptured plasma membranes (Table 8).55 

The ocular toxicity of 0.007 and 0.01% Benzalkonium Chloride was evalu- 
ated in four albino and four pigmented rabbits. In one group of animals (two 
pigmented, two albino), 0.2 ml of 0.007% Benzalkonium Chloride (in water 
and sodium phosphate, pH 7.37) was introduced into the eyes via subconjunc- 
tival injection. Injections were repeated once daily for 2 weeks. In the other 
group (two pigmented, two albino), 0.01% Benzalkonium Chloride (in water 
and sodium phosphate, pH 6.77) was introduced according to the same 

Distributed for Comment Only -- Do Not Cite or Quote



TABLE 8. Intraocular Toxicity of Benzalkonium Chloride 

Animals tested Test substance Methodology Results References 

Rabbits (no. not stated) 

New Zealand albino rabbits (no. 

not stated) 

New Zealand White rabbits (no. 

not stated) 

New Zealand White rabbits (no. 

not stated) 

8 Albino and pigmented rabbits 

(two albinos and two pig- 

mented/group) 

New Zealand White rabbits (no, 

not stated) 

Albino rabbits (no. not stated) 

Guinea pigs (no. not stated) 

10.0, ‘1.0, 0.5, and 0.1% Benzalko- 

nium Chloride 

0.01% Benzalkonium Chloride 

0.0’1% Benzalkonium Chloride 

0.01% Benzalkonium Chlonde 

0.01 and 0.007% Benzalkonium 

Chloride 

0.001, O.ooO4, and O.ooOl % Benz- 

alkonium Chloride 

6.5 Xl0-h to 6.5 X 10-3% Benz- 

alkonium Chloride 

10.0, 1.0, 0.5, and 0.1% Benzalko- 

nium Chloride 

Single instillation. Corneas exam- 

ined at 4 h and 1 and 7 days 

postrnstillation 

Drops instilled into both eyes. 

Corneas examined at 5, .15, and 

30 min and 1, 3, and 6 h after 

instillation 

Desquamation and necrosis of 

cornea1 epithelium (10.0, ‘1.0, 

0.5, and 0.1% concentrations) 

Desquamation of epithrlial cells 

and extensive disruption of 

plasma membranes 

Excised corneas flooded with so- 

lution for 2 mm 

Aqueous humor removed from 

each eye and replaced with 

0.01 ml of test substance 

Subconjunctival injec-tion of both 

solutions (0.1 ml) once daily 

for 2 wks. Eyes examined via 

ophthalmoscopy (daily) and 

electron microscopy 

Each concentration in contact 

with cornea1 epithelium 30 to 

110 min. Corneas examined via 

scanning electron microscopy 

Cornea1 endothelium perfused 

for 3 h 

Ruptured endothelial cells with 

exposed nuclei. Severe cellular 

edema 

Swelling of cornea1 endothelium, 

ruptured plasma membranes, 

dilation of endoplasmic reticu- 

lum, and m itochondrial 

swelling 

Extensive elevation of retina and 

retinal detachment rn both 

treatment groups 

No discernible modification of 

surface morphology 

Single Instillation. Corneas exam- 

ined at 4 h and 1 and 7 days 

postinstillation 

Severe endothelial cellular dam- 

age 
Desquamation and net-rosis of 

cornea1 epithelium (10.0, 1.0, 

and 0.5% concentrations) 

52 

54 

55 

55 

56 

57 

58 

52 
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procedure. Ophthalmoscopy was performed every day to determine changes 
in the fundus. After the 2-week administration period, animals were killed and 
the eyes enucleated. Specimens were then prepared for electron microscopy. 
No abnormalities of the fundus were observed during the initial 3 days of 
administration. After the first week of administratiqn! extensive elevation of 
the retina was noted in two of the four animals recervtng the 0.007% solution. 
Three of the four animals receiving the 0.01% solution also had extensive 
elevation of the retina after the first week. After 2 weeks, retinal detachment 
was observed only in the globes of pigmented rabbits in both treatment 
groups. In electron micrographs, both early and prolonged stages of retinal 
detachment were observed. The inner retinal layers, especially the nerve fiber 
layer and inner plexiform layer, had marked edema during the early stage; 
outer segments of photoreceptors were relatively preserved. In the prolonged 
state, photoreceptors were atrophic, the outer segments and/or inner seg- 
ments had disappeared, and, on some occasions, the number of nuclei in the 
outer nuclear layer had decreased (Table 8).56 

The effect of Benzalkonium Chloride on cornea1 morphology was evalu- 
ated in New Zealand White rabbits (number not stated). Corneas were 
removed and bathed in aerated solutions (34”C, pH 7.4) of the following 
composition: 103.4 mM NaCI, 15.3 mM Na,SO,, 10 mM NaHCO,, 2.2 mM 
K,HPO,, 0.5 mM KH,PO,, 5.24 mM H3P0,, 0.61 mM MgSO,, 0.7 mM calcium 
gluconate, 26 mM glucose, and 20 mM tris-(hydroxymethyl) aminomethane 
(Tris). Benzalkonium Chloride was added to solutions at, concentrations of 
0.001, 0.0004, and 0.0001%; solutions remained in contact with the epithelial 
surface for 30-110 min. Corneas were then fixed and examined via SEM. One 
hour after exposure to 0.001% Benzalkonium Chloride, cornea1 surface cells 
were loosened or removed, exposing second- and third-layer cells. Also, the 
plicate appearance of surface cells was lost and some deeper cells had 
abnormally long microvilli. An increase in the number of cells with peripheral 
loss of microvilli and microplicae was noted 1 h after exposure to 0.0004% 
Benzalkonium Chloride. No discernible modification of surface morphology 
was noted after 2 h of exposure to 0.0001% Benzalkonium Chloride (Table 8)” 

The effect of Benzalkonium Chloride on the cornea1 endothelium was 
investigated using albino rabbits (number not stated). The eyes were enucle- 
ated (complete with conjunctival sac and eyelids) and corneas were prepared 
and mounted in a specular microscope. After a 1 h stabilization period, the 
cornea1 endothelium was perfused for 3 h with Benzalkonium Chloride at 
concentrations ranging from 6.5 X lop6 to 6.5 X 10p3% in Ringer’s solution. 
Observations of the cornea1 endothelium and sequential measurements of 
cornea1 thickness were made during the 3 h period. A change in cornea1 
thickness was determined by a computer-fit linear regression line (minimum 
of five rabbit corneas). Corneas were removed from the specular microscope 
after perfusion and then fixed and submitted for SEM and TEM. No swelling 
was noted in corneas perfused with 6.5 X 10p6% Benzalkonium Chloride. 
Minimal swelling was noted in those perfused with 6.5 X10-‘% Benzalko- 
nium Chloride (9.3 pm/h). The cornea1 swelling rate increased as a function of 
increasing Benzalkonium Chloride concentration. In SEMs of corneas perfused 
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6.5 X 10d3% Benzalkonium Chloride, severe endothelial cell damage was 
noted. The following changes were observed in TEMs: disorganization of 
nuclear chromatin, severe damage to the endoplasmic reticulum and mito- 
chondria, and discontinuity of the posterior plasma membrane (Table 8).58 

Skin Irritation 

The skin irritation potentials of 50, 10, 1, 0.1, and 0.01% Benzalkonium 
Chloride solutions were evaluated in rabbits (number and strain not stated). 
The solutions were applied in 0.5 ml volumes (duration of exposure not 
stated). Solutions of 1.0% Benzalkonium Chloride or greater induced skin 
reactions ranging from erythema (1% of animals tested) to necrosis (50% of the 
animals tested) (Table 9).5q 

Solutions of 0.1, 1, 5, and 10% Benzalkonium Chloride in water were 
applied to the clipped skins of five rabbits (strain not stated) via Finn 
chambers containing occlusive patches. The chambers remained in place for 
24 h. Visual examinations were used to identify papules, vesicles, pustules, 
induration, necrosis, scaling, and scarring. Reactions were assessed daily for 
4-5 days. Severe induration and a light yellow staining of test sites were 
observed in all animals treated with the four concentrations of Benzalkonium 
Chloride (Table 9).“O 

Aqueous solutions of 0.1, 1.0, and 5.0% Benzalkonium Chloride were 
applied to the epilated flanks of female albino guinea pigs (approximate 
weights = 300 g) via patches made of filter paper. Each patch was covered 
with impermeable tape and fastened with an elastic bandage. Two or three 
test patches were applied to one flank of each animal. Control patches 
saturated with water were applied to the contralateral flank. Patches were 
removed after 24 h and skin specimens were excised and examined micro- 
scopically. Twenty-four hour exposures to 0.1% Benzalkonium Chloride did 
not cause microscopic changes. Exposure to the 1.0% solution resulted in 
spotted areas of necrosis with nuclear pyknosis of the epidermal cells in the 
upper part of the stratum Malpighii (beneath the stratum corneum). Exposure 
to the 5.0% solution resulted in total necrolysis of the epidermis (Table 9).63 

In another study, a 2.0% Benzalkonium Chloride solution was applied to 
abraded and intact skins of rabbits (number and strain not stated) via a 
synthetic cloth worn by each animal for 2 days. Severe erythema, edema, and 
rawness were observed in abraded and intact skin after 2 days. Slight erythema 
and skin sloughing were noted 7 days after application. No toxic signs were 
noted in rabbits (number and strain not stated) in a study in which a cloth 
impregnated with 2% Benzalkonium Chloride was worn continuously during a 
3-week period (Table 9).5g 

The skin irritation potentials of 0.1 and 1.0% Benzalkonium Chloride were 
evaluated in 40 white rats (strain not stated). The test solutions were applied 
over a period of 3 months. After 1.5-2 months, the 1% solution induced 
hyperemia and necrotic changes. An intense epithelialization skin defect was 
noted after scabs had been shed. Benzalkonium Chloride was also applied to 
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TABLE 9. Skin Irritation of Benzalkonium Chloride 

Animals tested Test substance 

Rabbits (no. and strain not stated) 50.0, 10.0, 1.0, and 0.1% Benzalko- 

nium Chloride 

Methodology Results 

E 

Referents 
- 

Solutions applied to skin in vol- 

umes of 0.5 ml 

Concentrations of l.O%, or 

greater, induced reactions 

ranging from erythema to 

necrosis 

All concentrations caused severe 

induration of test sites rn five 

rabbits 

59 

5 Rabbits (strain not stated) 10.0, 5.0, 1.0 and 0.1% aqueous 

Benzalkonium Chloride soiu- 

tions 

Rabbits (no. and strain not stated) 2.0% Benzalkonium Chloride 

Rabbits (no. and strain not stated) 2.0% Benralkonium Chloride 

Rabbits (no. and strain not stated) 0.5% Benzalkonium Chloride 

9 Albino rabbits 0.5% Benzalkonium Chloride 

9 Rabbits (strain not stated) 0.3% Benzalkonium Chloride 

Rabbits (no. and strain not stated) 0.1% Benzalkonium Chloride 

Albino guinea pigs (no. and strain 5.0, 1.0, and 0.1% Benzalkonium 

not stated) Chloride 

30 Guinea pigs (strain not stated) 0.5 and 0.1% Benzalkonium Chlo- 

ride 

40 White rats (strain not stated) 1.0% Benralkonium Chloride 

Solutions applied to clipped skrn 

via Finn chambers containing 

occlusive patches (24-h cxpo- 

sure) 

Applied to abraded and intact 

skin via synthetic cloth worn 

for 2 days 

Cloth, impregnated with solu- 

tion, worn continuously during 

3-wk period 

Single 24-h application 

Single 24-h application (occlusive 

patch) to clipped skin of back 

Single 24-h application (occlusive 

patch) to clipped skin of back 

Applied to skin for 5 days. Sites 

covered with plastic wrap 

Applied to epilated flanks via 

patches (filter paper). Patches 

removed after 24 h and skin 

specimens excised and exam- 

ined microscopically 

Two and 5 applications of 0.5 and 

0.1% solutions, respectively 

Solutions applied over 3-month 

period (method not stated) 

Severe erythema, edema, and 

rawness after 2 days (abraded 

and intact skin). Slight ery- 

thema and skin sloughing after 

7 days 

59 

No signs of toxicity 59 

Severe erythema, eschar forma- 

tion, and moderate edema 

Practically no skin irritation po- 

tential. Primary irritation index 

= 0.17 (max = 8) 

No skin irritation 

Slight erythema and necrosis per- 

sisted 3 wks after treatment 

period 

5.0% solution caused total necrol- 

ysis of epidermis. 1.0% solution 

caused spotted areas of necro- 

sis in epidermis 

Hyperemia observed in all ani- 

mals 

1.0% solution induced hyperemia 

and necrotic changes 

60 

59 

61 

62 62 

0” 0” 

59 59 f f 

6 6 
63 63 

z z 

ii ii 

8 8 

64 64 2 2 

64 64 z z 
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the skins of 30 guinea pigs (strain not stated) at concentrations of 0.5 and 
0.1%. Two applications of the 0.5% solution and five applications of the 0.1% 
solution were made. Hyperemia was observed in all animals (Table 9).64 

The skin irritation potential of 0.5% Benzalkonium Chloride was evaluated 
in rabbits (number and strain not stated). Following a single 24-h application 
of the test substance (0.5 ml), severe erythema, eschar formation, and moder- 
ate edema were noted (Table 9).59 

The skin irritation potential of Benzalkonium Chloride was evaluated using 
nine female albino rabbits. A 50.0% Benzalkonium Chloride solution was 
tested at a concentration of 1.0% in water (effective Benzalkonium Chloride 
concentration = 0.5%). The test solution (0.5 ml) was applied once to the back 
(clipped skin) of each animal via an occlusive patch. Patches remained for 24 
h. Each site was scored 2 and 24 h after patch removal according to the scale 0 
(no irritation or edema) to 4 (deep red erythema with vesiculation or weeping, 
with or without edema). Barely perceptible erythema was noted in one rabbit 
at 2 and 24 h postapplication. There were no other observations of skin 
irritation. The primary irritation index was 0.17 (maximum = 8). The test 
solution had practically no potential for inducing skin irritation.61 In another 
skin irritation study, a 50.0% Benzalkonium Chloride solution was tested at a 
concentration of 0.65% in water (effective Benzalkonium Chloride concentra- 
tion = 0.3%) according to the same protocol. Skin irritation was not observed 
in any of the 9 rabbits tested (Table 9).62 

In another study, the skin irritation potential of a moisturizing cream 
containing 0.13% Benzalkonium Chloride was evaluated using six female New 
Zealand White rabbits (2.6-3.1 kg). The cream (0.5 ml) was applied via a 
topical, dry patch to dorsal skin that had been clipped free of hair. A total of 
three 24-h applications were made. Sites were scored 30 min after patch 
removal according to the scales 0 (no erythema) to 4 (severe erythema to 
slight eschar formation); 0 (no edema) to 4 (severe edema). No positive 
reactions were observed.65 

A 0.1% aqueous solution of Benzalkonium Chloride was applied to the 
skins of rabbits (number and strain not stated); sites were covered with plastic 
wrap. The test substance remained in contact with the skin for 5 days. At the 
end of the treatment period, necrosis and varying degrees of erythema, with 
diffuse areas of eschar and bleeding, were noted. Slight erythema and necrosis 
persisted for 3 weeks posttreatment. No systemic toxic signs or hematologic 
changes were observed (Table 9).59 

Teratogenicity 

Single doses (0, 25, 50, 100, and 200 mg/kg) of aqueous Benzalkonium 
Chloride solutions were instilled (1 ml/kg) into the vaginas of adult, nulli- 
parous female Wistar rats (169-203 g; groups of 6-8 rats). Dams were killed via 
CO, inhalation on day 21 of gestation. The fetuses were removed by cesarean 
section and all were examined for viability and external malformations. Two- 
thirds of the live fetuses from each litter were examined stereomicroscopically 
for skeletal abnormalities after staining with Alizarin red S. The remainder 
were fixed in Bouin’s fluid and examined for visceral anomalies, using the 
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freehand razor blade sectioning method of Wilson. 66A significant reduction in 
maternal body weight gain was noted on day 6 of pregnancy in dams 
receiving the 200 mg/kg dose. On days 15 and 20, maternal body weights, 
when compared to controls, were markedly reduced in groups receiving 100 
and 200 mg/kg doses. Reductions in body weight were attributed to small 
litter sizes and decreased litter weights, since postcesarean body weights, 
without uterine contents, were similar to those of the control group. Also, 
vaginas of all necropsied rats given the 100 and 200 mg/kg doses were 
inflamed. Statistically significant, dosage-related reductions in the mean num- 
bers of live fetuses and litter weights were noted in groups dosed with 50,100, 
or 200 mg/kg solutions. No visceral anomalies were observed in Benzalko- 
nium Chloride-exposed fetuses; however, sternal defects (absent, or non- 
aligned sternebrae, or retarded ossification) were more frequent in the fetuses 
of 100 and 200 mg/kg-treated dams. There was also a reduction in the number 
of implantations in treated animals. The mean number of implantations in 
dams treated with the 200 mg/kg solution was significantly reduced in 
comparison with the control group (5.4 + 1 .I vs. 10.8 f 0.5; p < 0.05).67 

Mutagenicity 

The mutagenic potential of Benzalkonium Chloride was evaluated in 
microbial test systems using the ret-assay in combination with reverse muta- 
tion systems.@ The ret-assay is a simple method capable of detecting DNA- 
damaging capacity by analyzing differences in growth sensitivities of Ret+ 
and Ret- mutant cells of Bacillus subtilis. The bacterial strains used in the 
reverse mutation systems were TA 1535, 1536, 1537, and 1538 (Salmonella 
typhimurium), and two tryptophan-requiring mutants of E. co/i (B/r WP2 her+ 
and WP2 her-). Benzalkonium Chloride was not mutagenic in this test system 
(Table 1 O).69 

Both reversion and ret-assays were used to evaluate the mutagenic poten- 
tial of Benzalkonium Chloride in another study. In the reversion assays, two 
tryptophan-requiring strains of Escherichia co/i (B/r try WP2 and WP2 try her) 
and four strains of Salmonella typhimurium requiring histidine and biotin (TA 
1535, TA 1536, TA 1537, and TA 1538) were used. A 0.1 ml sample of each 
bacterial culture was incubated on agar with 0.02 ml of the test solution for 2 
days at 37°C. Bacillus subtilis strains HI7 ret+ and M45 ret- were used for the 
ret-assay. The ret assay was essentially based on the procedure by Kada.68 
Two cultures were incubated on agar for 24 h with 0.02 ml of the test 
substance at 37°C. Both assays were done in the absence of metabolic 
activation. 
(Table IO).” 

Benzalkonium Chloride was not found to be mutagenic 

The mutagenic potential of Benzalkonium Chloride was evaluated in the 
standard plate incorporation assay and the Rosenkranz f. co/i DNA poly- 
merase A- assay. Salmonella typhimurium strains TA 98, TA 1538, TA 1537, 
and TA 100 were tested in the plate incorporation assay.72 Each strain was 
incubated with the test substance for 48 h (37°C) in the presence or absence 
of metabolic activation. Incubation was carried out either in the dark or in the 
presence of a combination of fluorescent (15 W) and incandescent (40 W) 
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TABLE 10. Mutagenicity of Benzalkonium Chloride 

Bacteria/ strains Methodology RPsults References 

Salmonella typhimurium strains: 

TA 1535, TA 1536, TA ‘1537, and 

TA 1538 

E. co/i strains: B/r WP2 her+ and 

WP2 her 

Rec-Assay in combination with 

reverse mutation systems 

(Kada, 1972) 

Ret-Assay in combination with 

reverse mutation systems 

(Kada, 1972) 

Not mutagenic 69 

Not mutagenic 69 

E. co/i strains: B/r try WP2 and 

WP2 try her 

Salmonella typhimurium strains: 

TA 1535, TA 1536, TA ‘I 537, and 

TA 1538 

Reversion Assay: 0.1 ml sample of 

each culture incubated on agar 

with 0.2 ml of Benzalkonium 

Chloride for 2 days (37°C) 

Reversion Assay: 0.1 ml sample of 

each culture incubated on agar 

with 0.2 ml of Benzalkonium 

Chloride for 2 days (37’C) 

Ret-Assay (Kada, 1972) 

Not mutagenrc- 

Not mutagenic 

Not mutagenic 

70 

70 

70 Bacillus subtilis strains: HI7 ret+ 

and M45 ret- 

Salmonella typhimurium strains: 

TA 98, TA 1538, TA 1537, and 

TA 100 

E. co/i strains: W31lO (polA+) 

and ~3478 (polA-) 

Plate incorporation assay (Ames 

et al., 1975) 

Not mutagenic 71 

E. co/i DNA polymerase assay 

(Rosenkranz et al., 1976) 

Genetic toxicity 71 

P z c: 
l2 
z . . 
E 
F 
E 
E 
3 

2 
52 
: 
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lights (350-750 nm emission at 24 inches). The plates were then scored for 
His+ revertant colonies. Benzalkonium Chloride (IO-100 pg/plate) did not 
induce mutagenicity in any of the strains in the presence or absence of 
metabolic activation. The E. co/i DNA polymerase assay73 was used because it 
detects repairable DNA damage and complements the Ames assay. Strains 
W3110 (pol A+) (wild-type) and p 3478 (pol A-) of E. co/i were each 
incubated with 20 ~1 of Benzalkonium Chloride for 24 h (37”C), either in the 
dark, or illuminated according to the procedure described above for the 
Salmonella assay. For a given treatment, a zone of inhibition on a plate 
containing the polymerase-deficient strain that was larger than that on plates 
containing the wild-type strain was an indication of genetic toxicity. Benzalko- 
nium Chloride induced repairable DNA damage. Its genetic toxicity was also 
enhanced in the presence of visible light (Table IO).” 

Tumorigenicity 

The tumorigenicity of Benzalkonium Chloride was evaluated in a dermal 
study involving 100 Swiss mice (female) and 10 New Zealand rabbits (8 weeks 
old, both sexes). Half of the mice and rabbits were treated with 8.5% Benzal- 
konium Chloride, and the remaining half with 17.0% Benzalkonium Chloride. 
The solvent for both solutions of Benzalkonium Chloride was either acetone 
or methanol. The solutions were applied (volume = 0.2 ml) to the backs of 
mice and to the left ear of each rabbit twice per week. None of the animals 
survived 80 weeks (mice) and 90 weeks (rabbits) of treatment. The untreated 
control groups consisted of 100 mice and 19 rabbits. Positive control groups 
were treated with 0.1% (40 mice) and 1.0% 9,10-dimethylbenz(a)anthracene 
(15 rabbits). Tumors and lesions were recorded weekly and a complete 
necropsy was performed on each animal. Skin samples, grossly observed 
tumors, the lungs, liver, kidneys, and other organs were studied microscopi- 
cally. A significant decrease in the survival rates of mice and rabbits that was 
directly attributable to Benzalkonium Chloride was not observed. Benzalko- 
nium Chloride induced ulceration and inflammation in mice and rabbits, but 
no tumors.74 

CLINICAL ASSESSMENT OF SAFETY 

Ocular Irritation and Intraocular Toxicity 

The ocular irritation potential of 0.02% Benzalkonium Chloride (in 0.9% 
saline) was evaluated in 51 subjects. Benzalkonium Chloride was instilled into 
one eye and the control solution (0.9% saline) into the other. Following the 
instillation of test and control solutions (volumes not stated), subjects were 
asked how their eyes felt. Fourteen subjects experienced irritation in the eye 
treated with Benzalkonium Chloride solution. Ten of the 14 subjects also 
experienced irritation in the control eye. The only clinical evidence of ocular 
irritation was slight conjunctival hyperemia in the eye of one subject treated 
with Benzalkonium Chloride solution (Table 11).75 
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TABLE 11. Clinical Assessment of Safety 

Type of study No. of subjects Test substance Methodology Results References 

Ocular irritation 

Intraocular toxicity 

51 

10 

0.02% Benzalkonium Chloride 

Ophthalmic solution containing 

Benzalkonium Chloride 

(.Ol mg/ml) 

Skin irritation 399 Benzalkonium Chloride 

Skin irritation 13 

12 

70 

55 

10% Benzalkonium Chloride 

Skin irritation 

Skin irritation 

I Skin irritation 

Skin irritation 21 17% Benzalkonium Chloride 

Skin irritation 5 

Skin irritation 

Skin irritation 200 

10% Benzalkonium Chloride 

2.5% Benzalkonium Chloride 

2.0, ‘1.0, 0.5, and 0.1% Benzalko- 

nium Chloride 

5.0, 2.5, and 0.5% Benzalkonium 

Chloride 

5.0 and 1.0% Benzalkonium Chlo- 

ride 

0.5% Benzalkonium Chloride 

Instilled into 1 eye 

One drop instilled into 1 eye 

twice daily for 2 wks. Cornea1 

endothelium of each eye pho- 

tographed with specular micro- 

scope before and after treat- 

ment 

American Contact Dermatitis 

Group and International Con- 

tact Dermatitis Group Proce- 

dures 

Patches (type not stated) placed 

on forearm and removed after 

24 h 

Patches (type not stated) placed 

on abdominal skin and re- 

moved after 24 h 

Patches (type not stated) applied 

to each patient. Sites evaluated 

24 and 48 h after application 

Simultaneously applied to upper 

back. Patches sealed rn place 

with tape and removed after 

48 h 

Applied (no patches) to forearm 
and labia majora. Sites graded 

24 and 48 h after treatment 

Solutions applied to foam-filled 

plastic wells taped to abdomi- 

nal skin. Wells removed after 

12 h 

Applied to upper back (6-h expo- 

sure) daily for 4 days 

Patches (type not stated) applied 

to upper arm and removed af- 

ter 48 h 

Slight conjunctival hyperemia in 

1 subject 

Qualitative analysis of photomi- 

crographs revealed no damage 

to cornea1 endothelium 

Cutaneous reactions in 2 patients 

Primary irritant dermatitis in all 

patients 

Primary irritant dermatitis in all 

patients 

Skin irritation in 33 patients 

26 patrents had pustular and/or 

bullous reactions to 0.5, 1 .O, 

and 2.0% Benzalkonium Chlo- 

ride 

Fourteen subjects with reactions 

ranging from barely percepti- 

ble erythema to erythema with 

infiltration (labial site). Six sub- 

jects with reactions ranging 

from barely perceptible ery- 

thema to erythema (forearm 

site). At most, a mild irritant 

5.0 and 2.5% solutions induced 

skin irritation in all subjects 

Skin irritation 

Mean erythema score = 3 

(erythema, homogeneous) 

75 

76 

77 

78 

79 

80 

81 

a2 

a3 

a4 

85 
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TABLE 11. Continued 

Skin irritation 10 0.1% Benzalkonium Chloride 21-day cumulative irritation test. 

Closed patches remained for 

23 h daily 

Applied via semiocclusive 

patches to back or arm during 

6-wk period. Patches removed 

24 h after application 

Patients treated for conjunctivitis 

with different preparations 

containing Benzalkonium 

Chloride (cont. not stated) for 

3 mos or longer. Patients 

patch-tested with 0.07% Benz- 

alkonium Chlonde after treat- 

ment. Patients with positive re- 

actions to 0.07% Benz- 

alkonium Chloride patch tested 

with 0.05, 0.025, 0.01, and 

0.005% Benzalkonium Chloride 

Patch tested according to Stan- 

dard International Contact Der- 

matitis Research Group proce- 

dure 

Patch-tested according to cham- 

ber test procedure (Pirila, 1975) 

No evidence of cumulative irnta- 

tion 

86 
2 
P 

Skin irritation and sensitization 101 Cream containing 0.1% Benzalko- 

nium Chloride 

Cream was not irritant or contact 

sensitizer 

87 

Skin sensitization 100 0.07, 0.05, 0.025, 0.01, and 0.005% 

Benzalkonium Chloride 

Positive reactions to 0.07, 0.05, 

0.025, and 0.1% Benzalkonium 

Chloride (6 patients). Two of 

the 6 had positive reactions to 

0.005% Benzalkonium Chloride 

88 

2806 Skin sensitization O.l?!, Benzalkonium Chloride 66 of the 2806 eczema patients 

were sensitive to Benzalko- 

nium Chloride 

89 

90 Skin sensitization 142 

8 

0.1% Benzalkonium Chloride Nine of the 142 patients with 

external otitis had allergic reac- 

tions to Benzalkonium Chlo- 

ride 

Allergic conjunctivitis in 3 pa- 

tients using contact lens solu- 

tion. Positive reactions in 3 pa- 

tients patch tested with lens 

solution and 0.1% Benzalko- 

nium Chloride 

All patients had + or + + aller- 

gic reactions to 0.1% Benzalko- 

nium Chloride. Two patients 

had + reaction to 0.01% Ben- 

zalkonium Chloride 

One of .I10 patients with der- 

matitis had positive reactions 

Skin sensitization Contact lens solution containing Patch-tested (types of patches not 

Benzalkonium Chloride (cont. stated) with 0.1% Benzalko- 

not stated) and 0.1% Benzalko- nium Chloride and contact lens 

nium Chloride solution 2 c, 
z 

92 0 
i;i 
Z 

5 Skin sensitization 0.1 and 0.01% Benzalkonium 

Chloride 

Patch tests (procedure not stated) 

92 s Skin sensitization 

Skin sensitization 

110 0.1% Benzalkonium Chloride 

130 0.1% Benzalkonium Chloride 

Patch tests (procedure not stated) 

Patch tests (procedure not stated) No positive reactions 92 
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The effect of Benzalkonium Chloride on the cornea1 endothelium was 
evaluated in 10 subjects (male and female; mean age 24.5 years). One drop of 
an ophthalmic solution containing Benzalkonium Chloride (0.1 mg/ml) was 
instilled into one eye of each subject twice daily for 2 weeks. A control group 
of 10 subjects received the same ophthalmic solution without Benzalkonium 
Chloride. The central cornea1 endothelium of each eye was photographed 
twice, once before and once after the treatment period, with a modified 
contact specular microscope; specular photomicrographs were enlarged 
to paper prints for computerized image analysis.g3 No abnormalities on 
the cellular mosaics were observed before or after the treatment period 
(Table 11).76 

Skin Irritation 

Patients with dermatitis (399) were patch tested with various cosmetic 
ingredients over a period of 64 months. Patch tests were conducted according 
to American Contact Dermatitis Group and International Contact Dermatitis 
Group procedures. Cutaneous reactions to Benzalkonium Chloride were ob- 
served in two patients (Table II).” 

Primary irritant dermatitis was observed in 13 patients patch tested with 
10% aqueous Benzalkonium Chloride. None of the subjects had previously 
been exposed to the test substance and all had local noninflammatory skin 
conditions (arms not affected). Patches were placed on the flexor aspect of 
the forearm and removed after 24 h (Table 11).78 

In another study, primary irritant dermatitis was observed on the abdomi- 
nal skin of each of 12 patients (53-75 years old) patch tested with 10.0% 
aqueous Benzalkonium Chloride (24-h exposure). The patients had venous leg 
ulcers, but no other skin diseases, prior to exposure. None of the patients had 
previously been exposed to Benzalkonium Chloride. Reactions of erythema, 
infiltration, and vesicle formation were graded according to the scale: none 
(-), weak (+), medium strong (+ + ), and strong (+ + + ). Nine patients had 
medium strong to strong erythema, while vesiculation was noted in four 
patients (Table 11).79 

The skin irritation potential of 2.5% aqueous Benzalkonium Chloride was 
evaluated in 70 hospital patients with lepromatous leprosy. The patients were 
classified into two groups according to the clinical leproma pattern: 32 
patients without active clinical signs, but with various dystrophic sequelae; 
and 38 patients with active lesions that were positive for acid-fast bacilli; 
patients either had or had not been treated for disease symptoms. Fifty 
patients served as controls. Patch tests were placed on each subject and sites 
were evaluated 24 and 48 h after application. Observations in the 32 patients 
without active clinical signs were as follows: no reaction (17 patients), ery- 
thema (6 patients), erythema and exudation (7 patients), erythema and bullae 
with a serous or purulent content (2 patients). Observations in the group with 
active lesions (38 patients) included: no reaction (20 patients), erythema (12 
patients), and erythema and exudation (6 patients). Of the 50 control subjects, 
17 did not have reactions, 9 had erythema and exudation, and 24 had 
erythema and bullae with a serous or purulent content (Table 11).8o 
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Four concentrations of Benzalkonium Chloride (0.1, 0.5, 1.0, and 2.0% in 
distilled water) were simultaneously applied to the upper back of each of 55 
hospital patients. The patients had various types of skin diseases. Patches (type 
not stated) containing each solution were sealed in place with tape and 
removed after 48 h. Twenty-six cases of severe pustular and/or bullous 
reactions to 0.5, 1.0 and 2.0% Benzalkonium Chloride were reported 
(Table 1 1).81 

Benzalkonium Chloride 10 ~1 (17% in water and ethanol) was applied to 
the forearm and labia majora of 21 female subjects (22-51 years old). Sites 
(uncovered) were allowed to dry and then graded 24 h (21 subjects) and 48 h 
(10 subjects) after treatment according to the scale: 0 (no reaction), + (barely 
perceptible erythema and/or pigmentation), 1 (erythema, covering the test 
site), 2 (erythema, infiltration), and 3 (erythema, infiltration, vesicles). The 
scores for labial and forearm skin at 24 h posttreatment were as follows: 
0 (7 subjects, labial skin), + (2 subjects, labial), 1 (4 subjects, labial), 2 (8 
subjects, labial), 0 (15 subjects, forearm skin), ) (4 subjects, forearm), and 1 (2 
subjects, forearm). The scores for labial and forearm skin at 48 h were: 0 (6 
subjects, labial skin), &- (1 subject, labial), 1 (1 subject, labial), 3 (2 subjects, 
labial) and 0 (10 subjects, forearm skin) (Table 11).82 

Confluent erythema and edema with papules were observed in 5 subjects 
(mean age = 41) tested with 5.0 and 2.5% aqueous Benzalkonium Chloride 
solutions. However, no reactions were noted after the application of 0.5% 
aqueous Benzalkonium Chloride. The solutions were each applied to foam- 
filled plastic wells that were taped to clinically normal abdominal skin. 
Control wells contained either water or foam inserts. All wells were removed 
after 12 h of contact (Table 11).83 

The effect of Benzalkonium Chloride (1.0 and 5.0%) on human epidermal 
mitosis was evaluated in healthy adult male subjects (number not stated). 
Both concentrations were applied (occlusive patches, upper back) over a 
period of 4 days, each being renewed at l-day intervals. Each subject served as 
his own control. Patches were removed 6 h prior to the end of the exposure 
period, at which time excess compound was removed and 0.5% colcemid 
cream applied (occlusive patches). Patches remained for 6 h, after which 3 mm 
punch biopsy specimens taken. Specimens were subjected to the Feulgen test 
and 12 sections of each were then scanned for mitoses to obtain a mitotic 
index (mitoses per thousand viable cells). One percent Benzalkonium Chlo- 
ride had no effect on mitosis. However, 5% Benzalkonium Chloride induced a 
IO-fold increase in the mitotic index, peaking at about 72 h after the initial 
application. The increase in the mitotic index was accompanied by intense 
erythema and occasional blistering (Table l1).84 

Two-hundred subjects (16-29 years old) were patch tested with 0.5% 
Benzalkonium Chloride in water. Each patch was applied to the outer aspect 
of the right upper arm and removed after 48 h. Reactions were scored 24 h 
after removal according to the scale: 0 (no reaction) to 6 (infiltrated erythema 
with vesicles, pustules and/or erosion). A mean irritation score of 3 (erythema, 
homogeneous) for the 200 subjects was reported (Table 11).s5 

The skin irritation potential of a cream containing 0.1% Benzalkonium 
Chloride was evaluated in 10 subjects (18-59 years old). A closed patch 
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containing 0.2 ml of the cream was applied to the back of each subject. 
Patches were removed 23 h after application and sites were washed immedi- 
ately. Reactions were scored 1 h after patch removal. The cream was applied 
to the same site on each subject for 21 consecutive days. The grading scale for 
cumulative irritation ranged from 0 (no irritation) to 630 (primary irritation). 
The total irritation score (all panelists) for the 21 applications was 20, which 
was interpreted as essentially no evidence of cumulative irritation (Table 11).86 

Skin Irritation and Sensitization 

A skin irritation and sensitization study of a cream containing 0.1% Benzal- 
konium Chloride was conducted with 101 men and women (18-65 years old). 
The cream (approx. 0.1 ml) was applied via a semiocclusive patch to the back 
or arm of each subject during a 6-week period. During the first 3 weeks of 
testing, patches were applied on Mondays, Wednesdays, and Fridays and 
removed 24 h after application. Reactions were scored after patch removal 
according to the following scale: 0 (negative), 1 + (erythema), 2 + (erythema 
and edema or induration), 3 + (erythema, edema/induration and vesiculation), 
and 4 + (erythema, edema/induration, bulla, with or without ulceration). The 
last induction patches were applied on Monday of week 4 and removed 24 h 
later. Reactions were scored 48 h after patch removal. On Monday of week 6, 
a challenge patch was placed on each subject (new site) and removed 48 h 
later. Reactions were scored 48 and 72 h after application. No significant 
reactions were observed during induction or challenge phases. The cream was 
neither an irritant nor an allergic contact sensitizer (Table 11).87 

Skin Sensitization 

A sensitization study was conducted with 100 patients who had been 
treated for conjunctivitis (3 months or longer) with different preparations 
containing Benzalkonium Chloride. All subjects were patch tested with 0.07% 
aqueous Benzalkonium Chloride at the conclusion of treatment. Six of the 
patients had positive reactions at 48 and 72 h. They were then tested with 
0.05, 0.025, 0.01, and 0.005% Benzalkonium Chloride. All had positive reactions 
to 0.05, 0.025, and 0.01% Benzalkonium Chloride; two had positive reactions to 
0.005% Benzalkonium Chloride (Table 11).88 

An epidemiologic study was conducted with 2,806 patients (male and 
female) with eczema. The patients were patch tested with 0.1% Benzalkonium 
Chloride in petrolatum according to the standard International Contact Der- 
matitis Research Group procedure. Reactions were scored 48 and 96 h postap- 
plication. For some patients, another scoring was done 8 days after patch 
removal. Sixty-six (2.13%) of the 2,806 patients were sensitive to Benzalkonium 
Chloride (Table 11).89 

Patients with chronic external otitis (142; at least 3 months’ duration) were 
patch tested with 0.1% Benzalkonium Chloride according to the chamber test 
procedure. g4 The test substance was applied to the back of each subject and 
removed after 24 h. Results were interpreted at 2, 4, and sometimes 7 days 
after application. Only edematous, infiltrative, or vesicular reactions, noted 
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after the 2nd day of application, were considered to be allergic reactions. 
Reactions of erythema only, or those that had disappeared by the 2nd day, 
were not considered to be positive responses. Benzalkonium Chloride in- 
duced allergic reactions in 9 (6.3%) of the 142 patients (Table II).% 

In another study, three of eight patients experienced allergic conjunctivitis 
after wearing contact lenses that had been soaked in a lens solution contain- 
ing Benzalkonium Chloride. All three had positive patch test reactions to the 
solution and to 0.1% Benzalkonium Chloride at 48 h postapplication (Table 
1 I).91 

Five patients were patch tested with 0.1 and 0.01% Benzalkonium Chlo- 
ride. The experimental procedure was not stated. All patients had a + or + + 
allergic reaction to 0.1% Benzalkonium Chloride. Two patients had a + 
reaction to 0.01% Benzalkonium Chloride. To assess the incidence of Benzal- 
konium Chloride sensitivity in the general population, 130 normal subjects 
were patch tested with 0.1% Benzalkonium Chloride (procedure not stated). 
At a contact dermatitis clinic 110 patients were also patch tested with 0.1% 
Benzalkonium Chloride. Sensitivity to Benzalkonium Chloride was not de- 
tected in any of the normal subjects. However, a positive reaction was 
observed in 1 of the 110 patients. Prior to the test, this patient was diagnosed 
as having eczema secondary to proven contact sensitivity to cetrimide (Table 
II).92 

The skin sensitization potential of a moisturizing cream containing 0.13% 
Benzalkonium Chloride was evaluated using 150 subjects (18-65 years old). 
The cream was applied via occlusive patches to the upper back of each 
subject on Mondays, Wednesdays, and Fridays for 3 consecutive weeks. Each 
patch remained for 24 h and sites were scored prior to the next patch 
application. After a 2-week nontreatment period, two challenge patches were 
applied consecutively to sites adjacent to the original induction sites; patches 
remained for 48 h. Reactions were scored 48 and 96 h after patch application 
according to the scale: 0 (no reaction) to 4 (bullae or extensive erosions). No 
positive reactions to the moisturizing cream were observed.g5 In a similar 
study (same procedure), a moisturizing cream containing 0.13% Benzalkonium 
Chloride and a local antiseptic did not induce positive reactions when applied 
to 155 subjects (18-65 years old).96 

SUMMARY 

Benzalkonium Chloride is a mixture of alkylbenzyldimethylammonium 
chlorides. One method of production entails treatment of a solution of 
N-alkyl-N-methylbenzylamine in a suitable organic solvent with methyl chlo- 
ride; Benzalkonium Chloride precipitates as it is formed. As of 1986, Benzalko- 
nium Chloride was present in 83 cosmetic formulations at concentrations 
ranging from I 0.1% to 5%. Its cosmetic uses include foaming and cleansing 
agent, conditioner, and bactericide. Noncosmetic uses of Benzalkonium Chlo- 
ride include preservative in ophthalmic solutions, spermicide, and sanitizer for 
chemically clean surfaces. 
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Benzalkonium Chloride was not detected in either venous blood or breast 
milk from women using tampons containing Benzalkonium Chloride (60 mg). 
Following the instillation of [‘4C]Benzalkonium Chloride solution onto the 
cornea1 surface of rabbits, radioactivity was detected in the cornea1 epithe- 
lium, endothelium, and stroma, and in the bulbar and palpebral conjunctivae. 
At no time was radioactive material found in the aqueous humor or in any 
tissues. 

No adverse effects were noted when rats and hamsters inhaled a condi- 
tioner containing 0.1% Benzalkonium Chloride over a period of 13 consecutive 
weeks (4 h/day). 

Acute oral LD,,s for rats dosed with Benzalkonium Chloride ranged from 
342 to 525 mg/kg. 

In a subchronic toxicity study, Benzalkonium Chloride solutions were 
administered via stomach tube to 40 albino rats for 12 weeks (once/day) at 
dosages of 50.0 mg/kg (1 :20 dilution) and 100.0 mg/kg (1 :I0 dilution). Two 
of 20 animals receiving the 100.0 mg/kg dosage died. 

In a chronic toxicity study, Benzalkonium Chloride (10.0%) was adminis- 
tered via stomach tube to 18 beagle dogs at dosages of 12.5, 25.0, and 50.0 
mg/kg for 52 weeks (once daily). One of six dogs receiving 50 mg/kg dosages 
and three of six dogs receiving 25 mg/kg dosages died. 

The application of 0.1% Benzalkonium Chloride to the round window 
.membrane (middle ear) in guinea pigs resulted in fibrosis of the tympanic 
cavity, cochlea, and vestibulum, and destruction of vestibular neuroepithelia. 
Of the 3 exposure periods, 10, 30, and 60 min, the most damage was noted 
after 60 min. 

Of 96 mice receiving dermal applications of 6.5 and 50% Benzalkonium 
Chloride, 29 died within 72 h after application. 

At concentrations of 0.033 and O.lO%, Benzalkonium Chloride caused 
significant growth retardation of cardiac fibroblasts (rat). Benzalkonium Chlo- 
ride (1.5 M) was toxic to murine suspension cultures of the P815 tumor cell 
line. Benzalkonium Chloride concentrations ranging from 0.000022 to 0.000042 
M induced hemolysis in defibrinated blood from rabbits. 

Benzalkonium Chloride 1% and 2.0% aqueous induced severe iritis and 
severe conjunctival injection, respectively, when instilled into the conjunctival 
sac of rabbits twice daily for 7 days. Benzalkonium Chloride (0.3%) induced 
minimal ocular irritation when instilled once into the eyes of rabbits. Single 
instillations of 0.1% Benzalkonium Chloride into the conjunctival sac of albino 
rabbits did not cause ocular irritation. The instillation of 0.1% Benzalkonium 
Chloride into the conjunctival sacs of rabbits 5 times daily for 1 week resulted 
in cornea1 damage. The instillation of 0.01% Benzalkonium Chloride into the 
conjunctival sacs of rabbits (5 min-6-h period) resulted in cornea1 damage. 

In in vivo intraocular toxicity studies, Benzalkonium Chloride concentra- 
tions ranging from 0.007 to 10.0% were tested. Four hours after the instillation 
of 0.5, 1.0, and 10% Benzalkonium Chloride, cornea1 damage was noted in 
rabbits and guinea pigs. The ocular administration of 0.5, 1.0, and 2.0% 
solutions twice daily for 7 days caused conjunctival damage in rabbits. Follow- 
ing the daily administration of 0.007 and 0.1% Benzalkonium Chloride for 2 
weeks, retinal detachment was observed in pigmented but not albino rabbits. 
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In in vitro intraocular toxicity studies, the exposure of rabbit corneas to 
Benzalkonium Chloride concentrations ranging from 0.0001 to 0.01% resulted 
in cornea1 damage. Exposure periods ranged from 2 min (0.01%) to 110 min 
(0.0001%). The longest exposure was 180 min (0.0065% Benzalkonium Chlo- 
ride). 

Benzalkonium Chloride concentrations of l.O-50% induced reactions rang- 
ing from erythema to necrosis when applied (duration not stated) to the skins 
of rabbits. In another study, 24-h applications of 1.0 to 10.0% Benzalkonium 
Chloride to the skins of rabbits resulted in severe induration. Benzalkonium 
Chloride concentrations of 1.0 and 5.0% induced epidermal necrosis when 
applied (24-h exposure) to the skins of albino guinea pigs. Applications of 
2.0% Benzalkonium Chloride to the skins (abraded and intact) of rabbits 
resulted in severe erythema (2-day application period). Slight erythema was 
noted 7 days after application. Applications of 1.0% Benzalkonium Chloride to 
the skins of white rats during a 2-month period caused hyperemia and 
necrosis. Following applications of 0.5% Benzalkonium Chloride to the skins 
of rabbits (24 h exposure), severe erythema, moderate edema, and eschar 
formation were observed. Benzalkonium Chloride (0.5%) resulted in practically 
no skin irritation when applied to the skins of albino rabbits (24-h exposure). 
When 0.1% Benzalkonium Chloride was applied to the skins of rabbits (5-day 
contact period), slight erythema and necrosis were observed. These reactions 
were observed for 3 weeks posttreatment. 

The instillation of 100 or 208 mg/kg of aqueous Benzalkonium Chloride 
into the vaginas of pregnant rats resulted in sternal defects in the offspring. 

Benzalkonium Chloride was not mutagenic to Salmonella typhimurium 
strains TA 1535, TA 1536, TA 1537, and TA 1538 and E. co/i strains B/r WP2 
her+ and WP2 her- in microbial test systems making up the ret-assay in 
combination with reverse mutation systems. Mutagenic activity also was not 
demonstrated in reversion assays involving strains TA 1535, TA 1536, TA 1537, 
and TA 1538 of Salmonella typhimurium, and, in the ret-assay, with Bacillus 
subtilis strains H17 Ret+ and M45 Rec. In the plate incorporation assay, 
Benzalkonium Chloride was not mutagenic to Salmonella typhimurium strains 
TA 98, TA 1538, TA 1537, and TA 100. In the E. co/i DNA polymerase assay 
Benzalkonium Chloride induced repairable DNA damage in strains W3110 
(pol A+) and ~3478 (pol A-). 

The dermal application of 8.5 and 17% Benzalkonium Chloride to rabbits 
and mice did not result in tumor formation or systemic toxic effects, but did 
produce ulceration and inflammation at the application sites. 

Slight conjunctival hyperemia was observed in 1 of 51 human subjects 
who had received ocular instillations of 0.02% Benzalkonium Chloride, 

Cutaneous reactions were observed in 2 of 399 dermatitis patients patch 
tested with Benzalkonium Chloride over a period of 64 months. In separate 
studies, primary irritant dermatitis was observed in 13 patients and 12 patients 
patch tested with 10.0% Benzalkonium Chloride (24-h exposure). In another 
study, erythema was observed in 33 of 70 leprosy patients patch tested with 
2.5% Benzalkonium Chloride. Benzalkonium Chloride concentrations of 0.5, 
1.0, and 2.0% induced several pustular and/or bullous reactions in 26 of 55 
patients (48-h exposures). 
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The application of 17.0% Benzalkonium Chloride (24-hour period) to the 
skin of each of 21 subjects resulted in well-defined erythema (13 subjects). 
Confluent erythema and edema were noted in the skin of subjects tested with 
5.0 and 2.5% Benzalkonium Chloride (12-h exposure). Results from a 21-day 
skin irritation study of a cream containing 0.1% Benzalkonium Chloride indi- 
cated essentially no cumulative irritation. 

A cream containing 0.1% Benzalkonium Chloride did not induce skin 
irritation or sensitization reactions in 101 subjects patch tested during a 
6-week period (24-h exposures). 

Sensitization reactions were observed in 6 of 100 patients patch-tested 
with 0.07% Benzalkonium Chloride. The 6 patients also had positive reactions 
to 0.05, 0.025, and 0.01% Benzalkonium Chloride. Sixty-six of 2,806 patients 
were sensitive to 0.1% Benzalkonium Chloride. In another study, allergic 
reactions were observed in 9 of 142 patients patch tested with 0.1% Benzalko- 
nium Chloride. Sensitization reactions were not observed in normal subjects 
patch-tested with 0.1% Benzalkonium Chloride. 

DISCUSSION 

Skin irritation studies in humans involved patients and normal subjects. 
Patients were tested with Benzalkonium Chloride concentrations ranging from 
0.1 to lO.O%, and normal subjects with concentrations of 0.1 to 17.0%. Skin 
irritation was noted in both populations after applications of Benzalkonium 
Chloride concentrations greater than 0.1%. Skin irritation and ocular irritation 
were usually noted in animals when Benzalkonium Chloride was tested at 
concentrations greater than 0.1%. 

Skin sensitization was noted in patients tested with Benzalkonium Chlo- 
ride concentrations ranging from 0.01 to 0.7%. However, there was no inci- 
dence of skin sensitization in a population of normal subjects tested with 0.1% 
Benzalkonium Chloride. Individuals with diseased skin may be at risk for 
sensitization to Benzalkonium Chloride. 

The Expert Panel recognizes that some of the products tested contained 
concentrations of Benzalkonium Chloride greater than 0.1%. If these products 
contain proteins or other agents that bind Benzalkonium Chloride, Benzalko- 
nium Chloride concentrations greater than 0.1% would have to be added to 
yield 0.1% free Benzalkonium Chloride. It is important to note that only free 
Benzalkonium Chloride is effective as an antimicrobial agent and, also, that 
the free agent induces dermal toxicity. 

CONCLUSION 

On the basis of the data presented in this report, the CIR Expert Panel 
concludes that Benzalkonium Chloride, at concentrations up to 0.1% free, 
active~ingredient, is safe as a cosmetic ingredient as presently used. 
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DISCUSSION
Arachidyl Propionate was used in 31 cosmetic products in

1981, based on voluntary reports provided to FDA by indus-
try, with concentrations of use ranging from 3% to 10% (Elder
1990). In 2005, Arachidyl Propionate was reportedly used in
47 cosmetic products (FDA 2006). Data from an industry sur-
vey in 2006 indicated that Arachidyl Propionate was used at
concentrations ranging from 0.001% to 7% (CTFA 2006).

REFERENCES
Cosmetic, Toiletry, and Fragrance Association (CTFA). 2006. Concentration of

use survey results. Unpublished data submitted by CTFA.2

Elder, R. L., ed. 1990. Final report on the safety assessment of arachidyl propi-
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Benzalkonium Chloride

CONCLUSION
In a safety assessment of Benzalkonium Chloride (Elder

1989), the Cosmetic Ingredient Review (CIR) Expert Panel
stated that Benzalkonium Chloride, at concentrations up to
0.1% free, active ingredient, is safe as a cosmetic ingredient
as presently used. The Expert Panel reviewed newly available
studies since that assessment, along with updated information re-
garding types and concentration of use, noting that these studies
were similar to those already included in the original safety as-
sessment and, therefore, raised no new safety issues. The Panel
confirmed the safety of Benzalkonium Chloride at concentra-
tions up to 0.1% free, active ingredient and did not reopen the
safety assessment.

DISCUSSION
Benzalkonium Chloride was used in 83 products in 1986,

based on voluntary reports provided to FDA by industry, at con-
centrations of ≤0.1% to 5% (Elder 1989). Data provided to FDA
in 2006 indicated that Benzalkonium Chloride was used in 89
products (FDA 2006). Current use concentration data from a
cosmetics industry survey indicated that Benzalkonium Chlo-
ride is being used in cosmetics at concentrations ranging from
0.01% to 0.5% (CTFA 2006). The available usage and use con-
centration data are given in Table 4 as a function of product
category.

It appears that the maximum reported use concentration of
0.5% (i.e., 0.5% Benzalkonium Chloride in a liquid towelette
[personal hygiene product]) exceeds the Panel’s 0.1% concen-
tration limit for Benzalkonium Chloride, which is based on skin
irritation and sensitization potential. However, it was determined
that this is not a concern because Benzalkonium Chloride is
bound in the liquid towelette product, and, therefore, the con-
centration that comes in contact with the skin would be expected
to be <0.1%.

The Panel recognizes that there are data gaps regarding use
and concentration of this ingredient. However, the overall infor-
mation available on the types of products in which this ingredient
is used and at what concentration indicate a pattern of use, which
was considered by the Expert Panel in assessing safety.

The Panel noted that Benzalkonium Chloride can increase
the dermal penetration of other chemicals (e.g., betamethasone
phosphate). The CIR Expert Panel advised formulators to con-
sider this if the other ingredients in a formulation include those
found safe by CIR on the basis that they did not penetrate the
skin.
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TABLE 4
Historical and current cosmetic product uses and concentrations for Benzalkonium Chloride

Product category

1986
uses

(Elder
1989)

2006 uses
(FDA 2006)

1986
concentrations
(Elder 1989)

(%)

2006
concentrations
(CTFA 2006)

(%)

Baby products 4a ≤ 0.1 − 1a

Shampoos — 0.03
Lotions, oils, powders, and creams 2 0.03–0.1
Other 2 0.03

Bath products
Soaps and detergents — — — 0.1

Eye makeup 6a ≤ 0.1 − 1a

Eyebrow pencils — 0.02
Eyeliners — 0.02
Eye shadow — 0.02
Eye lotion 1 0.02
Eye makeup remover 10 0.01–0.05
Mascaras — 0.02–0.1
Other — 0.02

Fragrance Products
Colognes and toilet waters — 1 — 0.1
Perfumes — — — 0.1
Powders — — — 0.08–0.1
Sachets — — — 0.1
Other — — — 0.1

Noncoloring hair products 45a ≤ 0.1 − 5a

Conditioners 12 0.05
Straighteners — 0.1
Permanent waves — 0.1
Rinses 2 0.1
Shampoos — 0.1
Tonics, dressings, etc. 7 0.02–0.05

Hair-coloring products
Dyes and colors — — — 0.02
Tints — — — 0.02
Rinses — — — 0.02
Color sprays — — — 0.02
Lighteners with color — — — 0.02
Bleaches — 1 — 0.02

Makeup
Blushers — — — 0.1
Face powders — — — 0.1
Foundations — — — 0.1
Makeup bases — — — 0.1
Makeup fixatives — — — 0.1
Other — — — 0.1

Nail care products
Cuticle softeners — — — 0.1
Creams and lotions — 1 — —
Other — 1 - 0.01–0.1

(Continued on next page)
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TABLE 4
Historical and current cosmetic product uses and concentrations for Benzalkonium Chloride (Continued)

Product category

1986
uses

(Elder
1989)

2006 uses
(FDA 2006)

1986
concentrations
(Elder 1989)

(%)

2006
concentrations
(CTFA 2006)

(%)

Oral hygiene products
Mouthwashes and breath fresheners — — — 0.03

Personal hygiene products 11a ≤ 0.1 − 1a

Underarm deodorants 1 0.1
Douches — 0.1
Feminine deodorants — 0.1
Other 1 0.1—0.5b

Shaving products
Aftershave lotions — — — 0.1
Shaving cream — — — 0.1
Shaving soap — — — 0.1

Skin care products
Skin cleansing creams, lotions, liquids, and pads 6 17 ≤ 0.1 − 1 0.05–0.1
Depilatories — — — 0.1
Face and neck creams, lotions, powder, and sprays — 3 — 0.06–0.1
Body and hand creams, lotions, powder, and sprays — 3 — 0.09–0.1
Foot powders and sprays — 1 — 0.08–0.1
Moisturizers 4 1 ≤ 0.1 − 1 0.1
Night creams, lotions, powders, and sprays — 1 ≤ 0.1 − 1 0.1
Paste masks/mud packs — 3 — 0.1
Skin fresheners — 5 — 0.1
Other 7 2 ≤ 0.1 − 1 0.1

Suntan products
Suntan gels, creams, and liquids — 1 — —

Total uses/ranges for Benzalkonium Chloride 83 89 ≤ 0.1 − 5 0.01–0.5

aThese categories were combined when the original safety assessment was performed and are now two or more separate categories.
b0.5% in a towelette product.
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Cetearyl Alcohol, Cetyl Alcohol, Isostearyl
Alcohol, Myristyl Alcohol, and Behenyl Alcohol

CONCLUSION
In a safety assessment of Cetearyl Alcohol, Cetyl Alcohol,

Isostearyl Alcohol, Myristyl Alcohol, and Behenyl Alcohol (El-
der, 1988), the Cosmetic Ingredient review (CIR) Expert Panel
stated these cosmetic ingredients were safe in the present prac-
tices of use. The Expert Panel reviewed newly available studies
since that assessment, along with updated information regard-
ing types and concentrations of use. The Panel confirmed the
safety of Cetearyl Alcohol, Cetyl Alcohol, Isostearyl Alcohol,
Myristyl Alcohol, and Behenyl Alcohol in the practices of use
and concentrations as given in Table 5, and did not reopen the
safety assessment.

DISCUSSION
Cetearyl Alcohol was used in 56 cosmetic products in 1982,

based on voluntary reports provided to FDA by industry, with use
concentrations ranging from >1% to 25% (Elder 1988). In 2006,
Cetearyl Alcohol was reportedly used in 1435 cosmetic products
(FDA 2006). Data from an industry survey in 2005 indicated
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