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BAAQMD.  The Fund and the BAAQMD, their officers, employees, contractors and subcontractors make no 
warranty, expressed or implied, and approved or disapproved in this report, nor has the Fund or BAAQMD 
passed upon the accuracy or adequacy of the information contained herein. 
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EXECUTIVE SUMMARY 
 
There may be as many as 8,500 salons in California with 400,000 full and part time licensed nail technicians 
and cosmetologists.  It is estimated that as many as 80%of the nail salon workers in California are 
Vietnamese immigrant women and more than half of them are of reproductive age.  Nail salon workers are 
exposed to hundreds of chemicals each day that are ingredients in polishes, removers, glues, solvents and 
other cosmetic products.  Beauty supply stores sell hundreds of nail products to consumers annually and 
consumers are also exposed to the ingredients when they apply and remove products. 
 
This document summarizes the results of a project sponsored by the Paul H. Johanson Fund and the Bay 
Area Air Quality Management District.  The aim of the project was to identify, develop, test and demonstrate 
safer alternative nail polish removers.  The project was conducted by Institute for Research and Technical 
Assistance (IRTA), a small technical environmental nonprofit organization.  IRTA has expertise in finding safer 
alternatives in industrial and consumer product applications with a primary focus on solvents. 
 
IRTA partnered with the Healthy Nail Salon Collaborative (Collaborative) to find and work with three salons 
in California to assist in testing the promising alternative removers.  IRTA recruited one additional salon and 
several consumers who also participated in the testing. 
 
The most widely used nail polish remover in California is acetone.  The chemical is lower in toxicity than 
most other organic solvents.  The disadvantage of acetone for this application is that it evaporates very 
quickly and has a strong odor.  Many salons are small and poorly ventilated and the workers find the smell 
objectionable and are exposed to high concentrations of acetone.  The chemical, like other solvents, causes 
central nervous system effects like headaches and dizziness.  Consumers also may experience these effects.  
Another strong disadvantage of acetone is that it dries out the nails and leaves them brittle. 
 
IRTA conducted preliminary investigation and/or testing on several alternative removal methods including 
abrasion, freezing, water-based ultrasonic techniques and use of low vapor pressure solvents.  The tests 
were performed on three different types of polish including regular polish, UV cured gel polish and hybrid 
polish, a combination of regular and natural light cured polishes.  IRTA identified two low vapor pressure 
solvents, one a carbonate and the other an ester, which held promise for removing polishes on their own.  
IRTA combined these solvents with acetone and developed two alternative blends.  These two blends 
seemed effective for removing regular and hybrid polish; for UV cured gel polish, the alternatives softened 
the polish matrix and the polish had to be removed with a tool or a longer time frame was needed for 
removal. 
 
In preliminary testing with salons and consumers, IRTA found that alternative #1, the blend of acetone and 
the carbonate, performed somewhat faster than alternative #2.  In scaled-up testing with consumers, IRTA 
found that consumers liked both alternatives and were willing to use them on regular, hybrid and UV cured 
gel polish.  The salons indicated they liked alternative #1 better because of its slightly quicker action but that 
they would only likely use it for regular and hybrid polish.  They indicated their customers would not like 
them to use the tool for the UV cured gel polish removal and they have time constraints.. 
 
IRTA investigated compatibility to determine what types of containers should be used with the alternatives.  
IRTA found they should be used in high density polyethylene (HDPE) containers which are also used for 
acetone removers today.  IRTA also conducted evaporation tests to determine the best types of containers 
for the alternatives in the consumer market.  The results demonstrated that HDPE containers with a flip 
spout top allowed less evaporation than HDPE pump bottles with a twist lock top.  IRTA also conducted 
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adhesion tests designed to identify the best method of treating the nails after use of the alternatives and 
prior to reapplication of polish.  The results indicated that the nails could be wiped with a dry cloth before 
nail polish is reapplied. 
 
IRTA attended a Collaborative meeting with their member salons and provided 18 eight ounce samples of 
alternative #1 to the workers and owners who attended for testing.  Feedback from the salon workers was 
that they liked the smell of the alternative.  Workers and owners thought the alternative worked effectively 
and liked the shiny more lubricated condition of the nails after use.  One salon owner said he would use the 
alternative on gel polish even though it took longer.  One salon owner indicated she could not use it without 
ƘŀǾƛƴƎ ŎǳǎǘƻƳŜǊǎ ǿŀǎƘ ǘƘŜƛǊ ƘŀƴŘǎ ǿƘƛŎƘ ǿŀǎ ƛƴ ŎƻƴŦƭƛŎǘ ǿƛǘƘ Lw¢!Ωǎ ŀŘƘŜǎƛƻƴ ǘŜǎǘ ǊŜǎǳƭǘǎΦ 
 
IRTA performed a cost analysis and comparison for acetone remover and the two alternative removers.  
IRTA evaluated two scenarios.  The first assumes the same amount of the alternative would be used; the 
second assumes that 20% less of the alternative would be used because of the lower evaporation rate.  The 
results of the analysis for gallon containers which are purchased by salons are shown in Table E-1.  The cost 
of purchasing both alternatives is higher than the cost of purchasing acetone remover because of the higher 
raw materials cost of the alternatives.  If salons perceived advantages of lower exposure and better nail 
condition, they could be willing to pay a higher price for the alternatives. 

 
Table E-1 

Cost Comparison for Salons for Gallon Containers 
 

Remover Total Cost Total Cost Assuming Reduction of  
20% in Alternative Remover Use 

Acetone $5.88 $5.88 

Alternative #1 $10.62 $8.50 

Alternative #2 $11.96 $9.57 

Note:  Profits not included in cost. 
 
Table E-2 shows a similar cost comparison for acetone and the two alternatives for consumers.  IRTA 
assumed the removers would be sold in eight ounce bottles for the analysis.  In this case, the costs of the 
alternatives are higher under the assumption that the same amount is used but are comparable in cost for 
the case where20% less of the alternative is used.  IRTA also gathered information on prices of consumer 
removers.  For an equivalent eight ounce container, prices of the alternatives ranged from $1.29 to $18.40.  
Because of the substantial markups for profit in the consumer market, the alternatives could easily be priced 
competitively in this sector. 
 

Table E-2 
Cost Comparison for Consumers for Eight Ounce Container 
 

Remover Total Cost Total Cost Assuming Reduction of 
20% in Alternative Remover Use 

Acetone $1.11 $1.11 

Alternative #1 $1.35 $1.08 

Alternative #2 $1.44 $1.15 

Note:  Profits not included in cost.  
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I.  Introduction and Background 
 

There are thousands of nail salons in the U.S. and they work with millions of customers each year to apply 
and remove different types of nail polish.  Beauty supply stores and drug stores also sell a range of different 
types of polish and removers to millions of consumers who apply and remove polishes routinely.  Online 
sales of polish and removers have also increased substantially in recent years. 
 
In the U.S., nail salons generate approximately $6 to $8 billion in annual sales.  The nail salon industry is one 
ƻŦ ǘƘŜ ƴŀǘƛƻƴΩǎ ŦŀǎǘŜǎǘ ƎǊƻǿƛƴƎ ǇǊƻŦŜǎǎƛƻƴǎΦ  ¢ƘŜǊŜ are as many as 48,000 salons in California and there may 
be as many as 400,000 full and part time licensed nail technicians and cosmetologists in the state.  It is 
estimated that as many as 80%of the nail salon workers in California are Vietnamese immigrant women and 
more than half of them are of reproductive age.  Nail salon workers handle and are exposed to hundreds of 
chemicals each day that are ingredients in polishes, removers, glues, solvents and other cosmetic products.  
Beauty supply stores sell hundreds of nail products to consumers annually and consumers are also exposed 
to the ingredients in these products when they apply and remove polishes, acrylic nails and practice nail art.  
Tweens have become involved in nail products in recent years as increasingly younger consumers are 
attracted to the market. 
 
In 2005, the California Healthy Nail Salon Collaborative (Collaborative) was formed to advance a 
preventative environmental health agenda for the cosmetology and nail salon sector in California.  Over the 
last several years, the Collaborative pioneered a program to bring attention to the so-called toxic trio, 
dibutyl phthalate (DBP), formaldehyde and toluene, chemicals that were used routinely in nail products.  
Many suppliers modified their formulations to eliminate the use of these chemicals.  More recently, the 
Collaborative has established a salon recognition program to recognize salon owners that use products 
without the Toxic Trio. 
 
The California Air Resources Board (CARB) is responsible for regulating air emissions from consumer 
products in California.  Because of a significant smog problem in the state, there is a strong need to regulate 
Volatile Organic Compound (VOC) emissions which contribute to smog.  Some VOCs, in addition to causing 
smog, are often also toxic.  CARB currently requires that nail polish removers have a VOC content of 1% or 
less and the limit has been in effect since December 31, 2007.   
 
The Institute for Research and Technical Assistance (IRTA), a nonprofit organization, was established in 1989 
to identify, develop, test and demonstrate safer alternatives in industrial and consumer product 
ŀǇǇƭƛŎŀǘƛƻƴǎΦ  Lw¢!Ωǎ ǿƻǊƪ Ƙŀǎ ŀ ƘŜŀǾȅ ŦƻŎǳǎ ƻƴ ǎolvent alternatives.  IRTA staff have worked with hundreds 
of facilities in California to find and implement low-VOC, low toxicity alternatives. 
 
IRTA received a grant from the Paul H. Johanson Fund to identify, develop, test and demonstrate alternative 
nail polish removers for use in salons and by consumers.  The Bay Area Air Quality Management District 
(BAAQMD) also provided support to IRTA for the project.  As part of the project, IRTA worked with the 
Collaborative in Northern and Southern California to recruit nail salons that could assist IRTA in testing 
alternatives.  IRTA also coordinated the work with the City of Santa Monica and the San Francisco 
Department of the Environment who are involved in the Collaborative salon recognition program.  In 
addition, IRTA tested alternatives, as part of the project, with several consumers. 
 
The Collaborative assisted IRTA in recruiting three salons that were participating in their recognition 
program.  IRTA separately recruited one salon that is not part of the CoƭƭŀōƻǊŀǘƛǾŜΩǎ ǊŜŎƻƎƴƛǘƛƻƴ ǇǊƻƎǊŀƳ.  
The salon participants in the project included: 
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¶ Cute Nails in Santa Monica, CA 

¶ Hana Nails in Marina Del Rey, CA 

¶ [ŜŀƴƴΩǎ bŀƛƭǎ ƛƴ !ƭŀƳŜŘŀΣ /! 

¶ Diva Nails in Oakland, CA 
 
In addition to working with these salons, IRTA attended a meeting held by the Collaborative in Northern 
California that was also attended by several salons.  IRTA provided 18 samples for testing to the salons that 
attended.  IRTA also attended a second salon meeting to share the results of the project with the salons. 
 
The most widely used chemical in nail polish removers in California is acetone.  The chemical is exempt from 
VOC regulations so it meets the CARB VOC limit.  Acetone is often combined with other ingredients like oils, 
emollients and fragrances that help in conditioning the nails.  There are two issues that arise in using 
acetone removers.  First, acetone has a very high vapor pressure and strong odor.  Salons often have poor 
ventilation so exposure to the chemical is high.  Acetone is low in toxicity but, like many other solvents, it 
causes central nervous system effects.  These include dizziness or headaches when the concentration is high.  
Second, acetone dries out the nails and makes them brittle so, although it does remove polish, it leaves the 
nails in poor condition.  There are many non-acetone alternatives on the market to take advantage of this 
limitation but, in general, they do not work very effectively. 
 
As part of the project, IRTA worked with a formulator, WA & Associates , to develop and test the safer 
alternative nail polish removers.  The aim was to examine both chemical and physical methods of removal 
that might be effective.  IRTA and the formulators tested a variety of alternative methods and ended up 
developing two products that seem to work well. 
 
1.1  Project Approach 
 
In general, the first step in the project was to investigate the different types of polishes and the different 
types of removers and removal processes that are used today.  As discussed in more detail in the document 
later, there has been a movement in recent years to so-called gel polishes that are cured with ultraviolet 
(UV) lights.  Regular polishes are also still used and there are a range of different variations, like glitter, that 
are also used.  IRTA needed to investigate these different types of polishes to scope out the removal 
challenges and to determine what removers are in the market today. 
 
The second step was to establish a working relationship with other organizations.  IRTA wanted to work with 
the Collaborative because of their heavy involvement with and knowledge of the industry and to help in 
recruiting nail salons.  IRTA also wanted to work with a product formulator/distributor to test alternative 
methods of removal.  One company, WA & Associates, was interested in working with IRTA on the project.  
 
The third step in the project was to conduct preliminary testing.  This involved applying many different types 
of nail polish and trying to identify alternative chemicals that might be effective in removing them.  As part 
of this step, IRTA worked with the formulator to formulate certain water-based removers that could possibly 
hold promise.  IRTA also worked with the formulator to try to design removal methods based on abrasion or 
mechanical action.   
 
The fourth step was to recruit consumers and, with the assistance of the Collaborative, salons.  Once IRTA 
had alternative formulations that seemed effective and knew the characteristics of their most effective uses, 
IRTA needed input from salons and consumers on their efficacy.  In addition, when a consumer or salon liked 
an alternative, IRTA provided larger quantities for testing over a longer period.   



3 
 

 
The fifth step in the project was to conduct testing on the most promising alternatives that would have an 
effect on performance and cost.  This work involved conducting adhesion tests and evaporation and 
compatibility testing on containers and container caps for the remover.  Because salons in particular are 
businesses, they need to service many customers in a short period of time.  If they use a remover to take off 
the polish, it is important that they be able to reapply new polish quickly.  The technicians need to know that 
the new polish will adhere to the nails for durability and that the remover will not interfere with that aim.  It 
was important to test for compatibility to decide what containers and caps would be appropriate for the 
cost analysis.  It was also important to conduct evaporation tests in the containers so IRTA could be assured 
the performance would not deteriorate over time. 
 
Once the most effective formulations were identified, the sixth step was to perform a cost analysis.  This 
step built on the results of the fifth step to determine the kind of label and packaging a nail polish remover 
would need for sales to both salons and beauty supply stores for consumers.  IRTA also contacted a 
cosmetics product manufacturing facility to obtain information on the cost they would charge for filling the 
containers with the removers.  This cost could then be compared with the prices of other nail polish 
removers. . 
 
The seventh step was to prepare a final report describing the results of the project. 
 
1.2  Alternatives Performance 
 
Performance of the low-VOC, low toxicity alternative removers with the salons and consumers was 
evaluated on a case-by-case basis.  In all cases, the salon personnel or consumers using the removers judged 
ǘƘŜ ŀƭǘŜǊƴŀǘƛǾŜΩǎ performance by comparing it to the remover they use currently which was commonly 
acetone. 
 
1.3  Cost Analysis 
 
IRTA performed cost analysis for the safer alternative removers and compared it to the cost of using the 
acetone and non-acetone removers on the market today.   
 
1.4.  Health and Environmental Issues 
 
As part of the project, IRTA noted some of the health and environmental issues that arise with use of the nail 
polish types used today and some of the removers that are marketed currently.   
 
1.5  Report Organization 
 
Section II of this report gives background on the procedures for applying and removing different types of nail 
polishes.  It also discusses the different types of polishes and the toxicity of their ingredients.  Section III 
provides detailed information on the approach IRTA used in evaluating safer alternative nail polish removers 
and the results of the testing.  Section IV presents and discusses the results of the adhesion testing and the 
compatibility and emission testing of the packaging.  The results of the cost analysis are also presented in 
Section IV.  Section V describes the health and environmental effects of the polishes and removers evaluated 
during the project.  Finally, section VI summarizes the results of the project and the findings and Sections VII 
and VIII list the references and organization contact information respectively.   Appendix A includes Safety 
Data Sheets (SDSs) for the most promising alternative removers that were tested during the project.   
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II.  Nail Polish and Nail Polish Removers 
 
2.1.  Description of Nail Polish 
 
There are two different generic types of nail polish that dominate the market today and there is a third type 
that has emerged recently.  The two major types of polish are air dry nail polish and ultraviolet (UV) light 
cured polish.  The new polish type is natural light cured polish.  Each of these polish types is described in 
more detail below. 
 
2.1.1.  Air Dry Nail Polish 
 
This polish type is referred to as regular nail polish and it has been widely used in the market for decades.   
It is sold in liquid form in small bottles.  It is applied to the nails with a small brush and, within a few minutes 
of application, it forms a shiny coating on the nail and hardens.  It is water and chip resistant and may last a 
few days to a week before removal and reapplication is required.  Figure 2-1 shows a picture of a bottle of 
regular nail polish. 
 

 
Figure 2-1.  Bottle of Regular Nail Polish 
 
The base material of regular polish is nitrocellulose lacquer and it is often called lacquer.  Historically, many 
of the coatings used for furniture were based on the same material.  Nitrocellulose acts as the film-forming 
medium.  The nitrocellulose is dissolved in an organic solvent, like butyl acetate or ethyl acetate or both, 
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that is volatile and evaporates quickly.  This is a basic formulation for nail polish but many other ingredients 
are added to give the polish various properties.  There are literally thousands of different formulas for nail 
polish with a variety of different ingredients for nourishing the nails, enhancing drying and film forming and 
assisting with hardening. 
 
Other ingredients in polishes are resins and plasticizers that soften the film and keep it from being brittle 
and make it resistant to soap and water.  Plasticizers that are commonly used are dibutyl phthalate and 
camphor.  To provide color, the polishes today generally rely on pigments which are suspended in the 
solvents.  Various other ingredients are added depending on the look that is desired.  These include 
components that give a pearlized or shimmery look to the polish. 
 
The resins, plasticizers and other ingredients in the polish are dissolved in solvents.  The polish hardens and 
dries when the solvent evaporates from the blend.  This mechanism is a simple air dry; once the solvents 
have evaporated, the polish is dry and cured. 
 
In general, the procedure for applying nail polish involves first applying a base coat, then applying two color 
coats of the regular polish and finally, applying a top coat.  The base coat is commonly a clear coat which 
strengthens and restores moisture to the nails, fills in ridges to make a smooth surface for the polish and 
helps with the adhesion of the polish.  The top coat is also commonly a clear coat that forms a hardened 
barrier and gives the nails a finished look.  It speeds up the color coat drying process. 
 
2.1.2.  Ultraviolet Light Cured Polish 
 
This type of polish, commonly referred to as gel polish, has penetrated the market over the last several years 
and, in many cases, is now preferred over regular polish.  The strong advantage of this polish is its durability.  
Rather than a few days to a week, this polish lasts at least two weeks and often longer.  It also gives a more 
glossy appearance than regular polish. 
 
These polishes are made of urethane acrylics.  When they are first applied, they are in a monomer state and 
they look and feel like a gel.  The formulations contain a photoinitiator which starts the chemical reaction 
when light from a UV source is applied.  This photoinitiator and UV light essentially trigger the reaction 
where the monomers rapidly combine with one another forming a polymer, a much longer molecule which 
contains many monomers linked together.  The material that activates the polymerization is acrylates which 
react very quickly.  This type of polish is sold in opaque bottles so it will not cure until it is applied and 
irradiated with light.  A picture of a bottle of a gel polish color coat is shown in Figure 2-2. 
 
Applying the gel polish system is more complex than applying lacquer polish.  The nails are first buffed to 
create a rough surface which will result in better adhesion.  Alcohol is then applied to the nail to remove the 
particles created during buffing.  The first coat to be applied is the base coat which creates a smooth surface 
for the color coats.  A picture of a bottle of base coat is shown in Figure 2-3.  The base coat is cured by being 
irradiated with a light.  A picture of a typical light used for this purpose is shown in Figure 2-4.  Two color 
coats of the polish are then applied and the light is used to cure each of the coats in turn.  Finally, a more 
durable top coat is applied and cured with the light.  A picture of a bottle of a gel polish top coat is shown in 
Figure 2-5.  This top coat leaves a tacky surface and alcohol is then applied to the surface coat to smooth it 
out. 



6 
 

 
Figure 2-2.  Opaque Bottle of Ultraviolet Light Cured Gel Polish Color Coat 
 

 
Figure 2-3.  Opaque Bottle of Ultraviolet Light Cured Gel Polish Base Coat 



7 
 

 
Figure 2-4.  Typical UV Light Used to Cure Gel Polish in a Salon 
 

 
Figure 2-5.  Opaque Bottle of Ultraviolet Light Cured Gel Polish Top Coat 
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The gel polish does not contain solvents since it does not rely on solvent evaporation for curing.  Rather, as 
discussed above, the activators, photoinitiators and light all contribute to the curing process. 
 
2.1.3.  Hybrid Polish 
 
This type of polish is a combination of regular polish and light cured polish.  The base coat and color coat are 
made of materials identical to regular polish.  The top coat contains acrylic copolymers and is cured with 
natural light rather than a UV or LED light.  The top coat cures quickly in roughly the same time as regular 
nail polish when it is exposed to natural light.  Some brands consist of a color coat and a top coat and others 
require use of a base coat, a color coat and a top coat.  This type of polish is much easier and quicker to 
apply than gel UV light cured polish.  In many cases, the hybrid polishes have the word gel in the name, 
presumably because the topcoat is cured with light, albeit natural light.  A picture of the bottles for two 
brands of hybrid systems is shown in Figure 2-6.  The base/color coat is transparent since it is nitrocellulose 
lacquer like regular polish (in this case pink or red).  The topcoat bottle on the right is opaque so the 
formulation will not cure until it is applied and encounters natural light. 
 

 
Figure 2-6.  Two Brands of Hybrid Nail Polish 
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2.2.  Description of Nail Polish Remover  
 
Many different solvents have been and are used for removing nail polish.  Historically, removers contained 
ǘƻƭǳŜƴŜΦ  .ŜŎŀǳǎŜ ƻŦ ǘƘŜ ŎƘŜƳƛŎŀƭΩǎ ǘƻȄƛŎƛǘȅΣ ƛǘ Ƙŀǎ ƭŀǊƎŜƭȅ ōŜŜƴ ǊŜǇƭŀŎŜŘ ǿƛǘƘ ƻǘƘŜǊ ǎƻƭǾŜƴǘǎΦ  Some of the 
other solvents that are used in nail polish removers include: 

¶ Ethyl acetate 

¶ Butyl acetate 

¶ Ethyl lactate 

¶ Methyl acetate 

¶ Acetone 
Nail polish removers often contain one or more of these solvents and also various additives that have 
certain functions.  These include Vitamin E for enriching the nails, Aloe Vera which conditions the nails and 
glycerin which keeps the nails and skin from drying out.  Other proprietary ingredients are also used in the 
wide range of nail polish removers that are on the market. 
 
By far, the most commonly used nail polish remover ingredient in California today is acetone.  Removers 
based on acetone are sold in drug stores, beauty supply stores and online and they are purchased by and 
used in salons.  The industry seems to believe that acetone is toxic and also markets many non-acetone 
formulations.  Acetone is actually low in toxicity compared with other organic solvents but, because of its 
high evaporation rate, it can lead to high exposure, particularly in salons without sufficient ventilation.  
Acetone, like most other solvents, can cause central nervous system effects like headaches or dizziness with 
high exposure.  The chemical does dry out the nails and skin and leaves the nails brittle which is the reason 
removers are often formulated with ingredients that condition and enrich the nails. 
 
Nail polish remover is sold in gallon quantities or in four-gallon case quantities to salons.  Salons generally 
use pure acetone without any additives.  Acetone is a very fast and aggressive polish remover; the 
formulations with other ingredients added do not perform as well.  Because salons are interested in 
performance and have time constraints, they virtually always use the pure chemical.   
 
A whole range of acetone and non-acetone removers are sold in drugstores, beauty supply stores and 
online.  The most common container sizes are 2 ounces, 4 ounces and 8 ounces.  Some of these formulations 
are pure acetone but most of the acetone formulations have other ingredients to condition the nails.  Many 
non-acetone formulations are also sold in these venues and they contain a range of different ingredients.  
Consumers generally purchase the products sold in drugstores and beauty supply stores and they are most 
often not pure acetone. 
 
In recent years, nail polish remover pads have entered the market.  These consist of pads that are 
premoistened with a whole range of different types of nail polish remover ingredients.  They are a 
convenience, particularly for people who must remove and reapply polish while travelling. 
 
2.3.  Nail Polish Removal Processes 
 
The process for removing regular and gel polish differs substantially.  Most people are familiar with the 
process for removing regular nail polish.  In general, a cotton ball is moistened with the remover.  The 
remover on the cotton ball is placed on the nail containing polish and is moved over all parts of the nail to 
entirely remove all vestiges of the polish.  The process takes only a few seconds.  Some removers take longer 
to act and repeated application may be necessary in certain cases where many coats of polish have been 
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applied.  Figure 2-7 shows a picture of a typical removal process ŦƻǊ ǊŜƎǳƭŀǊ ǇƻƭƛǎƘ ƛƴ ŀ ǎŀƭƻƴ ŘǳǊƛƴƎ Lw¢!Ωǎ 
testing. 
 

 
Figure 2-7.  Removal Process for Regular Polish in a Salon during Testing 
 
As mentioned above, suppliers have also developed nail polish remover pads which are saturated with 
typical nail polish removers.  These are a convenient alternative to bottles of remover and the pads can 
more easily be used by consumers when they are travelling.  A picture of two brands of remover pads is 
shown in Figure 2-8.  The pad on the left is acetone based and the pad on the right is based on methyl 
acetate. 
 
For removing gel UV light cured polish, the process is much more complicated because the coats of polish 
are so much more durable.  The first step is to use a file to abrade the top coat of the gel polish.  It is 
designed to be a more durable cover for the color coats below.  Its surface must be broken by the filing so 
the remover can penetrate the top coat and get to the coats below.  The next step is to soak cotton balls (or 
pieces of cotton balls) in remover.  These moistened cotton balls are placed on top of each nail containing 
the polish.  Pieces of aluminum foil are wrapped around the cotton balls and each finger to secure the 
moistened cotton balls in place.  The cotton ball/aluminum foil is left on for 10 to 15 minutes so the remover 
can act on the polish for a sustained period of time.  A picture of the wrapped nails is shown in Figure 2-9.  
When the foil and cotton balls are removed, chips of polish may still be attached to the nails in certain 
places so these are pushed from the nail gently with a tool. 
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Figure 2-8.  Two Types of Polish Remover Pads 
 

 
Figure 2-9.  Foil Wrapped Nail for Removal of Gel Polish During Testing 



12 
 

Some suppliers have developed pads that can be saturated and put on each of the nails.  They are wrapped 
around the nail and secured with Velcro.  A picture of nails wrapped with these pads is shown later in Figure 
3-3.  This is an alternative to using the cotton ball with foil. 
 
An alternative method of removing gel polish is to immerse the polished nails in a small dish or container of 
remover.  Generally, it will also take 10 to 15 minutes of immersion to remove the polish.  Although this 
method is used, it is less common than the aluminum foil wrap process. 
 
The removal process for hybrid polish is the same as the removal process for regular nail polish.  The polish 
can be removed very quickly with a moistened cotton ball or pad.  Nail polish remover pads can also be used 
to remove hybrid polish. 
 
Many other remover processes are being investigated and/or marketed but they are not used widely.  One 
method, called Steam Off, uses an enclosed device with a heater to remove UV/LED light cured gel polish.  
The removal formulation, which contains acetone in part or whole, is placed in the container and heated to 
form an acetone steam.  The nails are individually inserted in the device and it requires 10 to 15 minutes to 
loosen the gel polish.  Any residual particles are pushed off with an orange stick.  This device may be risky to 
ǳǎŜ ōŜŎŀǳǎŜ ƻŦ ŀŎŜǘƻƴŜΩǎ ƭƻǿ ŦƭŀǎƘ ǇƻƛƴǘΦ  LŦ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ ǘƘŜ ǾŀǇƻǊ ŜȄŎŜŜŘŜŘ ǘƘŜ ƭƻǿŜǊ ŜȄǇƭƻǎƛƻƴ 
limit for the chemical, the device could explode.  It is not clear whether explosion proof materials have been 
used to make the device. 
 
Another method that can be used with any type of polish is to use swatch strips.  These are clear strips that 
are applied to the nail with a pressure sensitive adhesive prior to applying nail polish.  The nail polish 
system, including a base coat, a color coat and top coat are applied over the strip.  When the polish begins 
to degrade, the strips can be pulled from the nails.  With this process, there is no need to use a formulation 
at all and it may be a good option.  This type of approach should be further investigated. 
 
2.4.  Regulations on Nail Polish and Nail Polish Remover 
 
In California, the California Air Resources Board (CARB) regulates air emissions from consumer products.  
bŀƛƭ ǇƻƭƛǎƘ ǊŜƳƻǾŜǊ ƛǎ ŘŜŦƛƴŜŘ ƛƴ /!w.Ωǎ DŜƴŜǊŀƭ /ƻƴǎǳƳŜǊ tǊƻŘǳŎǘ wŜƎǳƭŀǘƛƻƴ ŀǎ άŀ ǇǊƻŘǳŎǘ ŘŜǎƛƎƴŜŘ ǘƻ 
ǊŜƳƻǾŜ ƴŀƛƭ ǇƻƭƛǎƘ ŀƴŘ ŎƻŀǘƛƴƎǎ ŦǊƻƳ ŦƛƴƎŜǊƴŀƛƭǎ ƻǊ ǘƻŜƴŀƛƭǎΦέ  hƴ 5ŜŎŜƳōŜǊ омΣ нллтΣ ŀ ±h/ ƭƛƳƛǘ ƻŦ м҈ ŦƻǊ 
this category became effective.  This means that high VOC content solvents cannot be used in nail polish 
removers in the state.  There are currently no CARB regulations on nail polish. 
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III. Testing Alternative Nail Polish Remover Ingredients 
 
3.1  Background and Approach 
 
IRTA investigated and tested many different candidates as potential nail polish remover ingredients in the 
course of the project.  For this effort, IRTA assumed that the existing polishes that are used by consumers 
and in salons were the polishes that required removal.  At the beginning of the project, IRTA focused on 
finding alternative nail polish removers for regular polish and for UV/LED cured gel polish which were the 
polish types available at the time.  In the middle of the project, one hybrid polish came on the market 
followed by others somewhat later.  At that stage, IRTA also included the hybrid polish cured with natural 
light in the testing. 
 
Nail polish and nail polish removers are obviously intimately connected as is apparent from the descriptions 
in Section II.  Regular and hybrid polish can be removed quickly whereas the UV/LED light cured gel polish 
requires a much more elaborate and lengthy removal process.  The characteristics of the polish greatly 
affect the removal process.  During the testing, IRTA became aware of this early on and focused effort on 
analyzing polishes to some extent.  This section describes the tests IRTA conducted to find effective 
alternative nail polish removers and also discusses some of the advantages and limitations of the polishes 
being removed. 
 
3.2.  Alternative Remover Tests 
 
In years past, as discussed earlier, toluene was used in many nail polish removers.  It is generally no longer 
used because of toxicity concerns, particularly in California.  In addition, it is a VOC and would not meet the 
VOC limits of the CARB regulation if it were used in more than about a 1% concentration.  Acetone is now 
the most commonly used ingredient in nail polish removers.  It is exempt from VOC regulations so acetone 
has a zero VOC content and it meets the 1% VOC limit established by CARB.  There is a perception that 
acetone is very dangerous.  Although the chemical does have a low flash point, it is used in only small 
quantities in nail polish remover so the flammability is not a significant issue.  As mentioned in Section II, 
acetone is lower in toxicity than almost all other organic solvents.  It is an irritant and it does cause central 
nervous system (CNS) effects like headaches and dizziness in high concentrations but it is not a chronic 
toxicant.  One main disadvantage in using acetone is that it leaves the nails dried out and brittle.  Another 
disadvantage is that in unventilated spaces like many salons, the exposure can be very high and cause 
irritation and CNS effects.  
 
Because of the perception that acetone is dangerous and because of its effects on nails, many alternative 
removers are been marketed.  Other volatile solvents like butyl acetate, ethyl acetate and ethyl lactate are 
potential alternatives.  These solvents are all VOCs and their VOC content far exceeds the limit set by CARB.  
In California, therefore, these alternative solvents could not be used legally in a remover. 
 
There are a variety of other solvents that could be tested and would likely be effective, perhaps more 
effective than acetone, in removing nail polish.  These solvents, however, are toxic in certain ways that make 
them unacceptable in this application.  Methylene chloride would likely be a very effective solvent for 
removing UV/LED light cured gel polish in particular.  The chemical is a carcinogen and should never be used 
in this or any other application for that reason.  It would likely also dissolve the nails and be extremely 
painful on the skin.   
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Benzyl alcohol is another solvent which might be effective for removing polish. The chemical has been 
tested for carcinogenicity and was found to be negative.  IRTA has tested this solvent extensively as an 
alternative to methylene chloride in paint stripping and graffiti removal.  Although it is effective and 
reasonable to use in those applications, it would not be acceptable as an ingredient in a nail polish remover.  
Benzyl alcohol is a skin sensitizer and would not be appropriate for use directly on nails or skin.   
 
N-methyl pyrrolidone (NMP) is another solvent that might be technically suited for nail polish removal.  
Although it does not work well for removing cross linked paint and would not likely be suitable for UV/LED 
gel polish removal, it would probably work for removing regular and hybrid polish.  The chemical is a 
reproductive and developmental toxin, however, and should not be used in this or any other application for 
that reason. 
 
IRTA rejected methylene chloride, benzyl alcohol and NMP when considering alternatives in this application 
for the reasons given above.  IRTA did examine other classes of solvents and individual solvents as potential 
candidates and these are discussed below.  The criteria were that the alternatives must be low in toxicity 
and have a toxicity profile that would not pǊŜŎƭǳŘŜ ǘƘŜƛǊ ǳǎŜ ƻƴ ǇŜƻǇƭŜǎΩ ǎƪƛƴ ŀƴŘ ƴŀƛƭǎ ŀƴŘ ǘƘŀǘ ǘƘŜȅ ƳŜŜǘ 
the VOC content limit for nail polish removers in the CARB regulation.  In addition, the removers had to be 
capable of removing polishes, taking into account the characteristics of requirements in salons and by 
consumers. 
 
One solvent that could serve as an alternative to acetone is methyl acetate.  This chemical is actually used in 
some non-acetone nail polish removers that are on the market.  IRTA tested this ingredient and it is not 
quite as effective as acetone in removing regular polish.  The chemical is exempt from VOC regulations so it 
has a zero VOC content.  It would therefore be acceptable as an alternative since it would meet the VOC 
limit of the CARB regulation.  Methyl acetate, however, has similar physical characteristics to acetone.  It 
evaporates roughly as quickly as acetone which means its concentration in salons would be high.  It has CNS 
effects and is more acutely toxic than acetone.  Because of its high evaporation rate, it is likely it would dry 
out the nails and make them brittle just as acetone does.   It is also more expensive than acetone.   For these 
reasons, IRTA rejected the chemical since it would replace a chemical that is less toxic and have the same 
disadvantages. 
 
A class of solvent that could potentially be used as alternatives is low vapor pressure solvents.  These are 
ǎƻƭǾŜƴǘǎ ǘƘŀǘ ŘƻƴΩǘ ŜǾŀǇƻǊŀǘŜ ǊŜŀŘƛƭȅ ǎƻ ǘƘŜȅ ǿƻǳƭŘ ƴƻǘ ŘǊȅ ƻǳǘ ǘƘŜ ƴŀƛƭǎ ƻǊ ƳŀƪŜ ǘƘŜƳ ōǊƛǘǘƭŜ ƭƛƪŜ ŀŎŜǘƻƴŜ 
or other fast evaporating volatile solvents.  In screening tests, IRTA tested numerous low vapor pressure 
solvents to determine if they were capable of removing nail polish in a reasonable period of time.  The tests 
of these solvents are discussed below. 
 
IRTA also investigated water-based materials to determine if a process where they could be used for nail 
polish removal could be devised.  IRTA had substantial experience in testing water-based materials for 
cleaning applications of all kinds.  Water-based materials are more effective at higher temperature and with 
agitation.  IRTA investigated and tested some water-based processes to see if they could effectively remove 
polish and these are also discussed below. 
 
Finally, IRTA had worked with graffiti removal methods extensively and abrasive methods were very 
effective for removing certain types of graffiti.  IRTA also investigated whether abrasive or mechanical 
methods could be used for polish remover.  This effort is discussed below as well. 
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3.2.1.  Water-Based Removal Processes 
 
{ƻƳŜǿƘŀǘ ōŜŦƻǊŜ Lw¢!Ωǎ ǇǊƻƧŜŎǘ ǿŀǎ ƛƴƛǘƛŀǘŜŘΣ Lw¢! ōŜŎŀƳŜ ŀǿŀǊŜ ƻŦ ŀ ƴŜǿ ǎǳǊŦŀŎǘŀƴǘ ǘƘŀǘ ǿŀǎ ōŜƛƴƎ 
marketed.  It appeared to be very powerful and was advertised as being appropriate for graffiti and adhesive 
removal.  IRTA tested this surfactant, which is called Stepasol MET-10U, extensively in a variety of different 
ways to determine if it offered promise.  Surfactants are like soaps and they are diluted in water at various 
concentrations.  In general, the higher the surfactant concentration, the more powerful the cleaning process 
is.  Another method of enhancing cleaning capability is to heat the water-based cleaner.  Yet another 
method is to use mechanical agitation of the water cleaning solution. 
 
IRTA conducted a variety of tests to investigate the efficacy of using the new surfactant in a water-based 
process for nail polish removal.  IRTA first tested the surfactant at full concentration on regular nail polish 
and hybrid polish.  Although it did work, it took longer than acetone and it would have required a rinsing 
operation to remove the thick oily residue that remained.  There did not seem to be any advantage in using 
the surfactant for regular polish removal so IRTA rejected it for these types of polish. 
 
IRTA conducted tests with the surfactant in a range of different concentrations in water in an ultrasonic 
cleaning system for removing gel polish.  Since gel polish removal takes much longer and is more complex, 
IRTA thought perhaps a water-based process might be effective there.  IRTA conducted testing with a 
company called eChem who offers ultrasonic cleaning systems.  These systems are one of the most 
aggressive cleaning methods for water cleaners; they rely on sound energy to remove contaminants and are 
highly effective for parts with crevices or blind holes.  A picture of the small benchtop ultrasonic cleaning 
system similar to those used for the testing is shown in Figure 3-1.   
 

 
Figure 3-1.  Ultrasonic System Used for Testing Water-Based Removers 
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The ultrasonic system includes a heater and IRTA also conducted removal tests at elevated temperature.  In 
this case, since the hands would have to be placed in the heated formulation, the temperature could be no 
higher than about 110 degrees F, which is about the highest temperature a person can tolerate.  IRTA later 
conducted a variety of tests in a small ultrasonic jewelry cleaner with a heated formulation.  A picture of the 
jewelry cleaner is shown in Figure 3-2. 
 

 
Figure 3-2.  Ultrasonic Jewelry Cleaner Used for Testing Water-Based Removers 
 
The surfactant, the heat from the process and the ultrasonic action seemed to help in softening the gel 
polish although it never did remove the polish altogether, no matter how long the immersion continued.  
IRTA did devise a process for removal, however.  After about 10 minutes in the heated formulation with 
ultrasonics, the nails were dried with a hair dryer.  A cuticle tool could then be used to lift up and push off 
the gel polish in one to about three sections.  IRTA concluded that the action softened the polish and 
apparently loosened the bond with the nail.  
 
At that stage, IRTA obtained information from a toxicologist that indicated there could be a toxicity problem 
with the MET-10U.  Since this process required immersing the fingers in a highly concentrated formulation 
of the surfactant, IRTA eliminated this chemical from further consideration.  IRTA had tested a few other 
surfactants as well and none was especially effective for removing gel polish. 
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3.2.2.  Abrasive Removal Methods 
 
IRTA conducted a preliminary evaluation of abrasive methods to determine whether they held any possible 
promise for removing polish.  The simplest and first abrasive removal method IRTA considered would be to 
use something like a nail file to abrade the polish from the surface of the nail.  IRTA had conducted some 
tests with acetone to try to remove regular polish containing glitter and acetone removal was not especially 
effective.  In fact, heavily glittered regular polish actually has to be removed physically by filing it off.  False 
nails, which are also used widely, also often require filing for complete removal.  In discussions with salons 
and consumers, it became obvious that people would not be willing to use abrasive methods exclusively to 
remove polish because of potential damage to the nails.  IRTA rejected this approach for this reason. 
 
The second abrasive removal method IRTA considered was to use an abrasive media with a small tool 
designed for the purpose of removing the polish.  In paint stripping and graffiti removal, media of various 
types are used for blasting the paint or graffiti from the surface.  Media that are used for this purpose 
include sand, plastic media, glass and sodium bicarbonate.  IRTA rejected this approach for the same reason 
as filing.  Even if a tool could be designed, the method could lead to nail damage. 
 
The third method IRTA considered is actually a combination of abrasive and freeze removal.  In paint 
stripping, cryogenic removal of the paint is used for hooks used to carry parts through a conveyorized paint 
line.  The hooks become laden with many coats of paint after passing through the line several times.  They 
are put into a chamber with liquid nitrogen.  The freezing action causes the paint to contract more than the 
metal hooks and the paint matrix loosens.  Media blasting is then used to completely remove the coatings.  
IRTA rejected the use of liquid nitrogen because the low temperatures would cause damage and be very 
painful. 
 
Another method that relies on both low temperatures and abrasion is use of carbon dioxide snow.  Small 
tools have been designed for delicate operations like removing conformal coatings from printed circuit 
board assemblies and semiconductors.  Carbon dioxide, is propelled toward the coating and it creates a low 
temperature which shrinks the coating and it is propelled off by the abrasive action.  The suppliers of this 
device were not interested in conducting any testing because of potential liability.  The low temperatures 
created were not likely to be tolerable in any case. 
 
3.2.3.  Low Vapor Pressure Solvents 
 
Low vapor pressure solvents offered the most promise as potential alternative nail polish remover 
ingredients.  These are solvents that do not evaporate readily like acetone.  IRTA thought that some of these 
materials might function well in unventilated spaces because the solvent concentration would not build up 
in the air as it does for acetone.  Furthermore, many of these materials leave the nail with a more oily feel 
since they evaporate very slowly and this might keep the nails from drying out and becoming brittle. 
 
The first solvent of this type IRTA tested was a soy based formulation.  This material, called Soy Gold 2500 
was developed for industrial cleaning and it is effective in removing asphalt and ink in the printing industry. 
Although it does not evaporate readily, it can be rinsed with water since it contains a high level of 
surfactant.  IRTA also tested another soy material, in this case one that did not contain surfactants.  The 
basis for both of these cleaners is methyl esters.  They have extremely low VOC content and would meet the 
CARB VOC limit for removers of 1%.  They are also low in toxicity. 
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IRTA conducted testing of the soy based products on regular and UV/LED light cured gel polish.  The tests 
were unsuccessful.  These products do not themselves remove polish of any kind.  If they are combined with 
acetone, they will remove regular polish.  In the case of the gel polish, the combination remover does not 
completely remove the polish but rather softens it, as was the case with the water-based surfactant.  The 
polish must them be removed with a tool.  After the testing, IRTA concluded that soy based materials are 
not effective removers on their own and would not help in the removal process.  IRTA then moved on to test 
other low vapor pressure solvents. 
 
IRTA tested a variety of other ester based products that are similar to soy.  IRTA also tested several other 
types of low vapor pressure solvents, including carbonates.  These materials, in contrast to the soy methyl 
esters, were capable of removing regular and hybrid polish on their own.  They were slower in the removal 
than acetone, however.  In the case of the gel light cured polish, these materials again softened the polish 
but it still had to be removed with a tool.   
 
3.2.4.  Low Vapor Pressure Solvent/Acetone Blends 
 
When IRTA combined some of the low vapor pressure solvents with acetone, the removal process for 
regular and hybrid polish went more quickly, almost as quickly as with plain acetone.  The removal process 
for gel light cured polish was also enhanced but the tool still needed to be used for full removal within the 
same removal time frame.  IRTA settled on two of the blends and conducted testing with a variety of 
different consumers and four salons.  The results of the testing are described in the next section. 
 
3.3.  Alternatives Testing 
 
Lw¢!Ωǎ ǎŎǊŜŜƴƛƴƎ ǘŜǎǘǎ ƻŦ ŀƭǘŜǊƴŀǘƛǾŜǎ ǿŜǊŜ ŀƭƭ ǇŜǊŦƻǊƳŜŘ ƻƴ ŀƴ Lw¢! ǎǘŀŦŦ ƳŜƳōŜǊ ƻƴ regular, hybrid and 
light cured gel polish.  The two best performing formulations were then tested on two different sets of 
consumers and four salons to obtain further input on their performance.  Samples of one of the 
formulations, the one that worked slightly faster, were also provided to 18 additional salons and a few of 
these salons provided feedback.  This testing is described below.  
 
3.3.1.  First Consumer Group 
 
One of the consumers in the first group preferred one of the low vapor pressure solvents without the 
acetone added.  Even though it was much slower in removing the polish, she liked the way it left her nails 
lubricated.  IRTA provided larger quantities of the remover and she tested it a number of different times on 
gel and hybrid polish.  Even though she had to use a tool for complete removal of the gel polish, she liked 
the remover better than plain acetone.   
 
IRTA tested the two different blends of low vapor pressure solvents with acetone with this consumer and 
another consumer for regular polish removal.  Blend #1 was a blend of a carbonate and acetone and blend 
#2 was a blend of an ester and acetone.  Safety Data Sheets (SDSs) ŦƻǊ ǘƘŜǎŜ ǘǿƻ ǊŜƳƻǾŜǊǎΣ ŎŀƭƭŜŘ άwŜŘǳŎŜŘ 
!ŎŜǘƻƴŜ bŀƛƭ tƻƭƛǎƘ wŜƳƻǾŜǊ CƻǊƳǳƭŀ мέ ŀƴŘ άwŜŘǳŎŜŘ !ŎŜǘƻƴŜ bŀƛƭ tƻƭƛǎƘ wŜƳƻǾŜǊ CƻǊƳǳƭŀ нέ 
respectively, are shown in Appendix A.  This same consumer described above preferred blend #2 which 
contained the same ingredient she liked without the acetone.  The other consumer liked blend #1 better 
because it removed regular polish slightly faster than the other blend.  IRTA monitored the testing and 
observed that blend #1 did work slightly faster on regular polish.  This confirmed the findings with the IRTA 
ǎǘŀŦŦ ƳŜƳōŜǊΩǎ ǘŜǎǘƛƴƎΦ  .ƻǘƘ Ŏƻƴǎumers commented on the fact that the alternative polishes did not dry out 
the nails like their traditional remover did.  They cited this as a strong advantage. 
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3.3.2.  Second Consumer Group 
 
IRTA conducted testing with two women who constituted the second consumer group on both gel light 
cured polish and regular polish.  Both had the two types of polish on their hands and feet.  Pictures of the 
tests that were conducted are shown in Figure 3-3 through 3-6.  For the regular polish, the two consumers 
indicated that both blends worked extremely well.  They used the tool for removal of the gel light cured 
polish after it had been softened by the two blends.  Both of them indicated that they would use the tool for 
the removal and did not view it as a disadvantage.  Both of them also mentioned they liked the way it made 
the nails feel in contrast to the feel of the nails with traditional remover.  A distinct advantage seemed to be 
that the nails were not as dried out and brittle as with traditional acetone remover. 
 

 
Figure 3-3.  Tests of Alternatives for Gel Polish Removal with Consumers 
 


