
  
 
 

Safety Assessment of 
Styrene and Vinyl-type Styrene Copolymers as Used in Cosmetics 
      
 

 
 

               
 
Status:   Draft Report for Panel Review 
Release Date:  May 16, 2014 
Panel Date:  June 9-10, 2014 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
The 2014 Cosmetic Ingredient Review Expert Panel members are: Chair, Wilma F. Bergfeld, M.D., F.A.C.P.; Donald V. 
Belsito, M.D.; Curtis D. Klaassen, Ph.D.; Daniel C. Liebler, Ph.D.; Ronald A. Hill, Ph.D. James G. Marks, Jr., M.D.; Ronald 
C. Shank, Ph.D.; Thomas J. Slaga, Ph.D.; and Paul W. Snyder, D.V.M., Ph.D.  The CIR Director is Lillian J. Gill, D.P.A.  
This report was prepared by Wilbur Johnson, Jr., M.S., Senior Scientific Analyst and Bart Heldreth, Ph.D., Chemist. 
 
  
 

© Cosmetic Ingredient Review 

1620 L STREET, NW, SUITE 1200 ◊ WASHINGTON, DC 20036-4702 ◊ PH 202.331.0651 ◊ FAX 202.331.0088 ◊ CIRINFO@CIR-SAFETY.ORG  

mailto:CIRINFO@cir-safety.org


__________________________________________________________________________________________ 
1620 L Street, NW Suite 1200, Washington, DC  20036 

(Main) 202-331-0651 (Fax) 202-331-0088 
(Email) cirinfo@cir-safety.org  (Website) www.cir-safety.org  

  

                                                                                                        Commitment & Credibility since 1976 

Memorandum 

 

To:  CIR Expert Panel Members and Liaisons 
From:  Wilbur Johnson, Jr. 
  Senior Scientific Analyst       
Date:  May 16, 2014 
Subject:  Draft Report on Styrene and Vinyl-type Styrene Copolymers 
 
A Scientific Literature Review (SLR) was issued on February 21, 2014.  In response, safety test data and comments from 
the Personal Care Products Council (Council) were received during the 60-day comment period.  All comments have been 
addressed.  Use concentration data received from the Council were included prior to announcement of the SLR. 
 
Also included in this package for your review is the Draft Report on Styrene and Vinyl-type Styrene Copolymers, the CIR 
report history, Literature search strategy, Ingredient Data profile, 2014 FDA VCRP data, Comments from the Council 
(pcpc1 pdf file), use concentration data (data 1 pdf file), safety test data on various styrene acrylates/copolymer trade name 
materials (data 2 pdf file), Final report on PVP/VA copolymer (data 3 pdf file), Re-review on PVP/VA copolymer (data 4 
pdf file – See pages 55-59), and Final report on acrylates copolymer (data 5 pdf file).  Additional safety test data received in 
response to the SLR announcement will be included in the wave 2 data submission.   
 
Please note that data on trade name materials containing styrene/acrylates copolymer at concentrations ranging from 26-
28% to 86-90% (lowest and highest concentration range for copolymer in trade name materials, respectively) are included 
in this safety assessment.  Information on their composition is included in the section on Composition/Impurities.  Safety 
test data including data on the trade name materials, data on unnamed compositionally-similar trade name materials, and on 
a trade name material (i.e., SunSpheresTM) for which the chemical name is not stated have been added to the report.  Details 
relating to the test protocol and animal strains tested are not included in the study summaries.  Safety test data submitted on 
OPULYNTM PQG Opacifier were not added to the safety assessment, because the CAS number for the ethalkonium 
chloride acrylate/HEMA/styrene copolymer (26010-51-5) in this trade name material does not appear to be valid for 
styrene/acrylates copolymer.  
 
After reviewing the composition data on styrene/acrylates copolymer trade name materials, the Panel should identify which, 
if any, of the trade name materials and relevant associated safety test data should remain in this safety assessment.  Data 
from the selected studies will be added to the next version of this safety assessment. 
 
It should be noted that this safety assessment also includes data on monomers such as styrene, which is present in all of the 
ingredients reviewed in the safety assessment, and 1,3-butadiene.  The need for safety test data on other component 
monomers comprising these ingredients in this safety assessment will be determined, if necessary. 

Ultimately, after reviewing the available data, the Panel needs to determine whether an insufficient data announcement or 
tentative report with a safe as used, safe with qualifications, or unsafe conclusion should be issued. 
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CIR History of: 
 

Styrene and Vinyl-type Styrene Copolymers 
 

A Scientific Literature Review (SLR) Notice was announced on February 21, 2014. Comments and safety test data 
were received during the 60-day comment period.  Use concentration data were received prior to issuance of the 
SLR. 
 
Draft Report, Belsito and Marks Teams/Panel:  June 9-10, 2014 
 
Use concentration data and safety test data received from the Council have been incorporated.  Comments received 
from the Council have been addressed.  Additional safety test data received will be included in the wave 2 data 
submission. 
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Search Strategy – Styrene and Vinyl-type Styrene Copolymers 

 
12/12-13/13 Search-Pubmed name +CAS; SeardchScifinder name; 0 = nothing or nothing useful 

List of Ingredients: 
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1. Ethylene/Propylene/Styrene Copolymer (0;0) 
2. Butylene/Ethylene/Styrene Copolymer (0;0) 
3. Acrylates/Ethylhexyl Acrylate/Styrene Copolymer (0;0) 
4. Butyl Acrylate/Styrene Copolymer (0;0) 
5. C4-6 Olefin/Styrene Copolymer (0;0) 
6. C5-6 Olefin/Styrene Copolymer (0;0) 
7. Hydrogenated Butadiene/ Isoprene/Styrene Copolymer (0;0) 
8. Hydrogenated Butylene/ Ethylene/Styrene Copolymer (0;0) 
9. Hydrogenated Ethylene/ Propylene/Styrene Copolymer (0;0) 
10. Hydrogenated Styrene/Butadiene Copolymer (0;0) 
11. Hydrogenated Styrene/Isoprene Copolymer (0;0) 
12. Isobutylene/Styrene Copolymer (16;2) 
13. Methacrylic Acid/Styrene/VP Copolymer (0;0) 
14. Methylstyrene/Vinyltoluene Copolymer (0;0) 
15. Polystyrene (28;0) 
16. Polystyrene/Hydrogenated Polyisopentene Copolymer (0;0) 
17. Sodium Methacrylate/Styrene Copolymer (0;0) 
18. Sodium Styrene/Acrylates Copolymer (0;0) 
19. Sodium Styrene/Acrylates/Ethylhexyl Acrylate/Lauryl Acrylate Copolymer (0;0) 
20. Styrene/Acrylates Copolymer (9;0) 
21. Styrene/Acrylates/Ethylhexyl Acrylate/Lauryl Acrylate Copolymer (0;0) 
22. Styrene/Butadiene Copolymer (0;2) 
23. Styrene/Isoprene Copolymer (0;0) 
24. Styrene/Methylstyrene Copolymer (0;0) 
25. Styrene/Stearyl Methacrylate Crosspolymer (0;0) 
26. Styrene/VA Copolymer (0;0) 
27. Styrene/VP Copolymer (0;0) 
28. Polyacrylate-2 (1;1) 
29. Polyacrylate-5 (0;0) 
30. Polyacrylate-12 (0;0) 
31. Polyacrylate-15 (0;0) 
32. Polyacrylate-16 (0;0) 
33. Polyacrylate-18 (0;0) 
34. Polyacrylate-21 (0;0) 
35. Polyacrylate-30(0;0) 

 

Distrbuted for comment only -- do not cite or quote 
 



  
 
 

Safety Assessment of 
Styrene and Vinyl-type Styrene Copolymers as Used in Cosmetics 
      
 

 
 

               
 
Status:   Draft Report for Panel Review 
Release Date:  May 16, 2014 
Panel Date:  June 9-10, 2014 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
The 2014 Cosmetic Ingredient Review Expert Panel members are: Chair, Wilma F. Bergfeld, M.D., F.A.C.P.; Donald V. 
Belsito, M.D.; Curtis D. Klaassen, Ph.D.; Daniel C. Liebler, Ph.D.; Ronald A. Hill, Ph.D. James G. Marks, Jr., M.D.; Ronald 
C. Shank, Ph.D.; Thomas J. Slaga, Ph.D.; and Paul W. Snyder, D.V.M., Ph.D.  The CIR Director is Lillian J. Gill, D.P.A.  
This report was prepared by Wilbur Johnson, Jr., M.S., Senior Scientific Analyst and Bart Heldreth, Ph.D., Chemist. 
 
  
 

© Cosmetic Ingredient Review 

1620 L STREET, NW, SUITE 1200 ◊ WASHINGTON, DC 20036-4702 ◊ PH 202.331.0651 ◊ FAX 202.331.0088 ◊ CIRINFO@CIR-SAFETY.ORG  

Distrbuted for comment only -- do not cite or quote 
 

mailto:CIRINFO@cir-safety.org


INTRODUCTION 

This report presents information relevant to evaluating the safety of styrene and vinyl-type styrene copolymers as 
used in cosmetics.  Film former is the most frequent function reported for these ingredients. Other common functions 
included opacifying agent and viscosity agent. 

  
Very limited safety test data on the styrene and vinyl-type styrene copolymers reviewed in this safety assessment 

were found in the published literature.  This safety assessment also includes data on monomers such as styrene, which is 
present in all of the ingredients reviewed in the safety assessment, and 1,3-butadiene.   

 
In the absence of data on most of the copolymers, it should also be noted that the Cosmetic Ingredient Review (CIR) 

Expert Panel has evaluated the safety of polyvinyl pyrollidone (PVP)/vinyl acetate (VA) copolymer (also known as VP/VA 
copolymer) and concluded that this ingredient is safe as a cosmetic ingredient under present conditions of concentration and 
use.1  Data from this safety assessment may be useful because of monomer overlap with styrene/VA copolymer and 
styrene/VP copolymer.  Additionally, in another safety assessment, the CIR Expert Panel concluded that acrylate copolymers 
are safe for use in cosmetic formulations when formulated to avoid irritation.2,3  The Panel also stated that, although the 
monomers comprising the acrylate copolymers may be toxic, the levels that would be found in cosmetic formulations are not 
considered to present a safety risk.  Data from this safety assessment may also be useful because of monomer overlap 
between the acrylate copolymers and ingredients in the current safety assessment.  For example, acrylic acid and methacrylic 
acid are components of acrylates copolymer and ammonium acrylates copolymer (both in acrylate copolymers safety 
assessment) and of sodium styrene/acrylates copolymer and acrylates/ethylhexyl acrylate/styrene copolymer (both in current 
safety assessment).  Similarly, 2-ethylhexyl acrylate is a component of acrylates/VA copolymer (in acrylate copolymers 
safety assessment) and of polyacrylate-21 (in current safety assessment).    

CHEMISTRY 

Definition and Structure 
 
 Polystyrene is the polymerization product of vinylbenzene (a.k.a. styrene).  The other ingredients in this report are 
all vinyl-type copolymers with vinylbenzene.  The term “vinyl-type copolymers” means that all of the monomers, utilized to 
make these polymer ingredients, have in common an ethylene unit whose pi electrons are directly involved in the 
polymerization process.  Typically, a catalyst is utilized to initiate the polymerization.4  There is a large multitude of relevant 
initiating catalysts, ranging from UV light to Ziegler-Natta-type catalysts, which can result in a variety of differences in the 
characteristics (e.g. crystallinity and resultant hardness) of the copolymer formed.  The synthesis of these ingredients is 
typically carried out in one or more organic solvents, with one or more catalysts. 
 

CHCH2

x

CHCH2

y

OO

H3C

H2CH2C

O O
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Figure 1. Butylacrylate/Styrene Copolymer 
 
These ingredients are high molecular weight, large molecular volume, inert polymers.  While not truly soluble, these 
ingredients may be swellable in certain organic solvents. 
 

The molecular structures and definitions of styrene and vinyl-type styrene copolymers are presented in Table 1.5  
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Physical and Chemical Properties 

Polystyrene 
 

Properties of polystyrene are presented in Table 2.6,7,8  Some of the properties include physical state (colorless solid 
in various forms), molecular mass (10,000 to 300,000), relative density (1.04 to 1.13), melting point (240°C), flash point (345 
to 360°C), and auto-ignition temperature (427°C).   

The thermal degradation of high impact polystyrene to styrene and other thermal degradation products occurred at a 
temperature of 250°C.9  Reportedly, the principal limitations of polystyrene in industry are brittleness, inability to withstand 
the temperature of boiling water, and poor oil resistance.10  Thus, polystyrene is often modified, e.g., by copolymerization 
with acrylonitrile and/or butadiene.  Regarding this process, the most common styrene polymers are poly(acrylonitrile-
butadiene-styrene and styrene-butadiene. 

Styrene 

Styrene is a component of each styrene and vinyl-type styrene copolymer reviewed in this safety assessment.  The 
vinyl group of styrene is reactive, and styrene polymerizes at a significant rate at room temperature.11 Polymerization 
proceeds more rapidly at elevated temperatures or in the presence of many commonly available reagents.  Commercially 
available grades of styrene contain an inhibitor of styrene polymerization (e.g., 4-tertiary-butylcatechol). Additionally, upon 
exposure to light and air, styrene undergoes polymerization and oxidation, with the formation of peroxides.7  Additional 
properties of styrene are presented in Table 3.7 

Styrene-Butadiene Copolymer  

 Properties of styrene-butadiene copolymer are presented in Table 4.8  

1,3-Butadiene 

 Properties of 1,3-butadiene are presented in Table 5.12 

Composition/Impurities 
 
Polystyrene 
 
 Polystyrene is available in the United States in a variety of grades, and the following are considered major grades:8  
crystalline or straight polystyrene, (2) impact-modified grades, which typically contain approximately 5% polybutadiene 
elastomer, and (3) expandable beads, which contain a small amount of n-pentane entrapped in each globule. 
 
 During the early years of  polystyrene production, the residual monomer content was as high as 2%, and, at the 
beginning of the 1960’s, it was approximately 1%.13  Since that time, polystyrene grades with concentrations of ≤ 500 ppm 
residual styrene, have been developed.  
 
Styrene/Acrylates Coplymer 
 
 Composition/impurities data on styrene/acrylates copolymer trade name materials are presented below. 
 
 SunspheresTM LCG Polymer (pH: 6.50-7.50) has the following composition:  styrene/acrylates copolymer (up to 
28%), individual residual monomers (< 100 ppm maximum; for styrene, butyl methacrylate, and methyl methacrylate), aqua 
ammonia (up to 0.1%), water (up to 74%), and mixture of 5-chloro-2-methyl-2H-isothiazol-3-one and 2-methyl-2H-
isothiazol-3-one (3:1) (up to 23 ppm).14  The results of a metals analysis indicated the presence of copper at a concentration 
of 0.7 ppm. 
 

Composition data on SunspheresTM Powder include:  styrene/acrylates copolymer (up to 90%), individual residual 
monomers (≤ 100 ppm maximum; for styrene, butyl methacrylate, and methyl methacrylate), fatty acid ethoxylate (up to 
11%), related reaction products (up to 2%), and water (up to 3%).  The results of a metals analysis indicated the presence of 
iron at a concentration of 2 ppm.  Byproducts and impurities were listed as follows:  1,4-dioxane  (1.23 ppm), toluene (< 0.05 
ppm), 2-methyl-4-isothiazolin-3-one (5 ppm), and diethylene glycol (64 ppm).15  
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OPULYNTM 302B Opacifier (molecular weight: > 1,000,000) has the following composition:  styrene/acrylic 

copolymers (up to 41%), individual residual monomers (< 500 ppm maximum), styrene (≤ 50 ppm), water (up to 61%), and 
benzoic acid (up to 0.5%).16  The results of a metals analysis indicated the presence of iron (2,153 ppb) and magnesium 
(1,735 ppb). 

 
Composition data on ACUDYNETM Shine Polymer (pH of 3-5) include:  styrene/acrylates copolymer (up to 41%), 

individual residual monomers (< 100 ppm; for styrene, butyl acrylate, and 2-ethyl hexyl acrylate), water (up to 61%), and 
benzoic acid (up to 0.75%).17  The results of a heavy metals analysis indicated the presence of chromium (70 ppb), iron (333-
1996 ppb), and nickel (92 ppb).  

 
SunSpheresTM PGL Polymer (pH of 6.5-7.5) has the following composition:  styrene/acrylates copolymer (up to 

26%), residual monomers (< 100 ppm; for styrene, butyl methacrylate, and methyl methacrylate), aqua ammonia (up to 
0.1%), pentylene glycol (up to 6%), and water (up to 69%).18  The results of a heavy metals analysis indicated the presence of 
iron (1 ppm). 

 
OPULYNTM 301 Opacifier (molecular weight: > 1,000,000; pH of 2.05-2.50) has the following composition:  

styrene/acrylic copolymer (up to 41%), water (up to 61%), residual monomers (< 500 ppm), and styrene (≤ 20 ppm).19  
Heavy metals were not detected. 

 
Composition data on ACUDYNETM Bold Polymer (pH of 3-5) include:  styrene/acrylates copolymer (up to 41%), 

individual residual monomers (< 100 ppm; for styrene, butyl acrylate, 2-ethyl hexyl acrylate), water (up to 61%), and benzoic 
acid (up to 0.75%).20  The results of a heavy metals analysis indicated the presence of chromium (82 ppb), iron (2,270 ppb), 
and nickel (173 ppb).  
 
Styrene-Butadiene Copolymer 
 
 The following styrene-butadiene copolymers are available in the United States:  (1) styrene-butadiene elastomers 
(commonly called SBR, or styrene-butadiene rubber), (2) styrene block polymers with butadiene, and (3) styrene-butadiene 
copolymer latexes.  Dry SBR (produced by emulsion polymerization) contains styrene units (23% to 25%) and butadiene 
units (75% to 77%) on a polymer basis.  When produced via solution polymerization, the composition of dry SBR varies; 
however, typical grades contain styrene units (~ 10% to 25%) and butadiene units (75% to 90%).  Styrene block polymers 
with butadiene are available with a styrene content of 25% to 50%, and the most widely used grades contain 30% styrene 
units.      
 

Methods of Production 
 
Polystyrene 

 Polystyrene is produced from styrene by mass, solution, suspension, or emulsion polymerization processes.10   
Polystyrene resins are typically produced by a modified mass polymerization process in a continuous manner.8  The liquid 
styrene monomer is diluted with a relatively small amount of a diluent, e.g., 5% to 15% of ethylbenzene.  In some cases, 
more diluent is used, and the process may then be called a solution process.  The heated mixture of styrene, solvent, and 
initiator is reacted at 120°C to 160°C.  Unreacted monomer and solvent are removed after polymerization is complete. 

Styrene/Butadiene Copolymer 

 Dry SBR is produced via an emulsion polymerization (cold or hot) or solution polymerization process.8  
Composition data on styrene/butadiene copolymer resulting from either process are presented in the Composition/Impurities 
section. 

 The following components (in parts per 100 monomer) comprise a typical recipe for SBR produced by cold 
emulsion polymerization:8 butadiene (70), styrene (30), water (180), fatty acid soap (2.25), disproportioned rosin soap (2.25), 
potassium chloride (0.3), potassium hydroxide (0.3), tert-dodecyl mercaptan (0.23), sodium formaldehyde β-naphthalene 
sulfonate (0.04), sodium formaldehyde sulphoxylate (0.04), para-methane hydroperoxide (0.04), tetrasodium 
ethylenediaminetetraacetate (0.025), and ferrous sulfate heptahydrate. 
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 A typical recipe (component data in parts per 100 monomer) for SBR produced by hot emulsion polymerization  is 
as follows:8  butadiene (75), styrene (25), water (180), fatty acid or rosin soap (5), n-dodecyl mercaptan (0.5), and potassium 
persulfate (0.3). 

 Recipes for SBR produced by solution polymerization are said to vary greatly, and depend upon the properties 
desired.8  SBR is vulcanized (typically 1.5 to 2.0 parts sulfur per 100 parts of polymer are used).  Furthermore, accelerators, 
antioxidants, activators, fillers (e.g., carbon black), and softeners may be used, depending on the properties of the finished 
rubber that are desired.  SBR is also extended with aromatic and naphthenic oils to improve handling and processing. 

 Styrene block copolymers with butadiene are typically produced by anionic solution polymerization with sec-
butyllithium or n-butyllithium in a solvent such as cyclohexane, isopentane, n-hexane, or mixtures.8  The styrene is 
homopolymerized, followed by the addition of butadiene; more styrene is then added.  The polymer is coagulated from the 
solution with water.  Styrene block polymers are usually compounded with fillers, extenders oils, and, sometimes, other 
polymers (e.g., polyindene or polystyrene).  

USE 

Cosmetic 
 

Styrene and vinyl-type styrene copolymers function mostly as viscosity increasing agents, opacifying agents, and 
film formers in cosmetic products.5  

 
Information on the use of these ingredients as a function of product type was supplied to the Food and Drug 

Administration (FDA) by industry as part of the Voluntary Cosmetic Registration Program (VCRP).21  The highest use 
frequency was reported for ethylene/propylene/styrene copolymer, followed by butylene/ethylene/styrene copolymer. The 
Personal Care Products Council conducted a survey of ingredient use concentrations in 2013-2014, and maximum use 
concentrations ranging from 0.000038% (styrene/VP copolymer) to 36.5% (polystyrene) were reported.22  The highest 
maximum reported use concentrations for rinse-off and leave on products were 36.5% (polystyrene) and 35% 
(styrene/acrylates copolymer), respectively.  Ingredient frequency of use and concentration data are presented in Table 6.  
 

Cosmetic products containing styrene and vinyl-type styrene copolymers may be applied to the skin and hair or, 
incidentally, these products may come in contact with the eyes.  Products containing this ingredient may be applied as 
frequently as several times per day and may come in contact with the skin or hair for variable periods following application.  
Daily or occasional use may extend over many years.  

 
The following ingredients are used in products that are sprayed (maximum concentrations reported):  hair sprays 

(styrene/acrylates copolymer [0.35%,]; styrene/VP copolymer [0.12%, in pump spray]), suntan sprays (styrene/acrylates 
copolymer [3.5%]), and body and hand sprays (ethylene/propylene/styrene copolymer [0.5%]).  Additionally, 
isobutylene/styrene copolymer is used in face powders at a maximum concentration of 1%.  Because styrene/acrylates 
copolymer, styrene/VP copolymer, and ethylene/propylene/styrene copolymer are used in products that are sprayed and 
isobutylene/styrene copolymer is used in face powders they could possibly be inhaled.  In practice, 95% to 99% of the 
droplets/particles released from cosmetic sprays have aerodynamic equivalent diameters >10 µm, with propellant sprays 
yielding a greater fraction of droplets/particles below 10 µm, compared with pump sprays.23,24,23,25  Therefore, most 
droplets/particles incidentally inhaled from cosmetic sprays would be deposited in the nasopharyngeal and bronchial regions 
and would not be respirable (i.e., they would not enter the lungs) to any appreciable amount.23,24  

Noncosmetic 

Polystyrene 

 Polystyrene is used as a plasticizer in the bottled water industry, and studies have shown that styrene leaches 
continuously from polystyrene bottles.26 The skin adhesive layer of a pressure ulcer preventive dressing may contain styrene 
block copolymer as an adhesive compound.27  Polystyrene foam is widely used for thermal insulation.10 
 
 Additionally, polystyrene may be safely used as a component of articles intended for use in contact with food.  For 
this purpose, polystyrene shall contain not more than 1 weight percent of total residual styrene monomer.28  The exception to 
this limit relates to use in contact with fatty foods, whereas such polystyrene basic polymers shall contain not more than 0.5 
weight percent of total residual styrene monomer. 
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Styrene 
 
 Styrene is listed among the synthetic flavoring substances and adjuvants that may be safely used in food.29 It should 
be used in the minimum quantity required to produce the intended effect, and, otherwise, in accordance with all principles of 
good manufacturing practice. 
 
Styrene/Butadiene Copolymer 
 
 Butadiene-styrene rubber (styrene/butadiene copolymer) is included on the list of FDA-approved direct food 
additives.30 

TOXICOKINETICS 

 The sources of study summaries in this section are the 2002 IARC monograph on styrene,31 the 2012 IARC 
monograph on 1,3-butadiene,12 and the 1984 NTP report on the toxicology and carcinogenesis of 1,3-butadiene.32  
 
Styrene 
 

Nine male volunteers were exposed for 10 to 30 minutes by dipping one hand in liquid styrene. Urine and breath 
were sampled periodically for metabolites (mandelic and phenylglyoxylic acids) and styrene analyses respectively. The 
results obtained show that the rate of absorption of styrene through the skin was very low, averaging 1 ± 0.5 
µg/cm2/minute.31,33 
 
 A field study comparing the urinary excretion of styrene metabolites in 4 groups of workers  who performed the 
same task, but wore different protective equipment, was performed.31  It was concluded that the percutaneous absorption of 
styrene was not an important contribution to the body burden. 

 
 Several studies have suggested that styrene accumulates in the subcutaneous fat.31  However, based on the 
measurement of urinary metabolites, there was no styrene accumulation in workers exposed to 37 ppm (160 mg/m3) styrene 
in air during the work week. 
 

Styrene is primarily metabolized to styrene 7,8-oxide by cytochrome P450 (CYP) enzymes.31  Epoxide hydrolase 
metabolizes the oxide to phenylethylene glycol, and then to mandelic, phenylglyoxylic, and benzoic acids.  Additional routes 
of metabolism include ring hydroxylation, but this appears to be a minor pathway in humans.  Another pathway is the 
conversion of styrene to 1- and 2-phenylethanol, which is further metabolized to phenylacetaldehyde, phenylacetic acid, 
phenylaceturic acid, and hippuric acid.  Styrene 7,8-oxide may also be metabolized by conjugation with glutathione to form 
mercapturic acids.  This pathway, considered a minor pathway in humans, amounts to < 1% mercapturic acids. 
 
 Small amounts of styrene (0.7% to 4.4%) are exhaled unchanged.31  This finding has been confirmed in additional 
studes in which 0.7% to 2.2% of the amount of inhaled styrene was found unchanged in the exhaled breath of 4 subjects 
exposed to 50 ppm [213 mg/m3) styrene in air for 2 h.  Small amounts of styrene are also excreted unmetabolized in the urine. 
 
 The pharmacokinetics of inhaled styrene (80 ppm [341 mg/m3]) was studied using 4 volunteers.31  Calculated half-
life values of 0.6 h and 13.0 h for the 2 phases of elimination were reported.  In a study of blood styrene concentrations in 76 
exposed workers at the end of their work shift and in the morning thereafter, the elimination half-life was 3.9 h. 
 
1,3-Butadiene and Styrene 

 
Nine minutes after rabbits were exposed to 1,3-butadiene at concentrations of 250,000 ppm in air, the test chemical 

was found in the femoral artery at a concentration of 0.26 mg/ml and in the femoral vein at a concentration of 0.18 mg/ml.32 
 

Mice and rats were exposed (dynamic flow exposure: 2 h [mice] and 4 h [rats]) to butadiene or styrene vapors.32,34  
The number, strain, and sex of the animals tested were not specified. LC50 values were: 270 mg/liter (butadiene [mice]), 285 
mg/liter (butadiene [rats]), 21 mg/liter (styrene [mice]), and 11.8 mg/liter (styrene [rats]).  The concentratons of butadiene 
and styrene in tissues at the LC50 exposure concentration were determined by gas liquid chromatography. Various tissues 
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from rats were analyzed, but only brain tissue from mice was analyzed.  Mean concentrations in tissues from rats are included 
below:  
 

• 50.8 mg butadiene/100g brain  (10 tests) 
•  25 mg styrene/100g brain (7 tests) 
• 51.4 mg butadiene/100g liver (10 tests) 
• 20 mg styrene/100g liver (7 tests) 
• 36.3 mg butadiene/100g kidney (7 tests) 
• 14.7 mg styrene/100g kidney (7 tests) 
• 45 mg butadiene/100g spleen (7 tests) 
• 19.1 mg styrene/100 g spleen (7 tests) 
• 152.1 mg butadiene/100g perinephric fat (7 tests) 
• 132.8 mg styrene/100g perinephric fat (7 tests) 

 
Mean concentrations in brain tissue from mice were 54.4 mg butadiene/100cc brain (10 tests) and 18.02 mg styrene/100cc 
brain (7 tests).  In a subsequent experiment series (rats, same procedure), mean concentrations in the brain and liver were 
determined at various times for up to 90 minutes after removal from the chamber.  By 90 minutes, mean tissue concentrations 
were:32,34  
 

• 0 to traces of butadiene/100cc brain (4 tests) 
• traces to 4.4 mg styrene/100 cc brain (4 tests) 
• 0 to traces of butadiene/100cc liver (4 tests) 
• 5.2 to 11 mg styrene/100cc liver (4 tests) 

 
  The first step in butadiene metabolism involves cytochrome P450 (CYP)-mediated oxidation to epoxybutene.12  At 
low concentrations of butadiene, metabolism via CYP2E1 predominates.  Epoxybutene may be metabolized by conjugation 
with glutathione (GSH), mediated by glutathione S-transferase (GST), or by hydrolysis, catalyzed by epoxide hydrolase.  
Epoxybutene may also be oxidized to multiple diastereomers of diepoxybutane. Dihydroxybutene formed by hydrolysis of 
epoxybutene may be oxidized to epoxybutanediol.  The latter epoxides are also detoxified by GST or EH.  The partial 
hydrolysis of diepoxybutane also produces epoxybutanediol.  
 
 

TOXICOLOGY 
 

Acute Inhalation Toxicity 
 
Styrene/Acrylates Copolymer 
  
 In an acute inhalation toxicity study on SunspheresTM Powder, an LC50 of > 5.3 mg/L was reported.  The test 
protocol was not provided.15  
 

An acute inhalation LC50 (4 h) value of  > 5.11 mg/L air was reported for ACUDYNETM Shine Polymer 
and ACUDYNETM Bold Polymer.17,20  The test protocol was not described.  The animal species was not stated, but it was 
noted that no clinical signs or mortalities were observed.   

 

Acute Oral Toxicity 
 
Styrene/Acrylates Copolymer 
 
 In an acute oral toxicity study on a product (unnamed, but compositionally similar to SunSpheresTM LCG Polymer) 
involving rats, an LD50 of > 5 g/kg (non-toxic) was reported.  The test protocol was not stated.14 
 
 An LD50 of > 5 g/kg (non-toxic) was reported for a product (unnamed, but compositionally similar to SunspheresTM 
Powder) in an acute oral toxicity study involving rats.  The test protocol was not stated.15 
 
 OPULYNTM 302B Opacifier was evaluated in an acute oral toxicity study involving rats, and an LD50 of > 5 ml/kg 
was reported.  The test protocol was not stated.16 
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 An LD50 of > 5 g/kg (non-toxic) was reported for certain polymers (unnamed, but compositionally similar to 
ACUDYNETM Shine Polymer and ACUDYNETM Bold Polymer) in acute oral toxicity studies (animal species not stated).17,20   
The test protocol was not stated.  
 
 In an acute oral toxicity study on a product (unnamed, but compositionally similar to SunSpheresTM

 PGL Polymer) 
involving rats, an LD50 of > 5 g/kg (non-toxic) was reported.18  The test protocol was not stated.  
 
 Acrylic co-polymers (unnamed, but compositionally similar to OPULYNTM 301 Opacifier) were evaluated in an 
acute oral toxicity study involving rats, and an LD50 of > 5 g/kg was reported.  The test protocol was not stated.19 
  

Acute Dermal Toxicity 
 
 In an acute dermal toxicity study on a product (unnamed, but compositionally similar to SunSpheresTM LCG 
Polymer) involving rabbits, an LD50 of > 5 g/kg (non-toxic) was reported.  The test protocol was not stated.14 
 

An LD50 of > 5 g/kg (non-toxic) was reported for a product (unnamed, but compositionally similar to SunspheresTM 
Powder) in an acute dermal toxicity study involving rabbits.  The test protocol was not stated.15 

 
OPULYNTM 302B Opacifier was evaluated in an acute dermal toxicity study involving rats, and an LD50 of > 5 g/kg 

was reported.  The test protocol was not stated.16 
 
An LD50 of > 5 g/kg (non-toxic) was reported for certain polymers (unnamed, but compositionally similar to 

ACUDYNETM Shine Polymer and ACUDYNETM Bold Polymer) in acute dermal toxicity studies (animal species not 
stated). 17,20  The test protocol was not stated.   

 
In an acute dermal toxicity study on a product (unnamed, but compositionally similar to SunSpheresTM

 PGL 
Polymer) involving rabbits, an LD50 of > 5 g/kg (non-toxic) was reported.18  The test protocol was not stated. 

 
Acrylic co-polymers (unnamed, but compositionally similar to OPULYNTM 301 Opacifier) were evaluated in an 

acute dermal toxicity study involving rats, and an LD50 of > 2 g/kg was reported.  The test protocol was not stated.19 

Repeated Dose Toxicity 
 
Inhalation 
 
Polyacrylate 
 
 Polyacrylate, a polymer of  acrylic acid and sodium acrylate, was tested in a repeated dose toxicity study involving 
groups of Fischer 344 rats (ages and number per group not specified).35  It was noted that the large particle size of 
polyacrylate used in manufacturing makes this material non-respirable, i.e., less than 1% of received material is < 40 
microns.  The particle size used in this study was reduced (by milling) to make it highly respirable in test animals (mass mean 
aerodynamic diameter [MMAD] = 1.95 to 2.07 microns).   Four groups of animals were exposed to concentrations of 0.05, 
0.2, 1, and 10 mg/m3, respectively, 5 days per week (6 h/day) for up to 26 consecutive weeks. The control group was exposed 
to filtered room air.  No adverse effects were observed at concentrations of 0.05 and 0.2 mg/m3.  Mild to moderate pulmonary 
inflammation, which resolved during the recovery period, was observed in the 1.0 mg/m3 exposure group. Exposure to 10 
mg/m3 (at this concentration, threshold for clearing inhaled test material from the lungs was exceeded) caused adverse 
pulmonary effects (marked inflammation and benign alveolar/bronchiolar adenoma) that are not relevant to subthreshold 
exposure concentrations.  Inflammation decreased during the recovery period.  The authors stated that these results support 
the inhalation safety of the polyacrylate material under both occupational and consumer exposure conditions.  The 0.05 and 
0.2 mg/m3 concentrations were considered no-adverse-effect levels. 
 
 Three groups of 120  F344 rats (60 males, 60 females/group) were exposed for 24 months to respirable polyacrylate 
particles (MMAD ≈ 2 to 3 microns) at concentrations of 0.05, 0.2, and 0.8 mg/m3, respectively.36  Gross necropsy was 
performed at 6, 12, and 24 months.  Gross necropsy results at 24 months indicated no visible effects in males or females 
exposed to 0.05 mg/m3. Lung nodules were observed in 1 male and 3 females exposed to 0.2 mg/m3.  The numbers of 
pulmonary nodules were even higher in the 0.8 mg/m3 exposure group (7 males and 23 females with nodules).  Only one 
animal (1 female) in the air-exposed control group had a pulmonary nodule.  Interim necropsy results at 6 and 12 months 
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indicated the absence of nodule formation in all exposure groups.  The authors noted that characterization of the nodules was 
not possible, and it was determined that conclusions regarding the lung nodule incidence and its significance (if any) in this 
study could not be made. 
 
Styrene/Acrylates Copolymer   
 

ACUDYNETM Shine Polymer and ACUDYNETM Bold Polymer were evaluated in a 2-week aerosol (nose only) 
exposure study involving rats.17,20  The test protocol was not stated.  There were no signs of clinical toxicity at any 
administered dose.  The no-observed-effect-concentration (NOEC) was 10.8 mg polymer solids/m3, based on slight irritant 
effects in the lungs at a concentration of 100 mg/m3.  

 
In a 13-week aerosol (nose only) study on ACUDYNETM Shine Polymer and ACUDYNETM Bold Polymer 

involving rats, the no-observable adverse-effect level (NOAEL) for changes in the lung (and related lymph nodes) was 8.3 
mg/m3.17,20    
   
Oral 
 
Styrene 
 
 The Environmental Protection Agency (EPA) has established a reference dose for chronic oral exposure (RfD) to 
styrene of 1 mg/kg/day, based on effects on red blood cells and the liver.37 The RfD is based on the assumption that 
thresholds exist for certain toxic effects, such as cellular necrosis.  In general, the RfD is an estimate (with uncertainty 
spanning perhaps an order of magnitude) of a daily exposure to the human population (including sensitive subgroups) that is 
likely to be without an appreciable risk of deleterious effects during a lifetime.    

Ocular Irritation 

1,3-Butadiene 

Workers exposed to 1,3-butadiene at concentrations of 8,000 ppm for 8 hours complained of eye irritation and 
blurred vision.38 
 
Styrene/Acrylates Copolymer 
 
 SunSpheresTM (chemical name not stated) was non-irritating to the eyes of rabbits in an ocular irritation study. The 
test protocol was not stated.14,18  These data are included in an industry data submission on SunSpheresTM LCG Polymer and 
SunSpheresTM

 PGL Polymer, for use in evaluating the safety of these trade name materials. 
 
 SunspheresTM Powder was classified as minimally irritating to the eyes of rabbits.15  The test protocol was not stated.  
In another ocular irritation study involving rabbits, a product (unnamed, but compositionally similar to SunspheresTM 
Powder) was classified as non-irritating.  The test protocol was not stated.15  
 

In an ocular irritation study involving rabbits, OPULYNTM 302B Opacifier was classified as a non-iritant. The test 
protocol was not stated.16 

 
The ocular irritation potential of ACUDYNETM Shine Polymer was evaluated in the bovine corneal opacity and 

permeability test in vitro.  The test protocol was not stated.  Results were negative.17 
 
Acrylic co-polymers (unnamed, but compositionally similar to OPULYNTM 301 Opacifier) were classified as non-

irritants in an ocular irritation study involving rabbits.  The test protocol was not stated.19 
 
ACUDYNETM Bold Polymer was classified as a non-irritant in the bovine corneal opacity and permeability test in 

vitro.20  The test protocol was not stated.   
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Skin Irritation 
 
Styrene/Acrylates Copolymer 
 
 In a skin irritation study involving rabbits, SunSpheresTM (chemical name not stated) was classified as a non-irritant.  
The test protocol was not stated.14,18  These data are included in an industry data submission on SunSpheresTM LCG Polymer 
and SunSpheresTM

 PGL Polymer for use in evaluating the safety of these trade name materials. 
 

A product (unnamed, but compositionally similar to SunspheresTM Powder) was classified as a non-irritant in a skin 
irritation study involving rabbits.  The test protocol was not stated.15 

 
In a skin irritation study involving rabbits, OPULYNTM 302B Opacifier was classified as a non-iritant. The test 

protocol was not stated.16 
 
The skin irritation potential of ACUDYNETM Shine Polymer and ACUDYNETM Bold Polymer was evaluated in the 

EpiDermal in vitro assay.17,20  The test protocol was not stated.  Results were negative.  
 
Acrylic co-polymers (unnamed, but compositionally similar to OPULYNTM 301 Opacifier) were classified as non-

irritants in a skin irritation study involving rabbits.  The test protocol was not stated.19 

Skin Irritation and Sensitization 
 
Animal 
 
Styrene and Methylstyrene 
 
 The skin sensitization potential of styrene was evaluated in the guinea pig maximization test (15 guinea pigs).39  
Details relating to the test protocol were not included. The test procedure involved intradermal injections of 10% (w/v) 
styrene, topical application of 20% (w/v) styrene, and challenge with 2% (w/v) styrene in acetone.  Skin sensitization was not 
observed in any of the animals tested.   Methylstyrene was also evaluated in a maximization test involving 15 guinea pigs, 
and the procedure involved intradermal injections of 2.5% (w/v) methylstyrene, topical application of 5% (w/v) 
methylstyrene, and challenge with 0.5% (w/v) methylstyrene in acetone.  The results were also negative.  
 
Human 
 
Styrene/Acrylates Copolymer 
 
 SunSpheresTM  (chemical name not stated) was classified as non-irritating and non-sensitizing in a human repeated 
insult patch test (HRIPT).  The test protocol was not stated.14,15,18  These data are included in industry data submissions on 
SunSpheresTM LCG Polymer, SunSpheresTM powder, and SunSpheresTM PGL Polymer for use in evaluating the safety of 
these trade name materials. 
 
 In a 21-day cumulative skin irritation study, OPULYNTM 302B Opacifier was classified as non-irritating and non-
sensitizing.  The test protocol was not stated.16 
 

OPULYNTM 301 Opacifier was also classified as non-irritating and non-sensitizing in a 21-day cumulative irritation 
study.  The test protocol was not stated.19 
 
Styrene and Methylstyrene 
 
 Styrene (5% w/v in petrolatum) was evaluated in a skin sensitization study involving 303 patients (diagnoses not 
stated).39  Details relating to the test procedure were not provided.  Negative results were reported for all patients.  Negative 
results for methylstyrene (1% w/v in ethanol) in these patients were also reported. 
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In Vitro  
 
Styrene/Acrylates Copolymer 
 
 ACUDYNETM Shine Polymer and ACUDYNETM Bold Polymer were classified as a non-sensitizers in the mouse 
local lymph node assay.17,20  The test protocol was not stated.  
 

Phototoxicity and Phoallergenicity 
 
Styrene/Acrylates Copolymer 
 
 SunSpheresTM (chemical name not stated) was classified as non-phototoxic and there was no evidence of 
photosensitivity.  The test protocol was not stated.14,15,18  These data are included in an industry data submission on 
SunSpheresTM LCG Polymer, SunSpheresTM Powder, and SunSpheresTM PGL Polymer for use in evaluating the safety of 
these trade name materials. 

Case Reports 
 
Polystyrene 
 
 A 10-year-old boy had a history of cushion styrofoam beads embedded in the right ear.  Styrofoam is polystyrene 
foam.40 Attempts to remove the bead caused it to lodge further, and the bead became deeply embedded and occluded the right 
auditory canal.  The spraying of ethyl chloride into the distal ear canal resulted in dissolution of the first bead and then a 
second bead.  Subsequent complete and uncomplicated recovery of the boy was reported.  It was noted that the small residue 
of dissolved Styrofoam that remained after the procedure did not appear to have caused toxic effects.  
 
Styrene and Methylstyrene 
 

A 40-year-old man with a history of bronchitis and contact allergy to styrene cross-reacted when patch-tested with 
3-  and 4-vinytoluene (also known as 3- and 4-methylstyrene, respectively).39  The vinyltoluene compounds were patch-tested 
at concentrations equimolar to 0.1% w/v styrene.  The patient also had a positive reaction to styrene (0.1% and 5% v/v in 
methy ethyl ketone).   
 

In a subsequent case report, the same patient cross-reacted when patch tested  with 2-, 3-, and 4-vinyltoluene (2-, 3-, 
and 4-methylstyrene, respectively) and to the metabolites styrene epoxide and 4-vinylphenol (4-hydroxystyrene).41  It is 
assumed that styrene is a prohapten metabolized in the skin by aryl hydrocarbon hydroxylase (AHH) to styrene epoxide, 
which acts as a true hapten. 

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY 
 
Styrene 
 
 The National Toxicology Program (NTP) Center for the Evaluation of Risks to Human Reproduction (CERHR) 
Expert Panel concluded that styrene does not cause developmental or reproductive toxicity in experimental animals.42  In 
developmental toxicity studies in rats and rabbits, the highest exposure concentrations tested (600 ppm by inhalation or 300 
mg/kg body weight/day by oral dosing) did not have any observable adverse effects on fetuses.  The effects of styrene 
exposure on reproduction and post-natal development were assessed in 2 multigeneration studies involving rats.  Neither 
study produced results indicating a styrene-induced reproductive effect, even at the highest concentrations administered. 
However, in one of the studies, there was decreased birth weight and delays in the postnatal development of pups from 
parents exposed (by inhalation) to 500 ppm styrene.  This concentration of styrene also caused a significantly reduced body 
weight gain in the dams.  Thus, the NTP-CERHR Expert Panel concluded that it was not possible to separate the observed 
effects in the offspring from the effects on maternal weight.  Inhalation exposure to 500 ppm styrene did not cause 
developmental neurotoxicity.  
 
 In the second multigeneration study, styrene was administered at concentrations up to 250 ppm in drinking water 
(estimated intake = 18 mg/kg body weight/day (for males) and 23 mg/kg body weight/day (for females).  Results indicated no 
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treatment-related effects on maternal food consumption or weight gain, and no significant developmental effects on the pups.  
The NTP-CERHR Expert Panel considered these data to be relevant for the assessment of potential human hazard. 
 
 The NTP-CERHR Expert Panel determined that there was insufficient information available to arrive at conclusions 
about reproductive and developmental outcomes from studies of humans exposed to styrene.  Studies performed in 
occupational settings suggest that the exposure of women to styrene is associated with slightly increased levels of prolactin in 
blood serum and possible depletion of peripheral blood dopamine metabolizing activities, when compared to levels in women 
not occupationally exposed to styrene.  The Panel determined that the clinical relevance of these effects is uncertain for the 
following 2 reasons: (1) the average elevation in prolactin concentrations in blood serum was small and within the normal 
range of blood serum values and (2) menstrual function and other reproductive endpoints were not evaluated in these 
studies.42  
 
1,3-Butadiene 
 

According to the 1984 NTP report on the toxicology and carcinogenesis of 1,3-butadiene,32 the fertility of rats was 
not severely impaired when they were exposed (inhalation) to 1,3-butadiene at concentrations of 600-6,700 ppm for 7.5 hours 
per day, 6 days per week, for 8 months; however, the decreased fecundity observed may have been related to exposure. No 
evidence of degenerative testicular changes in males was seen, and all embryos appeared normal at necropsy.      
 

When female rats were exposed (inhalation) to 1,3-butadiene for 4 months at 45 ppm, increased embryonic mortality 
and teratogenesis were reported.  
  

Pregnant female Sprague-Dawley rats exposed (inhalation) to 1,3-butadiene at concentrations of 0, 200, 1,000, or  
8,000 ppm for 6 hours per day during days 6-25 of gestation showed embryonic growth retardation and slight embryo-
mortality at all concentrations.   At the highest exposure concentration, evidence of teratogenicity (major fetal defects such as 
cardiovascular, sternebral, and thoracic abnormalities) was seen.32 

GENOTOXICITY 
 

Bacterial Cells  
 
Polystyrene 
 
 The genotoxicity of polystyrene was evaluated in the Ames test using the following Salmonella typhimurium strains, 
with and without metabolic activation:  TA97, TA98, TA100, and TA1535.43   Concentrations of the test substance were not 
stated; however, at least 5 concentrations were tested.  Methyl ethyl ketone served as the vehicle and the control.    
Polystyrene was not genotoxic with or without metabolic activation in any of the bacterial strains tested.   The positive 
controls in experiments without metabolic activation were:  2-nitrofluorene, 4-nitro-o-phenylenediamine, sodium azide, 9-
aminoacridine, mitomycin C, and methyl methanesulfonate.  The positive control for the metabolic activation experiments 
was 2-aminoanthracene.  Results for the vehicle control or positive controls were not stated.   
 
Polyacrylate 
 
 The genotoxicity of polyacrylate (polymer of acrylic acid and sodium acrylate) was evaluated in the following 
assays:35  Ames Salmonella assay, unscheduled DNA synthesis assay (rat hepatocytes), the mouse lymphoma mammalian 
cell assay, and the in vivo cytogenetics assay (rat bone marrow cells).  Neither the test concentrations nor details relating to 
the test protocols were stated.  However, it was stated that polyacrylate was not genotoxic in any of the assays. 
 
Styrene/Acrylates Copolymer 
 
 In the Ames test, SunSpheresTM  (chemical name not stated) was non-genotoxic with and without metabolic 
activation.  The test protocol was not stated.14,15,18  These data are included in an industry data submission on SunSpheresTM 
LCG Polymer, SunSpheresTM Powder, and SunSpheresTM PGL Polymer for use in evaluating the safety of these trade name 
materials. 
 

OPULYNTM 302B Opacifier was not genotoxic in the Ames test, with or without metabolic activation. The test 
protocol was not stated.16 
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In the Ames test, ACUDYNETM Shine Polymer and ACUDYNETM Bold Polymer were not genotoxic.17,20  The test 

protocol was not stated.  These polymers also were not genotoxic in the chromosomal aberrations test in vitro (test protocol 
not stated).17,20 

 
OPULYNTM 301 Opacifier was not genotoxic in the Ames test, with or without metabolic activation.  The test 

protocol was not stated.19 
 

Mammalian Cells 
 
Styrene/Acrylates Copolymer 
 

OPULYNTM 302B Opacifier was not genotoxic in the in vitro cytogenetic assay, with or without metabolic 
activation.  The test protocol was not stated.16 

 
OPULYNTM 301 Opacifier also was not genotoxic in the in vitro cytogenetic assay, with or without metabolic 

activation.  The test protocol was not stated.19 

CARCINOGENICITY  

Animal 
 
Polystyrene 
 
 The carcinogenicity of the following different physical forms of polystyrene was evaluated using groups of Wistar 
rats:  smooth discs (47 rats); perforated discs (51 rats); rods, spheres, and fibers (40 rats), and powder (number of rats not 
stated).8,44  Following subcutaneous (s.c.) implantation of each type, sarcoma incidences at the implantation site were as 
follows:  37 of 47 rats (78.7%), 25 of 51 rats (49%), and 15 of 40 rats (37.5%).  Sarcomas were not observed in rats 
implanted with the powder. 
 

In another study, discs (1.25 cm diameter x 0.026 mm thick) and perforated discs (central hole, 6 mm) of 
polystyrene were implanted s.c. into Wistar rats (from 3 different laboratory sources).8,45  Differences in the incidence of 
local sarcomas (8% to 48%) were found, depending on the animal strain.  Wistar rats from one of the laboratory sources were 
the most sensitive.  No appreciable differences were found between implanted discs that were perforated and unperforated. 

 
Regarding the preceding 2 studies, the International Agency for Research on Cancer noted in its 1979 monograph 

that these results point to the need for further investigations regarding polystyrene.8  
  

Styrene 
 
A National Toxicology Program (NTP) carcinogenicity bioassay on styrene was performed using Fischer 344 rats 

and B6C3F1 mice (groups of 50 males and 50 females per species).46  Groups of 40 males and 40 females per species served 
as vehicle controls.  Styrene was administered (by gavage, 5 days/week) to 3 groups of rats at doses of 500 mg/kg/day (low 
dose), 1,000 mg/kg/day (medium dose), and 2,000 mg/kg/day (high dose), respectively.  The 2 groups of mice received doses 
of 150 mg/kg/day (low dose) and 300 mg/kg/day (high dose), respectively.  The dosing period was 78 weeks (followed by 27 
weeks of observation) for rats in both high and medium dose groups, 103 weeks (followed by 1-week observation period) for 
low dose rats, and 78 weeks (followed by 13 weeks of observation) for all mice. 

 
  In male mice, there was a significant positive association between the dose of styrene administered and the 

incidences of a combination of adenomas and carcinomas of the lung. It was noted that this finding was supported by the 
results of a high dose-to-control Fischer exact test.  However, the variation of the incidence of these neoplasms in historical 
control male mice at the test laboratory did not permit a firm conclusion of carcinogenicity.  When dosed groups were 
compared to vehicle controls, there was no significant difference between tumor incidence at any other site in male mice, or 
at any site in rats or female mice.  The authors noted that the findings of an increased incidence of a combination of 
adenomas and carcinomas of the lung provided suggestive evidence for the carcinogenicity of styrene in male B6C3F1 mice.  
However, it was concluded that, under the conditions of this bioassay, no convincing evidence for the carcinogenicity of 
styrene was found in Fischer 344 rats or in B6C3F1 mice of either sex.46 
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1,3-Butadiene 
 
 NTP inhalation carcinogenicity studies on 1,3-butadiene was performed.  Groups of 50 male and female B6C3F1 
mice were exposed to air containing 625 ppm or 1,250 ppm 1,3-butadiene 5 days per week (6 h/day).32  Chamber controls 
were air-exposed. The exposure period in these studies was to have been 103 weeks, but study termination was at week 60 or 
week 61 because of rapidly declining survival, primarily due to neoplasia.  Significantly increased incidences of neoplasms at 
multiple sites were observed in mice exposed to 1,3-butadiene.  It was concluded that there was clear evidence of 
carcinogenicity for 1,3-butadiene in male and female B6C3F1 mice, based on the following results:  increased incidences and 
early induction of hemangiosarcomas of the heart, malignant lymphomas, alveolar/bronchiolar adenomas and carcinomas, 
and papillomas of the stomach in male and females, and  increased incidences and early induction of acinar cell carcinomas 
of the mammary gland, granulosa cell tumors of the ovary, and hepatocellular adenomas and adenomas or carcinomas 
(combined) in female mice.  Exposure to 1,3-butadiene was also associated with nonneoplastic lesions in the respiratory 
epithelium, liver necrosis, and testicular or ovarian atrophy.  
 

Groups of 70 male and 70 female B6C3F1 mice were exposed to air containing 0, 6.25, 20,625, or 200 ppm 1,3-
butadiene for 6 hours per day, 5 days per week for up to 2 years; groups of 90 male and 90 female B6C3F1mice were 
exposed to 625 ppm 1,3-butadiene on the same schedule.47 Up to 10 animals from each group were examined after 9 and 15 
months of exposure. Two-year survival was decreased for males and females exposed to concentrations of 20ppm or above, 
primarily due to the development of chemical-related malignant neoplasms. No female mice exposed to 200 or 625 ppm or 
males exposed to 625 ppm survived to the end of the studies (males: 35/50, 39/50, 24/50, 22/50, 4/50, 0/70; females: 37/50, 
33/50, 24/50, 11/50, 0/50,0/70). At 9 months, decreases in erythrocyte counts, hemoglobin concentration, and packed red cell 
volume were observed in male mice exposed to 62.5 ppm or above and in female mice exposed to 200 ppm or 625 ppm.  At 
15 months, these changes were observed in female mice exposed to 625 ppm. 
 

Exposure of mice to 1,3-butadiene induced benign and malignant neoplasms at multiple sites. Statistically 
significant increases in the incidences of neoplasms at one or more sites were seen at concentrations of 20 ppm and higher in 
males and 6.25 ppm and higher in females. There was no exposure level in this study at which a significant carcinogenic 
response was not observed. Statistically significant increases occurred in the incidences of malignant lymphoma; histiocytic 
sarcoma; cardiac hemangiosarcoma; harderian gland adenoma; hepatocellular adenoma and carcinoma; alveolarbronchiolar 
adenoma and carcinoma; mammary gland carcinoma, adenoacanthoma, and malignant mixed tumor (females only); benign 
and malignant ovarian granulosa cell tumor; and forestomach squamous cell papilloma and carcinoma.  Lymphocytic-
lymphomas appeared as early as week 23 and were the principal cause of death of male and female mice exposed to 625 ppm 
1,3-butadiene. The early and extensive development of lethal lymphocytic lymphomas in mice exposed to 625 ppm resulted 
in a reduced number of mice at risk for neoplasms developing later atother sites. Exposure-response relationships for 1,3-
butadiene- induced neoplasms were more clearly characterized at concentrations below 625 ppm and after adjustment for 
intercurrent mortality. 
 
 When compared to the first NTP carcinogenicity study on 1,3-butadiene summarized in this section, this study 
provides a better characterization of the concentration-dependent responses for 1,3-induced neoplasms and nonneoplastic 
lesions.  This study also confirmed the clear evidence of carcinogenicity of 1,3-butadiene in male B6C3F1 mice, based on 
increased incidences of neo-plasms in the hematopoietic system, heart, lung, forestomach, liver, harderian gland, preputial 
gland, brain, and kidney. There was clear evidence of carcinogenicity of 1,3-butadiene in female B6C3F1 mice, based on 
increased incidences of neoplasms in the hematopoietic system, heart, lung, forestomach, liver, harderian gland, ovary, and 
mammary gland.  It was also noted that low incidences of intestinal carcinomas in male mice, Zymbal's gland carcinomas in 
male and female mice, and renal tubule adenomas and skin sarcomas in female mice may also have been related to 1,3-
butadiene exposure. 

 
Human 
 
Styrene 
 
 According to the NTP, styrene is reasonably anticipated to be a human carcinogen and was first listed in the NTP’s 
Twelfth Report on Carcinogens in 2011.48  This categorization is based on limited evidence of carcinogenicity from studies in 
humans, sufficient evidence of carcinogenicity from studies in experimental animals, and supporting data on mechanisms of 
carcinogenesis. The limited evidence of the carcinogenicity of styrene in humans is based on studies of workers exposed to 
styrene that showed:  (1) increased mortality from or incidence of cancer of the lymphohematopoietic system and (2) 
increased levels of DNA adducts and genetic damage in lymphocytes from exposed workers.  Causality was not established 
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in these studies, because the possibility that the results were due to chance or was confounded by exposure to other 
carcinogenic chemicals could not be completely ruled out.  However, NTP noted that a causal relationship between styrene 
exposure and cancer in humans is credible and is supported by the finding of DNA adducts and chromosomal aberrations in 
lymphocytes from styrene-exposed workers.  Most of the evidence of styrene carcinogenicity in humans comes from 
occupational cohort studies in two major industries: the reinforced plastics industry and the styrene-butadiene rubber 
industry.  The NTP’s analyses of data from the latter industry are included in the section on Styrene/Butadiene Copolymer 
below. 
 

A committee of the National Research Council (NRC) will conduct a scientific peer review of the styrene 
assessment presented in the National Toxicology Program (NTP) 12th Report on Carcinogens (RoC).49  The committee will 
identify and evaluate relevant, publicly available, peer-reviewed literature, with particular emphasis on literature published 
since June 10, 2011, the release date of the 12th RoC. The committee will apply independently the NTP’s established RoC 
listing criteria to the scientific evidence from studies in humans, experimental animals, and other studies relevant to 
mechanisms of carcinogenesis and make independent level-of-evidence determinations with respect to the human and animal 
studies.  Ultimately, an independent listing recommendation for styrene, along with the scientific justification for this 
recommendation, will be made.  This project is sponsored by the Department of Health and Human Services, and the 
approximate start date was September 10, 2012.  A final report will be issued at the end of the project in approximately 24 
months.  

 
The International Agency for Research on Cancer (IARC) has classified styrene as possibly carcinogenic to humans 

(Group 2B).31  The Working Group found limited evidence in humans and limited evidence in experimental animals for 
carcinogenicity.  Evidence from mechanistic studies did not contribute to their overall classification decision. 

 
The United States Environmental Protection Agency (EPA) has classified styrene as a Group C carcinogen, a 

possible human carcinogen.50   
 

1,3-Butadiene 
  

 EPA has concluded that 1,3-butadiene is carcinogenic to humans by inhalation exposure.51  The unit cancer risk 
estimate is 0.08/ppm, based primarily on linear modeling and extrapolation of human data.  This incorporates an adjustment 
factor of 2 to address concerns for sensitive populations.  The corresponding estimate of the chronic exposure level of 1,3-
butadiene resulting in extra cancer risk of 10-6 (i.e., 1 in a million) is 0.01 ppb.   

 
 IARC has classified 1,3-butadiene as a Group 2A carcinogen, a probable human carcinogen.52  However the 

following revised evaluation is published in the 2012 IARC monograph on 1,3-butadiene:12  “There is sufficient evidence in 
humans for the carcinogenicity of 1,3-butadiene. 1,3-Butadiene causes cancer of the hematolymphatic organs.  There is 
sufficient evidence for the carcinogenicity of 1,3-butadiene in experimental animals….  There is strong evidence that the 
carcinogenicity of 1,3-butadiene in humans operates by a genotoxic mechanism that involves formation of reactive epoxides, 
the interaction of these direct-acting mutagenic epoxides with DNA, and resultant mutagenicity. The metabolic pathways for 
1,3-butadiene in experimental animals have also been demonstrated in humans. 1,3-Butadiene is carcinogenic to humans.”  
 
Styrene/Butadiene Copolymer 
 

IARC has determined  that epidemiological information on styrene-butadiene copolymer workers, which suggest 
elevated risk for lymphato-hematopoietic malignancies, clearly requires elucidation by further studies.8  
 
 Multi-plant cohort studies of male styrene-butadiene rubber workers have been performed.53,54  These workers had 
significantly increased cancer risks, including risks of  non-Hodgkin’s lymphoma (NHL), NHL-chronic lymphocytic 
leukemia (NHL-CLL), and leukemia (overall and specific types) among subgroups of workers (1) with a long duration of 
employment (> 10 years), (2) with a long time since the first exposure (20 to 29 years or ≥ 30 years), (3) in specific job 
categories, or (4) with the highest levels of cumulative exposure to styrene. 
 
 In an effort to elucidate the effects of styrene from those of butadiene, internal analyses were performed for quartiles 
of cumulative exposure or exposure to periodic spikes of high styrene concentrations (styrene peaks, defined as ≥ 50 ppm) 
involving the following statistical models:  (1) styrene exposure only and  (2) styrene and butadiene exposure.  The number 
of cases at each exposure level was small, and this limited the power to detect statistically significant risk estimates.  No 
trend analyses were reported.  The internal analyses suggested an exposure-response relationship between styrene exposure 
and NHL and NHL-CLL combined.  It was noted that the relative risk of  NHL or NHL-CLL increased with increasing levels 
of cumulative exposure to styrene, and was not attenuated by control for butadiene exposure.  However, the relative risk 
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reached statistical significance only for the highest styrene exposure level in the styrene-only model, and only for NHL-CLL 
combined.  Exposure to butadiene was not associated with risk of NHL or NHL-CLL.  The association observed between 
styrene exposure and leukemia relates to analyses of cancer among workers exposed to styrene peaks.  The relative risk of 
leukemia increased with increasing numbers of  styrene peaks in both chemical models, and was significantly elevated at the 
2 highest styrene exposure levels when the models were controlled for butadiene exposure.  The relative risk of  leukemia 
also increased with increasing cumulative styrene exposure, but the response was attenuated by control for butadiene 
exposure.53,54  
 
Polyacrylate 
 
 A cross-sectional respiratory survey of workers (164 workers: 153 men, 11 women; average age = 28.4 years) 
exposed to polyacrylate dust was performed to assess possible respiratory effects.55  The site of the survey was a plant in 
Calvert City, Kentucky that manufactured high molecular weight polyacrylate products.  The average number of years of 
worker employment at the plant was 20.7 years.  There was no evidence of excess risk of lung cancer or chest x-ray 
abnormalities in exposed workers.  However, there were exposure-related decrements in lung function.  
 
 It should be noted that polyacrylates are included on the 2013 list of substances that have been nominated to the 
National Toxicology Program’s Report on Carcinogens (RoC), but have not yet been approved for formal review.56  

OTHER EFFECTS 

Hormonal Activity 
 
Polystyrene 
 
 Two studies evaluating the estrogenic activity of polystyrene are available from the National Technical Information 
Service, and have been ordered.     

SUMMARY 

 The safety of styrene and vinyl-type styrene copolymers as used in cosmetics is evaluated in this safety assessment.  
These ingredients function mostly as viscosity increasing agents, opacifying agents, and film formers in cosmetic products.  
Very limited safety test data on the styrene and vinyl-type styrene copolymers reviewed in this safety assessment were found 
in the published literature. However, data on monomers, styrene and 1,3-butadiene, are included. 
 
  Information on the use of these ingredients as a function of product type was supplied to the Food and Drug 
Administration (FDA) by industry as part of the Voluntary Cosmetic Registration Program (VCRP) in 2013.  The highest use 
frequency was reported for ethylene/propylene/styrene copolymer, followed by butylene/ethylene/styrene copolymer.  The 
Personal Care Products Council conducted a survey of ingredient use concentrations in 2013-2014, and maximum use 
concentrations ranging from 0.000038% (styrene/VP copolymer) to 36.5% (polystyrene) were reported.  The highest 
maximum reported use concentrations for rinse-off and leave-on products were 36.5% (polystyrene) and 35% 
(styrene/acrylates copolymer), respectively. 
 

Polystyrene grades with low concentrations, ≤ 500 ppm residual styrene, have been developed. 
 
The absorption of styrene was low (averaging 1 µg/cm2/minute) in human volunteers exposed by placing one hand 

in liquid styrene for 10 to 30 minutes.  The percutaneous absorption of styrene was not an important contribution to the body 
burden in a field study comparing the urinary excretion of styrene metabolites in 4 groups of workers, all performing the 
same task, but wearing different protective equipment.  It was concluded that.  Styrene is primarily metabolized to styrene 
7,8-oxide by cytochrome P450 enzymes. 

 
Nine minutes after rabbits were exposed to 1,3-butadiene at concentrations of 250,000 ppm, the test chemical was 

found in the femoral artery at a concentration of 0.26 mg/ml and in the femoral vein at a concentration of 0.18 mg/ml.  
Following 1 h of exposure to 130,000 ppm 1,3-butadiene in rats, the chemical was detected in the brain and liver. At 2 h post-
exposure to the same concentration (rats), 1,3-butadiene was detected in the perirenal fat, liver, brain, spleen, and kidneys.  
The first step in butadiene metabolism involves cytochrome P450-mediated oxygen to epoxybutene. 
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Polyacrylate, a polymer of acrylic acid and sodium acrylate, was tested in a repeated dose inhalation toxicity study 
involving groups of Fischer 344 rats.   Regarding the test material as received (considered non-respirable), less than 1% was 
< 40 microns.  The particle size used in this study was reduced to make it highly respirable in test animals (mass mean 
aerodynamic diameter [MMAD] = 1.95 to 2.07 microns).   The animals were exposed to polyacrylate at concentrations of 
0.05, 0.2, 1, and 10 mg/m3.  Mild to moderate pulmonary inflammation and benign alveolar/bronchiolar adenomas were 
reported, and the 0.05 and 0.2 mg/m3 concentrations were considered no-adverse-effect levels. 

EPA has estimated the safe dose of styrene for human oral exposure during a lifetime to be 1 mg/kg-day. 

Workers exposed to 1,3-butadiene at concentrations of 8,000 ppm for 8 hours complained of eye irritation and 
blurred vision.   

In the maximization test, sensitization was not observed in 15 guinea pigs challenged with 2% (w/v) styrene in 
acetone.  Results were also negative for sensitization in 303 patients tested with 5% (w/v) styrene in petrolatum. 

The National Toxicology Program (NTP) Center for the Evaluation of Risks to Human Reproduction (CERHR) 
Expert Panel concluded that styrene does not cause developmental or reproductive toxicity in experimental animals.  The 
highest doses/exposure concentrations in developmental toxicity studies (rats and rabbits) evaluated were 600 ppm 
(inhalation) or 300 mg/kg body weight/day by oral dosing. The NTP-CERHR Expert Panel determined that there was 
insufficient information available to arrive at conclusions on reproductive and developmental outcomes from studies of 
humans exposed (occupational exposure) to styrene.  

The fertility of rats was not severely impaired when they were exposed to 1,3-butadiene at concentrations of 600-
6,700 ppm for 8 months (6 days/week). However, it was noted that the decreased fecundity observed may have been 
exposure-related.  There was no evidence of degenerative testicular changes in males.   The results of other studies indicated 
increased embryonic mortality and teratogenesis at exposure concentrations as low as 45 ppm (4-month exposure) and 
embryonic growth retardation and embryo mortality at exposure concentrations ranging from 200 ppm to 8,000 ppm.  
Teratogenicity was observed only at the highest concentration of 8,000 ppm. 

Polystyrene was not genotoxic with or without metabolic activation in the Ames test.  Polyacrylate was not 
genotoxic in the following tests:  Ames test, unscheduled DNA synthesis assay (rat hepatocytes), mouse lymphoma 
mammalian cell assay, and the in vivo cytogenetics assay (rat bone marrow cells).  

The subcutaneous implantation of various physical forms of polystyrene produced sarcomas in rats.  In an NTP oral 
carcinogenicity bioassay on styrene, it was concluded that there was no convincing evidence of carcinogencity in rats or mice 
receiving doses up to 2,000 mg/kg. for 78 or 103 weeks (rats) or 78 weeks (mice).   However, the NTP has concluded that 
styrene is reasonably anticipated to be a human carcinogen based on the results of occupational cohort studies.  The 
Environmental Protection Agency and the International Agency for Research on Cancer have also classified styrene as 
possibly carcinogenic to humans.  A committee of the National Research Council will conduct a scientific peer review of the 
styrene assessment presented in the NTP 12th Report on Carcinogens.  

   In NTP inhalation carcinogenicity studies, 1,3-butadiene was carcinogenic in B6C3F1 mice at  concentrations up 
to 1,250 ppm. Inhalation exposure was also associated with non-neoplastic lesions in the respiratory epithelium, liver 
necrosis, and testicular or ovarian atrophy.  It should be noted that the Environmental Protection Agency and the International 
Agency for Research on Cancer have concluded that 1,3-butadiene is carcinogenic in humans by inhalation exposure. 

The International Agency for Research on Cancer has determined that epidemiological information on styrene-
butadiene copolymer workers, which indicates lymphato-hematopoietic malignancies, clearly requires elucidation by further 
studies. 

A cross-sectional respiratory survey of workers (164 workers: 153 men, 11 women; average age = 28.4 years) 
exposed to polyacrylate dust was performed to assess possible respiratory effects.  There was no evidence of an excess risk of 
lung cancer or chest x-ray abnormalities in exposed workers.  However, there were exposure-related decrements in lung 
function.  
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Polyacrylates are included on the 2013 list of substances that have been nominated to the National Toxicology 
Program’s Report on Carcinogens, but have not yet been approved for formal review.  
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Table 1.  Definitions, idealized structures, and functions of the ingredients in this safety assessment.5  

 
Ingredient CAS No.                Definition  Function(s) 
Ethylene/Propylene/Styrene 
Copolymer 
68648-89-5 

Ethylene/Propylene/Styrene 
Copolymer is a polymer of 
ethylene, propylene and 
styrene monomers that has 
been terminated by 
hydrogenation. 

CHCH2CH

x

CH2

CH3

CH2CH2

y z

 

Viscosity 
increasing agent-
nonaqueous 

Butylene/Ethylene/Styrene 
Copolymer 
66070-58-4 

Butylene/Ethylene/Styrene 
Copolymer is a polymer of 
butylene, ethylene and styrene 
monomers terminated by 
hydrogenation. 

CHCH2CH

x

CH2

CH2

CH2CH2

y z

CH3

 

Viscosity increasing agent-
nonaqueous 

Acrylates/Ethylhexyl 
Acrylate/Styrene Copolymer 

Acrylates/Ethylhexyl 
Acrylate/Styrene Copolymer is a 
copolymer of ethylhexyl 
acrylate, styrene and one or 
more monomers of acrylic acid, 
methacrylic acid or one of their 
simple esters. 

wherein R is hydrogen, methyl, ethyl, 
propyl, or butyl. 

Film formers 

                                           

CHCH2CH

x

CH2CHCH2

y z

OO

R

O O

CH3

H3C

 
 

Butyl Acrylate/Styrene Copolymer Butyl Acrylate/Styrene 
Copolymer is a copolymer of 
butyl acrylate and styrene 
monomers. 

CHCH2

x

CHCH2

z

OO

H3C  

Film formers 

C4-6 Olefin/Styrene Copolymer C4-6 Olefin/Styrene Copolymer 
is a copolymer of C4-6 olefins 
and styrene monomers. 

 Epilating agents 

CHCH2CHCH2

CH2

CHCH2

y

z

CH2 CH

CH2

CH3 CH2

CH3

CH2

CH2

CH2

CH3

w

x
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Table 1.  Definitions, idealized structures, and functions of the ingredients in this safety assessment.5  

 
Ingredient CAS No.                Definition  Function(s) 
C5-6 Olefin/Styrene Copolymer C5-6 Olefin/Styrene Copolymer 

is the copolymer of C5-6 olefins 
and styrene monomers. 

 Epilating agents 

CHCH2CHCH2

CH2

y

z

CH2 CH

CH2

CH3

CH2

CH2

CH2

CH3
x

 
Hydrogenated Butadiene/ 
Isoprene/Styrene Copolymer 
132778-07-5 

Hydrogenated 
Butadiene/Isoprene/Styrene 
Copolymer is the end-product of 
the controlled hydrogenation of 
a block copolymer composed of 
1,3-butadiene, isoprene and 
styrene monomers. 

 Film formers 

CHCH2CCH2CH2

y

z

CH CH2

x

CH3

CHCHCH2

 
Hydrogenated Butylene/ 
Ethylene/Styrene Copolymer 

Hydrogenated 
Butylene/Ethylene/Styrene 
Copolymer is a polymer of 
butylene, ethylene and styrene 
that has been hydrogenated. 

CHCH2CH

x

CH2

CH2

CH2CH2

y z

CH3

 

Viscosity increasing agents-
nonaqueous 

Hydrogenated Ethylene/ 
Propylene/Styrene Copolymer 

Hydrogenated 
Ethylene/Propylene/Styrene 
Copolymer is a polymer of 
ethylene, propylene and styrene 
that has been hydrogenated. 

CHCH2CH

x

CH2

CH3

CH2CH2

y z

 

Viscosity increasing agents-
nonaqueous 

Hydrogenated Styrene/Butadiene 
Copolymer 
66070-58-4 

Hydrogenated 
Styrene/Butadiene Copolymer is 
the hydrogenated polymer of 
styrene and 1,4-butadiene. 

CHCH2CHCH2

y

z

CH CH2

 

Film formers; viscosity 
increasing agents-nonaqueous 

Hydrogenated Styrene/Isoprene 
Copolymer 
68648-89-5 

Hydrogenated Styrene/Isoprene 
Copolymer is the end product of 
the controlled hydrogenation of 
Styrene/Isoprene Copolymer. 

CHCH2CHCH2

y

z

CH CH2

CH3

 

Viscosity increasing agents-
nonaqueous 
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Table 1.  Definitions, idealized structures, and functions of the ingredients in this safety assessment.5  

 
Ingredient CAS No.                Definition  Function(s) 
Isobutylene/Styrene Copolymer 
9011-12-5 

Isobutylene/Styrene Copolymer 
is a copolymer of isobutylene 
and styrene monomers. CHCH2CCH2

CH3

y

z

CH3

 

Film formers 

Methacrylic Acid/Styrene/VP 
Copolymer 
27554-92-3 

Methacrylic Acid/Styrene/VP 
Copolymer is a copolymer of 
styrene, methacrylic acid and 
vinyl pyrrolidone. 

 Opacifying agents 

CHCH2CH

x

CH2

N

CCH2

y z

OHO

CH3

O

 
Methylstyrene/Vinyltoluene 
Copolymer 
9017-27-0 

Methylstyrene/Vinyltoluene 
Copolymer is the polymer of 
methylstyrene and vinyltoluene 
monomers. 

CCH2CHCH2

y z

CH3

CH3

 

Viscosity increasing agents-
nonaqueous 

Polystyrene 
9003-53-6 

Polystyrene is the polymer that 
conforms to the formula.  
Polystyrene is the homo-
polymer formed from the 
polymerization of vinylbenzene.  

CHCH2

x  

Film formers; viscosity 
increasing agents-nonaqueous 

Polystyrene/Hydrogenated 
Polyisopentene Copolymer 

Polystyrene/Hydrogenated 
Polyisopentene Copolymer is a 
copolymer of polystyrene and 
hydrogenated polyisopentene. 

CHCH2CHCH2

y

z

CH3H3C

 

Not reported 

Sodium Methacrylate/Styrene 
Copolymer  
33970-45-5 

Sodium Methacrylate/Styrene 
Copolymer is a copolymer of 
sodium methacrylate and 
styrene monomers. 

CHCH2

x

CHCH2

y

OO

Na

 

Opacifying agents 

Sodium Styrene/Acrylates 
Copolymer 
9010-92-8 

Sodium Styrene/Acrylates 
Copolymer is the sodium salt of 
a polymer of styrene and a 
monomer consisting of acrylic 
acid, methacrylic acid or one of 
their simple esters. 

CHCH2

y

CHCH2

z

OO

R

 
wherein R is a lone pair of electrons with a 
sodium cation, methyl, ethyl, propyl, or 
butyl. 

Film formers; viscosity 
increasing agents-aqueous 
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Table 1.  Definitions, idealized structures, and functions of the ingredients in this safety assessment.5  

 
Ingredient CAS No.                Definition  Function(s) 
Sodium 
Styrene/Acrylates/Ethylhexyl 
Acrylate/Lauryl Acrylate 
Copolymer 

Sodium 
Styrene/Acrylates/Ethylhexyl 
Acrylate/Lauryl Acrylate 
Copolymer is the sodium salt of 
Styrene/Acrylates/Ethylhexyl 
Acrylate/Lauryl Acrylate 
Copolymer 

CHCH2

y

CHCH2

z

OO

R

 
wherein R is a lone pair of electrons with a 
sodium cation, methyl, ethyl, propyl, butyl, 
lauryl, or ethylhexyl. 

Film formers 

Styrene/Acrylates Copolymer 
25034-86-0    
25085-34-1    
9010-92-8 

Styrene/Acrylates Copolymer is 
a polymer of styrene and a 
monomer consisting of acrylic 
acid, methacrylic acid or one of 
their simple esters. 

CHCH2

y

CHCH2

z

OO

R

 
wherein R is hydrogen, methyl, ethyl, 
propyl, or butyl. 

Film formers; opacifying agents 

Styrene/Acrylates/Ethylhexyl 
Acrylate/Lauryl Acrylate 
Copolymer 

Styrene/Acrylates/Ethylhexyl 
Acrylate/Lauryl Acrylate 
Copolymer is a coplymer of 
styrene, acrylates, ethylhexyl 
acrylate and lauryl acrylate. 

CHCH2

y

CHCH2

z

OO

R

 
wherein R is a hydrogen, methyl, ethyl, 
propyl, butyl, lauryl, or ethylhexyl. 

Film formers 

Styrene/Butadiene Copolymer 
9003-55-8 

Styrene/Butadiene Copolymer is 
a copolymer of styrene and 
butadiene monomers. CHCH2CHCH2

y

z

CH CH2

 

Opacifying agents 

Styrene/Isoprene Copolymer 
25038-32-8 

Styrene/Isoprene Copolymer is a 
copolymer of styrene and 
isoprene monomers. CHCH2CHCH2

y

z

CH CH2

CH3

 

Film formers; opacifying agents 

Styrene/Methylstyrene Copolymer 
37218-15-8    
9011-11-4 

Styrene/Methylstyrene 
Copolymer is a copolymer of 
styrene and methyl styrene 
monomers. 

CCH2CHCH2

y z

CH3

 

Binders; depilating agents 
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Table 1.  Definitions, idealized structures, and functions of the ingredients in this safety assessment.5  

 
Ingredient CAS No.                Definition  Function(s) 
Styrene/Stearyl Methacrylate 
Crosspolymer 
91838-84-5 

Styrene/Stearyl Methacrylate 
Crosspolymer is a copolymer of 
styrene and stearyl methacrylate 
monomers crosslinked with 
divinylbenzene. 

CHCH2

y

CCH2

z

OO

R

CH3

 
wherein R is an eighteen carbon, saturated 
alkyl chain 

Absorbents; skin-conditioning 
agents-miscellaneous 

Styrene/VA Copolymer Styrene/VA Copolymer is a 
copolymer of styrene and vinyl 
acetate monomers. 

CHCH2

y

CHCH2

z

OO

CH3

 

Film formers;opacifying agents 

Styrene/VP Copolymer 
25086-29-7 

Styrene/VP Copolymer is a 
copolymer prepared from 
vinylpyrrolidone and styrene 
monomers. 

CHCH2CHCH2

N

y z

O

 

Film formers 

Polyacrylate-2 
31759-42-9 

Polyacrylate-2 is a copolymer of 
styrene, acrylamide, octyl 
acrylate and methyl 
methacrylate monomers. 

 Film formers 

CHCH2CH

x

CH2CCH2CH

y z

CH2

NH2O

CH3

OO

CH3

OO

R

w  
Polyacrylate-5 Polyacrylate-5 is a copolymer of 

styrene, ethylhexyl acrylate, 
hydroxyethyl acrylate, and one 
or more monomers of acrylic 
acid, methacrylic acid, or one of 
their simple esters. 

CHCH2

y

CCH2

z

OO

R

R'

 
wherein R is a hydrogen, methyl, ethyl, 
propyl, butyl, hydroxyethyl, or ethylhexyl. 
wherein R’ is hydrogen, or in the cases 
where R is hydrogen, methyl, ethyl, propyl, 
or butyl, R’ may also me methyl.  

Film formers 
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Table 1.  Definitions, idealized structures, and functions of the ingredients in this safety assessment.5  

 
Ingredient CAS No.                Definition  Function(s) 
Polyacrylate-12 Polyacrylate-12 is a copolymer 

of C3-11 acrylate, styrene, 
methacrylic Acid and 
acetoacetoxyethyl methacrylate 
monomers. 

CHCH2

y

CCH2

z

OO

R

R'

 
wherein R is a hydrogen, methyl, an alkyl 
chain from 3 to 11 carbons in length methyl, 
or acetoacetoxyethyl 
wherein R’ is hydrogen, or in the cases 
where R is methyl, or acetoacetoxyethyl, R’ 
is methyl.  

Film formers; nail conditioning 
agents 

Polyacrylate-15 
67892-91-5 

Polyacrylate-15 is a copolymer 
of n-butyl acrylate, ethyl 
acrylate, methyl methacrylate, 
ethylene, methacrylic acid and 
styrene monomers  
 

 
  

Film formers; hair fixatives 

CHCH2

y

CCH2CH2

z

OO

R

R'

CH2
x

 
wherein R is a hydrogen, methyl, ethyl , or butyl wherein R’ 

is hydrogen, or in the case where R is hydrogen, R’ is methyl. 
Polyacrylate-16 
67952-78-7 

Polyacrylate-16 is a copolymer 
of n-butyl acrylate, 
diethylaminoethyl methacrylate, 
ethyl acrylate, methacrylic acid, 
hydroxypropyl methacrylate, 
methyl methacrylate and styrene 
monomers. 

CHCH2

y

CCH2

z

OO

R

R'

 
wherein R is a hydrogen, methyl, 
diethylaminoethyl, or hydroxypropyl 
wherein R’ is hydrogen, or in the cases 
where R is hydrogen, methyl, 
diethylaminoethyl, or hydroxypropyl, R’ is 
methyl.  

Film formers; hair fixatives 

Polyacrylate-18 Polyacrylate-18 is a copolymer 
of n-butyl acrylate, ethyl 
acrylate, methacrylic acid, 
hydroxypropyl methacrylate and 
styrene monomers, 

CHCH2

y

CCH2

z

OO

R

R'

 
wherein R is a hydrogen, ethyl, butyl, or 
hydroxypropyl wherein R’ is hydrogen, 
or in the cases where R is hydrogen, butyl, 
or hydroxypropyl, R’ is methyl.  

Film formers; hair fixatives 
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Table 1.  Definitions, idealized structures, and functions of the ingredients in this safety assessment.5  

 
Ingredient CAS No.                Definition  Function(s) 
Polyacrylate-21 Polyacrylate-21 is a copolymer 

of 2-ethylhexyl acrylate, butyl 
methacrylate, methacrylic acid, 
methyl methacrylate, 
hydroxypropyl methacrylate and 
styrene. 

CHCH2

y

CCH2

z

OO

R

R'

 
 

Binders; film formers; hair 
fixatives 

Polyacrylate-30 Polyacrylate-30 is a copolymer 
of acrylonitrile, methacrylic 
acid, octyl acrylate, and styrene. 
wherein R is a hydrogen, 
methyl, butyl, ethylhexyl, or 
hydroxypropyl 
wherein R’ is hydrogen, or in 
the cases where R is hydrogen, 
methyl, butyl, or hydroxypropyl, 
R’ is methyl. wherein R is an 
octyl chain 

 Nail conditioning agents 

CHCH2CH

x

CH2CCH2CH

y z

CH2

CH3

OHOOO

R

w

N
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 Table 2. Properties of  Polystyrene.6,7,8  

Form Transparent, hard solid; water-clear solid plastic 

Molecular Mass 10,000 to 300,000 

Density 1.04-1.065 (amorphous); 1.111 (crystalline) 

Stability Yellows on exposure to light 
  
Solubility Soluble in ethylbenzene, methyl isobutyl ketone, 

tetrahydrofuran, benzene, toluene, methylene chloride, 
and pyridine  

Melting Point  240°C 

Softening Temperature Begins to soften at ≈ 85°C 

Flash Point  345°C to 360°C  

Auto-ignition Temperature  427°C 

Refractive Index 1.591 

Spectroscopy Data λmax at 260 nm, 215 nm, 194 nm abd 80 nm 
  
    

 Table 3. Properties of Styrene.7  

Form Colorless to yellowish, very refractive oily liquid 

Density 0.9059 
  
Solubility Soluble in alcohol, ether, methanol, acetone, and carbon 

disulfide; sparingly soluble in water 

Melting Point  30.6° 

Boiling Point 145° to 146° 

Flash point (closed cup) 31°C 

Refractive Index 1.5463 
  
    

 Table 4. Properties of Styrene/Butadiene Copolymer.8  

Form Amorphous solid 

Density 0.933 
  
Refractive Index 1.5345 
  
Melting Point -59 to -64°C 
  
    

 Table 5. Properties of 1,3-Butadiene.12  

Form Colorless gas 

Relative Molecular Mass 54.09 
  
Solubility Sparingly soluble in water (1 g/L at 20°C); slightly 

soluble in ethanol and methanol; soluble in benzene, 
carbon tetrachloride, and diethyl ether 
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Table 6. Frequency and Concentration of Use According to Duration and Type of Exposure.21,22 

  
Ethylene/Propylene/Styrene 

Copolymer 
Butylene/Ethylene/Styrene 

Copolymer 
Butyl Acrylate/Styrene 

Copolymer 

  
# of 
Uses Conc. (%)  # of Uses Conc. (%) 

# of 
Uses Conc. (%) 

Exposure Type           
Eye Area 16 0.075-2.3 19 0.01-0.25 NR NR 
Incidental Ingestion 324 6-8.2 314 1-8.2 NR NR 
Incidental Inhalation- Sprays 32 0.5 29 1.9** NR NR 
Incidental Inhalation- Powders 27 0.17-3.9* 25 0.008-0.84* NR NR 
Dermal Contact 72 0.075-3.9 70 0.008-1.9 NR NR 
Deodorant (underarm) NR NR NR NR NR NR 
Hair - Non-Coloring 3 1-2 2 NR NR 0.25 
Hair-Coloring NR NR NR NR NR NR 
Nail 2 3-5.7 2 0.18-1.9 NR NR 
Mucous Membrane 328 6-8.2 318 0.11-8.2 NR NR 
Baby Products NR NR NR NR NR NR 
Duration of Use             
Leave-On 408 0.075-8.2 395 0.008-8.2 NR NR 
Rinse off 5 0.18 5 0.11-0.95 NR 0.25 
Diluted for (bath) Use NR NR NR 0.95 NR NR 
Totals/Conc. Range 413 0.075-8.2 400 0.008-8.2 NR 0.25 

  

Hydrogenated 
Butylene/Ethylene/Styrene 

Copolymer 

Hydrogenated 
Ethylene/Propylene/Styrene 

Copolymer 

Hydrogenated 
Styrene/Butadiene 

Copolymer 

  
# of 
Uses Conc. (%) # of Uses Conc. (%)  

# of 
Uses Conc. (%) 

Exposure Type             
Eye Area NR NR 1 2 NR 2.3 
Incidental Ingestion 7 NR 7 NR 8 0.33-18.7 
Incidental Inhalation- Sprays 4** NR 4** NR 2** NR 
Incidental Inhalation- Powders 4* NR 4* NR 1 4* 
Dermal Contact 7 10 8 1.5-4.4 2 2.3-4 
Deodorant (underarm) NR NR NR NR NR NR 
Hair - Non-Coloring 8 NR 8 NR 3 2 
Hair-Coloring NR NR NR NR NR NR 
Nail NR NR NR NR NR NR 
Mucous Membrane 7 NR 7 NR 8 0.33-18.7 
Baby Products NR NR NR NR NR NR 

Duration of Use             
Leave-On 19 NR 20 1.5-4.4 13 0.33-18.7 
Rinse off 3 10 3 NR NR 2 
Diluted for (bath) Use NR NR NR NR NR NR 
Totals/Conc. Range 22 10 23 1.5-4.4 13 0.33-18.7 

  

Hydrogenated 
Styrene/Isoprene 

Copolymer 
Isobutylene/Styrene 

Copolymer 
Methylstyrene/Vinyltoluene 

Copolymer 

  
# of 
Uses Conc. (%) # of Uses Conc. (%) 

# of 
Uses Conc. (%)  

Exposure Type             
Eye Area 25 NR NR NR NR NR 
Incidental Ingestion 30 2.5-3 NR NR 2 NR 
Incidental Inhalation- Sprays 2 4** NR NR NR NR 
Incidental Inhalation- Powders 5 3* 1 1 NR NR 
Dermal Contact 45 0.89-4 1 1 NR 0.58 
Deodorant (underarm) NR NR NR NR NR NR 
Hair - Non-Coloring 2 4.2 NR NR NR NR 
Hair-Coloring NR NR NR NR NR NR 
Nail 1 NR NR NR NR NR 
Mucous Membrane 30 2.5-3 NR NR 2 NR 
Baby Products 3 NR NR NR NR NR 

Duration of Use             
Leave-On 78 0.89-4 1 1 2 0.58 
Rinse off NR 4.2 NR NR NR NR 
Diluted for (bath) Use NR NR NR NR NR NR 
Totals/Conc. Range 78 0.89-4.2 1 1 2 0.58 
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Table 6. Frequency and Concentration of Use According to Duration and Type of Exposure.21,22 

  Polystyrene 
Polystyrene/Hydrogenated 
Polyisopentene Copolymer 

Sodium Styrene/Acrylates 
Copolymer 

  
# of 
Uses Conc. (%)  # of Uses Conc. (%) 

# of 
Uses Conc. (%) 

Exposure Type           
Eye Area 2 NR 7 0.15-1.2 NR NR 
Incidental Ingestion NR NR NR 0.05 NR NR 
Incidental Inhalation- Sprays 5 0.4** 2** NR 4** NR 
Incidental Inhalation- Powders 4 0.08-0.4* 2** NR 4* NR 
Dermal Contact 10 0.08-36.5 16 0.0002-1.2 22 NR 
Deodorant (underarm) NR NR NR NR 13 NR 
Hair - Non-Coloring 9 0.4 NR NR 3 NR 
Hair-Coloring NR NR NR NR NR NR 
Nail NR NR NR NR NR 0.49 
Mucous Membrane 2 NR NR 0.05 2 NR 
Baby Products NR NR NR NR NR NR 
Duration of Use             
Leave-On 16 0.08-0.4 13 0.015-1.2 19 0.49 
Rinse off 3 36.5 3 0.0002 4 NR 
Diluted for (bath) Use NR NR NR NR 2 NR 
Totals/Conc. Range 19 0.08-36.5 16 0.0002-1.2 25 0.49 

  
Styrene/Acrylates 

Copolymer 
Styrene/Butadiene 

Copolymer Styrene/VP Copolymer 

  
# of 
Uses Conc. (%) # of Uses Conc. (%)  

# of 
Uses Conc. (%) 

Exposure Type             
Eye Area 11 0.36-15 NR NR NR 0.2-0.4 
Incidental Ingestion 3 0.13 NR NR 1 NR 
Incidental Inhalation- Sprays 34 0.35-3.5 NR NR 22 0.12 
Incidental Inhalation- Powders 21 0.8-14.8* NR NR 6 0.12-0.2* 
Dermal Contact 201 0.028-17.7 8 NR 18 0.000038-0.4 
Deodorant (underarm) 2 0.4 NR NR NR NR 
Hair - Non-Coloring 8 0.2-1 1 NR 36 0.032-1 
Hair-Coloring NR 0.04-12 NR NR 25 0.04-0.7 
Nail 57 0.52-35 NR NR 2 NR 
Mucous Membrane 133 0.04-7.7 8 NR 6 0.057 
Baby Products 2 0.2 NR NR NR NR 

Duration of Use             
Leave-On 121 0.028-35 NR NR 30 0.000038-0.4 
Rinse off 135 0.04-12 9 NR 52 0.021-1 
Diluted for (bath) Use 16 0.2-0.4 NR NR NR NR 
Totals/Conc. Range 272 0.028-35 9 NR 82 0.000038-1 
  Polyacrylate-5 Polyacrylate-15 Polyacrylate-16 

  
# of 
Uses Conc. (%) # of Uses Conc. (%) 

# of 
Uses Conc. (%)  

Exposure Type             
Eye Area NR NR NR NR 4 1-4.5 
Incidental Ingestion 2 NR NR NR NR 11.3 
Incidental Inhalation- Sprays NR NR NR NR NR NR 
Incidental Inhalation- Powders NR NR NR 0.38* NR NR 
Dermal Contact NR NR NR 0.38 4 1-4.5 
Deodorant (underarm) NR NR NR NR NR NR 
Hair - Non-Coloring NR NR NR NR NR NR 
Hair-Coloring NR NR 22 NR NR NR 
Nail 1 NR NR NR NR NR 
Mucous Membrane 2 NR NR NR NR 11.3 
Baby Products NR NR NR NR NR NR 

Duration of Use             
Leave-On 3 NR NR 0.38 4 1-11.3 
Rinse off NR NR 22 NR NR NR 
Diluted for (bath) Use NR NR NR NR NR NR 
Totals/Conc. Range 3 NR 22 0.38 4 1-11.3 
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Table 6. Frequency and Concentration of Use According to Duration and 
Type of Exposure.21,22 

  Polyacrylate-21 

  
# of 
Uses Conc. (%)  

Exposure Type     
Eye Area NR 0.9 
Incidental Ingestion NR NR 
Incidental Inhalation-Sprays NR NR 

Incidental Inhalation -Powders NR 0.7 
Dermal Contact NR 0.7-0.9 
Deodorant (underarm) NR NR 
Hair - Non-Coloring NR NR 
Hair-Coloring NR NR 
Nail NR NR 
Mucous Membrane NR NR 
Baby Products NR NR 
Duration of Use     
Leave-On NR 0.7-0.9 
Rinse off NR NR 
Diluted for (bath) Use NR NR 
Totals*/Conc. Range NR 0.7-0.9 
NR = Not Reported; Totals = Rinse-off + Leave-on Product Uses. 
*It is possible that these products may be powders, but it is not specified 
whether the reported uses are powders. 
**It is possible that this product may be a spray, but it is not specified 
whether the reported use is a spray. 
Note: Because each ingredient may be used in cosmetics with multiple 
exposure types, the sum of all exposure type uses may not equal the sum 
total uses. 
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2014 FDA VCRP Data
Polystyrene
03C - Eye Shadow 2
05C - Hair Straighteners 1
05G - Tonics, Dressings, and Other Hair Grooming Aids 3
05I - Other Hair Preparations 8
07A - Blushers (all types) 1
07E - Lipstick 2
07I - Other Makeup Preparations 1
10E - Other Personal Cleanliness Products 2
12D - Body and Hand (exc shave) 2
12F - Moisturizing 2
Total 24

Butylene/Ethylene/Styrene Copolymer
03B - Eyeliner 1
03C - Eye Shadow 2
03D - Eye Lotion 1
03F - Mascara 12
03G - Other Eye Makeup Preparations 2
04B - Perfumes 1
05G - Tonics, Dressings, and Other Hair Grooming Aids 2
07A - Blushers (all types) 1
07C - Foundations 3
07E - Lipstick 362
07I - Other Makeup Preparations 27
08B - Cuticle Softeners 1
10A - Bath Soaps and Detergents 2
10E - Other Personal Cleanliness Products 1
11E - Shaving Cream 1
12C - Face and Neck (exc shave) 3
12D - Body and Hand (exc shave) 3
12F - Moisturizing 7
12J - Other Skin Care Preps 2
13B - Indoor Tanning Preparations 1
Total 435

Ethylene/Propylene/Styrene Copolymer
03B - Eyeliner 1
03C - Eye Shadow 1
03D - Eye Lotion 1
03F - Mascara 11
03G - Other Eye Makeup Preparations 2
04B - Perfumes 1
05G - Tonics, Dressings, and Other Hair Grooming Aids 2
07A - Blushers (all types) 1
07C - Foundations 3
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07E - Lipstick 371
07I - Other Makeup Preparations 26
08B - Cuticle Softeners 1
10A - Bath Soaps and Detergents 2
10E - Other Personal Cleanliness Products 1
11E - Shaving Cream 1
12C - Face and Neck (exc shave) 3
12D - Body and Hand (exc shave) 3
12F - Moisturizing 8
12J - Other Skin Care Preps 2
13B - Indoor Tanning Preparations 1
Total 442

Hydrogenated Butylene/ Ethylene/Styrene Copolymer 
05C - Hair Straighteners 2
05I - Other Hair Preparations 6
07E - Lipstick 7
07I - Other Makeup Preparations 1
12D - Body and Hand (exc shave) 2
12F - Moisturizing 2
12J - Other Skin Care Preps 1
Total 21

Hydrogenated Ethylene/ Propylene/Styrene Copolymer 
03C - Eye Shadow 1
05C - Hair Straighteners 2
05I - Other Hair Preparations 6
07A - Blushers (all types) 1
07E - Lipstick 7
12D - Body and Hand (exc shave) 2
12F - Moisturizing 2
12J - Other Skin Care Preps 1
Total 22

Hydrogenated Styrene/Butadiene Copolymer
03C - Eye Shadow 2
05C - Hair Straighteners 1
05G - Tonics, Dressings, and Other Hair Grooming Aids 1
05I - Other Hair Preparations 2
07E - Lipstick 16
07I - Other Makeup Preparations 2
12F - Moisturizing 1
Total 25

Hydrogenated Styrene/Isoprene Copolymer 
01B - Baby Lotions, Oils, Powders, and Creams 3
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03C - Eye Shadow 49
03G - Other Eye Makeup Preparations 1
05C - Hair Straighteners 1
05I - Other Hair Preparations 2
07C - Foundations 1
07E - Lipstick 46
07I - Other Makeup Preparations 13
12C - Face and Neck (exc shave) 2
12F - Moisturizing 2
12J - Other Skin Care Preps 1
Total 121

Isobutylene/Styrene Copolymer 
07B - Face Powders 1
Total 1

Methylstyrene/Vinyltoluene Copolymer 
07E - Lipstick 2
Total 2

Polystyrene/Hydrogenated Polyisopentene Copolymer 
12A - Cleansing 2
12C - Face and Neck (exc shave) 1
12F - Moisturizing 1
12J - Other Skin Care Preps 2
Total 6

Sodium Styrene/Acrylates Copolymer 
02B - Bubble Baths 1
02D - Other Bath Preparations 1
05F - Shampoos (non-coloring) 2
05I - Other Hair Preparations 1
10B - Deodorants (underarm) 14
12A - Cleansing 2
Total 21

Styrene/Acrylates Copolymer 
01A - Baby Shampoos 1
01C - Other Baby Products 1
02B - Bubble Baths 6
02D - Other Bath Preparations 10
03B - Eyeliner 5
03G - Other Eye Makeup Preparations 3
04A - Cologne and Toilet waters 1
04E - Other Fragrance Preparation 7
05B - Hair Spray (aerosol fixatives) 1
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05F - Shampoos (non-coloring) 10
05G - Tonics, Dressings, and Other Hair Grooming Aids 1
07C - Foundations 5
07E - Lipstick 3
07I - Other Makeup Preparations 1
08A - Basecoats and Undercoats 4
08C - Nail Creams and Lotions 4
08E - Nail Polish and Enamel 125
08F - Nail Polish and Enamel Removers 1
08G - Other Manicuring Preparations 4
10A - Bath Soaps and Detergents 87
10B - Deodorants (underarm) 2
10E - Other Personal Cleanliness Products 38
12A - Cleansing 13
12C - Face and Neck (exc shave) 12
12D - Body and Hand (exc shave) 3
12F - Moisturizing 7
12H - Paste Masks (mud packs) 1
12I - Skin Fresheners 1
12J - Other Skin Care Preps 7
13A - Suntan Gels, Creams, and Liquids 3
13B - Indoor Tanning Preparations 1
Total 368

Styrene/Butadiene Copolymer 
05A - Hair Conditioner 1
05F - Shampoos (non-coloring) 1
10A - Bath Soaps and Detergents 1
10E - Other Personal Cleanliness Products 15
Total 18

Styrene/VP Copolymer 
04A - Cologne and Toilet waters 1
04E - Other Fragrance Preparation 2
05A - Hair Conditioner 2
05C - Hair Straighteners 1
05D - Permanent Waves 10
05F - Shampoos (non-coloring) 6
05G - Tonics, Dressings, and Other Hair Grooming Aids 10
05H - Wave Sets 2
05I - Other Hair Preparations 2
06A - Hair Dyes and Colors (all types requiring caution 
statements and patch tests) 6
06H - Other Hair Coloring Preparation 19
07E - Lipstick 1
08B - Cuticle Softeners 2
10A - Bath Soaps and Detergents 3
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10E - Other Personal Cleanliness Products 2
12A - Cleansing 1
12C - Face and Neck (exc shave) 3
12D - Body and Hand (exc shave) 1
12F - Moisturizing 2
12I - Skin Fresheners 1
12J - Other Skin Care Preps 2
Total 79

Polyacrylate-15
06B - Hair Tints 22
Total 22

Polyacrylate-16
03B - Eyeliner 3
Total 3

Polyacrylate-5
07E - Lipstick 2
08E - Nail Polish and Enamel 1
Total 3
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TO: Lillian Gill, Ph.D.
Director - COSMETIC INGREDIENT REVIEW (CIR)

FROM: Halyna Breslawec, Ph.D. 
Industry Liaison to the CIR Expert Panel

DATE: February 4, 2014

SUBJECT: Concentration of Use by FDA Product Category: Styrene and Vinyl-Type Styrene
Copolymers
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Final Report on the Safety 
Assessment of Polyvinylpyrrolidone! 

Vinyl Acetate Copolymer 

Polyvinylpyrrolidone/Vinyl Acetate Copolymer (PVP/VA Copolymer) is the 
copolymer of vinyl pyrrolidone (VP) and vinyl acetate (VA) monomers. The in- 
gredient is used primarily in hair care products and secondly in skin and nail 
products. 

Acute oral toxicity studies on mice and rats showed low to no toxicity. 
Chronic oral and inhalation studies produced no effects. The acute ocular irri- 
tation of PVP/VA Copolymer at concentrations ranging from 25% to 50% in 
alcohol produced no reaction to severe irritation. Acute skin irritation studies 
of 50% PVP/VA Copolymer in alcohol on abraded and intact skin produced 
mild skin irritation. PVP/VA Copolymer was not a sensitizer to guinea pigs after 
intracutaneous injections. Formulations containing 1.75%, 4.0%, and 5.046 
PVP/VA Copolymer produced no irritation in 24-hour clinical patch tests nor 
any evidence of sensitization in a repeated insult patch test at a concentration 
of 5.0%. 

On the basis of the available information, it is concluded that Polyvinyl- 
pyrrolidonelvinyl Acetate Copolymer is safe as a cosmetic ingredient under 
present conditions of concentration and use. 

CHEMICAL AND PHYSICAL PROPERTIES 

Structure/Composition 

P olyvinylpyrrolidone/Vinyl Acetate Copolymer (PVPlVA Copolymer) is the 
copolymer of vinyl pyrrolidone (VP) and vinyl acetate (VA) monomers.f’) The 

copolymers vary in their ratio of VP to VA and range from 70:30 to 30:70 VP to 
VA.“’ 

Production 

PVPNA Copolymer can be prepared by free radical polymerization in ethyl 
alcohol: some monomer(s) is added to the ethyl alcohol solvent, a free-radical in- 
itiator (an azo or peroxide compound) is added to catalyze the formation of the 
additional polymer, and the remaining monomer(s) is added at a rate to control 
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142 COSMETIC INGREDIENT REVIEW 

the polymerization and to obtain the desired end product.(3) Emulsion poly- 
merization using various catalysts is an additional method of preparation.(4’ 
Another, but commercially unimportant, production method combines solutions 
of vinyl acetate and vinyl pyrrolidone varying between 0.1 and 0.9 M. These solu- 
tions are irradiated with a Cobalt-60 source at dose rates of 1,965 and 35,600 
radslmin., and copolymerization occurs at a constant temperature of S°C.rs’ 

The equation for the production of PVP/VA Copolymer is as follows:(2*3’ 

vinylpyrrolidone 

(VP) 

vinyl acetate 

(VA) 

ffH-CH,ly 

0 

PVPlVA Copolymer 

CAS number: 25086-89-g 

Properties 

PVPNA Copolymer has properties similar to those of the PVP monomer. It is 
a white, free-flowing amorphous powder, dispersible in water and soluble in or- 
ganic solvents. w,‘) PVPNA Copolymers are supplied in 100% concentration as 
a powder and diluted to 50 * 2% in either 95% ethanol or isopropanol. The spe- 
cific gravity at 25OC is 1.27 f 0.01 for the powder and 0.955 f 0.01 for the al- 
cohol solutions. These copolymers are stable for at least one year under normal 
conditions of storage but readily absorb atmospheric moisture. Films of the 
copolymers are permeable to air. Photospectroanalysis revealed that PVPNA Co- 
polymers do not absorb energy in the UVA, UVB, or visible light spectrum.(2.3.7-9) 
See Table 1. 

Analytical Methods 

Trace amounts of PVP/VA Copolymers can be determined with colorimetric- 
chromatographic methods. Samples are treated with various dyes that complex 
with the PVP and are then passed through a chromatographic column; PVP is ab- 
sorbed at the top as a colored band. This method can determine as little as 0.1 
ppm copolymer.(lO’ 

The impurities in PVP/VA Copolymer may be determined with the following 
methods: Kjeldahl or Dumas method for nitrogen; USP method for arsenic. 
Fischer method for moisture content of solid copolymers; Cenco moisture bal: 
ante method for moisture content in solutions; Standard lodometric titration for 
determination of residual monomers, and spectrographic emission for heavy 
metal determination.‘3*4’ 
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ASSESSMENT: POLYVINYLPYRROLIDONE/VlNYL ACETATE COPOLYMER 143 

TABLE 1. Chemical and Physical Properties of PVPIVA 
Copolymer.a 

Properties 

Physical form 

Vehicles 

Residual vinyl pyrrolidone 

Residual vinyl acetate 

Specific gravity 

Soluble in: 

Odor 

aData from Ref. 7. 

Values 

White powder; clear liquid in 
solution 

Ethanol; isopropanol 

0.5% max 

1.0% max 

1.27 f 0.01 (solid) 
0.955 f 0.01 (alcohol solution) 

Alcohols 
Ether alcohols 
Ketone alcohols 
Butyrolactone 
Triethanolamine 
Aromatic hydrocarbons 
Esters 
Water (partially) 

Slight and characteristic 

Impurities 

The impurities in PVPlVA Copolymer are the residual, uncombined mono- 
mers, vinyl acetate (1 .O% max), vinyl pyrrolidone (0.5% max), and moisture 
(0.5% max).(2*3*7) 

USE 

Noncosmetic Uses 

PVPNA Copolymer is used in tablet coating, spray bandages, protective 
masks, spray or rub-on gloves, plant leaf sprays, shoe polishes, and film produc- 
tion; it is also used as a dye medium in adhesive sticks and in the synthesis of pep- 
tides (3.7.10-13) 

Cosmetic Uses 

Industry’s voluntary submission of cosmetic product formulation data to the 
Food and Drug Administration (FDA) lists PVPlVA Copolymer in 114 formula- 
tions.(14) The 1979 FDA list includes PVPlVA Copolymer in 133 formulations.(15’ 

The cosmetic product formulation computer printout which is made avail- 
able by the FDA is compiled through voluntary filing of such data in accordance 
with Title 21 part 720.4 of the Code of Federal Regulations.(*6) Ingredients 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 
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144 COSMETIC INGREDIENT REVIEW 

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 submitted only within the framework of preset 
concentration ranges also provides the opportunity for overestimation of the ac- 
tual 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 tenfold error in the 
assumed ingredient concentration. 

Purpose in Cosmetics 

PVP/VA Copolymer is the hair-holding ingredient in hair sprays, hairsets and 
conditioners, hair dressings, and wave lotions.(4*6) 

PVP/VA Copolymer is used in eye and facial makeup preparations in con- 
centrations of >O.l% to 5%. In manicuring and skin care preparations, it is used 
from > 1% to 5%, and in hair care preparations, from >O.l% to 50%.‘14) See 
Table 2. 

PVP/VA Copolymer may be applied several times a day in facial makeup or a 
few times yearly as in permanent wave products. The material may stay in con- 
tact with the body from minutes, as in shampoos, to several days, as in hair sprays 
and grooming aids.(14) 

PVP/VA Copolymer may come in contact with the eyes, the skin of the hands 
and face, the scalp, the hair, and the nails. Since it can be dispersed in aerosols, 
PVP/VA Copolymer may also come in contact with the respiratory mucosa. 

Potential Interactions with Other Ingredients 

with 
PVPlVA Copolymers are compatible with water, common propellants, and 

many plasticizers and polymers. (‘) No information was available on inter- 
actions of the copolymer with other cosmetic ingredients. 

BIOLOGICAL PROPERTIES 

General Studies 

Storage and Excretion 

PVPlVA Copolymer storage in the body was studied in 30 female Wistar rats 
by injecting it under the skin of the back. Up to seven daily 2 ml doses of solution 
containing 10 g of solid copolymer in 15 ml of physiological saline were given. 
Animals were sacrificed between 1 and 365 days later, and tissues were ex- 
amined. Most of the copolymer was found in the spleen, and repeated injections 
caused up to an 80% increase in splenic weight. Two to three days after treat- 
ment, large reticular cells were found in the spleen; later, similar but vacuolated 
cells were found. There were macrophages in the follicular germinal center. After 
one to six months, copolymer-containing macrophages decreased in size and 
number and often showed an iron-positive reaction. Large vacuolated cells were 
also present in the portal regions of the liver lobes. The podocytes of the kidney 
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TABLE 2. Product Formulation Data.a 

Product categoryb 

No. product formulations within each concentration range f%Jb 
Total no. 

containing Unreported 
ingredient concentration >50 >25-50 >lO-25 >5-10 >I-5 >O.l-1 SO.1 

Mascara 2 - - 2 - - 
Hair conditioners 17 1 1 7 a - - 
Hair (aerosol fixatives) sprays 27 - - - - 2 19 6 - 
Permanent waves 1 - - 1 - - 

1 Hair shampoos (noncoloring) 2 1 - 1 - - - - 

Tonics, dressings, and other 
hair grooming aids 6 - 1 1 2 2 - 

Wave sets 50 2 4 2 12 16 14 - 

Other hair preparations 
(noncoloring) 4 3 1 - - - 

Hair bleaches 1 - - 1 - - 
Makeup fixatives 1 1 - - 

Other makeup preparations 
(not eye) 1 - - 1 - 

Cuticle softeners 1 - - 1 - - 
Skin care preparations 1 1 - - - 

1976 TOTALS 114 0 2 6 7 23 50 26 0 

1979 TOTALSC 133 48 1 5 2 19 38 19 1 

=Data from Ref. 14. 
bPreset product categories and concentration ranges in accordance with federal filing regulations (21 CFR 720.4. 
CData from Ref. 15. 
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146 COSMETIC INGREDIENT REVIEW 

glomeruli contained PVP/VA, and some kidney specimens showed large aggre- 
gates of foam cells. Some PVP/VA seemed to be stored in epithelial cells and lym- 
phatics of the testes. There were no inflammatory changes in any of the tissues. 
Some reticular cells in bone marrow and lymph nodes showed PVPlVA Cilpoly- 
mer storage, and large macrophages were found in the interstitial tissue 6f the 
lungs. After 12 months, there was no evidence of tumors or systemic disease 
related to administration of the compound. The author reported that one-half 
hour after a single subcutaneous 2 ml dose was administered, a color reaction 
was induced in the urine by a KJJ-solution; this indicated that PVP/VA was in the 
urine. Maximum excretion occurred one and one-half hours after injection.“‘) 

Animal Toxiwlogy 

Acute 

Oral 

The acute oral toxicity of PVP/VA Copolymer in aqueous alcohol solutions 
and in formulations has been studied. The results are tabulated in Table 3 and 
summarized as follows: 

Five lots of 50% PVPlVA Copolymer in alcohol were tested in albino rats. 
One sample was tested at the 50% concentration and four at 25% (w/v) aqueous 
suspensions (final concentrations were 12.tia/0). In these four tests on the 12.5% 
copolymer, 5 g/kg of the material were administered by gastric intubation into 
ten young, fasted albino rats per solution. During the following 14 days, the 
animals showed decreased activity and ataxia for an unspecified length of time, 
but none died. These results show that the test solutions are slightly toxic accord- 
ing to the classification of Hodge and Sterner. (18-z2) A dose of 5 ml/kg (4.78 g/kg) 
of the 50% solution administered orally by stomach tube caused piloerection in 
some of the six rats. None of the animals died, and necropsy examinations showed 
no pathology. This solution is also practically nontoxic.(23) See Table 3. 

Five product formulations containing actual concentrations of 0.25% (setting 
lotion), 0.5% (setting lotion), 1.75% (mascara), 4.0% (setting lotion), and 24% 
(setting lotion) PVP/VA Copolymer in doses of 5.0-15 g/kg were administered 
orally by stomach tube to groups of Sherman-Wistar and Sprague-Dawley 
albino rats. Two out of five animals died after administration of the hair setting 
formulation containing 4.0% PVP/VA Copolymer in a 15 g/kg dose; none of the 
surviving rats showed signs of toxicity during the 7- to 13-day observations peri- 
ods. None of the other formulations produced toxicity.r24-2B) See Table 3. 

Ocular 

Formulations and solutions containing PVP/VA Copolymer were studied for 
acute ocular toxicity. These studies are detailed below and summarized in Table 4. 

A Draize eye irritation test of a 50% alcohol solution of PVP/VA Copolymer 
was conducted on six rabbits. This same solution was then diluted in petrolatum 
to 75% and 50% of its original concentration (actual concentration of copolymer 
was 37.5% and 25%) and tested on rabbits. A 0.1 ml volume of each solution was 
instilled into one eye of each of six animals with no rinse. Observations, made for 
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1 TABLE 3. Acute Oral Toxicity PVPIVA Copolymer. 

Species and 
LD50 fgkgl 

Ingredient Dose/kg Tested number of Formulation Ingredient No. Days of 
cont. (%) in animals or solution (as PVP/VA) dead observation Comments Ref. 

12.5 5g 25% aqueous Albino rats- 10 >5g >0.63 0 14 Decreased activity; 19 
solution of ataxia for unspecified 
50% alcohol time. 
solution 

12.5 5g 25% aqueous Albino rats- 10 >5 g >0.63 0 14 Decreased activity; 20 
solution of ataxia for unspecified 
50% alcohol time. 
solution 

12.5 5g 25% aqueous Albino rats- 10 >5l3 >0.63 0 14 Decreased activity; 21 
solution of ataxia for unspecified 
SO% alcohol time. 
solution 

12.5 5g 25% aqueous Albino rats- 10 >5 g > 0.63 0 14 Decreased activity; 22 
solution of ataxia for unspecified 
50% alcohol time. 
solution 

50 5 ml 50% alcohol Albino rats-6 >5ml b2.5 ml 0 Piloerection; necropsy 23 
4.78 9, solution not remarkable 

---___--___-_____----~~--~~----~~-----~~--~~~--~~----~~-~~~~-~~~~~--~~~-~~~~~~~~~~-~~~~~~~~-~~~~~-~-- ----- ---- 

0.25 5J3 formulation Sherman-Wistar - 0 14 No signs of toxicity. 24 
-setting albino rats- 10 
lotion 

0.5 ) 5g formulation Sherman-Wistar - - 0 14 No signs of toxicity. 25 
-setting albino rats- 10 
lotion 

1.75 lSl.? formulation Albino rats-5 0 7 No signs of toxicity. 26 
-mascara 

4.0 15g formulation Albino rats-5 - - 2 7 2 deaths. All other 27 
-setting animals appeared 
lotion normal with no signs 

of toxicity. 
24 15 I3 formulation Sprague-Dawley - - LD50 not reached. 28 

-setting rats 5- 10 
lotion 
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148 COSMETIC INGREDIENT REVIEW 

TABLE 4. Eye Irritation PVPIVA Copolymer. 

Greatest 
Number irritation 

Ingredient Dose of albino Days of score/l 10 

cont. f%) (m/J Tested in rabbits observation fmax) Comments Ref. 

25 

37.5 

50 

50 

50 

50 

50 

0.1 solution of 
alcohol and 
petrolatum 

0.1 solution of 
alcohol and 
petrolatum 

0.1 solution of 
alcohol 

0.1 alcohol 
solution 

0.1 alcohol 
solution 

0.1 alcohol 
solution 

0.1 alcohol 
solution 

6 7 

6 7 

6 7 

9 7 

9 7 

9 7 

9 7 NW 16tmax) 

14tmax) 

23fmax) 

Minimal irritation at day 1; 23 

effect disappeared by day 7. 

Mildly irritating on day 1; 23 
effect disappeared by day 7. 

30tmax) 

NWa 43tmax) 
Wb 33fmax) 

NW 43(max) 
W 26fmax) 

NW 63fmax) 

W 29fmax) 

W lO(max) 
(2 set) 

W lOtmax) 
(4 set) 

No reaction to conjunctival 32 

involvement. Clear by day 3. 
No reaction to conjunctival 

involvement. Clear by day 3. 
---------------------------------------------------------------------------------------- 

0.25 0.1 formulation 6 7 0 No irritation. 33 
setting 
lotion 

0.5 0.1 formulation 6 7 0 No irritation. 34 
setting 
lotion 

1.75 0.1 formulation 6 7 1 Practically nonirritating, 35 
mascara 

4.0 0.1 formulation 6 7 w3 Minimally irritating. 27 
setting NW 26 
lotion 

Moderately irritating. 

2.4 - formulation 3 2 - Conjunctival irritation which 28 
setting 
lotion 

cleared by day 2. 

24 - formulation 3 2 - Conjunctival irritation which 28 
setting 
lotion 

cleared by day 2. 

Moderate irritation on day 1; 23 
Minimal irritation by day 7. 

Moderately irritating with and 29 
without wash. Some irritation 
lasted through 7 days. 

Moderately irritating with and 30 
without wash. Some irritation 
lasted through 7 days. 

Severely irritating. Some lasted 31 
through day 7. 

Moderately irritating. Some 
effects lasted through day 7. 

Cornea1 and conjunctival 
involvement. 

aNo wash. 
%Vash. 
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seven days, were scored according to the Draize method (maximum irritation 
score = 110). The 25% solution of PVPlVA in petrolatum was minimally irritating 
on the first observation day, and irritation disappeared by day 7. The 37.5% solu- 
tion was mildly irritating on day 1 and practically nonirritating on day 7. The 50% 
solution in alcohol produced moderate irritation on day 1 and minimal irritation 
on day 7.(23) 

A 50% solution of PVPlVA Copolymer in alcohol was tested for ocular irrita- 
tion by the Draize method in three different studies. One eye of each of nine rab- 
bits was instilled with 0.1 ml of solution; the other eye was used as control. In 
three out of nine animals, the eye was washed four seconds after instillation, and 
observations were made for seven days. Moderate irritation occurred in un- 
washed eyes instilled with two of the 50% test solutions, and severe irritation was 
produced by the third solution when not washed out. Eyes irrigated after four 
seconds were moderately irritated. In most animals, irritation persisted through- 
out the seven days.(2g-31) 

Another test of 50% PVP/VA Copolymer in alcohol was performed on nine 
rabbits. One eye of each animal was instilled with 0.1 ml of solution. The eyes of 
three were washed two seconds after instillation, and a second group of three 
underwent a washout after four seconds. Observations were made for seven 
days. The three eyes that remained unwashed had some conjunctivitis for a max- 
imum of six days. Eyes washed after two and four seconds showed some con- 
junctivitis for three days.L32) 

Five product formulations containing PVPlVA Copolymer were tested for 
acute ocular irritation in rabbits. One setting lotion product containing 0.25% 
and another containing 0.5% PVP/VA were tested according to 16 CFR 1500.42. 
A 0.1 g sample of each solution was instilled into the right eye of each of six 
albino rabbits without rinse. No irritation occurred from either product at 1, 24, 
48, and 72 hours and five and seven days after instillation.(33*34) One mascara for- 
mulation with 1.75% PVP/VA Copolymer and a setting lotion with 4.0% of the 
copolymer were tested according to a modified Draize method on six albino rab- 
bits. A 0.1 ml volume of each full strength formulation was instilled into one eye 
of each rabbit per formulation. The eyes receiving the 1.75% concentration were 
not washed, and those of three rabbits instilled with the 4.0% concentration 
were rinsed four seconds after instillation. The 1.75% formulation was practically 
nonirritating. (35) The setting lotion containing 4.0% PVPlVA Copolymer, when 
washed, was minimally irritating on the first observation day, and the irritation 
cleared thereafter; the unwashed eyes had mild to moderate irritation on the first 
three observation days. The product was practically nonirritating on the fourth 
and seventh day .(“) A hair setting formulation containing 24% PVPlVA Copoly- 
mer was tested at full strength and at 10% concentration (2.4% of the 
Copolymer), on three New Zealand rabbits per concentration. One eye of each 
rabbit was instilled with 0.1 ml of solution. Both concentrations caused conjunc- 
tival irritation; the full strength product caused more severe irritation. There was 
no irritation by the second observation day.(28) 

Skin irritation 

PVPA’A Copolymer, in alcohol solution and in formulation, was tested for 
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acute skin irritation. In general, the tests produced minimal to no irritation; the 
studies are detailed below and summarized in Table 5. 

Four 50% solutjons of PVP/VA Copolymer in alcohol and one solid 100% 
concentration were each applied to the backs of six albino rabbits. In one test, 
three repeated applications of the 50% solution caused definite erythema in five 
of six animals.‘*” The remaining three 50% solutions were each applied in 0.5 ml 
(approximately 0.5 g) volumes under occlusive patching to the clipped abraded 
and intact skin of the rabbits. The patches were removed after 24 hours and the 
sites graded according to the Draize method, 24 and 72 hours after application. 
The solutions were mildly to moderately irritating.‘36-38) 

A primary dermal irritation test of solid, 100% PVPlVA Copolymer on six al- 
bino rabbits produced no irritation.(3q) 

Five formulations containing varying concentrations of PVP/VA Copolymer 
were tested for primary skin irritation on rabbits. Of these, one hair setting lotion 
containing 0.25% PVPlVA Copolymer and another setting lotion having 0.50% 
copolymer were each applied in 0.5 g amounts under occlusive dressing to the 
clipped intact and abraded skin of six albino rabbits and allowed to remain for 24 
hours. The sites were scored 24 and 72 hours after application. According to the 
Draize method, neither product produced irritation?40*41’ 

A hair conditioner formulation containing 1.5% PVP/VA Copolymer was 
tested on the abraded and intact skin of three rabbits. The 0.5 ml volume of test 

TABLE 5. PVP/VA Copolymer Skin Irritation. 

Number of Hours of irritation 
ingredient albino observation score/&O 
cont. f%) Dose Tested in rabbits time Imax) Comments Ref. 

50 - 

50 0.5 g 

50 0.5 g 

50 0.5 g 

100 0.5 g 

alcohol 
solution 

alcohol 
solution 

alcohol 
solution 

alcohol 
solution 

sol id 

6 72 

6 72 

6 72 

6 72 

6 72 

1.71 

2.5 

2.54 

0.0 

5 of 6 animals showed 
definite erythema. 

Mildly irritating 

Mildly irritating 

Mildly irritating 

No irritation 

23 

36 

37 

38 

39 

0.25 

0.50 

1.50 

1.75 

4.0 

0.5 g formulation 6 72 0.0 No irritation 40 
setting 
lotion 

0.5 g formulation 6 72 0.0 No irritation 41 
setting 
lotion 

0.5 ml formulation 3 72 0.0 No irritation 42 
hair 
conditioner 

0.5 ml formulation 9 48 0.61 Potential for minimal 43 
mascara irritation 

0.5 ml formulation 9 48 0.0 No irritation 44 
setting 
lotion 
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material was applied under occlusion, and readings were taken 24 and 72 hours 
after application. The product caused no irritation.(42) 

A mascara and a hair setting formulation containing 1.75% and 4.0% PVPlVA 
Copolymer, respectively, were tested by a modified Draize method, A 0.1 ml 
volume of each formulation was applied under occlusion to the shaved skin of 
nine albino rabbits for 24 hours. Sites were read 2 and 24 hours after patch 
removal. The mascara caused minimal irritation, (43) and the hair setting lotion 

caused no irritation.(44) 

Sensitization Reaction 

The skin sensitization potential of PVPlVA Copolymer in a product formula- 
tion was studied. A hair conditioner containing 1.5% PVPlVA Copolymer was 
diluted in physiological saline to make the actual copolymer concentration 
0.015%; this was injected intradermally into eight guinea pigs. A 4 cm’ area of 
skin was clipped, and injections were given every other day, the first at a dose of 
0.05 ml and the nine subsequently at 0.2 ml each. A 0.05 ml injection was ad- 
ministered two weeks after the last injection, and the skin was inspected 24 hours 
after each injection. The material was nonsensitizing to the guinea pigs.‘45) 

Endotracheal injection 

The storage of PVP/VA Copolymer in the lungs and other body organs was 
studied in 20 female Wistar rats. The animals were given single or an unspecified 
number of repeated endotracheal applications of 0.5 ml of a solution containing 
10 g polymer in 15 ml of physiological saline solution. Fifteen control animals 
received physiological saline in similar doses. The animals were sacrificed be- 
tween 1 and 365 days later, and tissues were examined. There were no signs of 
pneumonia, bronchitis, or bronchiolitis one or two days after injection. All pul- 
monary alveoli were closely packed with macrophages. After six days there were 
numerous large macrophages in the pulmonary interstitial tissues and particularly 
in the peribronchial and perivascular lymphatics. Macrophages were found in 
the iymph nodes of the hilar and tracheal regions. Four to six months after the last 
injection, lungs still contained PVPlVA Copolymer, predominantly in the macro- 
phages in the alveoli near the bronchi and vessels and in the fibrous septae. 
Animals sacrificed one year after administration did not show further accumula- 
tion of storage cells in the lung. No copolymer was found in the liver, kidneys, 
and bone marrow of animals that had been treated repeatedly, but some was 
found in solitary or grouped storage cells in the spleen. There was no acute in- 
flammatory reaction, and control animals showed no abnormalities.‘“’ 

Inhalation 

In an acute inhalation study, Draize et al.(46) exposed five rabbits to 
30-second spray releases of an aerosol product containing 1.72% PVPlVA 
Copolymer. The sprayings were released every half hour until the contents of the 
container were exhausted, but the investigators did not report the duration of the 
exposure. Each 30-second spray released approximately 30 g of material. The 
animals were inspected during exposure and during the next four days; they 
were then sacrificed for gross and histopathological examination. The tissues and 
behavior of the animals during and after inhalation were normal. 
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Subchronic 

Dermal Toxicity 

A hair product containing 1% PVP/VA Copolymer was tested in a six-week 
subchronic dermal toxicity study on 50 albino rats. Volumes of 2.0 ml/kg of the 
product were applied five days a week for six weeks for a total of 30 applications 
to the clipped skin of the animals. All rats survived, and their body weight, physi- 
cal appearance, behavior, and gross and microscopic anatomy were normal. No 
systemic toxic effects could be attributed to the test material.(47) 

Inhalation Toxicity 

Rats and hamsters were exposed for 13 weeks to a spray containing 4.0% 
PVPlVA Copolymer. Each of three groups comprised of 12 rats and 12 hamsters 
per group inhaled the spray for four hours per day, five days per week for 13 
weeks in doses of 5.4 mg/m3 (calculated to be the equivalent of one hundred 
times the normal human use level of the product). No gross or microscopic 
changes occurred that could be attributed to the test material. Lungs and other 
tissues were similar in control and tested animals.(48) 

Chronic 

Oral 

White mice and rats were given daily in their drinking water an aqueous 10.2 
mg/l solution of PVP/VA Copolymer for one year. Each mouse ingested an 
average of 2-3 ml per day and 650 ml for the duration of the experiment, and 
each rat ingested 15-20 ml per 24 hours and 4140 ml for the year. There were no 
changes attributable to the copolymer in either mice or rats. Furthermore, there 
were no histological changes in the internal organs.‘4g) 

Inhalation 

Mokler et al.‘50) conducted a chronic study of hair spray aerosols containing 
high and low concentrations of PVPlVA Copolymer. Thirty-six male and 36 
female Syrian hamsters were exposed to the low concentration of 0.08 f 0.08 
mg/l PVPlVA in air, 4-32 minutes a day, once a week for up to two years. The 
high-level group consisted of 36 male and 36 female hamsters exposed to 0.35 f 
0.09 mg/l, 9-35 minutes a day, once a week for up to two years. A similar group 
of 36 males and 36 females was exposed to air as a control. All animals were 
repeatedly exposed by inhalation until they were sacrificed. Six males and six 
females from each group were sacrificed at three, six, and nine months. This 
assured that at least 12 animals (six male, six female) were available for study at 
each time period and that 36 animals were available for long-term (2-year) study. 
Necropsies were performed on all that were sacrificed or that died spontane- 
ously. Survival time, body weight, and weight and appearance of lungs were 
similar in control and aerosol-exposed animals. 

Draize et al.(46) exposed five rabbits to a spray formulation containing 1.72% 
PVP/VA Copolymer. During the go-day test, the animals received one 30-second 
exposure each morning and afternoon and were left in the spray atmosphere for 
15 minutes. The animals remained normal during the entire study; radiographs of 
the chest and upper body and hematological tests remained normal. 
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Special Studies 

Mu tagen icity 

The residual monomers of PVPlVA Copolymer, vinyl acetate and vinyl pyr- 
rolidone, found at 1.0% and 0.5%, respectively, have been tested for their 
mutagenic potential. Salmonella typhimurium strains TAlOO, TA98, TA1530, 
TA1535, and TA1537 were exposed to vinyl acetate. No mutagenic effects were 
detected when the organisms were exposed to the chemical with and without 
the addition of rat liver metabolic activation preparation.‘5’-55’ 

Vinyl pyrrolidone was tested for mutagenicity in three different assays. In the 
Mouse Lymphoma Assay, concentrations of up to 5.0 PI/ml vinyl pyrrolidone did 
not induce a significant change in mutant frequency at the TK locus in L5178Y 
cells in the presence or absence of rat liver S-9 microsomal activation.(56) In the 
Balb/3T3 in vitro transformation assay, vinyl pyrrolidone did not induce a signifi- 
cant increase in transformed foci over the applied concentration range of 0.1-0.5 
PI/ml. This concentration range produced 83%-52.3% survival in the cytotoxicity 
test, and the material was considered to be mutagenically inactive.(“) In the pri- 
mary rat hepatocyte unscheduled DNA synthesis (UDS) assay, vinyl pyrrolidone 
did not induce detectible UDS in primary rat hepatocytes over an applied con- 
centration range of 0.284-9.09 PI/ml. This concentration range produced a cell 
survival rate of 84.5%-6.2% 24 hours after treatment; whereas, exposure to 
18.2 PI/ml was completely lethal. The material was considered to be inactive in 
producing UDS in this assay.(“) 

Polyvinyl pyrrolidone polymers including PVP/VA Copolymers have been 
deleted from the list of 39 priority chemicals selected for testing by the National 
Toxicology Program (NTP) in June 1980. According to NTP, adequate screening 
toxicity testing data have been reported in the literature.rsg) 

Carcinogenicity 

No carcinogenicity studies have been reported on PVP/VA Copolymer. IARC 
has noted the subcutaneous tumorigenic activity of PVP in animals. Despite this 
fact, NTP has deleted it from its list of chemicals selected for testing.(59*60) Vinyl 
Acetate, a residual monomer impurity in PVP/VA Copolymer, was used as a com- 
parative compound in a carcinogenicity assay of vinyl chloride. Ninety-six 
Sprague-Dawley rats were exposed four hours per day, five days per week, for 
52 weeks to vapor concentrations of 8.8 g/m” (2500 ppm) vinyl acetate in air. No 
tumors occurred after 135 weeks; however, only 49 animals survived longer than 
26 weeks.(55.60-64) 

Clinical Assessment of Safety 

The human clinical studies of PVPlVA Copolymer are summarized in Table 6. 

Patch Testing 

A dose of 0.1 ml of 5.0% solution of PVP/VA Copolymer in alcohol was ap- 
plied in a single occlusive 24hour patch to either the forearms or upper arms of 
20 individuals without causing a reaction.(65) 

A dose of 0.1 ml of mascara containing 1.75% PVP/VA Copolymer was ap- 
plied in a single, full strength occlusive 24hour patch to either the forearms or 
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TABLE 6. PVP/VA Copolymer Human Clinical Data. 

Test 

Ingred. 

cont. 

I%) Dose/ml Tested in 

No. of 

subjects 

No. of 
test irritation 
days max Comments Ref. 

24-Hour occlusive 

patch 
5.0 - solution 20 1 0.0 No irritation 65 

____-_--------__________________________~~-~---~~-~-~-~~~~~~~~~~~~---~--~~~~~~~~~~~~~~~~ 

1.75 0.1 mascara 18 1 0.0 No irritation 66 

formulation 
4.0 0.1 setting 20 1 0.0 No irritation 67 

lotion 
formulation 

Repeated insult 
patch test 

50 - 

50 0.15 

50 0.15 

solution 

solution 

solution 

50 15 0.0 

150 34 - 

150 34 - 

No reactions on abraded 68 
or intact skin 

No irritation or 69 
sensitization 

No irritation or 
sensitization 

5 0.4 hair spray 
formulation 

51 24 0.0 No irritation 70 

the upper arms of 18 subjects. No irritation occurred.(66) Similar patch tests of 
hair setting lotion containing 4.0% PVPlVA on 20 individuals caused no irrita- 
tion.(67) 

Repeated Insult Patch Test 

A 50% solution of PVPlVA Copolymer in alcohol was tested in a repeated in- 
sult patch test on 50 subjects. Abraded and intact sites were used on each person 
for a total of 15 patches per person according to the procedure of Shelanski and 
Shelanski.“‘r No irritation occurred in either intact or abraded skin, and the in- 
vestigators concluded that the compound is neither a primary irritant nor a sen- 
sitizer and is not a fatiguing agent.‘68) 

Two samples of 50% PVPlVA Copolymer in alcohol were each tested on 150 
subjects according to the Draize-Shelanski patch technique under semiocclu- 
sion. Volumes of 0.15 ml were applied to the upper backs for nine induction patches 
within a period of 21 days. Patches were removed after 24 hours and sites scored. 
After a ten-day rest period, a challenge patch was applied for 24 hours to an ad- 
jacent site and scored immediately after patch removal and again after two and 
three days. The first of the two samples produced moderate irritation in five sub- 
jects and mild irritation in two subjects during induction. The second sample pro- 
duced slight irritation in three subjects. These reactions were categorized as 
singular, random occurrences, and there was no evidence of skin irritation or 
sensitization following the challenge application.(69) 
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A hair spray formulation containing approximately 5% PVPlVA Copolymer 
was tested on 51 black people. The material was applied to the upper arms under 
occlusion each Monday, Wednesday, and Friday for 9-24 hours. Patch sites 
were scored immediately after each patch removal. The product was found to be 
essentially nonirritating. 

Thesaurosis and Epidemiological Studies 

PVP/VA Copolymer is one of several resins used in hair spray formulations.“’ 
Whether these hair spray polymers cause “thesaurosis,” a unique pulmonary 

disorder caused by the accumulation and storage of polymers on the pulmonary 
epithelium, has been disputed for over 20 years. The potential occurrence of 
thesaurosis owing to such storage was considered and discounted in a previous 
literature review prepared by the Cosmetic Ingredient Review.(“) 

DISCUSSION 

The animal toxicity studies on PVP/VA Copolymer alone and in cosmetic for- 
mulations are adequate; the ingredient causes little to no irritation. Studies on the 
ingredient in alcohol solution have shown slight oral toxicity, substantial eye irri- 
tation, and mild skin irritation. However, since assays with powdered 100% 
PVPIVA Copolymer elicit no deleterious dermatological effects, the irritation 
caused by the solution is due to the alcohol. Although data are not available on 
animal and human phototoxicity and photoallergenicity, photoabsorption curves 
show that PVP/VA Copolymer does not absorb radiant energy in the UVA, UVB, 
or visible light spectra. Absence of absorption in these ranges makes it unlikely 
that the ingredient has photosensitivity potential. Furthermore, there are no 
reports in the literature of photodermatological disorders from the use of this 
copolymer. 

Epidemiological surveys of cosmetologists who routinely work in an environ- 
ment containing high concentrations of respirable copolymers have shown no 
adverse effects from exposure to these ingredients. It appears that when properly 
used, the copolymer in these products should be of minimal risk to the general 
public. 

SUMMARY 

PolyvinylpyrrolidonelVinyl Acetate Copolymer (PVP/VA Copolymer) is the 
copolymer of vinyl pyrrolidone (VP) and vinyl acetate (VA) monomers; it is 
prepared by free radical polymerization in ethyl alcohol. The molecular weight 
of the copolymer varies directly with both the ratio of VP to VA in the molecule 
and with the length of the polymer chain. PVPlVA Copolymer is supplied either 
in 100% concentration as a powder, which is partially soluble in water and solu- 
ble in organic solvents, or as a 50% solution in alcohol. This copolymer does not 
absorb energy over the UVA, UVB, or visible light spectrum. In cosmetics, 
PVPNA Copolymer is used primarily in hair sprays and other hair products and 
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secondarily in skin and nail products. Noncosmetic uses include applications in 
adhesives and films. 

Acute oral toxicity studies were performed with PVP/VA Copolymer in for- 
mulation and in solutions of the raw ingredient. Tests on mice and rats showed 
low to no toxicity on more than 76 animals. Two animals died from administra- 
tion of a formulation containing other, unidentified ingredients. The survivors 
showed, at most, decreased activity and ataxia at maximum doses of 5 g/kg of a 
solution containing 12.5% PVPlVA Copolymer. 

The acute ocular irritation of PVPlVA Copolymer, as supplied, and in for- 
mulation, was tested on albino rabbits. Solutions of 25%-50% PVP/VA in alcohol 
produced no reaction to severe irritation. Formulations containing 2.5%-24% 
PVP/VA also produced no reaction or moderate irritation. 

Acute skin irritation studies of PVP/VA Copolymer were conducted on the 
abraded and intact skin of rabbits. Formulations containing 0.25%-4.0% PVPlVA 
Copolymer produced mild irritation. Solutions of 50% PVP/VA in alcohol pro- 
duced mild irritation, and one sample of the 100% powder moistened in water 
produced no irritation. 

PVP/VA (10 g in 15 ml of saline) was administered repeatedly in 0.5 ml doses 
to rats by endotracheal injection. The animals were sacrificed at different times 
for up to one year later. PVPlVA Copolymer was found in the lung, primarily in 
alveoli and in the spleen, although no inflammation was found. 

After subcutaneous injection, PVPlVA Copolymer was stored in the spleen, 
the liver, kidneys, lung, and bone marrow. Some of the copolymer was excreted 
in the urine. 

PVPlVA Copolymer was not a sensitizer to guinea pigs after intracutaneous 
injection. No irritation or systemic effects occurred when 30 subchronic dermal 
applications of 1% PVP/VA Copolymer in formulation were given to rats. Sub- 
chronic inhalation of 4.0% PVPlVA in a spray by rats and hamsters caused no ab- 
normalities. 

Chronic oral ingestion of a solution containing 10.2 mg/l of PVPlVA Copoly- 
mer produced no effects in mice or rats. Likewise, chronic inhalation of aerosols 
containing 1.7270, 0.08 f 0.08 mg/l, and 0.35 f 0.09 mg/l for three months to 
two years produced no effects in rabbits and hamsters. 

Polyvinyl Pyrrolidone polymers were deleted from the list of 39 priority 
chemicals selected for testing by NTP in 1980 because”adequate toxicity data ex- 
ist in the literature.” PVP/VA Copolymers may contain the residual monomers, 
vinyl acetate at 1 .O%, and vinyl pyrrolidone at 0.5%. In a test using S. typhimu- 
rium, with and without metabolic activation, vinyl acetate was nonmutagenic. 
Vinyl pyrrolidone was nonmutagenic in the Mouse Lymphoma assay, the 
Balb/3T3 in vitro transformation assay, and in the primary rat hepatocyte un- 
scheduled DNA synthesis assay. 

Vinyl acetate was not carcinogenic to rats when they were exposed to its 
vapor for one year. 

PVP/VA Copolymer was tested in human clinical studies. Formulations con- 
taining 1.75%, 4.0%, and 5.0% PVPlVA Copolymer produced no irritation in 
24-hour patch tests. Repeated insult patch tests of a 5.0% formulation of PVP/VA 
Copolymer caused no irritation or sensitization in 50 subjects. Likewise, three 
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solutions of 50% PVP/VA Copolymer in alcohol caused no irritation in 150 sub- 
jects. No photosensitization data were available for review, but the UV absorp- 
tion characteristics suggest that photosensitization is unlikely. 

CONCLUSION 

On the basis of the available information presented in this document, the 
Panel concludes that PolyvinylpyrrolidonelVinyl Acetate Copolymer is safe as a 
cosmetic ingredient under present conditions of concentration and use. 
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