
 

 

 

 

 

 

 

 

 

Copyright 

by 

Natalie Lynn Maynard  

2011 

 

 



The Thesis Committee for Natalie Lynn Maynard 
Certifies that this is the approved version of the following thesis: 

 

 

Exploring the Application of the Green movement to the Theatre with a 

Focus on the Costume Shop 

 

 

 

 

 

 

APPROVED BY 

SUPERVISING COMMITTEE: 

 

 

 
James Glavan 

Denise Martel 

 

Supervisor: 



 

Exploring the Application of the Green movement to the Theatre with a 

Focus on the Costume Shop 

 

by 

Natalie Lynn Maynard, B.A.  

 

 

Thesis  

Presented to the Faculty of the Graduate School of  

The University of Texas at Austin 

in Partial Fulfillment  

of the Requirements 

for the Degree of  

 

Master of Fine Arts  

 

 

The University of Texas at Austin 

May 2011 



 Dedication 

 

This Thesis is dedicated to my grandmother Mary McEnteer, my first sewing instructor.   

 



 v 

Acknowledgements 

 
First and foremost I want to thank Jim Glavan for his time and dedication to me as my 

thesis advisor and as my teacher throughout my entire graduate school education. I would 

also like to thank Denise Martel for her support and enthusiasm as a committee member.   

A portion of my thesis research came from interviews that were conducted with the 

generous participation of several talented people.  Thank you Deborah Dryden, Rachel 

Pollock, Marliss Jensen, and Debi Jolly for your insights about fabric dyeing practices in 

the theatre.  Thank you Neena Anderson and Nancy Scott for answering questions I had 

about the impact our waste in the theatre has on wastewater treatment plants.  Thank you 

Lisa Lazar, Seema Sueko, Rachel Pollock, and Herb Garman for discussing their green 

methods.  I owe a deep debt of gratitude to the individuals who participated in the on-line 

study Green Theatre: Products and Methods for the Theatre.   This thesis topic would not 

have been possible without the work of Monona Rossol, and her dedication to educating 

artists about the products they use.    I thank you for answering every question I had 

along the way.   A big thank you to the unforgettable community of Creede, Coloroado 

for providing me with quiet beauty to write in and endless support.   Thank you to my 

parents for being there for me always.  Without your encouragement I would not have 

finished this degree.  Finally, I would like to thank the Hitchcock Foundation for their 

amazing contribution toward my entire education at the University of Texas at Austin.  

Your gift allowed me to pursue my dreams as an artist, thank you! 



 vi 

Abstract 

 
Exploring the Application of the Green movement to the Theatre with a 

Focus on the Costume Shop 

 

Natalie Lynn Maynard, MFA 

The University of Texas at Austin, 2011 

 

Supervisor:  James Glavan 

 
Theatre is an art form that combines the art of storytelling with the visual arts. 

Every production begins with a blank canvas, and it is up to the director and a team of 

designers to discuss concepts and decide on an artistic vision for the piece. Skilled 

artisans work quickly as a team to produce the vision of the designer and director.  

During the production process waste is generated in the scene shop, props shop, costume 

shop, and rehearsal space.  The products that are used to create the design can often 

contain harmful ingredients for both the artisan and the environment. No longer willing to 

ignore the responsibility that theatres have as stewards to the environment many artisans 

are leading the way by exploring safer practices and products. The research for this thesis 

is focused on the theatrical costume shop and examines dry cleaning, fabric painting and 

dyeing, and waste disposal. Alternatives to regular dry cleaning practices and commonly 

used and otherwise toxic products are available for a variety of processes we use in the 

theatre.  

For this study I conducted one hundred and sixty five surveys, ten interviews and 

a quality test amongst the dry cleaning alternatives in Austin, Texas.  Three sets of  
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seven different fabric samples were cleaned using the standard solvent and the alternative 

methods for dry cleaning.   Four professional dyers and painters were interviewed about 

their dyeing process, disposal practices, and the impact that “green” products have on 

their work. I spoke with two experts working in wastewater about the impact dyes and 

paints have on wastewater treatment plants.  Finally, I conducted an anonymous survey in 

2010 to find out what new products or methods are in use amongst costume shop 

managers, dyers and painters, and production managers.  
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Chapter 1: Introduction 

 

Theatre is an art form that combines the art of storytelling with the visual arts. 

Every production begins with a blank canvas, and it is up to the director and the team of 

designers to discuss concepts and decide on an artistic vision for the piece.  The Set, 

Costume, Lighting, and Sound designers make up that team and together they create a 

visual world that is a representation of both the director and designers concepts.    A 

majority of plays are produced in four to six weeks and enjoy six to eight weeks on stage. 

Skilled artisans work quickly as a team to produce the vision of the designer and director.  

During the production process waste is generated in the scene shop, props shop, costume 

shop, and rehearsal space. In the scene shop scraps from lumber and steel, saw dust, 

broken screws and, empty paint and adhesive containers must be thrown away.    Broken 

office equipment such as chairs, copiers, computers, office paper, and ink cartridges can 

appear in a theatre every day.  In the costume shop a garment that is created for one actor 

will first be constructed out of a cheaper, mock up fabric that mimics the texture and 

weight of the fabric that has been chosen by the designer for the costume.    As the 

fittings progress, a paper pattern will also be drafted and re-drafted.  This process allows 

the costume shop to create a custom fit garment and for the designer to see the work and 

make necessary changes before the first dress rehearsal.  Where do all of these elements 

go when the show has closed?  Does the costume shop house them in storage for re-use 

on another production, are they dumped into the landfill, or are they recycled into another 

use?  
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 Once the show is in performance all of the employees work towards maintaining 

an element of the show.  The audience experiences the same show that was given on 

opening night so after every performance costumes will be laundered and pressed, 

repaired as needed, wigs will be re-styled, and boots will be polished.  Actors will run 

lines, warm-up their voices and bodies, rehearse scenes, and check props.  Stage 

management will closely watch the set pieces and have repairs managed as needed, 

maintain sound levels, lighting cues, and costume changes.  After a performance closes 

all of the elements must be struck or removed from the playing space.  Set pieces will 

either go to the dumpster or return to the scene shop.  Lighting instruments are removed 

from the lighting grid, and programs are removed from the light boards.  Costume pieces 

are either washed at the professional dry cleaners or in commercial washing machines at 

the theatre.  Undergarments such as pantyhose, undershirts, and underwear are thrown 

away, and shoes are sanitized with Lysol.  After the costume pieces are washed and dried 

they are either returned to stock or sent back to the theatre they were rented from.   

What impact does the theatre industry’s waste have on the planet?  According to 

the Environmental Protection Agency the problem is not that we are running out of space 

for landfills, the problem is that the objects cannot breakdown.  Entire set pieces can 

make there way to the landfill adding more unknown variables to slow down the 

decomposition process.   In the costume shop dye waste and paints that are poured 

directly into the sink will enter a wastewater treatment facility.  Does the disposal of 

these products impact the quality of the water?  
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Dry cleaning poses a health risk to all because of the cleaning solvent it uses 

known as perchloroethylene.  Studies done by the National Insititute for Health and 

Safety in 1996 linked the exposure from working with the solvent for thirty plus years to 

liver diseases, cancer, and kidney failure.    Costume shops however must use the dry 

cleaning method to clean garments to prevent them from shrinking because some fabrics 

will distort if they are washed in water.  Alternative methods featuring different solvents 

and methods are becoming popular in response to the growing public concern related to 

the health risks associated with perchloroethylene. 

According to a statement made in 1994 by Dr. Randall Davidson, Risk 

Management, “ It is more hazardous to work in a theatre costume shop than it is in a 

nerve gas factory ( Fried 31).”  This statement centers on the observation that a costume 

shop can house the highest level of toxic substances in a concentrated area without 

meeting the legal standards for a healthy working environment.   Problems like 

inadequate storage are often found in the laundry and craft/dye area.  Tubs of dyes 

spilling off the shelves, or glues that are haphazardly stored on the same shelf as dyes, 

paints, and shoe polishes allow for dangerous exposure to chemicals.    

 Theatre artists and theater companies are beginning to address these issues by 

reforming their methods of working and eliminating the use of toxic products in their 

work when possible.  Labeled as sustainable theatre, eco-theatre, or the green theatre 

these companies are identifying their building, their production practices, or their play 

selection as green.    For the purposes of this study I will use green theatre and apply it to 
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production processes and methods that lessen the impact producing theatre can have on 

humans and the earth.   
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Chapter 2: Professional Garment Cleaning For the Theatre 

Perchloroethylene 

 Perchloroethylene is the most common solvent used in the professional garment 

cleaning industry. In 2006, according to the Environmental Protection Agency there were 

thirty-four thousand professional garment cleaning businesses operating in the United 

States. Twenty-eight thousand of these use perchloroethylene. Perchloroethylene (“perc”) 

is considered a carcinogen by the U.S. Department of Health and Human Services; a 

hazardous air pollutant by the Environmental Protection Agency; and it is one of ninety-

one contaminants regulated by the Safe Water Drinking Act. In December 2009, The 

New York Times, reported that unsafe levels of perchloroethylene were detected in the 

drinking supplies in more than twelve states.  Three of these states have directly violated 

the Safe Water Drinking Act by allowing residents to drink water with known illegal 

concentrations of arsenic, perchloroethylene, and radioactive elements (Duhigg, A1).  

Research indicates ten percent of perchloroethylene use in this country comes from the 

dry cleaning industry.  California has even passed legislation banning the use of 

perchloroethylene in dry cleaning by the year 2023.   

  Professional costume shops associated with universities, professional theatre 

companies, rental companies, opera houses, and dance companies often have their 

costumes cleaned with perchloroethylene. Costumes that are used throughout a 

performance must look the same from the beginning of the performance to the end.  

While perc removes dirt, odor, and stains it does not shrink or distort color on fabrics 

such as wool, silk, linen, and rayon.  Fabrics such as wool, silk, linen and rayon are 
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consistently used in costumes making cleaning with perc absolutely necessary.  The 

wardrobe department is in charge of the maintenance and upkeep that a costume requires 

during a performance. Performance schedule demands for the theatre require the 

wardrobe department to seek out a cleaner who can handle large amounts of clothing in a 

short amount of time. If a play operates six days a week, the wardrobe department has 

twenty-four hours to clean the costumes. Actor’s Equity is a union that represents both 

performers and stage management.  When a theatre hires actors whom are a part of 

Actor’s Equity that theatre must honor the rules printed in the contract signed by the actor 

and the producer. This applies to rules regarding the maintenance of costumes for the 

performer.  The Chicago Area Theatre Equity Contract outlines, costume maintenance 

guidelines in Section C: “Cleaning and Upkeep” under Rule 9: “Clothing and Makeup”.   

  
 
All clothing worn by the Actor for use in the production, whether furnished 
by the Producer or not, shall be cleaned at least once every two weeks unless 
conditions dictate a shorter interval; such interval/condition shall be determined 
by the Stage Manager and the Deputy. Any residue from the cleaning process 
must be removed from garments prior to their issuance/return to the Actor. "Skin 
parts" of clothing (e.g., stockings, shirts, undergarments, bodysuits, dress shields, 
bathing suits, and slips) shall be laundered at the Producer’s expense when 
necessary, or at least twice a week (except when a production is running on a Tier 
1 or 2 contract, in which case it shall be at least once a week). After they have 
been laundered, skin parts must be thoroughly rinsed and dried. In addition, the 
Producer agrees to have any wardrobe item furnished by the Actor cleaned at the 
close of the engagement. A bona fide professional cleaning establishment shall do 
such cleaning. 
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As stated, the Chicago Area Theatre Equity Contract requires a professional cleaning 

business to clean costumes at least every two weeks.  Costumes that are cleaned every 

two weeks must have any remaining residue aired out before an actor comes into contact 

with them.  In other words the contract writers understand that a costume is cleaned a 

certain way.  However, they also acknowledge that the process leaves behind a residue 

that is unsafe or unpleasant for the performer.  The contract does not specify what is 

unpleasant about the residue.  One can only assume that they are talking about the residue 

from the solvent perchloroethylene.  If the contract refers to the residue perc why does it 

remain behind?  What happens to the costumes after they are dropped off at the cleaners? 

What exactly happens during the cleaning process?  

 When a customer brings a garment to the cleaners, an employee tags the item with 

a number so the garments can easily be returned to the customer.  The tag includes 

information noting what the garment is, if it has a mate, the number of pieces in the order, 

and the fiber content.  The garment is also examined for stains, and repairs.  Repair and 

stained items are flagged with a different colored tag so the cleaner can make certain the 

stains and repairs have received attention (Luhring 1). The tag remains on for the entire 

cleaning process.  After the garment has been examined and tagged it is hung up with 

garments from other customers.  Depending on the dry cleaning establishment, garments 

are cleaned in house or they are transported to another location. Before the garment is 

cleaned, the stains are pre-treated with special spot stain removers.  Generally, if the stain 

is water based, it is cleaned with a water-based spot remover (Luhring 2). If the stain is 
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oil based, it is cleaned with a solvent1.  An employee may separate the pieces by color or 

they may not.  Garments are not alone in the machine as it is not cost effective to clean 

each garment individually.  The machine used to clean the garments operates like a 

commercial washing machine. The clothing is placed in a metal perforated basket inside 

of the machine, then the door is closed and the cycle begins.  As the basket rotates, the 

solvent sprays onto the clothing through a filter system.   The filter system removes dirt 

and pumps out clean solvent while the clothes are tossed against the side of the basket.  

Once the cycle is complete, an employee will remove the solvent soaked garments and 

transfer them to a dryer.  Today, businesses are required to use machines that complete 

the wash and dry cycle in the same machine.  These are known as dry-to-dry machines.  

When the garment has finished spinning and agitating in the solvent the machine extracts 

the remaining solvent by draining and spinning the clothes (Linn 3).  Then hot air is 

pumped into the holes in the basket to dry the garments.  This process vaporizes the 

remaining solvent.  Vaporizing the solvent protects employees from solvent exposure, 

protects the environment from solvent waste, and recovers much of the solvent for re-use 

(Linn 5).  After the garment has been cleaned and dried, an employee examines the 

garment again to ensure that all of the stains are removed.  If any remain, they are treated 

again.  Next, the garment is steamed and pressed back into shape using several 

professional presses and irons that can add steam and vacuum it out.  Finally, the 

completed garment is filed with other cleaned and processed garments that are 

individually hung on a wire hanger inside a plastic garment bag. 

                                                
1 Solvent is a liquid organic chemical used to dissolve solid materials.  
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 Since the early 1900’s, dry cleaning with solvents has been practiced in the 

United States. The first solvent used in dry cleaning was white gasoline.  White gasoline 

was successful in dissolving stains, but the solvent had a low flash point2 and caused fires 

and explosions (Linn 2).   Stoddard (solvent), a petroleum based product, has a higher 

flash point and was used until the 1950’s when it was replaced by perchloroethylene. 

Perchlorotheylene or perc has no flashpoint therefore it is not flammable.  Perc, originally 

developed as an engine degreaser, also dissolves oil based stains without removing dyes, 

shrinking the garment, or causing harm to the fabric  (Linn 3).   Until the mid 1990’s, 

Perc was readily available to the general consumer and was sold as a spot remover, rug 

and upholstery cleaner, and paint stripper. Costume shops, stored small amounts of perc 

in laundry areas to be used as a quick spot remover. For decades, the solvent went 

unregulated and thousands of gallons of perchloroethylene were poured into sewers, 

storm drains, and the soil. 

 During the 1990’s, several national health organizations began to study the effects 

from perchloroethylene exposure. The U.S. Department of Health and Human Services 

concluded that perchloroethylene is “reasonably anticipated to be a human carcinogen.” 

The International Agency for Research on Cancer concluded perchloroethylene is 

“probably carcinogenic to humans.”   These conclusions are the result of studies on 

humans and animals.  Particular attention has been given to individuals who worked with 

the solvent before 1970, because there were no regulations or protection for employees.   

                                                
2 Flash point is the lowest temperature at which sufficient amounts of vapor are created above a solvent’s 
surface to ignite in the presence of a spark or flame.  (Rossol, The Artist’s Complete Health and Safety 
Guide, 93) 



 10 

Perc is considered “probably carcinogenic to humans” because some lab rats developed 

cancer from exposure. Neurotoxicity and kidney damage are linked to long-term 

inhalation exposure in dry cleaning establishments. A 1994 report by the National 

Institute for Occupational Safety and Health which focused on individuals working from 

1950-1970, states that dry cleaning employees are three to seven times more likely to 

contract esophageal cancer. Studies connect women working in the dry cleaning industry 

to menstrual disorders, and spontaneous abortions.  In 1996, National Geographic 

Magazine cited a landmark study done concerning apartment dwellers living above a dry 

cleaner in New York City.   During the study The New York State Department of Health 

measured perc levels present in the residents.  Mori Mickelson, a resident living above a 

dry cleaning establishment during her pregnancy and after her son’s birth absorbed 

measurable levels of perc. “Researchers found perc in her blood, urine, and breast tissue.  

After she gave birth, they tested her breast milk and found perc” (Ebert 1).   The presence 

of the solvent in her body alarmed authorities so the machines were ordered sealed by the 

New York State Department of Health and the cleaning was moved to an off-site facility.    

 The solvent from dry cleaning remains on a garment and will raise levels of 

perchloroethylene in the home.  In 1988 the Environmental Protection Agency conducted 

a study on the presence of the solvent on clothing.  The test was conducted by measuring 

the emission levels of the solvent perchloroethylene in a small test chamber.  Three 

different fabric types were tested at three different temperatures.  Dry-cleaned garments 

were placed inside a home and the level of perc was measured in the home.  The E.P.A. 

concluded that the garments cleaned with perchloroethylene raised the solvent level 
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inside the home (Jackson 1).  Later studies suggest that the raised level of perc is 

negligible to the consumer because the solvent is quickly released through the lungs. 

 Unregulated perchloroethylene use has raised concerns in The United States about 

its effects on human health and the environment.  On July 13, 2006, the Environmental 

Protection Agency established the Final Amendments to Air Toxics Standards For 

Perchloroethylene Dry Cleaners.  Through the amendment, the E.P.A planned to phase 

out machines using perc at existing co-residential dry cleaners3. The amendment required 

that all transfer machines4 be eliminated, and all existing perchloroethylene machines 

removed from residential buildings by December 21, 2020 and replaced with non-perc 

cleaners.   The transfer machine was eliminated because the solvent soaked garments had 

to be moved, by hand, to the dryer.  This process exposes employees to unsafe solvent 

levels in the air and against the skin.  

  

Figure 1: dry-to-dry perchloroethylene machine 
 

                                                
3 co-residential dry cleaner refers to a dry cleaning business that resides in the same building as an 
apartment. 
4 transfer machine is a washer that consists of a unit for washing and a separate unit for drying.  
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 Dry cleaners that operate under the new regulations have taken great strides to 

limit solvent exposure for both humans and the environment. However, the consequences 

from decades of unregulated use of perchloroethylene will be experienced indefinitely.  It 

was not until the mid 1980s that the Environmental Protection Agency banned cleaners 

from pouring the spent solvent into the drain.  In November 2010, the New York Times 

released a series of articles assessing water quality across the country.  The article 

focused on areas that violated the Safe Drinking Water Act.  The author, Charles Duhigg, 

basing most of the report on findings released by the E.P.A, states, “in the prosperous 

town of Ramsey, New Jersey, for instance, drinking water tests since 2004 show illegal 

concentrations of arsenic, a carcinogen, and the dry cleaning solvent tetrachlorothylene or 

(perchloroethylene), which has also been linked to cancer”  (Duhigg A3).   Perc is a 

dense non-aqueous phase liquid (DNAPL), which makes it heavier than water, and able 

to sink through cracks in the floor where it will quickly move itself through the soil, 

contaminating our groundwater.  Since 1998, the State Coalition for the Remediation of 

Drycleaners (SCRD), the U.S. Environmental Protection Agency (EPA), and the National 

Ground Water Association (NGWA) have lead the effort to cleanup areas contaminated 

by the dry cleaning industry. SCRD consists of 13 states: Alabama, Connecticut, Florida, 

Illinois, Kansas, Minnesota, Missouri, North Carolina, Oregon, South Carolina, 

Tennessee, Texas, and Wisconsin. A contaminated site will have the majority of the soil 

removed and treated as hazardous waste.  Any soil that remains is injected with 

chemicals to break down the perc into a harmless substance. Cleanup costs associated 

with perc are high and often unaffordable for small business owners.  The SCRD 
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provides the funding for sites that qualify; but the use of perchloroethylene is prohibited 

once the site is cleaned.  Currently, perchloroethylene is considered a hazardous 

substance and is classified as a pollutant in both air and water.  

 The Environmental Protection Agency’s final rule allows cleaning with 

perchloroethylene to continue only in large industrial and commercial dry cleaners.   New 

Jersey is ruling on an amendment to ban the operation of all dry cleaners near apartments 

and day care centers using perchloroethylene by the year 2014.   In March 2011, The 

Illinois Senate Environment Committee voted unanimously to ban perc from all dry 

cleaners by 2030.  The bill now has moved onto the Illinois State Senate for approval.  

California however was the first state to adopt this change.  In 2006, the California Air 

Resources Board passed a law that will eliminate the use of perchloroethylene by the year 

2023.  The ban imposed by California will certainly have an affect the theater and film 

industry.  Costumes that have been cleaned for decades by perchloroethylene will have to 

be cleaned a different way. 

 A variety of promising technological advancements in both water and non-water-

based cleaning continue to be explored and developed since strict environmental 

regulations have been placed on the use of perc.  Cleaning systems such as wet cleaning, 

hydrocarbon cleaning, silicone-based cleaning, and liquid carbon dioxide lead the 

industry and are available to consumers in more and more cities. 

 

  

Dry-To-Dry  
Perchloroethylene Machine 



 14 

Alternatives for Professional Garment Cleaning 

 

 

Professional Wet Cleaning 

 

    

Figure 2: Professional Wet Cleaning Machine                  

                   

   

Figure 3: Press used in Professional Wet Cleaning 
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           Professional wet cleaning has been on the market since the early 1990s.  Wet 

cleaners use computer controlled machines to gently agitate and spin garments based on 

their fiber content and weight (Ebbert 3).  Several companies have created their own wet 

cleaning detergent.  Lana Care Sensitive and Enzi-Cat are two detergent brands 

specifically engineered for wet cleaners.  

MSDS Report for Lana Care Sensitive detergent 

Fire and Explosion Data 

Flash Point (F): 212 °F 
Special Fire Fighting Procedures: N/A 
 

Suggested Protective Equipment 

 

Protective Gloves: Rubber or latex gloves 
Eye Protection: Safety glasses recommended 
 

Handling and Storage 

Handling: Normal precautions in working with chemicals.  Use protective goggles and gloves if 
splash is likely 
Waste disposal method: taking into consideration any local authority regulations, dispose the 
product by special incineration treatment.   May be incinerated without danger to the 
environment.  Completely empty containers may be disposed of in domestic or trade waste. 
 

 

MSDS Report for Enzy-Cat detergent 

Fire and Explosion Data 

Flash Point (F): None 
Flammable Limits: N/A 
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Unusual Fire & Explosion Hazards: Not considered combustible 
Special Fire Fighting Procedures: This product is not normally 
considered combustible and will not burn or sustain combustion 

 
Suggested Protective Equipment 
 
Respiratory Protection: None usually required 
Ventilation: Adequate general ventilation 
Protective Gloves: Rubber or latex gloves 
Eye Protection: Safety glasses recommended 
Other Protective Equipment: None usually required 

Handling and Storage 

Waste disposal method: Dispose of in accordance with all 
applicable federal, state and local regulations. Observe all labeled 
safeguards until container is cleaned, reconditioned or destroyed. 

       When a wet cleaner receives your garment they will pre-treat any oil based stains 

with a water based biodegradable pre-treatment. Then the garment is placed in a front-

loading computer controlled washing machine and the proper setting is selected telling 

the machine the fiber content and the weight of goods (Luhring 2).   Once the garment is 

clean heat steam and irons are used to return the garment to it is original shape.    
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Hydro-Carbon Cleaning 

  

 

 Figure 4: Hydrocarbon Machine 

 

Hydrocarbon cleaners use a cleaning process that is similar to Perchloroethylene 

cleaners.  Instead of using Perchloroethylene as a solvent, a hydrocarbon solvent is used. 

Hydrocarbon cleaners state that they can clean delicate garments with dyes that might 

bleed or bead and sequins that might otherwise be damaged with perc (Ebert 2). Several 

companies produce hydrocarbon solvents. Some of these solvents are known as DF-2000 

Fluid,  PureDry,  EcoSolv, Shell Sol 140 HT, and, Stoddard solvent.  

 
The MSDS for ShellSol Solvent  
Fire and Explosion Data 
Flash Point Method: TCC 
Flash Point: 145F,63C 
 
Suggested Protective Equipment 
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Ventilation Use explosion-proof ventilation as 
required to control vapor concentrations. 
Protective Gloves Chemical resistant gloves 
Eye Protection Safety glasses or goggles. 
Other Protective Equipment Chemical resistant clothing 
necessary to prevent skin contact. 
An emergency eyewash and shower should be available. 
 
Supplemental Safety and 
Health 
Avoid prolonged or repeated exposure. Do not get on skin or in 
eyes. Do not breathe vapors or mists. Air dry contaminated 
clothing in a well ventilated area. 
Then launder before reusing. 

Handling and Storage Precautions  
Additional Data: This Product department of 
transportation classification is a 
combustible liquid. The product is 
petroleum naptha with flash point 143F 
 
 
 
MSDS DF-2000 
Fire and Explosion Data 

This products is hazardous as defined in 29 CFR1010.1200   
OSHA Hazard: 
Combustible 
Flashpoint 147F 
 
Suggested Protective Equipment 
 
For open systems where contact is likely, wear safety glasses with side shields, long sleeves, and 
chemical resistant gloves.  Where concentrations in air may exceed the limits given in this section 
and engineering, work practice or other means of exposure reduction are no adequate, NIOSH 
approved respirators may be necessary to prevent overexposure by inhalation. 
 
Handling and Storage 

Keep container closed.  Handle all open containers with care.  Store in a cool, well-ventilated 
place away from incompatible materials.  Do not handle or store near an open flame, heat or other 
sources of ignition.  Protect material from direct sunlight.  Material will accumulate static 
discharges, which may cause an electrical spark (ignition source).  Use proper bonding and/or 
grounding procedures.  Do not pressurize, cut, heat, or weld containers.  Empty product 
containers may contain product residue.  Do not re-use empty containers without commercial 
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cleaning or reconditioning.  “Empty” containers contain product residue (liquid and vapor) and 
can be dangerous 
  

 The flash point for hydrocarbon alternatives ranges from 142 degrees Fahrenheit 

to 147 degrees Fahrenheit.  Hydrocarbon solvents are made for front-loading dry-to-dry 

machines only. First, the garment is placed in a chamber inside of the machine. The 

chamber is filled with a solvent that passes in and out of the chamber through a filter. 

Next the hydrocarbon solvent is extracted into a separate container while the garment is 

dried in the same space that it had been cleaned (Eckman 3).  

For proper disposal of solvent waste the appropriate regulatory authority and a 

certified waste hauler must be utilized.  The MSDS for Shell and DF-2000 recommends 

all persons who are handling the solvent to wear safety glasses with splashguards, 

chemical resistant gloves and a respirator. The solvent can cause skin irritation and 

cleaners must make certain that all of the solvent is dry on the garment to prevent skin 

irritation and blistering (Campbell 8). Several concerns about the safety of hydrocarbon 

solvents have been raised.  There have been no studies addressing the health effects from 

the solvent emissions.  The solvent is classified as a volatile organic compound.  Volatile 

Organic Compounds deplete the ozone layer and are known to cause respiratory illnesses.  
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Silicon Based Dry Cleaning 

  

Figure 5: Silicon Based Dry Cleaning Machine 

 

Silicon-based dry cleaning uses a silicon-based solvent to clean garments.  The 

most common solvent used today is Decamethylcyclopentasiloxane (D5). 

MSDS D5  

Fire and Explosion Data 
 
CAUTION! Combustible liquid and vapor. May cause irritation of skin and eyes. Adverse liver 
effects  
reported in animals. Attention: Not for injection into humans. May generate formaldehyde at 
temperatures  
greater than 150 C(300 F). See Section 3 of 
FLASH POINT 76.60 °C 170.60 °F 
 

Suggested Protective Equipment  

Respiratory Protection:  

If exposure limits are exceeded or respiratory irritation is experienced, NIOSH/MSHA approved  
respiratory protection should be worn. Supplied air respirators may be required for non-routine or  



 21 

emergency situations. Respiratory protection must be provided in accordance with OSHA regulations  
(see 29CFR 1910.134).  

Protective Gloves :  

Rubber or plastics gloves  
Eye and Face Protection :  
safety glasses with side-shields  
 
Handling and Storage 
 
 Disposal should be made in accordance with federal, state and local regulations.  

 

Silicon dry cleaners advertise that their cleaning process is gentler than both perc, 

and wet cleaning because the solvent is not absorbed into the fibers.  Methods such as 

wet cleaning, perc, and hydrocarbon cleaning use detergents that are absorbed into the 

fibers causing them to swell and constrict. It cleans the fiber by lifting the stains away 

and not dissolving them (CA E.P.A. 3).   Silicon based cleaners claim to clean the widest 

variety of fibers and do not harm dyes, sequins or beads which is a plus for the theatre 

industry.  The EPA does not list Decamethylcyclopentasiloxane as hazardous waste or a 

volatile organic compound.  However, in 2003, California’s Office of Environmental 

Health Hazard Assessment conducted research indicating that D5 

(Decamethylcyclopentasiloxane) has caused uterine cancer in rats. .  Because D5 has only 

been in use for the last decade little assessment has been done on its impact on humans 

and the environment. Experts are pushing for more studies done on the presence of D5 in 

the fatty tissue of humans and the environment.  Speculations have also been raised about 

the manufacturing process of Decamethylcyclopentasiloxane because it requires the 

presence of chlorine, which in the presence of D5 could release dioxins into the air.  

Dioxins are pollutants that are toxic to marine life (Linn 3).  In humans they cause 
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reproductive problems, increase cancer risks, and increase heart disease and diabetes. 

Liquid Carbon Dioxide 

 

 

Figure 6:Liquid Carbon Dioxide Machine 

 

Carbon Dioxide cleaners use liquid carbon dioxide as a cleaning solvent.  

Liquid Carbon Dioxide is non-flammable, non-toxic, and a natural occurring gas.  

Caution must be taken when handling the gas in its liquid form because of its potential to 

cause frostbite.   Garments are placed into a pressurized chamber that is filled with liquid 

CO2.  Next the carbon dioxide moves around the clothing and dissolves the stain as the 

chamber is agitated.  Finally, the CO2 is released through a filter and the garment is spun 

dry (Linn 3).  Carbon dioxide is a greenhouse gas that has been linked to global warming 

and has raised some doubts about the environmental impact of using liquid CO2.  
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Proponents state that the CO2 used for dry cleaning is a by-product from existing 

industrial operations and therefore it is environmentally neutral (Linn 3).   

   

MSDS Liquid Carbon Dioxide 

Fire and Explosion Data 
 
Flammability: Not flammable  
 
Effects of acute exposure 
Eye contact: Can cause frostbite (liquid form). 
Vapor may cause a stinging sensation. 
Skin contact: Can cause frostbite (liquid form). 
No adverse effects from gas. 
Inhalation: May cause dizziness. 
Asphyxiant. 
Can cause vomiting. 
May result in unconsciousness. 
May cause excitation, excess salivation, rapid breathing. 
May cause headaches and drowsiness. 
May cause stinging of the nose and throat. 

. 
 
Suggested Protective Equipment  

Gloves/Type:Insulated neoprene. 
Respiratory/Type: NIOSH/ MSHA air purifying respirator for concentrations up to 10 
times TLV; air supplied for higher concentrations. 
Eye/Type: As per local regulations. 
Footwear/Type: Safety boots per local regulations. 
Clothing/Type: Wear adequate protective clothes. 
Other/Type: Eye wash facility should be in close proximity. 
Emergency shower should be in close proximity. 
Ventilation requirements: Mechanical ventilation is satisfactory. Ensure oxygen 
concentration remains above 19.5% and Carbon Dioxide 
 
Handling and Storage 
 
Handling procedures and 
equipment: Never allow any unprotected part of the body to touch 
uninsulated pipes or vessels that contain cold fluids.  
Replace any worn or cut hoses prior to use. 



 24 

Liquid Carbon Dioxide is extremely cold and is under pressure. A 
leak will result in the formation of "Dry Ice" particles which will be 
forcibly ejected from the system, possibly injuring the operator. A 
complete hose failure can result in a large release of Carbon 
Dioxide and violent movement of the hose and associated 
equipment, which may cause severe injury or death. Special care 
must be taken when depressurizing and disconnecting hoses. 

Storage requirements: Use storage containers, piping, valves and fittings designed for 
storage and distribution of Liquefied Carbon Dioxide and 
vaporized (Gaseous) Carbon Dioxide. 
concentration does not exceed 5000 ppm, 
Local exhaust at points of emission preferred.  

Liquid Carbon Dioxide is non-flammable, non-toxic, and a natural occurring gas.  

Caution must be taken when handling the gas in its liquid form because of its potential to 

cause frostbite.   Garments are placed into a pressurized chamber that is filled with liquid 

CO2.  Next the carbon dioxide moves around the clothing and dissolves the stain as the 

chamber is agitated.  Finally, the CO2 is released through a filter and the garment is spun 

dry (Florida Dept of Environmental Protection 3).  Carbon dioxide is a greenhouse gas 

that has been linked to global warming and has raised some doubts about the 

environmental impact of using liquid CO2.  Proponents state that the CO2 used for dry 

cleaning is a by-product from existing industrial operations and therefore it is 

environmentally neutral (Florida Dept of Environmental Protection 3).   

  In 2004, Consumer Reports ran a study comparing the cleaning quality of 

perchloroethylene, professional wet cleaning, silicon based cleaning and liquid carbon 

dioxide cleaning.   The study was conducted with 4 sets of the same garment, a lamb’s 

wool jacket, a fuchsia silk blouse, and a rayon/linen blend skirt with pleats.  They sent the 

garments to each cleaner 3 different times, the garments were rumpled before each 
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cleaning, but no stains were tested.  There results rated carbon dioxide cleaning at the top 

because none of the garments lost color, changed shape, or texture (Consumer Reports 2).  

Silicon-based cleaning shrank one skirt slightly and produced moderate pilling on the 

lambswool jacket.  Wet cleaning “left the lambswool jacket severely pilled in all three 

cases, two jackets looked as though they had not been pressed, and the sizing was 

removed from one skirt” (Consumer Reports 2).   Perchloroethylene produced a jacket 

that was severely pilled, a skirt shrank almost one size, and a silk blouse faded and had a 

white frosted look.  This is the only method that resulted in an odor being left on the 

clothes” (Consumer Reports 2).  

Each of these alternatives offers positive and negative consequences.  Wet 

cleaning produces an abundance of wastewater however if safe detergents are selected 

then the waste can safely be returned to the sewer.  Hydrocarbon solvents perhaps pose 

the most danger because the solvent is treated as hazardous waste and is a volatile 

organic compound.  Hydrocarbon solvents also have not gone under the same scrutiny 

that perc has because they have been on the market for a decade.  Proponents argue that 

the regulations and safety measures that are in place for perc today also affect 

hydrocarbon solvents.  They state that the danger from exposure is negligent because of 

the careful measures that are taken to prevent negligent pollution in our waterways.  For 

example, hydrocarbon solvents are combustible yet according to the E.P.A. no fires have 

been reported from its use.  Silicon cleaners generally use decamethylcyclopentasiloxane 

(D5).  In 2003 the results from a study revealed that D5 at high doses caused uterine 

cancer in rats.  No studies have been conducted on humans.  Again, the safety measures 
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put in place by the use of perc have greatly improved the safety of the machines that are 

used with silicon solvents.  Liquid carbon dioxide can pose a threat because the liquid is 

stored under pressure.  If the liquid CO2 escapes it can expose humans to frostbite.  

According to the EPA the CO2 in dry cleaning systems is under much less pressure than 

other processes.  In fact as of 2006, there had been no accidents reported using CO2 for 

dry cleaning  (Federal Register 42739).  
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Dry Cleaning Study -A study Comparing Perc Cleaning to Wet Cleaning and 

Hydrocarbon Cleaning in Austin, Texas on a Variety of Fabric Samples 

 Introduction 

Hydrocarbon cleaners, silicon based cleaners, and wet cleaners advertise that their 

product can safely clean delicate fabrics such as beaded fabric, wool, and silk.  Theatrical 

costume shops often use these types of fabrics to achieve the designers’ vision.  Could the 

alternatives truly clean difficult fabrics without marring them?  How do the alternatives 

compare to cleaning with the standard solvent perchloroethylene?  How much time would 

it take to clean a garment with the alternative method? How many hangers and plastic 

garment bags would I receive from each business?   Does it cost more to clean costumes 

with the modern alternative cleaners than it does with perc? 

Method 

 The purpose of this study was to test fabrics generally in use by professional 

costume houses across the country, which specifically mandates dry cleaning.  The seven 

fabrics selected were silk boucle`, green raw silk, blue linen, green wool, silver lamee, 

and polyester sequins fabric, and hand painted silk with gutta resist.  The study was 

conducted in the city of Austin, Texas where wet and hydrocarbon cleaning as well as 

perchloroethylene options are available.   Four cleaners were selected including a wet 

cleaner, hydrocarbon (A), hydrocarbon (B), and a perchloroethylene cleaner.  The fabric 

samples measured at twelve by fourteen inches were cleaned professionally twice at four 

separate businesses.  After cleaning, the fabrics were inspected for visible effects that 

could result from the cleaning process.  Each piece was studied for residue, odor, torn 
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fibers, pilling of fibers, color loss and the hand of the fabric.  Hand of the fabric was 

defined as the feel of the fabric and included the body or weight of the fabric.    For the 

first cleaning each business cleaned each of these six samples including, silk boucle`, 

green raw silk, blue linen, green wool, silver lamee, and polyester sequins fabric.  

Hydrocarbon A, Hydrocarbon B, and the wet cleaners were each given one 12”x8” piece 

of beaded lace.  The perchloroethylene cleaners could not clean the beaded fabric because 

it would melt. Both of the hydrocarbon cleaners received one hand painted silk sample 

with gutta resist.  Gutta resist is made of rubber and is used as an aid by silk painters to 

prevent areas of the fabric from receiving dye.  Gutta is not water-soluble and can only be 

removed with a solvent such as perchloroethylene.  Hydrocarbon cleaners are also 

solvent based and could remove the gutta.  For the second cleaning each business 

received five samples which included silk boucle`, green raw silk, blue linen, green wool, 

and silver lamee.  The wet cleaner, hydrocarbon A, and hydrocarbon B businesses 

cleaned the beaded lace a second time.   
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Observations 

 

Table 1: First Cleaning with Perc and Hydrocarbon A  
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Table 2: Second Cleaning with Perc and Hydrocarbon A 
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Table 3: First Cleaning with Hydrocarbon B and Wet Cleaning 

Hydro-Carbon B Price List 
Suit $9-12 
Dress $18 
Shirt $9 
Skirt $9.50 
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Table 4: Second Cleaning with Hydrocarbon B and Wet Cleaning 
 

Wet Cleaners Price List 
Suit -$15 
Dress-$15 
Shirt -$7 
Skirt-$9 
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Figure 7: Dry cleaning hangers and plastic garment bags 
 

I received 41 hangers in total from two trips to the dry cleaners.  One business recycled 
their hangers.  The plastic garment bags totaled 19; they were recycled at a local grocery 
store.  
 

Results- Samples from each business were ready within twenty-four hours. However, the 

wet cleaning business could not accommodate the next day turn around that is often 

required in professional theatre. The hydrocarbon B method could remove all of the gutta 

resist without altering the silk dye while the hydrocarbon A method left some behind.   

Both hydrocarbon A and B perform best on 100% silk, raw silk, 100% wool, 100% linen, 

and metallic chiffon. They left behind no residues, odors, and did not alter the hand of the 

fabric. Hydrocarbon A did not remove all of the make-up stains and in both cases the 

sequins fused on top of the synthetic knit completely dissolved in the process.  Two 

samples made of higher quality sequins sewn onto the fabric and not glued were not 

damaged in the cleaning process.  The perchloroethylene cleaners left behind a filmy 

residue and an odor on six pieces after the first round of cleaning. The odor and residue 
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dissipated after 3 days.  The perchloroethylene cleaners also were unable to clean the 

synthetic knit with sequins after the first cleaning.  Wet cleaning cleaned everything 

successfully, however the 100% linen and the 100% silk fabrics felt crisp after the 

cleaning.   
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Survey Response A: The Use of Alternative Professional Garment Cleaning 

Methods in the Professional Theatre 

  In  2010, through the University of Texas at Austin I conducted an online survey 

titled Green Theatre: Products and Methods for the Theatre. The intent of the survey was 

to obtain information concerning green practices that are in use in the professional 

theatre. One hundred and sixty-eight individuals employed as costume shop managers, 

painters/dyers, and production managers were contacted to participate in this anonymous 

survey.  The individuals were pulled from two professional theatre organizations known 

as the Theatre Communications Group, and the League of Resident Theatres.  Theatres 

associated with these organizations have to meet certain requirements connected to the 

number of audience seats sold and the amount of performances as well as the number of 

employees they hire.  I asked Costume Shop Managers two questions about professional 

garment cleaners. 

1. Which type of professional garment cleaning service do you use? 

2. Perchloroethylene, the solvent most widely used in dry cleaning is considered a 
"carcinogen" by the E.P.A. because of its connection to cancer, liver damage, 
neurological problems and other suspected problems. In fact, California has signed a bill 
to phase out the use of perchloroethylene by the year 2023. Would you utilize cleaners 
that use cleaner, safer, and non-toxic practices such as wet cleaning? Why or why not? 
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Table 5: Professional garment cleaning methods. 
      10 out of 12 respondents use dry cleaning with perchloroethylene 
      1 out of 12 respondents dry clean with a silicon based solvent 
      1 out of 12 respondents dry clean with Carbon Dioxide 
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2. Perchloroethylene, the solvent most widely used in dry cleaning is considered a 
"carcinogen" by the E.P.A. because of its connection to cancer, liver damage, 
neurological problems and other suspected problems. In fact, California has signed a bill 
to phase out the use of perchloroethylene by the year 2023. Would you utilize cleaners 
that use cleaner, safer, and non-toxic practices such as wet cleaning? Why or why not? 
 

Responses 
- Safer substances would be preferable, but I do not have  
  much knowledge regarding this to answer effectively  
- Yes. We've had the same cleaner for years and I hadn't  
  thought to investigate other methods. 
- I send out all dry cleaning 
- I don't know which process our cleaner’s use; of course  
  I would prefer to use a non-toxic method. 
- Yes, I am actually not sure what kind of cleaning our  
  dry cleaner uses. I would support a more "green" option 
  

Dry cleaning with the solvent perchloroethylene is the most common method of 

cleaning on the market today.  Perchloroethylene is considered a “probable carcinogen” 

and has caused an expensive environmental cleanup. By 2023 the theatre and film 

industry in California will no longer have access to dry cleaning with the solvent 

perchloroethylene. This gives the theater and film industry in California just thirteen 

years to find a suitable replacement. In an interview conducted for this research, the 

Secretary/Treasurer of the Theatrical Wardrobe Union Local 784, I.A.T.S.E in southern 

California stated that of the seventeen members present none were aware of the law 

during her last meeting in November 2010.  She also noted that the operator of the perc 

cleaners most frequented by the theatre and film industry in the San Francisco Bay Area 

is now at a cleaner called The Laundry Locker, which uses silicon solvents.  They are 

recruiting clienteles from the theater and film industry.  One participant in the study 

Green Theatre: Products and Methods for the Theatre company mentioned that they own 
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a dry cleaning machine that uses hydrocarbon solvents.  

 
- Yes, if available.  
- Yes and soon as it is more available and cost effective.  
- We are getting good prices using this method of cleaning. 
- I would like to but it would come down to cost 
- If it were convenient, cost efficient and effective, sure.  
  however the nearest wet cleaner is a substantial drive  
  from the theatre so we're not looking into it right now. 

 
 It is true that dry cleaning alternatives are not available everywhere.  However, as 

more people are demanding the option the more they will appear.  The latest ruling by the 

E.P.A. is showing a push to phase out perchloroethylene.  You can locate the nearest 

alternative cleaners by using the websites NoDryCleaning.com, 

cleaningservicesnearyou.com, and ecovian.com.  Although actor’s equity contracts state 

that costumes must be cleaned professionally they do not state that you must use 

perchloroethylene. It is true that the alternative cleaners are significantly more expensive 

for example; wet cleaners in Austin charge fifteen dollars for a dress and the 

perchloroethylene cleaner charges ten dollars.  Some theatre companies committed to 

green methods have found ways to trade such items as season tickets and advertising in 

the theatre’s program in exchange for a discounted rate on cleaning services. 

 
-Yes, however locally the green cleaner cannot turn around  
the clothes fast enough for our needs. We can and do use  
them at the end of the run, but cannot on a one day turnaround. 

  

As more and more theatre companies begin to demand these options the faster the 

industry will realize they must adjust to our needs.  Some processes like wet cleaning will 

just take longer due to the nature of the process.  This is one of the main struggles that 
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wardrobe departments are facing as they make efforts to eliminate harmful practices from 

the workplace.   

  
-If they clean the clothes, I have tried green cleaners and  
the clothes were not cleaned well 

   

 Studies done by the E.P.A. have shown that a residue remains from cleaning with 

petroleum based solvent like perchloroethylene. In fact many argue that 

perchloroethylene solvents are hard on fibers.  The Consumer Reports study revealed that 

perchloroethylene caused one garment to shrink and another to fade in color (Dry 

Cleaning Alternatives 2).  Costume shops can create difficult costumes to clean 

professionally.  Alternative cleaners must be made aware of the special needs of the 

theatre industry. 

 
-We own a green dry cleaning machine. We rarely use  
outside professional dry cleaners. Would choose a green  
dry cleaner when available. 
- yes, because I believe in “Safety First”  
- yes  
- Yes, and we do use such a dry cleaner 
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 Theatrical costume shops consistently frequent perchloroethylene cleaners 

because the solvent cleans fabrics with out marring them, and they can handle large 

orders in a short amount of time. There is a concern in theatres about exposing 

performers to perchloroethylene.  Actor’s Equity addresses the issue in some contracts 

for performers that specifically require a costume be aired out to remove any remaining 

solvent residue before it enters the dressing room.  Perchloroethylene has been linked to 

cancer, neurological disorders, and reproductive issues.   Due to concerns for both 

humans and the environment, the solvent has just recently come under heavy regulation 

by the Environmental Protection Agency and individual states have voted in favor of 

limiting or eliminating the use of perchloroethylene within the next fifteen years.  

Notably, California will ban the use of perc in dry cleaning by the year 2023. Illinois is 

considering a similar ban and a bill is now in the state senate awaiting approval.  This ban 

will affect the theatre and film industry in California and Illinois.  Alternatives such as 

hydrocarbon cleaning, wet cleaning, silicon solvent cleaning, and liquid carbon dioxide 

are available. Because of the complex problems that costumes face at the cleaners, it is 

important for the theatre industry to begin utilizing alternative methods of cleaning. Since 

the 1950’s Perchloroethylene has been in use, while the alternatives began to enter the 

market in the early 1990’s.  The alternative methods will need time to work with the 

unique challenges of cleaning a costume.  

Professional costumers who participated in the survey, “Green Theatre, Products 

and Methods for the Theatre” raised many concerns about the new methods that will need 
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to be addressed.  These include cost, convenience, time, and effectiveness.  In the dry 

cleaning study each method cleaned the samples however, perc and wet cleaning did 

affect the hand of the fabric.  Perhaps costume shops will discover that a combination of 

alternative methods is necessary for their demands.  

Consumers concerned with choosing a cleaner that promise safer solvents and 

detergents for humans and the environment must research the alternative method the 

cleaner uses.  Each of the alternatives promotes themselves with the label, “green”, “non-

toxic”, or “eco-friendly.” Material Safety Data Sheets for hydrocarbon solvents describe 

the solvents as hazardous waste, volatile organic compounds, and can cause skin irritation 

or blistering.  Silicon based solvents are not hazardous waste or volatile organic 

compounds but overexposure to humans can affect the central nervous system, 

reproductive system, respiratory system, kidney, and liver.   The problems with 

perchloroethylene have led to regulations that have improved the safety of the machines 

and heightened awareness.  This has already translated to machines that reduce exposure 

levels even more.  Liquid Carbon Dioxide is non-toxic, non-flammable, and a natural 

occurring gas.  Some researchers believe that the excess CO2 is trapped in the 

atmosphere and causes the earths temperature to rise.  The CO2 used in dry cleaning 

comes from waste produced by industrial plants that would normally be released into the 

atmosphere. Wet cleaning detergents are not hazardous waste, do not require protective 

equipment, and do not harm individuals who are exposed to the detergent. 
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Chapter 3: Fabric Paint and Dye 

 
Dangerous chemicals such as formaldehyde, methyl ethyl ketone and 

 
toluene are present in products such as paints,  fabric dyes, leather dyes and adhesives.  
 
The costume shop uses these products as tools in order to achieve certain effects, looks, 

or functions that a costume may require. A dyer/painter will dye fabric to the exact color 

requested by the designer, and then may apply paints to add dimension to the finished 

costume.  Textile paints and dyes can be applied with a variety of methods including 

brushes, sponges, and spray applicators.  The milliner creates a hat by stretching wet 

material such as felt or straw over a three dimensional shape, drying the material over the 

shape and spraying the inside of the hat with a shellac spray to stiffen the body of the hat.  

The craftsperson often creates armor including breastplates, gauntlets, and chain mail.  

Armor that is constructed out of leather will be soaked in water, stretched into a desired 

shape and painted with a leather dye.  A bond in leather is created with rivets, snaps, 

buckles, sewing, and/or contact adhesives.  

The following products can be used to achieve the desired effects above.  

Although there are many more choices, these products were selected because they are 

common in most costume shops.  Some brands of dyes that could be used include 

Jacquard Acid Dyes, Aljo Acetate Nylon Dye, Pro-Chemical reactive dyes, and Dharma 

Fiber Reactive. If a costume requires fabric painting both Lumiere and Pro-Fab Textile 



 43 

paints can be used. A milliner may use Leko Felt Hat Stiffener to provide a body to the 

hat or Sobo glue to seal the ends of the millinery wire that is used. For a leather project, 

the craftsperson may use Fiebings Leather Dye, Barge, or the new Eco-flo leather dye.  

Using these products will expose you to the following solvents. 

Lumiere  Textile Paint 
• Formaldehyde---------Carcinogen, toxic to liver, kidney, and CNS 
• Acrylic polymers--------- 
• Residual monomers------ 
 
 
Leko Felt Hat Stiffener 
• Methyl Isobutyl Ketone----------Toxic to CNS, liver, and the URT 
• Methyl Alcohol---------Damages eyes, liver, CNS 
• Isopropyl Alcohol---------Damages eyes, URT, CNS 
• Ethyl Alcohol------------Harmful to CNS and liver 
 
 
Fiebings Leather Dye 
• Methyl Alcohol----------Damages eyes, liver, CNS 
• Ethyl Alcohol----------Harmful to CNS and liver 
• Isopropyl Alcohol---------Damages eyes, URT, CNS 
• Diethylene Glycol Monoethyl Ether---------effects the eyes, CNS and kidneys. 
 
 
Barge 
• Toluene------effects the eyes, liver, CNS, and female reproductive system. 
• Heptane……irritant to the eyes and URT 
 
 
Eco-Flo Leather Dye 
• vinyl acrylic based polymer----------lethal to rats in small doses 
*the information above came from MSDS’s for each product 
 

Table 6: Costume shop products and their solvents  

 

In the costume shop employees are exposed to a variety of hazards including 
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dyes, paints, fiber dusts, fabric treatment emissions, mold in old costumes, aerosol spray 
 
products, thinners and cleaning solvents, and strong detergents (Rossol 1).   Educating 

yourself about the hazards that are present is the only way to protect yourself and the 

environment from the problems exposure can cause.  The Material Safety Data Sheet or 

MSDS provides the first clues about the chemicals that are in a product. The MSDS 

became a law in 1985 enacted by OSHA as a way to protect individuals who were 

shipping hazardous chemicals (Kaplan 1).  The MSDS is broken up into ten categories, 

and companies are required to address each category or the MSDS is not legal.  Some 

sections may not apply to a chemical because of physical properties, if this is the case the 

section must say not applicable or the MSDS is not legal (Understanding the MSDS 1). 

Monona Rossol is the founder and President of Arts, Crafts, and Theatre Safety 

(ACTS), Inc, a non-profit group working to provide health and safety assistance to the 

arts.  She is a chemist, artist and industrial hygienist. Industrial hygienists are scientists 

and engineers who work to protect the health and safety of people in the workplace and 

the community.  An industrial hygienist has at least a B.A in engineering, chemistry, or 

physics as well as three years of experience as an industrial hygienist.  Ms. Rossol’s 

experience as a scientist includes seven years as a research chemist for the University of 

Wisconsin and a year with an industrial research laboratory. According to information 

provided on the ACTS website, from 1977 to 1987, she began practicing industrial 

hygiene at the Center for Occupational Hazards in New York City.   In 1987, she founded 

ACTS, which continues to supply up-to-date information related to health and safety 

information in the arts.  Monona has an extensive background in the arts including work 
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as a theatrical performer, degrees in ceramics and sculpture, glassblowing, and music.   

She is also a teacher with fifteen years of experience in the arts and science.  In 1980, she 

created the first college level health hazards in the arts courses, which have later been 

developed into OSHA theatre training sessions.   In addition Monona also provides 

advisement on architectural projects specifically for art and theatre facilities in order to 

plan where proper ventilation, and safety equipment must be installed.   A monthly 

newsletter is published by the ACTS, which highlights government regulations and 

research that impacts the arts and theatre.  Other publications written by Monona can be 

found in the monthly newsletter for the United Scenic Artists for which she serves as the 

Safety Director.  She is the author of seven books about safety in the arts including Stage 

Fright: Health and Safety in the Theater, The Artist’s Complete Health and Safety Guide, 

and The Health and Safety Guide for Film, TV, and Theatre.  Her books, publications and 

safety training courses are irreplaceable sources for theatre artists providing up-to-date 

information and aid in creating a safe work environment for all of those involved.  

The information provided below comes from a fact sheet published by the ACTS 

called, Understanding The MSDS.  In order to illustrate the layout for an MSDS I 

selected the recent adhesive Barge with a toluene free formula.   
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PRODUCT NAME: V-4046 (BARGE ALL-PURPOSE, TOLUENE FREE)DA002 
NFPA CODES: H F R P  
& DA003 1 3 0 B  
================== SECTION I - MANUFACTURER IDENTIFICATION 
=================  
MANUFACTURER'S NAME: Slocum Adhesives Corp.  
ADDRESS : 2500 Carroll Avenue  
Lynchburg, VA 24501  
EMERGENCY PHONE : 800-424-9300 (CHEMTREC) DATE PRINTED : 
8/1/2008  
INFORMATION PHONE : 434-847-5671 DATE REVISED : 06/06/08  
 
Figure 8: Section 1 MSDS for Barge Toluene Free  
 
 
 
 
Section One  
Product Name 
Emergency telephone number 
Telephone number for information 
Address of the manufacturer 
Date prepared 
 

 
Figure 9: Section II MSDS for Barge Toluene Free  
 
Section Two  
Chemical Name 
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C.I.# Colour Index Number 
CAS # Chemical Abstracts Registry Number 
OSHA PEL: the amount of the substance in the air to which most healthy adult workers 
may be exposed to each work day after day, without adverse effects 
ACGIH: Threshold Limit Values-this is an air quality standard set by the American 
Conference of Governmental Industrial Hygienists.  Generally, it applies to an eight-hour 
workday. 
Odor Threshold: the levels present in the air at which most people smell the chemical.   
The last column weight % refers to the amount of chemical that is present in the product. 
The numbers are not always accurate however they can assist in determining the levels of 
toxic chemicals present in a product.   
 
 

 
Figure 10: Section III MSDS for Barge Toluene Free 
 
 
Section 3 
Boiling point-liquids with low boiling points usually expose workers to large amounts of 
vapor 
Vapor pressure-the pressure exerted by a chemical above its own liquid when it is in a 
closed container.  They help determine how quickly a chemical becomes airborne. 
Vapor Density- relates to the weight of a vapor or gas compared to air.   
Solubility in Water- the amount by weight that will dissolve in water. 
Specific Gravity-usually indicates the heaviness of a material compared to water 
Melting Point-applies to solids only 
Evaporation Rate-the rate at which the substance vaporizes from the liquid or solid 
state. 
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Figure 11: Section IV MSDS for Barge Toluene Free 
 
Section Four 
 
Flash Point-the lowest temperature at which a flammable liquid releases enough vapor to 
cause a fire 
Flammable Limits-refers to the lowest and highest amounts of the ignitable vapor, 
which will cause a fire 
Extinguishing media 
Special Firefighting procedures 
Unusual Fire and Explosion hazards-reserved for substances that ignite under specific 
conditions such as when they have expired 
 
 

 
 
Figure 12: Section V MSDS for Barge Toluene Free 
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Section 5 
Stability of Product-the ability of the product to remain the same while in storage 
Conditions to avoid-refers to the conditions that will cause the material to become 
unstable 
Incompatibility-a list of substances, which create a negative reaction with the material.  
Hazardous decomposition products-a list of hazardous chemicals released if the 
material burns or decomposes. 
Hazardous polymerization-when molecules of a chemical combine to form larger 
molecules.ie, 2-part foams.  If the process releases excessive heat or gasses that can cause 
fires or cause harm it is hazardous 
*According to Monona Rossol, if an individual uses a product not as directed the 
manufacturer of the product is not liable for any harm 
 
 
 
 
 
 
 
 
 
 
 
 



 50 

 

 
 
 
Figure 13: Section VI MSDS for Barge Toluene Free 
 
 
 
 
Section Six 
Routes of Entry-indicates how the material can enter the body.  Inhalation, skin, or 
ingestion 
Health Hazard, acute and chronic-acute information refers to short-term exposure.  
LD50 relates to the single dose that kills 50% of test animals through the skin or 
ingestion.  LC50 indicates the levels in the air that kill 50% of the test animals. 
According to Monona these tests last for two weeks and do not indicate long-term 
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damage.  Also, the Federal Hazardous Substances Act applies the label of non-toxic to 
materials that pass the LD50 and LC 50 test.     
Chronic hazards are given to materials, which are known carcinogens or impact organs in 
the human body in a negative way.  Three agencies that study carcinogenicity are the 
National Toxicology Program, the International Agency for Research on Cancer, and 
OSHA 
Signs and Symptoms of Exposure 
Medical Conditions Aggravated by Exposure 
 

 

 
Figure 14: Section VII MSDS for Barge Toluene Free 
 
Section Seven 
 
Steps to be taken if the material is released or spilled- 
Waste disposal Methods- 
Precautions to be taken if handling and storing 
Other precautions-indicates any special equipment needed or required that must be 
stored with the material 
 



 52 

 
Figure 15: Section VIII MSDS for Barge Toluene Free 
 
 
Section 8 
 
Respiratory Protection 
Ventilation 
Protective Gloves 
Eye Protection 
Other Protective Clothing or Equipment 
Work/Hygienic Practices 
 
*Monona also states that the information provided in this section is based on what the 
manufacturer defines as normal use.  Individuals who choose to use the product in 
unusual circumstances must contact the manufacturer or an industrial hygienist to 
determine if further protective equipment is required.   

 
 
 
Figure 16: Section IX MSDS for Barge Toluene Free 
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Figure 17: Section X MSDS for Barge Toluene Free 
 

 

The material safety data sheet does have its limitations. Not all regulations are 

enforced and often have loopholes.   For example, artist’s paints and dyes will not reveal 

the identity of the pigment that they use because they are considered trade secrets or 

proprietary.   

 

 
Figure 18: MSDS for Dharma brand reactive dyes 

 The hazardous ingredients in Dharma brand reactive dyes are Undisclosed 

 

Another limitation that the MSDS creates is its lack of nonconformity. 

Information is difficult to process because the language can differ as well as the order 

that the information is presented. OSHA also accepts MSDS that are more than three 
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years old allowing companies to continue to provide outdated information (Understand 

the MSDS 1).  Monona states that manufacturers only list something as hazardous when 

it is included in OSHA’s list of chemicals for which it has standards. According to an 

editorial published in the January 2010 Arts, Crafts, and Theatre Safety OSHA consider 

around 400 chemicals to be hazardous (Reform of the MSDS 2) There are far more than 

four hundred chemicals registered in the National Toxicology Program.  The National 

Toxicology Program (N.T.P.), a government agency connected to the Department of 

Health and Human Services is in charge of studying and monitoring the risk of 

chemicals.  Currently, the National Toxicology Program (N.T.P.) has registered over 

80,000 chemicals and 2,000 new chemicals enter the country every year (Driggers 38).  

Even more staggering are the amount of chemicals filed under the Chemical Abstracts 

Service Registry, a database for chemicals and their properties that began in 1964.  Over 

50 million chemicals are registered and the first ten million took thirty-three years to 

register (Rossol).   That means that from 1997 to the present they have registered over 

forty million chemicals.  Many of these chemicals have not been tested so the effects they 

have on our health or the health of the planet are unknown.  If they are unregulated by 

OSHA they do not have to be listed. This has led to an increase of incomplete MSDS and 

products featuring untested chemicals.  

However, there is a move to push the MSDS towards tighter regulations allowing 

for more disclosure of ingredients.  In 2003, the United Nations created the Globally 

Harmonized System of Classification and Labeling of Chemicals (GHS) in an effort to 

create a “harmonized classification of chemicals and the aid in the development of a 
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worldwide standard for compatible MSDS’s (Reform of the MSDS 2).  The GHS system 

calls the information sheet Safety Data Sheets instead of Material Safety Data Sheets.  On 

September 30, 2009 OSHA proposed a rule, “to update the Hazard Communication 

Standard to adopt the GHS classifications of chemicals and the new Safety Data Sheets 

(Reform of MSDS 2).   If the new safety data sheet is adopted it will include sixteen 

sections including identification, hazard identification, composition information, first-aid 

measures, fire-fighting measures, accidental release measures, handling and storage, 

exposure controls, physical and chemical properties, stability and reactivity, toxicological 

information, ecological information, disposal considerations, transport information, 

regulatory information, and other information.    

  Theatre personnel in the areas of costume crafts, fabric dyeing and painting and 

properties, regularly come into contact with a variety of adhesives, dyes, paints, solvents, 

and detergents. The Colour Index (C.I) and the Chemical Abstract Service are 

organizations that identify, catalog, and provide valuable information about most of these 

dyes and chemicals. The C.I. or C.A.S. # is located in the first section of the MSDS. The 

C.I., or Colour Index number is printed in a nine volume set of books published by both 

the Society of Dyers and Colorists in the United Kingdom and the Association of Textile 

Chemists and Colorists in the United States (Identifying dyes 1).   The C.I. # is broken up 

into two sections: 1) C.I. name and 2) a constitution number.  For example, the 

C.I.Pigment Black 28, has a CI constitution number 77428 (Identifying dyes 2).   The 

Colour Index name C.I. Pigment Black indicates the use of the colorant and the color 

while 28 only refers to the sequential number assigned to the pigment. The constitution 
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number 77428, relates to the chemical class and assists in locating the formula and 

structure of dyes and pigments. The information in the index is cataloged and includes 

technical information on pigments and dyes (Identifying Dyes 2).   The Colour index is 

available through a yearly subscription through the Association of Textile Chemists and 

Colorists in the United States.  You can also determine what is in your dye by using the 

Chemical Abstracts Service Register, a publication of the American Chemical Society. 

The Chemical Abstracts Service Register is a database that catalogs the C.A.S. number 

assigned to the chemical with its actual chemical name and its use. The C.A.S. number 

will look like this, 71-43-2. This set of numbers is used to locate the chemical name, and 

any articles and/or studies associated with the chemical (Identifying Dyes 2). The set of 

numbers is assigned sequentially and does not relate to the chemical, only its location in 

the register.  The public can utilize the CAS by paying a service fee per individual 

chemical. Students and faculty at the University of Texas and other academic institutions 

can access the Chemical Abstracts Service for forty-eight hours through the Universities 

Library website. You can also contact Monona Rossol at Arts, Crafts, & Theatre Safety 

in New York City with any questions regarding health and safety. 

 In addition to the MSDS some artist’s products also come with a stamp that says 

“Conforms to ASTM D-4236” 

Examples of labels- 
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Figure 19: Label for Art & Creative Materials Institute.  AP indicates the product has 
undergone an evaluation by a Toxicologist. 

 

This label is commonly found on artist’s products such as paints, markers, 

crayons, and dyes.  There are two labeling organizations represented on this label.  One 

label is a system created by the Art and Creative Materials Institute.  In order for a 

product to bear the label it must be approved by the institutes own toxicology team led by 

Woodhall Stopford, M.D., M.S.P.H., at Duke University Medical Center, Division of 

Occupational and Environmental Medicine. The standards include the ingredient and the 

quantity, any negative reactions that may occur with ingredients, the packaging for the 

product including its size, acute or chronic harm to a human, allergic reactions, 

consideration of a how a product is used and misused, and the U.S. national and state 

labeling regulations.  On their website, the Art and Creative Materials Institute states that 

the AP in the center means the product is certified by a toxicological evaluation to 

contain no materials at a sufficient quantity to cause acute or chronic health problems for 

children or adults. Additionally, it also means that the ingredients have undergone a 

quality test for workmanship and working qualities as developed through the American 
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National Standards Institute. The American Society for Testing and Labeling Standards 

ASTM 4236 simply means that the product is labeled for chronic health hazards and has 

undergone testing required under the Labeling of Hazardous Art Materials Act.  The label 

does not mean the product is safe to use. 

The U.S labeling law requires that a toxicologist must evaluate all art materials 

sold in the U.S.  ASTM D 4236 is a part of the chronic hazard labeling standard.  The 

label means that the product has been reviewed for hazardous ingredients. In 

November 1990 it became law that ASTM D 4236 be the appropriate standard 

practice for labeling art materials hazardous.   

 

Figure 20: Label for Art and Creative Materials Institute.  CL indicates the product is 
properly labeled for health risks and protection from ingredients. 

 

The CL label, also created by the Art and Creative Materials Institute means that 

products are properly labeled with information about health risks and correct 

information regarding protection against the ingredients in the label.   

Conforms to ASTM D-4236 began as a set of standards originally created within 

the community of creators of artists products and toxicologists and was implemented 
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voluntarily. It was adopted as the official standard for indicating that the product has 

undergone the correct chronic hazard labeling system.    

 Solvents can be found in most paints, varnishes, inks, aerosol spray products, 

leather and textile dyes, permanent marking pens, and adhesives (Solvents 1).  The 

purpose of a solvent is to dissolve solid materials in a suspended material. These products 

would not work without the presence of a solvent. For example, the pigment in the 

Jacquard brand Lumiere Textile Paint, begins as a dry powder.  This powder is blended 

with formaldehyde and acrylic polymers.  This allows the pigment to dissolve and creates 

a liquid substance that can easily spread over a surface area. In many cases it is the 

solvents that pose the greatest a problem for both humans and the environment. Solvents 

can enter the bloodstream through the eyes, respiratory tract and skin. Humans can easily 

absorb a solvent through the skin because a solvent will dissolve the oils on the surface of 

the skin allowing the solvent to easily enter the bloodstream (Solvents 1).   

One dangerous solvent that costume shops have been working to eradicate is 

toluene found in Barge cement.  Barge is useful for adhering rubber to the bottom of shoes 

to prevent performers shoes from slipping.  It creates a powerful bond for leather, latex, 

and upholstery foams.  Toluene, the active solvent in Barge, however, is an extremely 

toxic chemical and effects the eyes, liver, central nervous system, and female reproductive 

systems (msds Toluene).  Recently, the manufacturers of Barge developed a formula 

without toluene.  Instead it uses the solvent cyclohexane.  Is the toluene free formula 

truly safer?  How do you determine what a safer solvent choice would be?  In the ACTS 
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data sheet for solvents, Monona suggests the five rules for choosing safer solvents.  First, 

look at the threshold limit value (TLV).  T.L.V.’s represent air quality standards set by 

the American Conference of Governmental Industrial Hygienists. They indicate the 

amount of chemicals in the air that almost all healthy adult workers are predicted to be 

able to tolerate without adverse effects (TLV 1). A lower T.L.V. number is dangerous 

because the lower number indicates that a lower amount of the chemical is tolerated in a 

given amount of exposure time.   According to the msds report for Barge, toluene has a 

TLV of 50 ppm while cyclohexane features 300 ppm.  Second, study the evaporation 

rates and choose solvents with low evaporation.  Both products have an evaporation rate 

that is faster than Butyl Acetate. Third, choose solvents with high flashpoints.  Barge has 

a flashpoint of nineteen degrees while Barge toluene free has a flashpoint of negative 4 

degrees.  Barge toluene free is more flammable than the original Barge.   Fourth, study 

the toxic effects because some may have consequences on your health that others may 

not.  Original Barge is known to affect the eyes, liver, central nervous system and female 

reproductive system.  The Barge Toluene free formula uses cyclohexane, which can also 

effect the central nervous system and irritate the digestive tract.  Fifth, it is a good idea to 

study the same chemical class of solvents because you may find a solvent that can 

achieve the same effect with less toxic consequences.   

Barge toluene does offer a safer solvent because the threshold limit value for the 

solvent cylohexane is 300 ppm indicating a higher amount of the chemical can be 

tolerated in a workplace.  The Barge toluene free formula however does not provide an 

adhesive without harmful effects from exposure.  It can still affect the central nervous 
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system and irritate the digestive tract.  Barge toluene free also features a solvent that with 

a lower flashpoint making it highly flammable.  It is important to use this product with 

the same safety precautions that are applied to Barge.   
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Wastewater Treatment  

In an effort to protect ground-water and human health, The Environmental 

Protection Agency now consider waste from the production of azo, anthraquinone and 

triarylmethane dyes and pigments as hazardous (Waste from dyes 2).  These chemicals 

are present in some dyes and pigments that are sold to the public consumer.   For 

example, dharma fiber reactive dyes belong to the azo chemical family.   The E.P.A only 

consider the waste as hazardous when the amount produced annually is nine thousand 

three hundred kilograms per year.  Waste that is produced from the packaging, shipping, 

and commercial use is not regulated (Waste from dyes 3).   In the theatre we often use 

dyes that incorporate these regulated ingredients. Textile paints include solvents and 

pigments that also need care when handling.  Lumiere and Neopaque textile paints 

include small amounts of formaldehyde and acrylic monomers, which are considered 

carcinogenic.  Should costume shops be concerned about using these products?   Is it safe 

to assume that these products can be disposed of in the sewer system safely?  Is the 

amount of waste we produce in the theater so minimal that it is not enough to make an 

impact?  

The sewer system collects water from homes, businesses, and industries and 

distributes it to a wastewater treatment plant. A wastewater treatment plant is responsible 

for treating water from the sewer system before releasing it on land, a body of water, or 

for public use.   Originally, wastewater treatment plants were designed to treat human 

waste collected from indoor plumbing and flush toilets (EPA primer 4).  Today, the 
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average household sewer disposes products that contain a plethora of contaminants at 

levels that were not originally intended.  In 1972, the Clean Water Act (CWA) was 

passed in a measure to control wastewater discharge.  In 1973, they added secondary 

treatment regulations to the CWA requiring wastewater to go through a second phase of 

treatment before it is released from the treatment plant (EPAprimer 4).   

During the primary treatment process solids are removed from the wastewater by 

filtering the water through screens removing large objects such as sticks, cans, and rags.  

After the screening process water enters the sedimentation tank.  In the tank the water 

rests for a time allowing tiny suspended solids to sink to the bottom leaving behind 

“primary sludge” (EPAprimer 9).  Dissolved or fine pollutants still remain in the water.  

During the secondary treatment a biological treatment process is used to remove up to 90 

percent of the pollutants remaining in the water (EPAprimer 11).  Attached growth 

processes and suspended growth processes are the common methods used in secondary 

treatment.   Attached growth processes use stone or hard plastic shapes with microbial 

growth attached to them.  The water flows through the microbial covered shapes while 

oxygen is pumped into the water.  The oxygen feeds the size of the microbial organisms 

and the microorganisms ingest and metabolize organic pollutants (EPAprimer 11).  

Suspended growth processes suspend the microorganisms in a small tank with water 

while aerating the tank by pumping oxygen in or agitating the tank.  Wastewater is sent 

into the tank for several hours while the microorganisms break down the organic matter 

(EPAprimer 12).  Finally the microorganisms are removed by settling to the bottom and 

the wastewater leaves the secondary cleaning stage.  Before the water can be discharged 
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from the secondary treatment it must be disinfected.    

Today there are three methods that treatment plants can use to disinfect water that 

contains pathogens and microorganisms.  The three methods are chlorine, ozone, and 

ultraviolet radiation (EPAprimer 11).  Chlorine kills microorganisms by eliminating their 

cellular walls.  It is added to the wastewater in a liquid, solid, or a gas state.  Chlorine is 

highly toxic to aquatic life even at trace doses consequently all of the chlorine has to be 

removed before the water is discharged from the treatment plant.  Applying voltage to 

oxygen makes ozone.  It kills viruses and bacteria without leaving behind any harmful 

by-products (EPAprimer 11).  Ultraviolet light produced by mercury lamps kill’s a 

microorganism by harming their genetic material, which seriously inhibits their ability to 

grow.  Once the wastewater is disinfected it is released either on land or to a body of 

water.  Portions of it are also released to the public for irrigation purposes and other 

public uses.  In 1978, under the Clean Water Act the National Pretreatment Program Rule 

became law-requiring communities with industrial level polluted wastewater to pre-treat 

the water.  This legislation was enacted to protect the workers in the treatment plant and 

the plant receiving the water.  Pre-treatment plants incorporate advanced methods of 

treatment such as chemical coagulation-sedimentation where lime, alum, or iron salts are 

added to the wastewater collecting pollutants into a clump for easy removal.  Another 

method uses carbon absorption where the water flows through a piece of carbon, which 

attracts the pollutants. 

In order to understand the impact that our work in the area of dyeing, painting, 

and costume surface design can have on the environment I looked to the city of Austin’s 
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wastewater and waste management.   Nancy Scott is the pre-treatment coordinator and 

member of the Storm Water and Pre-Treatment Team of Water Quality Division in the 

city of Austin, Texas.  I asked Ms. Scott how to determine what products can be 

disposed of in the sewer safely.    Is there an amount of hazardous waste that is negligible 

to the treatment plant?  She stated that a city has what is called a sewer or city ordinance, 

which includes all rules and regulations about sewer disposal including prohibited items.  

She pointed out that not all water treatment plants are equal.  Most wastewater treatment 

plants are designed to handle waste from sanitary wastewater.   The plants are designed to 

handle only a certain level of chemicals and are a living organism so dyes and pigments 

that cannot be broken down by bacteria effect the quality of the preceding body of water. 

Paints that are disposed of in the sewer system do not have a chance for the solvent to 

dissolve before it enters the waste stream.  Paint that enters a sewer system that is not 

equipped to handle industrial pollution will endanger the system and can pollute the 

water (Okwastemgts 2).    

 
In the city of Austin, Texas the waste water treatment regulations prohibit among 

other items: 
 

(16) a pollutant, dye water, vegetable tanning solution, whole blood, or a 
substance that causes untreatable color in the POTW effluent; 

 
(14) a solid or viscous pollutant in a quantity or concentration that could obstruct 
the flow in the POTW or result in a sanitary sewer overflow or interference; 

 
 
 
Dyes, paints, and adhesives fall under these prohibited items.  Individuals should research 
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the availability of hazardous waste pick up in the city of Austin before using the sewer to 

dispose of these items.   

Some treatment plants are equipped to handle the industrial waste from 

laboratories and therefore can handle the waste from the mystery dyes that are poured 

into the sewer system.  Communities with wastewater treatment plants not designed to 

handle industrial waste implemented an industrial pre-treatment ordinance. The 

University of Texas at Austin must comply with pre-treatment standards because of the 

amount of hazardous waste released from the labs, research facilities, and art buildings.   

Neena Anderson is the Assistant Director of Environmental Programs for the 

Office of Environmental Health and Safety at the University of Texas at Austin.  She is in 

charge of maintaining safe and up to date handling of hazardous waste in all buildings at 

the University of Texas.  Reading and understanding a MSDS is part of Ms. Anderson’s 

job.  A portion of my research came from an interview I conducted with her in which she 

examined twelve separate Material Safety Data Sheets for products in storage in the 

costume shop at the University of Texas at Austin.  By studying the MSDS and listening 

to a description of how they are used she was able to provide an answer about the proper 

disposal techniques for these products.     These suggested disposal methods are only for 

the University of Texas at Austin.  Disposal methods in other municipalities will have 

different requirements.  For example, some theatres may not have access to a certified 

waste hauler and will have to store their hazardous waste and have it removed on days 

that the city provides hazardous waste removal.  The table below includes the information 
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provided by Neena Anderson about the suggested disposal methods for products used in 

the costume shop at the University of Texas at Austin.  

 

Product name  
Chemical name 

Disposal Method Special hazards associated with 
the product 

Lumiere solvent bin  
rinse container and dispose of rinsed product 
in solvent bin 
empty container in solid waste stream 

Formaldehyde and acrylic 
polymers, residual monomers 
Acrylic is still 25 to 30% 
 

pro-fab textile paint 
 

solvent bin 
solid paint disposed in solid waste stream 

 
 

Sobo glue 
 

Solid waste stream Benign-health hazard of a 1 
 

Leko Felt Hat 
Stiffener 
 

Waste/rags/applicators-solvent bin empty 
container-solid waste stream 

Highly combustible 
Contains Methyl Isobutyl Ketone 
and methyl alcohol 

Fiebings Leather 
Dye 
 

Waste/rags/applicators-solvent bin  Contains methanol 
 

Aljo Acetate Nylon 
Dye 
 

Sewer dipsosal 
 

 

Barge 
 

Solvent bin  Highly flammable 
Contains toluene 

Pro-Chemical 
reactive dyes 
 

Sewer disposal   

Eco-flo leather dye product-solvent bin 
empty container-solid waste stream 

- Any remaining product 
should be handled by EHS 

 
Jacquard Acid Dye 
 

Sewer dispose 
 

50 ppm lead 
 

sodium hydrosulfite  Sewer disposal  

Dharma Fiber 
Reactive 
 

Solvent bin disposal Want to pull a sample, unsure of 
metal composition 
Contains chromium toxic to 
marine life 

 

Table 7: Disposal Methods for products used in the Costume Shop at the University 

of Texas at Austin 
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I asked Neena to describe what information she is looking for when studying a 

MSDS. Neena states that she is considering whether a product can be sewer disposed, 

picked up by Environmental Health and Safety, and if the product can be thinned while it 

is disposed.  It is also important to locate the flashpoint of a product, and its solubility in 

water.   If a product has a low flash point it is flammable and can never be sewer 

disposed.  A product that is not water-soluble cannot be sewer disposed because they 

release pollutants into the water.  Products that are disposed of in the solvent bin must be 

recorded in order to ensure that no chemicals will react with each other or cause problems 

in the incinerator.    

Navigating though and understanding the ingredients in the products you are 

using is one way to ensure that they are disposed of properly.  However, as has been 

discussed in this chapter, ingredients can be withheld for proprietary reasons, and new 

chemicals that are in use often have gone through only a two year toxicology study on 

rats making it impossible to predict the long term effects they will have on humans and 

the environment.  It is imperative that individuals consult the sewer or disposal ordinance 

for their community.    
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Water Consumption  

 

Dyeing fabric requires enormous amounts of water.  From an industrial standpoint 

the numbers are shocking.  In April 2010, the National Geographic magazine published a 

report including the amount of water required to create products and food that are 

consumed in modern society.  One pair of blue jeans alone requires 2, 900 gallons of 

water.  This number reflects the cultivation of cotton, processing the fiber into fabric, and 

the process of dyeing and distressing. Although, the theater does not participate at a level 

of industrial consumption it still requires a sizeable amount of water to dye the amount of 

fabric required for one period costume.   Rachel Pollock the crafts artisan at Playmakers 

Repertory Company in North Carolina put it into perspective this way, “In a shop 

where you are custom dyeing all of the fabric for the entire costume that amount of water 

consumed can reach up to 200 gallons.  This estimate is for 8-15 yards of fabric, which is 

typical for a period garment.”  Rachel defines one job as including pre-washing the fabric, 

using a 60-gallon vat for one dye bath, a rinse cycle, and post-dye wash.  Not included in 

this estimate is the amount of water necessary to clean up from a dye project.  The 

receptacle that was used to dye will have to be scrubbed and rinsed clean as will all the 

tools used to measure dyes and any spoons used to stir the dye bath.  Any dye residual 

that remains on the surface of any tool used in the dye process can color your next 

project and will add more steps to the process thus more water.  
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The most common classes of dyes used by the theater industry are fiber reactive, 

acid, direct, basic, disperse, and union dyes.    

 

 

Table 8: Dye Class Chart 

Dyeing fabric involves the following steps: the fabric to be dyed is first prepared 

by washing the fabric to eliminate any sizing or stiffening agents impeding the dye from 

absorbing into the fiber, next, the dye is prepared in a pot or a vat large enough to contain 

enough water to cover the fabric and allow it to move around freely in the dye bath; the 

pre-washed and wet fabric is then submerged into the dye vat for the amount of time 

necessary to allow the dye particles to absorb into the fiber; and finally, the fabric is 

removed, rinsed and washed again to remove any remaining dye that did not fix itself to 
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the fabric.   

From 2005-2007, North Carolina, the state in which Rachel Pollock works was 

under a severe drought (Young 1).  In an effort to conserve drinking water, bans were 

placed on watering lawns and washing cars.  The reality in the situation was that drinking 

water could run out.  Businesses and universities, however, were never forced to limit 

their water consumption. Rachel Pollock responded by implementing a volunteer effort 

within the costume shop.  In the dye shop, five gallon buckets were stored under 

industrial sinks and, and eyewash stations.  When the water was used to test the eyewash 

station for example, the excess water was collected in the five gallon buckets.   This 

water referred to as grey water could be used to run a cycle in the washing machine, as 

the final rinse in the dye process, or as a rinse when hand washing.  The wardrobe 

department would rinse hand washed costumes with this water and collect it again for 

further re-use. Rachel discovered that grey water had a shelf life of 24 hours before it 

would develop fungus and be unusable.  As a result of this the process became that the 

grey water collected during the day was used in the last process of the day to prevent it 

from sitting out over night.  

In addition to new products that offer less toxic ingredients, are there methods of 

working that may address conservation issues including water and product use in the dye 

and paint area?  

In order to find answers to these questions I conducted research that included four 

of the most recognized experts in the field of fabric dying and painting for the 
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professional theatre:  Marliss Jensen, has a 40 plus year career as a dyer/painter in 

Minneapolis, which began at the Minneapolis Children’s Theatre:  Deborah Dryden, 

costume designer, textile artist, author of Fabric Dyeing and Painting and long time 

designer for the Oregon Shakespeare Festival: Debi Jolly seven years professional 

experience as a dyer including the Santa Fe Opera:  and Rachel Pollock, 20 year career as 

dyer/painter, currently is the crafts artisan at Playmakers Repertory Company.  I posed 

to each of them the following questions:  

 

How do you ensure you are using the amount of dye and water necessary for the 

project?   

“I think some of that is a conversation that has to happen between the dyer and the 

costume designer.  Because we have such a dedication to the careful control of the color 

palette, that (dyeing) is never going to be eliminated.  Your artistic decisions not only 

have artistic and intellectual implications but they have physical implications, and they 

have safety implications and they have resource implications.”  

As a dyer, you can also help to conserve water by lobbying for low-water-immersion dye 

techniques (which produce results that look better under stage lights than high-water-

immersion baths anyway) and requesting the purchase of PFD fabrics--PFD stands for 

"Prepared For Dyeing," these are fabrics that are free of sizing or optical brighteners 

which means you don't need to do the massive loads of pre-washing to remove sizing and 

finishes.  

Rachel Pollock 
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Use the appropriate dye for the fiber reduces waste (i.e. Rit or other "union" dyes are 

most wasteful, as you are not dyeing with fiber-specific dyes. Also, weighing the goods 

and weighing the dye and chemical assts (i.e. using a gram scale as opposed to 

teaspoon/Tablespoons) increases accuracy and reduces waste of product and water. 

Doing adequate test samples ahead of time with accurate record keeping reduces 

wastefulness with having to re-do large dye baths. Having a series of test fabric strips for 

each type of dye and dye color in the dye room is enormously helpful in plotting out 

combinations of dyes to use without making errors in the full dye bath. 

Deborah Dryden 

 

“When I dye yardage for a museum I do quite a lot of dye formulas…test it and see if that 

is correct.  If I am going to dye 20 yards of fabric I will take a quarter of a yard and dye it 

with the formula that I make and then I will see how close that is.  When I am just dyeing 

a single item like a dress I need to know the fiber content, the fiber content will determine 

the dye and then enough water so that it can move around.  Most of the time I can figure 

out a color by looking at the color sample I am supposed to be matching.  You have to 

match three things first color, then the value tone, and finally the brightness.  You only 

have the experience from the past so it is best to have the chart.   Most dye companies 

will put out a chart for what their colors are so if you have a chart you have something.”  

Marliss Jensen 

 

“I try to plan my projects so that I have enough time to dye something long enough 

in less amounts of dye so I am not wasting the supplies and second of all I am not 
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sending it all down the drain in huge quantities. “ 

      Debi Jolly 

 

I also posed the same question to the dyers and painters through the anonymous survey 

that I created.  Their suggestions include 

• Greywater collection and reuse, low water techniques with fiber reactives, lobbying 
costume designers to purchase fabrics/trims in the desired colors whenever possible 

• I do smaller dye baths in a tub or bucket in the sink (for cool baths), or in a medium 
small pot on the stove (for boiling).  When I have a small amount of fabric I hand 
wash and rinse in the sink instead of the washing machine 

• One thing I try to do, but is totally reliant on others, is to dye all the pieces, trim, and 
fabrics that are going the same color together or at least at the same time.  But that’s 
all dependant on others getting you everything they need dyed at the same time. 

• I try to plan the order of the dye project so as to use the bath from the first as the 
base for the second 

• If possible to combine loads in the machine then I do so, otherwise I don’t really 
worry about conservation 

  

All of the artists mention the lack of adequate space for dye shop.  Citing that 

most of them are an afterthought, they are often placed in small spaces with inadequate 

ventilation. They suggest that a dye space that was planned out first and properly 

equipped would allow for an efficient dye process so that projects are done right the first 

time.   

Marliss Jensen described an ideal dye space as 

-“A room that is near the costume shop and is large enough to house a large table and 

the necessary equipment while allowing ease of access to all areas of the workspace.  

The dye room should provide good lighting as well as smart access to water for all 
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stages in the process including the dye mixing area.  The room must have adequate 

ventilation, especially the dye mixing area.  The room must have big sinks, a vat, a 

heating vat, washing machines, and electric dryers.  The space must have a way to 

transport heavy wet items from the machine or vat as well as a clothesline to hang 

them up.  For storage a flammables cabinet as well as a cupboard with doors is useful.  

Finally a floor with a drain that is easy to clean.  A spray booth with a ventilation 

system and good lighting should be attached to the dye room.  This booth should be 

large enough to hold three dress forms at a time.”  

 

Working with dyes, paints and adhesives can never be eliminated from the theatre. 

They are all important tools that provide concise control of color and shape.  However, 

the ways in which they are used in the theater offer many interesting problems to solve.  

These problems include exposure to chemicals, identifying the chemicals, proper waste 

disposal, and heavy water use.   

The MSDS is the first tool or guide that can be used to access information related 

to the hazardous chemicals present in a product.  As it stands the standards for the MSDS 

allow for many incomplete or incorrectly labeled documents.  However, if the update to 

the Toxic Substances Control act is accepted companies will be required to reveal more 

ingredients and to allow more transparency to the public regarding their ingredients.  This 

is welcome news for individuals working with products like paints and dyes because the 

most accurate way to protect yourself from exposure is to know what it is you need to 

protect against.  And yet it is equally important to educate yourself about the hazardous 
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chemicals in a product in order to ensure that it is disposed of properly.  Products with 

dangerous chemicals that are sewer disposed or landfill disposed do not disappear and 

can have long-term consequences on the water and soil.  Most wastewater treatment 

plants are designed to handle waste from sanitary wastewater and not industrial waste.  

For this reason the city of Austin prohibits the disposal of dyes and paints in their public 

sewer system.  Disposing of a product like paint or dye into the public sewage system can 

impact the water quality and directly harm the environment if treated water is released 

into a waterway such as a river or lake. 

One way to establish responsible disposal practices for the products that are used 

is to conserve the amount of product that is used for a project.  This will help to ensure 

that there is less to dispose of when the project is complete.  It also important to conserve 

the amount of water used when dyeing fabrics.  As was discovered in the responses from 

the Green Theater Study as well as interviews conducted there are several methods to 

make certain that only the amount of water that is absolutely necessary for a job is used.  

Some of these methods incorporate proper project planning which allows you to work 

from the same dye bath for several project.  Others suggest that the costume designer 

must be committed to sourcing fabrics that meet their color requirements.    

It is clear that establishing an open dialogue with Industrial Hygienists and Waste 

Management Officials in the community will help theatre artists to understand what 

chemicals are present in their workplace.   
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Chapter 4: Green Products and Their Application to the Theatre 

 

Green Product Labels 

Theatre Companies and individual artists have adopted pro-active measures to 

reduce the impact of waste from producing theatre on the planet.  Concerned about 

exposing individuals to toxins and the large amount of refuse that goes into the landfill, 

some theatres have sought out new ways of working.   Some of these endeavors include 

recycling, reductions in paper waste, reductions in power consumption, limiting the 

amount of new objects created, operating in Leadership in Energy Efficient Design or 

LEED certified buildings, choosing products with safer ingredients, and conserving the 

amount of a product that is used.  

More and more options to adopt non-toxic products into the flow of average 

products used in the costume shop and beyond are appearing as the consumer demand for 

environmentally friendly products increases.  Household paints, laundry detergents, 

cleaning products, adhesives, and fabrics are flagged with a stamp advertising its green 

identity.  Companies are making it easier to identify a green product by giving it a name 

like biodegradable, non-toxic, water-based, low VOC, 100% natural, all natural, 

GreenGuard, Greenlist, and Scientific Certification System.  What do the labels mean, 

what are they telling the consumer, why are they on a product? 

Design For the Environment, Energy Star, GreenGuard, and Scientific 

Certification System are independent party certification labels commonly found on 

cleaning products, household paints, household appliances, construction materials, and 
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food. These companies have generated criteria that a product must meet in order to 

qualify for the label. They are known as an independent third-party certification company 

because they have no connection to the product being tested.  Products that carry one of 

these monikers on their label have paid for the designation as an aid to draw the attention 

of customers seeking a green product.   

 

 

 
Figure 21: Design for the Environment logo 
 

 

Design for the Environment is a certification program with criteria established by 

the Environmental Protection Agency.  The program individually examines the 

ingredients, assessing their impact on humans and the environment. In order to assess the 

effects of exposing these chemicals to each other because they may be used in a shared 

setting, ingredients in the same use class are compared. Once Design For the 

Environment (DFE) determines that the ingredients are sustainable the product undergoes 

performance testing before it is released to the public. According to their website, 

products carrying the DFE label have paid for certification and are accessible to the 



 79 

public through an on-line database at 

http://www.epa.gov/dfe/pubs/projects/formulat/formpart.htm  

 

 

 

 
Figure 22: Energy Star logo 

 

Energy Star is a program spearheaded by the United States Department of Energy 

and the Environmental Protection Agency.  The label is voluntary and can be placed on 

appliances such as washing machines, dishwashers, computer monitors, copiers, and 

televisions.  Products that carry the energy star label must contribute energy savings to 

the entire nation, meet the performance requirements of the consumer, and recover a 

measurable savings in energy for the customer.  
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Figure 23: GreenGuard logo 
  

 

GreenGuard is a part of the GreenGuard Environmental Institute a non-profit 

organization dedicated to improving indoor air quality.  Companies wishing to use the 

GreenGuard label pay the company to study their product.   GreenGuard standards are 

based on standards already set by national and international public health agencies such 

as the American National Standards Institute. Their website states that products with the 

label can only emit a certain level of VOCs, and formaldehyde. In addition, all products 

are examined for carcinogens and reproductive toxins as listed by key government and 

regulatory programs. The GreenGuard seal is used for building materials, finishes and 

furnishings.   

 

 

Figure 24: Scientific Certification Systems logo 
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Scientific Certification System is an independent third party verification institute 

authenticating the environmental and sustainable claims made by manufacturers.  

Scientific Certification Systems test their standards against those set by existing 

certification systems such as Design for the Environment and USDA National Organic 

Standards.  Companies who utilize the services of the SCS include the Forest 

Stewardship and Environmentally Preferable Products.   Companies wishing to use the 

scientific certification system must apply for approval and then pay a fee designated by 

the company.   

 

 

Figure 25: GreenSure logo 
 

 

Greensure is a green labeling system used and created by Sherwin Williams, “to 

help you identify the products that meet our highest green coating standards.   Their 

efforts include using soy or sunflower oils, reducing the amount of solvents in the paint, 

reducing the amount of waste created during the manufacturing process, and condensing 

the distribution process so that less fuel is consumed to transport the product.   The rating 
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system created by Sherwin Williams is only used by Sherwin Williams.  

 

Figure 26: Greenlist logo 
 

 

Greenlist is a labeling system used by S.C. Johnston.  It is found on their line of 

green cleaning products such as Windex brand window cleaner and the laundry stain 

remover called Shout.  Greenlist has initiated a rating system for each ingredient in a 

product.  Greenlist uses a numbering system from 1 to 3 with 3 being the best and 0 being 

the worst.  Ingredients with a rating of 0 have a limited use and must be replaced by a 

higher number as soon as possible.  When scientists working at S.C. Johnston reformulate 

a product they must use ingredients that have a rating equal or higher to the existing 

formula.  This establishes a system that is constantly improving itself.  However in 2010, 

Wayne Koh a California resident filed a suit against S.C. Johnston when he discovered 

their standards for the Greenlist labeling system were created within the company and not 

by an independent certification party (O’Connell 2).  Koh feels that by creating their own 

label with their own standards they have enticed consumers into thinking that the product 

has been awarded a third-party independent certification.  

Low or No VOC 
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Paints that offer low VOC’s or no VOC’s are gaining popularity in paint sections 

in hardware stores throughout the country. VOC stands for Volatile Organic Compound 

which the EPA defines as “any compound of carbon, excluding carbon monoxide, carbon 

dioxide, carbonic acid, metallic carbides or carbonates, and ammonium carbonate, which 

participates in atmospheric photochemical reactions.”  Certain compounds are excluded 

from the list because they do not contribute to ozone, smog formation, or are linked to 

respiratory illnesses. For example, Monona Rossol cited that the EPA considers the 

solvents acetone and ethyl acetate to be exempt because they do not contribute to smog or 

deplete the ozone layer (Latex paints 3).   Because they are not regulated as a VOC they 

can be used as a solvent but they don’t affect the no VOC rating.  Paints with the label no 

or low VOC will contain solvents which may not contribute to smog, but may be toxic to 

humans or marine life.  In 2009, Consumer Reports conducted a study to measure the 

level of VOC’s present in paints that claim to have low or no VOC’s (Consumer Report 

09).  Paints made by Benjamin Moore, Sherwin Williams, Olympic, Mythic, Freshaire, 

and Behr Premium contain some level of VOC even those stating no VOC.  Consumer 

Reports also found that tinted paints have a higher VOC than pure white paints which 

means that paints with higher concentrations of pigment contain higher levels of VOCs.  

Currently there are over 300 labels in the United States to flag a products “green” 

identity (Alsever 1).   At the moment none of the labels are regulated.  This creates a 

problem known as “greenwashing” because it allows companies to get away with false 

claims related to its green ingredients (Alsever 1).  The Seven Sins of Green Washing is a 

report published by TerraChoice.  TerraChoice is a third party environmental marketing 
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firm.  In 2008 and 2009 they researched the green claims of products in large retailers in 

the United States, Canada, and The United Kingdom (sinsofgreenwashing.org).  

TerraChoice defines the seven sins of greenwashing as 1.) The Hidden Trade-off, which 

happens when a company uses a green label for a product that only achieves a narrow set 

of green goals, and ignores other environmental issues. 2.) The sin of no proof, which 

applies to a product with an environmental claim with no supporting information.  3.) 

Vagueness occurs when a product uses a broad label that confuses a consumer.  4.) 

Irrelevance applies to a claim that is not important or applicable to environmentally 

friendly products.  5.) The Sin of the lesser of two evils defines a label that distracts the 

reader from the environmental impact of the product.  6.) Fibbing is used for products 

that falsely claim the green label they are using.  7.) Worshipping false labels refer to a 

product that promotes a third party endorsement, which does not exist.   Their study 

focuses on labels companies are using to proclaim their green ingredients.   The study 

does not identify specific products; instead it focuses on false ingredient claims.    Their 

overview of claims found that 98% of products found in the 24 stores they targeted had 

committed at least one of the seven sins of green washing.   As a result of their work 

some companies have begun to replace some of the environmental claims they had been 

making on their products.  For example the term biodegradable has appeared on sponges, 

towels, and cleaning detergents.    According to the EPA biodegradable refers to a 

product that is capable of decomposing under natural conditions.  A product that is 

labeled biodegradable and is disposed of in the landfill exists in conditions that do not 

encourage decomposing.  The EPA divide landfills into two categories, sanitary landfills 
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and secure chemical landfills. 1. Sanitary landfills are disposal sites for non-hazardous 

solid wastes spread in layers, compacted to the smallest practical volume, and covered by 

material applied at the end of each operating day.  2.  Secure chemical landfills are 

disposal sites for hazardous waste, selected and designed to minimize the chance of 

release of hazardous substances into the environment.  In order for an item to decompose 

it needs to be exposed to oxygen, which feeds the organisms that are working to break 

down the material.   Biodegradable items that are disposed of in the trash are picked up 

by the cities solid waste removal services and disposed of in a landfill where they will not 

be exposed to oxygen, which inhibits their ability to decompose. 

  Non-toxic labels are required under the United States Federal Hazardous 

Substances Act only on products that cause acute hazards.  These products have 

undergone tests that expose animals to a single dose and are exposed through skin or eye 

contact, inhalation, or by ingestion.  Products are not tested for long periods of time 

therefore it is impossible to determine what the long-term exposure hazards are for these 

products.  Water-based labels are meant to inform a consumer that the product they are 

purchasing has replaced its toxic ingredients with water.  Water-based products however 

still include a solvent.  For example there is a new line of products made by the Fiebing 

Company for Tandy’s Leather called Tandy’s Eco-Flo Leather Weld.  The leather 

adhesive is labeled as water based with low V.O.C.’s.  However, according to the MSDS 

the glue contains the solvent vinyl acetate monomer and is considered by the 

International Agency for Research on Cancer as possibly carcinogenic.   

 In April 2010, legislation was introduced to update the Toxic Substances Control 
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Act of 1976 (Lautenberg press release).  If the bill passes the EPA will have power to 

require safety testing for all industrial chemicals.  Currently they can require testing for a 

chemical only when it appears to pose a danger to the public.  According to a press 

release from Senator Frank Lautenberg who authored the proposed update to the Toxic 

Substances Control Act, the current regulations only allow the EPA to test for 200 of the 

84,000 chemicals that are registered for use.  Other changes enacted include giving the 

EPA the ability to request information necessary to determine a chemical’s safety and the 

power to address the issue if a chemical creates a threat.  Despite the fact that the bill has 

not been passed the current administrator for the EPA, Lisa Jackson has made the 

database available to the public for free supplying them with access to hazardous 

information related to 84, 000 chemicals. 

http://www.epa.gov/oppt/existingchemicals/pubs/tscainventory/index.html  

With the added pressure from the public and changes to the Toxic Substances Control 

Act companies are beginning to disclose more of their ingredients.  

Some products sold to consumers that promise safer ingredients for the 

environment are more harmful for humans. Monona Rossal talks about this very dilemma 

in a 2007 publication from Arts, Crafts, and Theatre Safety.  In the article she points out 

that citrus oil is advertised in products as “natural” and biodegradable.  However, the 

EPA registers citrus oil and its component d-limonene as active ingredients in 

commercial pesticides. Citrus oil is not recommended for use in air fresheners by the 

Environmental Protection Agency because it creates a toxic mist indoors.  Citrus oil is an 

ingredient found in countertop sprays, dish soaps, solvents, and de-greasers.  Monona 
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also points out that the American Hygiene Association set the workplace air quality 

standard for d-limonene to be 30 parts per million.  This refers to the recommended 

amount to not exceed before the air quality becomes toxic.  Toluene, the solvent found in 

the adhesive Barge cement is at 50 parts per million (Solvents 2). The American Hygiene 

Association feels that the exposure to d-limonene is even more harmful than toluene.  

The Environmental Protection Agency’s latest ruling allows d-limonene concentrations 

of 1.36% or less as a percent by weight.   Theatre artists who choose to work with this 

product should work in a ventilated room.  

 One more thing to remember is that the majority of these products have been on 

the market for a very short amount of time.  It took three decades of use for the dry 

cleaning solvent perchloroethylene to be regulated.  The same amount of caution that is 

applied to known toxic products must apply to their alternatives.   
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Green Theatre: Current Products and Methods for Production  

Wanting to be conscious of waste as well as toxic products that are present in the 

workplace, theatres are using products that promise non-toxic qualities.  The initiative has 

become so pronounced that in November of 2009, the IATSE Official Bulletin printed an 

article “Seeing Green: See How “Going Green” is changing our industries.”  The article 

features work driven by various departments in theatre, film, and television focused on 

greening their industry.  Propelling the initiative is the Mo`olelo performing arts 

company in San Diego, led by Seema Sueko.  In 2008, the company received a grant 

through the Theatre Communications Group “to research and develop a tool to measure 

the environmental impact of theater and help the industry make choices that do not cause 

long-term damage to our communities”.  They partnered with Wilmans Environmental 

Consulting to produce the Green Theater Choices Toolkit.  In 2009, the toolkit was 

published and is available to the pubic by contacting Mo`olelo through their website.  

Mo`olelo’s scorecard system states the name of the medium, lists a series of pro and 

cons, and then rates its sustainability on a scale of 0 to 4 with 4 representing a higher 

sustainability score.  For example, nylon is given a sustainability score of 1 and is 

described as a durable synthetic fiber that dyes efficiently.  Negative effects of nylon 

include the fact that processing nylon is an energy intensive process requiring high 

amounts of water and energy to dye the fiber and that hazardous chemicals are necessary 

to produce nylon. 
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Figure 27: Entry from Mo`olelo’s Green Theater Choices Toolkit for Nylon and 
Polyester 

 

In March 2010, I interviewed Seema Sueko to discuss how the Mo`olelo 

performing arts company operates with an initiative to make green choices when 

producing a play.  Designers working for Mo`olelo sign a letter of agreement pledging to 

align their design within the companies green theatre categories and sustainable 

guidelines.   Design choices are also made early in the process leaving time to 

troubleshoot and source specific products necessary to meet the green standard.  The 

production team at Mo`olelo share their endeavors with the public which helps facilitate 

awareness amongst the community and has encouraged help from individuals with green 

expertise.   

Broadway has decided to tackle their massive waste problem by creating the 

Broadway Green Alliance.  In 2008, Broadway Green Alliance partnered with the 

National Resources Defense Council in an effort to “implement environmentally 
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friendlier production practices and reduce the industry’s overall carbon footprint” 

(IATSE, 20).  The Broadway Green Alliance is made up of nine theatre professionals 

including stage managers, set designers, actors, and facilities managers.  The National 

Resources Defense Council or NRDC is a non-profit environmental advocacy group 

staffed by over three hundred lawyers, scientists and environmental experts.   They 

provide advisement to companies and organizations striving to implement green practices 

into their work.   As a result of the partnership, The Broadway Green Alliance website 

now includes a list of practices that have been successful in promoting environmentally 

friendly practices during and post production.  Wicked, the musical became the first show 

in production on Broadway to implement the BGA’s green imitative.  Laurel Parrish, a 

dresser for Wicked stated that the wardrobe uses concentrated-phosphate free laundry 

detergents, and has minimized the amount of dry cleaning and dryer sheets that they use.  

The initiatives that the BGA find useful during the production process include: 

 

Designers 

• Design for the environment by designing scenery that reduces the amount of material used in its 
construction. 

• Design with LED lighting (or another energy efficient alternative) when possible. 
• Reuse sets or costumes from previous productions when designing a new show. 
• Encourage scenic, costume and lighting shops to use recycled materials. 

 

• Utilize vendors who provide recycled materials and reduce their own company's emission of 
greenhouse gases. 

• Utilize local vendors as opposed to having products shipped across the country. 
• Implement green practices in your office 
• Ensure that any waste produced is sent to a local recycling facility. 
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Shops 

• Establish a greening policy and implement green practices for your shop, including the office. 
• Put someone in your operation in charge of green procedures as a resource for all your employees 

and clients. 
• Utilize recycled and reusable materials when possible. 
• Utilize a local waste management company that is committed to recycling. 

  

• Adopt construction methods that reduce the amount of material used. 
• Use non-toxic, biodegradable materials in the construction and maintenance of costumes and sets. 
• Use vendors who use green practices in their product development and deployment. 
• Use local vendors when possible. 
• Develop special effects (e.g., fog, fire) with environmentally responsible materials. 
• Utilize LED lighting when possible. 
• Use rechargeable batteries in battery-operated devices and recycle any non-rechargeable batteries. 
• Offer designers ways to re-purpose sets and costumes from previous productions. 
• Partner with local material donation organizations (e.g., Materials for the Arts, Waste Match) to 

facilitate the re-use of sets, costumes and props. 
• Maintain facilities for the storage of sets, costumes and lighting for re-use. 
• Encourage producers and general managers to recycle sets and costumes upon the closing of a 

show. 

 

Green products require time devoted to research and development.  In April 2010, 

I spoke with Lisa Lazar the scenic charge artist for the Berkeley Repertory Theatre. The 

Berkeley Repertory Theatre is located in Northern California, which has the strictest 

standards for air quality in the United States.  In order to track the amount of VOC’s that 

are released into the atmosphere businesses sign out products that include VOC’s.  As a 

result they are exploring low VOC paints.  They have discovered that low VOC paints do 

not cure as quickly and can leave a surface permanently gummy.   The slow dry and cure 

time has forced them to slow down and allow the paint to cure for a few days before 

mopping the floor because even water interrupts the curing process.  For example, 
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Benjamin Moore Deep Tint Base Floor and Patio paint in the dark base tint never cures, 

however, the lighter base tints do.  Disposing of paints can also be tricky.  In northern 

California, businesses must bring their paint to a disposal facility.  It is illegal for 

businesses to dry the paint before disposing it because of the amount of VOC’s the paint 

would release into the air.  However, when Ms. Lazar was employed at the Glimmerglass 

Opera in New York all paint had to be dried out and not sewer disposed because the town 

did not have a wastewater treatment plant.   

The products used in the theatre have been created for home use or for the 

construction and fashion industry with different standards and uses in mind.  For 

example, in the wardrobe department, Dryel has been utilized as an alternative to dry 

cleaning.   Dryel is an at home dry cleaning kit.   It comes with individually packaged 

cloths damp with the cleaner, a pouch that closes with a zipper, and liquid stain remover.  

The MSDS for Dryel does not list any hazardous ingredients, however not all of the 

ingredients are disclosed.  Garments (no more than 3) are zipped inside of the pouch 

along with the cloth and placed on a thirty-minute dryer cycle.  Steam activates the cloth 

and a scent is released into the bag freshening the clothes. Dryel is formulated for a suit 

or dress that is worn by a person working in an office or business setting.  Dryel is not 

formulated for the grime that remains on a garment from an actor wearing makeup and 

standing under hot lights for the duration of a performance.  
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Rachel Pollock, crafts artisan at the Playmakers Repertory Theater in North 

Carolina, uses 1812, a contact cement that is water based and as a result releases a less 

hazardous off-gas.   It is used for applying rubber to the bottom of shoe soles, and 

bonding leather to leather.  In other words, 1812 is a viable substitute for Barge, a contact 

adhesive that includes the hazardous solvent toluene.  The challenge with working with 

1812 is that it is water-based which means the glue will take longer to dry.  Barge 

adhesive requires fifteen to twenty minutes to evaporate; however 1812 requires a couple 

of hours before the bond can be created. Instead of eliminating the use of 1812, Rachel 

builds the dry time into her schedule.  Barge is still in the shop and is used for jobs that 

require instant turnaround.  The link to a tutorial of working with 1812 can be found on 

her blog at http://labricoleuse.livejournal.com/8716.html#cutid1 

 

The survey targeted costume shop managers, dyers and painter, and production 

managers.  

Green Methods 

 

Laundry 
 

• Wash exclusively in cold water 
• Wash costumes only twice a week during a performance. 
• We use Dryel sheets so that we only go to the dry cleaner at the end of the run 
• We use Energy Star brand washers and dryers 
• We use small terrycloth towels soaked in fabric softener in place of dryer sheets 
• We use dryer balls instead of chemicals or sheets 
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Washing laundry only in cold water has an enormous impact on energy savings.  

According to the US Department of Energy the majority (up to 90%)of the energy used to 

run a washing machine goes to heating the water.  Limiting the number of times a 

costume is washed is only permissible when it is the costume and not performers 

undergarments.  In fact, equity contracts include the number of times a costume must be 

laundered. 

“Shirts, stockings and other skin parts shall be laundered whenever necessary, but at least every 
two days. Dry shirts, blouses and skin parts shall be furnished at the beginning of each 
performance.” 
-Westchester Broadway Rulebook 
 

Energy Star washers and dryers are quickly becoming an answer to energy and 

water conservation.  Energy Star appliances have met approved energy saving standards 

set by the Environmental Protection Agency.  The washers that are Energy Star come in 

the front loading and top loading style.  In the theatre, top loading washers are used to 

wash the sizing out of fabric, to dye and rinse fabric.  In order to do this a person must 

open the door, stop the machine, and start the machine at any moment during the cycle.   

I spoke with professional dyers and painters with mixed feelings about energy star 

appliances.  Although some felt that front loaders rinse better because of their spin action 

others did not like the front loader because the cycle takes longer, there is no agitator, and 

the door locks.  However, a fourth dyer remarked that she has an energy star top loader in 
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the dye shop that works fine. She also commented on the fact that you can actually locate 

a switch that allows you to agitate the machine with the lid open.    

In February 2010, the New York Times published an article about maintaining 

household appliances.  Several points were made relating to detergents and the effect they 

have on washing machines. A washing machine does not require lots of soap and in fact 

too much soap can cause a buildup of mold and mildew in the machine.  Clothes will feel 

stiff and excess soap deteriorates the quality of the machine.  Dryer sheets are activated 

when the dryer heats up, but the softener becomes liquid and remains stuck on the dryer 

vent (Tugend 1).   The lint trap should be cleaned frequently with soap and water to 

remove any residue. The local wardrobe union 784 in the Bay Area of California suggests 

an aluminum foil ball or a dryer ball instead of dryer sheets or softeners (Geffner 3).  

Avoiding dryer sheets and softeners will protect the performer and the environment from 

dyes and perfumes.    

Recycling 

• Fabric scraps made into rags 
• Fabric scraps donated to schools 
• Re-use muslin and all hardware (snaps, hooks, etc.) 
• Recycle costume shop equipment when it is necessary 
• Recycle Paper, glass aluminum 
• Recycle set pieces and steel 
• Purchase white Styrofoam bead board from a firm that will recycle any unused 

board 
• Composting 
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Figure 28: Polystyrene Foam Scrap  
 
The polystyrene foam pieces above were scrap from a large-scale sculpture class taught 
at The University of Texas at Austin in the spring of 2010.  The scrap was taken to a 
facility that recycles polystyrene foam.   
 

In addition to recycling fabric scraps into rags, or donating them to schools, there 

are other things to do with the waste.  You can contact a printmaker who can use 

cellulose or plant based fibers such as cotton, linen, or rayon to create paper.   The 

costume shop at the Santa Fe Opera distributes their fabric scraps of cellulose or plant 

based fibers to a print maker while other scraps were donated to quilters in the area.  

There are businesses designed to recycle the waste from the textile industry.  The 

materials they save include thread waste, cotton, wool, and knit fabrics and selvedge or 

factory finished edges from fabric bolts.   A theatre cannot produce nearly the amount of 

waste that these businesses are used to handling.  One solution to this may be to store the 
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fabric waste from several theatres until there is enough waste to pass on to the textile 

waste recycler.  High levels of VOC in paints and solvents have raised exposure concerns 

in communities.  Paint and solvent recycling centers provide a service to communities 

and individuals concerned with paint and solvent disposal. These businesses collect 

unused paints and solvents and give them away for free or discounted prices.  

In the theatre, new ways of working which assist in the greening process are being 

explored. Concerned about mass consumption and the exorbitant amounts of waste that 

the art form can produce theatre artists are adapting their methods of working in order to 

conserve. More and more products such as paints, adhesives, and laundry detergents with 

ingredients that are less harmful for the environment are gaining in popularity.  The 

increase in the availability of these products has allowed theatre artists to begin to work 

with the green products.  The green claims on a product however can never be taken at 

face value.  Individuals must understand that at the moment there are no regulations 

regarding the parameters defining the green claims on a product.  Instead, it is better to 

use the label as a guide and locate the Material Safety Data Sheet before deciding what 

the safest methods are when handling and disposing of the material.    

Committing to green theatre practices during production comes with challenges 

and demands high quality products able to perform quickly and efficiently. Participants in 

the theatre study Green Theatre cited many challenges including cost, lack of support, 

and lack of quality in some of the green products.  At the same time, successes have 

occurred.  Products such as 1812 water-based cements, adjusting communication to using 

tools such as e-mail, and eliminating the use of plastic bags when dry cleaning have 
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improved the presence of toxins and excessive waste.  Theatre technicians should 

communicate with manufacturers of these products about the demands of the theatre.  In 

many instances products used in the theater are asked to achieve things they may have 

not been designed for.  A partnership communicating these demands opens up a 

possibility for solutions faster than ignoring the problem and refusing to accept any sort 

of change.   

Theatre companies and individuals who are adapting green practices into their 

work have begun to share their work on websites and blogs.  The Mo`olelo performing 

arts company’s creation of a toolkit rating system was the first contribution in this 

country to provide a source list which aids in selecting green products to use in the 

theatre.  However, the new green products perform differently and may produce results 

that are different than what the user intended.  This work can be propelled forward if 

individuals share techniques about the application of specific green products to the 

theatre.   
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APPENDIX A 
 
 
Results from the study Green Theatre: Products and Methods for the Theatre 
 
 
Non-toxic products suggested by production managers 
 
• Water based contact adhesive 
• Bio-degradable cleaning products 
• 7th Generation laundry detergent 
• Low VOC paint 
 
 
Non-Toxic products suggested by Costume shop managers and Crafts 
 
• The contact cement Upaco 1812 
• Gelatin sizing for hats 
• Angelus leather acrylic paint for shoes 
• Future floor wax with paint for FEV 
• Fabric softener to remove small amounts of dye from some fabrics 
• Borax instead of bleach 
• Masters Cement instead of Barge 
• 3-M fastbond foam adhesive 100 
 
 
 
What pro-active measures has your administrative staff adopted to minimize 
excessive waste and power consumption? 
 
• Switching to Google Apps has allowed us to share, edit and distribute information 

electronically that were previously distributed through printing. 
• Switched to almost entirely email correspondence with patrons and others on the 

mailing list. 
• In the production office we have started creating PDF documents before printing 

them, saving a significant amount of paper and toner. 
• Resetting thermostats, changing maintenance practices, conducting additional training 

of staff to make them aware 
• Turning off the lights when you leave 
• Changing lighting to LED’s 
• Changing to green janitorial products 
• Well marked recycling bins for staff, rehearsal, and performance spaces 
• Swapped exterior flood lights at 100W each to CFL flood light at 14 W each 
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Please write about a green action that has been implemented in your company that 
has been particularly successful?  Could you write about one that has not? 
 
• Google aps, well marked recycling bins.  We have not been successful in 

implementing an energy budget with our show production budgets.   
• Our recycling program that was staffed internally collapsed due to an overextended 

staff 
• We could not afford LEED certification in our new theatre  
• No paper recycling available in the community so the Stage Manager recycles 

herself  
• We recycle set pieces and steel by employing student labor to break down the sets 
• Unable to find green substitutes for certain products 
• Looked into supplemental power through solar panels.  It was too cost prohibitive at 

the time 
 
 
 
 
 
 
 
Please comment on any challenges the shop has faced by adopting practices to 
minimize waste and its use of toxic materials. 
 
 
• The biggest challenge is money, as the “nicer” version of cleaners and detergents 

tends to be a bit more than the chemical stuff.  Fabric storage is also a problem as we 
try to save everything. 

• Cost and storage 
• We want to recycle batteries but currently there is not an outlet for them. 
• The glues don’t work as well 
• We don’t have a crafts room, a dye room or a spray booth so there’s really not an 

option to use toxics to begin with.   
• Based on our low craft load, and our lack of proper facilities, we make an effort to 

simply not use the harshest chemicals. 
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Do you find it cost effective to go green? 
 
• At the moment no, it ended up costing us time and money when we tried to do it 
• Fairly though good methodology is lacking 
• Generally, it is cost that keeps us from going green 
• We have seen some energy savings.  But we also have some costs associated with 

going green.  It’s a work in progress.  As a non-profit we have some challenges.  But 
as green products and commercial initiatives become more popular and readily 
available, these costs associated are decreasing and already over the course of 1 year  
it is becoming easier. 

• Yes, but only if it’s a concerted effort by all parties, and not a piecemeal process. 
• Except for energy costs not yet 
• With an energy efficient copy machine and setting all computers to a minimum time 

to go to sleep, we have saved money on electric bills.  We also saved hundreds of 
dollars by predominantly using screw or staples so we can reuse most wood.  It has 
proved to be cost effective, while taking just a little longer to produce the set piece. 

• Not yet.  Proper disposal and recycling of building materials is significantly more 
expensive than the price of a dumpster going to the landfill. 
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Appendix B 

 

Resource Lists, Blogs and Websites 

In addition to the work being developed by theatre companies, individual artists 

and Broadway, there are blogs and resource lists that have been developing for the last 10 

years.   

http://www.thegreentheater.org/ 

Includes list of 50 ways to be geen in the theatre 

http://www.sustainablepractice.org 

Resource for sustainable concepts for all artists, not just theatre.  Founded by Ian Garret 

and Miranda Wright 

http://ecotheater.wordpress.com 

Blog written by Mike Lawler devoted to producing theatre 

http://www.broadwaygreen.com/theatre_professionals 

Broadway Green Alliance 

 www.artscraftstheatersafety.org/ 

Arts Crafts and Theater Safety founded by Monona Rossol 

http://electrictemple.net/ 

Mo`olelo performing arts company 

 

Recycling Options for the Arts 
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In larger cities such as New York and Los Angeles, there are sources to unload 

your unwanted sets, props, and costumes.  These businesses provide an outlet to sell sets, 

props, and costumes from the professional entertainment industry.   

Materials for the Arts (MFTA) operating in New York 

 http://www.pgagreen.org/  -the Producers Guild of America Green Site 

http://www.filmbizrecycling.org/ 

http://www.reelgreenmedia.com/index.html 
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