Answers to Common Questions About Polystyrene Foam Foodservice Packaging – Environmental, Safety, Health 
Environmental

Is PS clogging our landfills?

PS is not clogging our landfills.  All PS packaging (food service, protective packaging, etc.) comprises only a tiny fraction of the material that goes into our landfills.  In fact, less than one percent by weight of the total municipal solid waste disposed is PS.  Paper and paperboard products make up the largest category of material disposed in our landfills (31.3 percent), followed by food (13.6 percent).

What are my options for disposing of my PS?

Options to safely and efficiently dispose of PS are the same as those for other municipally generated wastes. This includes the integrated solid waste management system advocated by the Department of Environmental Affairs and Tourism through the National Waste Management Act: source reduction, reuse, recycling, waste combustion (energy recovery being investigated), and land filling. 
Is PS recyclable?  In my area? 

PS can be recycled in those areas where programs exist.  The programs are being implemented throughout the country with the manufacturing of the Ingot Machine being bought by local Recycling and Collection companies. However, PS recycling remains available in a select number of locations in South Africa, generally large institutions such as schools, corporations and hospitals.  Picture frames, Cornices, Skirtings, Office supplies, videocassette casings, seedling trays are some of the products that have been made from recycled PS.

It is important to remember that most paper-based food service products are coated with materials, such as wax or polyethylene, that render them difficult, if not impossible, to recycle.

What is the PS industry going to do to increase its recycling rates?  Why isn’t the PS industry supporting new recycling programs?

The polystyrene industry will continue to promote recycling only where it makes economic and environmental sense.  Recycling is one of several options for disposing of products and is just one aspect of a larger, complex, inter-related issue.  For recycling to be successful, it must be cost effective.  It should be noted that recycling has not occurred at the point an item is put in a recycling bin.  For recycling to occur, consumers must demand and purchase products made from recycled materials.  This is true for PS recycling.  Recycling of PS will increase when consumer demand for products made with recycled PS increases. In South Africa we have a large market for recycled polystyrene and it is growing. 
.

I’ve heard about alternative technologies to recycle PS by dissolving it in a citrus-based solvent.  What is the status of this technology?  Is it available?  How much does it cost?  Why isn’t the industry promoting it more?

A method of PS recycling is the process of de-gasification of PS.  In this process, a solution is applied to foamed PS that de-gasifies the material and densifies it into a gel-like substance.  This gel is then further processed by removing the dissolving solution and recovering the polystyrene.  The solutions currently being worked with are both citrus-based and non-citrus-based.

Although de-gasification technology has been known for decades, this process has not, as yet, been successfully commercialized.  There are several firms currently attempting to reach this goal, but so far, only the densification portion of this process has been commercially established.  Also, although no publicly accessible economic information is available, many industry observers have estimated that at this time the full cost of the recycled PS will exceed the cost of virgin PS.  This technology will continue to be monitored as technical and cost information emerges and the marketplace has an opportunity to prove its long-term viability.

.

PS damages the ozone – isn’t PS made with CFCs?

No chlorofluorocarbons (CFCs) are currently used in the domestic manufacture of PS packaging products and haven’t been since 1990.  Most (about 70 percent) PS foam products never were made with CFCs.  Those few that did use CFCs comprised a very small portion 

Isn’t pentane, the blowing agent commonly used to make PS foam food service products and protective shape molding, a health hazard?  Doesn’t pentane contribute to photochemical smog?  Are there substitutes for pentane that are friendlier to the environment and if so, why doesn’t the PS industry switch?

Pentane itself is not a health hazard, nor is it a significant contributor to smog, and has no effect on the upper stratospheric ozone layer.  Technology has been introduced which recycles the pentane and uses it as a fuel within the plant.  Where smog formation is a concern, manufacturers use state-of-the-art technology to capture pentane emissions. 

Doesn’t PS produce toxic chemicals when it’s burned?

All carbonaceous materials (wood, paper, charcoal, plastic, etc.) create noxious fumes when burned in uncontrolled situations.  However, all of these materials, including PS, can be safely incinerated in a modern combustion facility.  Incineration converts PS to carbon dioxide, water vapor, and a very small amount non-toxic ash.  Also, Incineration of PS generates large quantities of usable energy -- approximately 16,000 BTUs/pound, which is twice that of coal.

How much hazardous waste is produced when PS is manufactured?

PS is an inert substance.  In addition, the production aids used to make food service PS packaging are few in number and pose no known threat to human health or the environment.  Production processes contain numerous emission control devices that capture and reduce emissions.  

Examples of the small amount of hazardous waste generated are solvents and inks from printing on finished PS products (industry uses water based and high solids inks), and any spills of intermediate chemicals that might be used to make PS in polymer plants.

What is the industry doing to combat litter?  Isn’t most litter PS stuff?

A widely held misconception is that litter is a problem caused by specific materials themselves rather than aberrant consumer behavior.  The unfortunate reality is that some people improperly dispose of materials by littering.  Littering is a matter of behavior; people who discard materials into the environment usually do so because they don’t think or don’t care. Attributing the litter issue to one particular packaging material does not solve the problem because another type of packaging will take its place as litter unless behavior changes.

The use of information and education to change behavior is the best method to reduce litter.  To address litter concerns effectively, the PS industry cares about the environment and supports organizations with programs to educate to consumers in South Africa.
What is the industry doing to combat litter, if people are careless?

The polystyrene industry cares about the environment and supports organizations such as Keep America Beautiful that work to reduce litter across the country.  The polystyrene industry is working closely with the California Integrated Waste Management Board (CIWMB) to assist in the implementation of a statewide project that will define the state’s foremost litter problems and establish recommendations for effective solutions.  This project is a key recommendation from the CIWMB 2004 Polystyrene Report.  This comprehensive report also recommends against product bans and specifically against polystyrene bans as an effective means to reduce litter.

The industry has teamed with Jean-Michel Cousteau to provide public service messages on the importance of preventing litter in the oceans, and stresses education as the solution.   

How much energy is used to make PS and what impact does it have on our non-renewable petroleum feedstock reserves?

The manufacture of all plastics consumed approximately 3 percent of the total petroleum used in the U.S. in 1997, and PS production comprised approximately .002 percent of that amount.  Comparatively, 71 percent of total petroleum used in the U.S. is used for gasoline, jet, and diesel fuel, and 26 percent for the production of asphalt, oils and lubricants.  

How much energy is used to make PS and what impact does it have on our non-renewable petroleum feedstock reserves?

Calculations and Assumptions *:

· Most crude oil is turned into fuel for transportation.  Less than 2% is used as a feedstock in making plastics, and 7% of the natural gas consume was used for the manufacture of plastics.  Approximately one-half of the energy resources required to produce all plastics are used as raw materials (feedstock energy). 

· Here’s a breakdown and calculations on all the ways the U.S. uses crude oil:

· 71% of all petroleum is used for gasoline, jet and diesel fuel and home heating fuels 

· 26% of all petroleum is used for the production of asphalt, road oils and lubricants

· Petrochemical feedstocks, products of the refining process, make up the remaining 3% of all crude oil consumption.  

· Plastics are a by-product of the refining and petrochemical process – half of the 3% are used to make all plastics – thousands of items such as tableware, furniture, aircraft and automobile parts, luggage, surfboards, helmets, medical supplies and packaging.  The remaining 1-1/2% is refinery byproducts like benzene, ethylene, xylene, and used to make products such as solvents, synthetic fibers for wearing apparel, synthetic rubber, paints and coatings.

· The manufacture of all plastics consumed approximately 3 percent of the total petroleum used in the U.S. in 1997*

· Only 0.002 percent of all petroleum used in the U.S. in 1997 involves the manufacture of all PS products.

· Expandable Polystyrene (EPS) Beads comprise approximately 15 percent of total PS in 1999

· 1999 U.S. Petroleum Demand = 7,124,435,000 barrels

· All plastics = .03 x 7,124,435,000 = 213,733,000 barrels (3% of total U.S. Petroleum Demand)

· All PS products = .00002 x 7,124,435,000 = 142,888 barrels 

· EPS beads = .00002 x .15 x 7,124,435,000 = 21,373 barrels

References:
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* The Resin Review, The Annual Statistical Report of the U.S. Plastics Industry, 2000 Edition, American Plastics Council

* Petroleum Supply Annual – 1997, U.S. Department of Energy, Energy Information Administration, June 1998

* Petroleum Supply Annual – 1999, U.S. Department of Energy, Energy Information Administration, June 2000

* A Comparison of Energy Consumption By the Plastics Industry to Total Energy Consumption in the United States, prepared for SPI by Franklin Associates, Nov 1990

What impact, if any, will global warming regulations have on the PS industry?

Global warming regulations should have minimal direct impact on the PS industry.  The primary pollutants that contribute to global warming come from industry segments other than the plastics industry such as the oil industry (refineries) and the automotive industry (hydrocarbon emissions from cars).  There are few greenhouse gas emissions generated by the PS industry, and PS product manufacturers have phased out the use of CFCs as blowing agents.  Indirectly, increased global warming regulations will cause PS manufacturers to incur higher electricity costs for manufacturing as well as higher fuel costs for transportation.

What about Life Cycle Studies (cradle-to-grave analysis) of PS Foam vs. Other Products (www.polystyrene.org)
This peer-reviewed study from Franklin Associates Ltd. provides an extensive and comparative look at the energy and environmental performance of foodservice packaging products made with polystyrene foam, bleached paperboard or corrugated paperboard.  Known as a life cycle inventory, or simply LCI, the study offers a cradle-to-grave picture of a product’s environmental attributes, from raw material extraction and manufacturing to post-use recovery or disposal. 

The 2006 Foodservice Packaging LCI evaluated products across the full range of resource and energy use, solid waste generation, atmospheric emissions and waterborne emissions.  Comparisons between systems were summarized for four key performance areas: energy, solid waste (weight), solid waste (volume), and greenhouse gas emissions. 

In the four key areas, the LCI study demonstrates that polystyrene foam products in most cases have environmental burdens that are lower than or comparable to the alternative products studied.
The full report  “Life Cycle Inventory of Polystyrene Foam, Bleached Paperboard, and Corrugated Paperboard Foodservice Products (March 2006),” may be downloaded here. 

Life Cycle Studies

An LCI is a compilation and quantification of the inputs and outputs of a given product system. In this case, foodservice packaging products, including hot and cold beverage cups, plates and sandwich clamshells, were reviewed.  LCI studies conduct a system analysis that begins with extracting raw materials from the ground for use as material feedstocks or fuels.  Materials and energy use, as well as releases to the environment, are then assessed throughout product manufacturing, transportation, use, and management at the end of the product’s useful life.  

A life cycle approach means we recognize how our choices influence what happens at each of these points so we can balance trade-offs and make informed choices that can help reduce overall burdens on the environment. In this regard, LCI studies are an essential source of information for government, scientists, manufacturers and retailers.  

In Public Policy

LCI studies are particularly important in the public arena, where they can help policymakers arrive at well-informed decisions and avoid the shortcomings of focusing on a single environmental performance attribute.  The 2006 Franklin LCI provides comparative information on air, water, solid waste and energy as well as a complete range of post-use options, such as recycling, composting, landfilling and waste-to-energy incineration.  This enables policymakers to evaluate these factors in the broader context of other important environmental attributes spanning the product life cycle.

In the Foodservice Industry

Similarly, decision makers in the foodservice industry can assess the study’s findings in combination with other important criteria, such as cost, convenience and product performance, to make better-informed choices about the products they use.

In Polystyrene Manufacturing

The 2006 Food Packaging LCI captures the results of multi-year operational enhancements implemented by polystyrene manufacturers to reduce emissions and optimize energy use. The study also provides benchmarking information that individual polystyrene manufacturers can use to identify areas for further improvement. 

ISO

An independent peer-review panel found that the 2006 Foodservice Packaging LCI was completed in accordance with the International Standards Organization (ISO) 14040 series of life cycle assessment standards (p. PR-3).  The peer review panel’s report is included in the full 2006 Foodservice Packaging LCI.

Technical

What is a monomer?  A polymer?

Monomer – The basic material, from which plastics are made, is a chemical compound consisting of simple molecules, which are joined with other monomers by polymerization to produce a polymer composed of much more complex molecules.  It is a simple molecule, which is capable of reacting with like or unlike molecules to form the polymer.  Styrene is the monomer for PS plastic.

Polymer – A synthetic or natural compound of high molecular weight, formed by a chain of chemically linked units called monomers.  The polymer, or plastic, has a structure that can be represented by a repeat unit.  Synthetic plastic polymers are of primary concern since they represent the bulk of development in continually advancing performance and processability and are in very large production producing all types of plastic products.

What is styrene?  How much is in PS?

Styrene, the primary raw material from which PS is made, was first made synthetically in the late 1700s, when a chemist isolated styrene by steam distillation.  In the early 1880s, a pharmacist gave styrene its name, calling it “styrol,” the name still used in Germany.  Styrene is a clear, colorless liquid and is an organic chemical used as a raw material for many products.  A majority of styrene produced in the U.S. goes into the manufacture of PS.  

Modern man has known about styrene for centuries.  A naturally occurring substance, styrene is present in many foods and beverages, including wheat, beef, strawberries, peanuts and coffee beans.  It is also found in the spice cinnamon.  It is added to food as a flavor enhancer.

What is the difference between EPS, OPS, HIPS, and foamed PS?

The primary type of PS made using the suspension polymerization process is expandable PS (EPS) beads.  EPS creation involves a blowing agent in the process.  These types of beads are used for foamed articles in both food service and protective packaging uses, and in the durable products market for building insulation.  Oriented PS (OPS) and high-impact PS (HIPS) are created and made into finished products through extrusion and thermoforming.  OPS is created by melting solid resin and extruding it into sheet, which is pulled with pincers to biaxially “orient” it, or strengthen the molecular structure by stretching the polymer molecules and pulling them in a controlled direction.  HIPS is PS to which a small amount of rubber is added to make it more flexible and durable.  OPS and HIPS sheets are thermoformed.  Solid PS products made by extrusion and thermoforming include clear hinged containers used for deli and bakery applications, meat trays, clear and colored plates, cup lids, cottage cheese and yogurt containers.

What is polystyrene and how is it made? 
Polystyrene (PS) is a rigid material, yet lightweight, making it ideal for food packaging.  Polystyrene is a thermoplastic, which means that it softens when heated, and then reverts back to a solid when cooled.  This heating-cooling cycle can be repeated many times without chemical change, making it ideally suited for forming (without plasticizers or significant other additives) into a wide variety of products.  This property is an advantage in food service applications, since PS resin has few impurities.  A blowing agent can be added to polystyrene in the manufacturing product to make foam products – such as polystyrene foam foodservice products like foam coffee cups, produce trays, egg cartons, and hinged-lid containers used by many restaurants and establishments.

There are a number of fabrication processes for PS products.  PS resin is used to make both durable and disposable items.

Polystyrene foam foodservice products are made by several different processes:

(a) For foam products like plates, bowls, hinged-lid containers, egg cartons and meat, poultry and produce trays, extrusion/thermoforming are the methods used to make these products.  Extrusion processes take polystyrene resin pellet (polymer) and, under heat and pressure, force them into and through a die to foam a continuous profile of molten polystyrene.  A liquid blowing agent is blended into the molten polystyrene to get the foaming processing started.  The extruder meters the proper amount of materials, blends them, cools the mixture and forces it through a die.  Upon exiting the die, there is a great relief of pressure on the mixture.  This causes the liquid blowing agent to volatilize and form bubbles or cells in the materials which expand to produce lightweight foam.  Blowing agents used in this process are primarily hydrocarbons, like pentane.  The foam is then drawn away from the die, cooled, and flattened into a continuous sheet which is wound in large rolls.  

Polystyrene foam foodservice products are made by several different processes:

(b) For foam products like plates, bowls, hinged-lid containers, egg cartons and meat, poultry and produce trays, extrusion/thermoforming are the methods used to make these products.  Extrusion processes take polystyrene resin pellet (polymer) and, under heat and pressure, force them into and through a die to foam a continuous profile of molten polystyrene.  A liquid blowing agent is blended into the molten polystyrene to get the foaming processing started.  The extruder meters the proper amount of materials, blends them, cools the mixture and forces it through a die.  Upon exiting the die, there is a great relief of pressure on the mixture.  This causes the liquid blowing agent to volatilize and form bubbles or cells in the materials which expand to produce lightweight foam.  Blowing agents used in this process are primarily hydrocarbons, like pentane.  The foam is then drawn away from the die, cooled, and flattened into a continuous sheet which is wound in large rolls.  These rolls are stored temporality to cure, or age, them and then are brought back to the plant for thermoforming.  Thermoforming of the foam sheet involves feeding a roll into an oven to heat it.  Then a multi-cavity mold is closed over the sheet to form a part (such as a meat tray, plate or egg carton).  The part is then die-cut from the sheet, leaving trim scraps.  These scraps are recycled by sending them back through the extruder to become part of a new roll of foam sheet.  In thermoforming applications the scrap percentage can run in excess of 30 percent, and some of this scrap may pass through the extruder more than seven times before being stamped into a finished product.  Polystyrene can withstand this amount of recycling without significant property loss.  Packaged product is then warehoused to await shipment.

(c) For foam cups, the process is somewhat different.  The process used is called suspension polymerization.  The primary type of polystyrene made in this process is expandable polystyrene beads (EPS).  EPS creation involves an additional process step near the end of the process, in which a blowing agent (typically pentane) is impregnated into the polystyrene beads.  These types of beads are used for foamed polystyrene articles in both food service (cups) and protective packaging uses, and in durable products market for building insulation (EPS insulation).  EPS beads are used for steam chest molding.  Steam-chest molding is a two-step process that first requires pre-expansion of the beads to from “prepuff”.  The pre-puff is aged to allow air exchange with blowing agents and water.  The prepuff is then blown into a steam chest mold, where the steam acts to further expand the beads and bonds them to form the final part.  This is one of the ways polystyrene foam cups are made.

Styrene monomer can be polymerized to PS by two primary methods: continuous (or mass) polymerization and suspension polymerization.  The majority of PS is made by solution polymerization.  In the solution process:

· Styrene, sometimes mixed with ethylbenzene or toluene (added as solvents to lower viscosity and remove the heat generated in polymerization) is polymerized in continuous chemical reactors;

· The polymer is devolatilized to remove ethylbenzene or toluene for recycling back into the reactors, and then;

· PS is cooled and pelletized.

The suspension process, done in water, is used primarily to make expandable PS beads.

What is “Styrofoam®”, and how is that different than polystyrene foam products, like cups? 

Styrofoam® is a Dow Chemical Company trademark for a form of extruded foam board insulation (sometimes referred to a “blueboard”) commonly used in the U.S. in residential and commercial construction.  Extruded PS foam board is the oldest form of polystyrene foam commercially available.  In this process, a solution of blowing agent in molten polystyrene polymer is formed in an extruder under pressure, cooled, and then forced through an orifice.  The blowing agent vaporizes as the pressure on the molten polymer solution decreases at the die, causing the polymer to expand and cool.  The stabilization of the cellular structure is brought about the by the combined heat loss to the environment and by the heat taken up by the vaporization and expansion of the blowing agent.  The boards are then trimmed or cut to desired shapes after the cooling steps.  Many times people incorrectly refer to the term “Styrofoam” to mean polystyrene foam foodservice products, like cups, plates, bowls, trays and hinged-lid containers.
How does PS measure up to competing materials like paper and reusables?  
Life cycle analysis (LCA), or a “cradle-to-grave” study, has been conducted comparing PS to its paperboard and reusable alternatives, particularly in packaging applications.  These studies include all processes from raw material acquisition, to ultimate disposal of the product.  In most cases, PS compares favorably from an overall energy and environmental emissions standpoint when compared to its alternate material counterparts.  All products have environmental and energy burdens associated with the use of raw materials and conversion into products.  Several LCA studies conducted in the US and Europe confirm the environmental acceptability of PS.  Studies by Franklin Associates for the SPI/CSWS; Professor Martin Hocking of Canada, and several company studies have been published on this topic.

I understand technology allows some plastics to be made of degradable resins – what applications for degradable PS resins/products exist today?

There are currently no applications for degradable PS resins.  Degradable plastics are primarily used where applications require this feature -- such as sutures, or agricultural mulch film designed to break down once buried under the soil.  The FDA has not been asked to, and therefore has not yet approved, the use of degradable plastics for food service products.

Health and Safety

Is PS safe for consumers?

Yes.  The U.S. FDA regulates the safety of food-contact packaging.  This includes setting standards for minimizing residual materials present in packaging.  FDA regulations allow the use of PS as a food-contact packaging material.  The SPI Polystyrene Work Group, a subcommittee of SPI’s Food, Drug, and Cosmetic Packaging Materials Committee, has completed tests of both styrene and ethylbenzene migration for food-contact styrenic polymers.  These tests, conducted in 1993 and 1997 and updated by the Polystyrene Packaging Council’s PS Technical Committee in 2002, have been submitted to FDA’s master file and show that the migration of the maximum amount of these substances which could migrate from PS food-contact packaging is very small and presents no health and safety concerns.

How do Polystyrene Foodservice Products Help Ensure Sanitation?

All foodservice products, including polystyrene foam foodservice, provide a very effective means to ensure sanitary food service and help prevent the spread of disease.  Reusable food service products (ceramic mugs, stainless steel utensils, china plates) require washing and sterilization before use.  Disposable foodservice products, including polystyrene foam containers, are significantly more sanitary when the consumer receives the items.

How do Polystyrene Foam Foodservice Products Save Money?

Polystyrene foam foodservice products are more economical to use than other disposable products and other reusable food service items.  The wholesale price of polystyrene foodservice disposable products are approximately 2 to 3 times less than an equivalent non-polystyrene foodservice disposal product, and are approximately 4 to 5 times less than comparable reusable items (including equipment, labor, water, electricity and detergent costs).

According to three Southern California distributors (as of June 9, 2005), the price a local merchant would pay if he/she went to one of these distributors:

· Costco – polystyrene foam cup (1.06 cents/cup)

· Sam’s Club – polystyrene foam cup (1.07 to 1.08 cents/cup)

· Individual (local retailer) – polystyrene foam cup (1.28 cents/cup)

· Individual (local retailer) – Paper cups without handles (3.6 to 4.2 cents/cup); Paper cups with handles (4.4 cents/cup).

· No data was available for bio-based plastic cups as these products are not carried in the larger stores, however, the cost can be expected to be higher.

This differential is considerable, with some alternatives costing up to 4 times more per cup than the polystyrene foam cup.

Additionally, anecdotal data from Malibu businesses suggests that they are spending considerably more on alternative products since the EPS foodservice ban – as much as several thousand dollars more per year  – and customer dissatisfaction is on the rise reportedly because of some product performance issues.

For organizations like Meals on Wheels that serve food to as many people as they can on limited budgets, this cost savings for using polystyrene foam foodservice products is very important.
What About Alternatives to EPS Food Packaging – What are the tradeoffs?

Rumor - “Cost and availability of these products differs based on the type of material and the type of product (i.e. cups, plates, trays, take-out containers, etc.); however the majority of these products are readily available...”

Fact - Bio-based alternatives are perceived as being commonly available, but the experience of business owners who have been forced to switch materials has been contrary to this.  In addition, because these products are degradable and prone to breakdown when exposed to heat and moisture, stockpiling large quantities for prolonged periods can result in inventory being ruined. 

Rumor - “From a beach litter and marine pollution perspective, all of these alternatives are believed to be superior...”

Fact - This statement is not supported by fact.  All materials have impacts if disposed of improperly.  No product can be considered “superior” as litter.  

Furthermore, in foodservice packaging – and many other products found in the litter stream – the raw material to make the product may be in theory biodegradable (e.g. paper).  In fact, some paper-based foodservice products contain as much plastic on a weight basis as an equivalent polystyrene foam container.  This is because the finished paper products have a plastic or wax coating to enable them to resist grease and/or moisture.  This inhibits degradation and sometimes recyclability.

Rumor -  “In the case of the bio-products, they will eventually biodegrade in the environment if they are improperly disposed of, which will minimize the negative impacts on wildlife.”

Fact - Most foodservice packaging is manufactured to meet or surpass rigorous standards of durability and performance.  For example, a polystyrene foam cup is designed to be free of leaks and to insulate its contents, thereby keeping hot beverages hot and cold beverages cold – without scorching or freezing the user’s hands. Engineering a high quality foodservice packaging product that not only performs reliably during use, but also fades away or “degrades” is difficult because it involves two diametrically opposed objectives.

In most cases, foodservice packaging products thought to be or marketed as biodegradable only degrade under very limited and specific conditions found in industrial composting facilities.  These are not the same conditions found in landfills nor are they the conditions found alongside roadways or in the marine environment.  Hence, these products will not degrade in the landfill, along the roadway or in the ocean.  The bottom line is that for food service packaging, no alternative material – PLA, composites, non-tree cellulose (kenaf, grasses, etc.) – is the solution for addressing concerns about litter or landfills.  The only real solution for litter is to prevent littering behavior.  Educational programs, litter enforcement, and personal accountability are proven methods that work.

What is the industry doing to combat litter, if people are careless?

The polystyrene industry cares about the environment and supports organizations such as Keep America Beautiful that work to reduce litter across the country.  The polystyrene industry is working closely with the California Integrated Waste Management Board (CIWMB) to assist in the implementation of a statewide project that will define the state’s foremost litter problems and establish recommendations for effective solutions.  This project is a key recommendation from the CIWMB 2004 Polystyrene Report.  This comprehensive report also recommends against product bans and specifically against polystyrene bans as an effective means to reduce litter.

The use of information and education to change behavior is the best method to reduce litter.  A widely held misconception is that litter is caused by specific materials themselves rather than aberrant consumer behavior.   The unfortunate reality is that some people improperly dispose of materials by littering.  Littering is a matter of behavior; those that litter usually do so because they don’t think or don’t care. Attributing the litter issue to one particular packaging material does not solve the problem because another type of packaging will take its place.

The industry has teamed with Jean-Michel Cousteau to provide public service messages on the importance of preventing litter in the oceans, and stresses education as the solution.   

What kinds of tests have been conducted to assure the safety of PS?

The PS Technical Committee has updated and evaluated the safety of all styrene-based food-contact polymers, and submitted its findings to the FDA (Food and Drug Administration) in 2002 (Update: The Safety of Styrene-Based Polymers for Food​ Contact Use).  Using measured as well as calculated styrene migration values; an estimate of the concentration of styrene in the diet resulting from all uses of styrene-based food-contact polymers was calculated.  Based on the acceptable daily intake (ADI) and the estimated daily intake (EDI) for styrene, it is concluded that the use of styrene-based polymers for food-contact surfaces presents no reason for any health or safety concerns.

What are the current EPA methodologies regarding risk assessment? 

There is no one single method of performing a risk assessment or hazard assessment on a particular chemical.  There are many methods to calculate a risk assessment, and EPA is currently examining new ways to incorporate cancer and toxicity factors into the risk assessment process. 

Is styrene present in PS resins used in food-contact applications?

All packaging (glass, aluminum, paper, and plastic – including PS) contains residual substances.  The U.S. FDA regulates residual levels of these components in food packaging to ensure that packaging is safe to use.  Concentrations of residual styrene in PS food-contact packaging are very low - generally in the 100 to 500 parts per million ranges.  This is far below allowable limits.  FDA allows up to 10,000 parts per million of residual styrene in PS food packaging.

Styrene has been included on lists of suspected carcinogens.  If this is true, why isn't PS banned or more regulated?  What are the levels of styrene in PS?  Are there regulations controlling this substance?

No U.S. federal agency has classified styrene as a carcinogen.  However, the U.S. Occupational Safety and Health Administration (OSHA) does reference the International Agency for Research on Cancer’s (IARC) (Lyon, France) classification of styrene as a “possible human carcinogen” on the material safety data sheet (MSDS) for styrene.  IARC’s classification has been disputed because it was not based on new cancer data, but resulted from a change in criteria for IARC classification.  Presently, the EPA is doing a risk assessment of styrene for carcinogenicity and other health effects, and will also reevaluate their current regulatory limits for styrene.  

PS has been tested and found to be safe for food-contact packaging applications.  Residual levels of styrene found in PS are extremely small.  The levels of styrene in PS is generally in the 100 to 500 parts per million range, and varies slightly by the types of PS produced.  The same worker safety and environmental regulations for emissions, effluents, and wastes that apply to all manufactured products and chemicals also apply to components of PS.  

In addition, the results of extensive health studies of workers in styrene-related industries collectively show that exposure to styrene do not increase the risk of developing cancer.  Results of a two-year styrene inhalation study in rats, completed in 1996, also showed no increased incidence of cancer.

Is there any problem with styrene migrating into food into packaging?
No it does not.  Most recently, in 2002, the Harvard Center for Risk Analysis, part of the Harvard 

School of Public Health, completed and published in the Journal of Toxicology and 

Environmental Health a study, “A Comprehensive Evaluation of the Potential Health Risks 

Associated with Occupational and Environmental Exposure to Styrene”.  The report says that 

margins of exposure estimated for oral exposure to styrene from food, whether naturally 

occurring or as a result of migration from food packaging or food contact items, are large and 

that the potential risks, if any, would be well below any level of concern.  Styrene is permitted as 

a direct food additive in small quantities under the Food and Drug Act, and as an indirect food 

additive that migrates from packaging materials into food.  The analysis of the data based on the 

U.S. Food and Drug Administration’s (FDA’s) consumption factor for polystyrene, along with 

information on the quantity of styrene contributing to the diet due to migration from food 

packaging and disposable food-contact items, show an extremely small dietary intake of styrene 

to the average person.  This represents no adverse effect to humans.

If styrene were labeled a known or suspected carcinogen, what effect would that have on the safety and manufacture of PS food service products.

Labeling a chemical a known or a suspected carcinogen is independent of any migration dose/health measurements and calculations for PS food service products.  The Food and Drug Administration (FDA) has prescribed methods for performing migration studies to determine the health and safety of all food packaging materials before they will issue guarantee letters of non-objection.  PS food service products have met the testing requirements and the data show the use of styrene-based polymers for food-contact surfaces presents no reason for any health or safety concerns.

Are there any data to indicate that styrene is an endocrine disrupter?

No.  Styrene is not an endocrine disrupter.  This question was recently investigated by the Environmental Protection Agency of the state of Illinois (IEPA).  IEPA’s conclusion was that it “no longer considers styrene as representative of a probable endocrine disrupter.”

What are dimers and trimers and do they migrate?  I heard they were endocrine disrupters – is that true?

“Styrenes” have been included in lists of synthetic chemicals that have been reported to have the potential to induce effects on the endocrine system of animals and people.  Unpublished work by Dr. K. S. Rao (Dow, 1978) on a group of ten laboratory rats indicates a possible weak estrogenic effect following intraperitoneal injection of a sample containing some styrene oligomers (dimers and trimers).  Hercules, Inc. submitted an 8(e) report under TSCA (Toxic Substances Control Act) in March 1996 reporting on estrogenic effects from an ultra low molecular weight PS.  The data indicated that the sample had estrogenic activity less than 1/20,000 of that of diethylstilbestrol, a known estrogenic compound.  The SPI PS Work Group commissioned oligomer studies with Research Triangle Institute (Patricia Fail, RTI) and Michigan State University (Dr. Zacharewski, MSU) regarding oligomers and their endocrine effects.  The results of the in-vivo testing showed no estrogenicity in PS extracts tested; and the results of the in-vitro testing show no ER-mediated activity in the PS extracts tested.  A draft abstract was developed in March 1998, and a paper co-authored by SPI, Patricia Fail, and Dr. Zacharewski, will be part of a scientific peer reviewed journal slated for publication in September 1998.

In the case of styrene dimers and trimers, the results from multiple estrogenic studies replicated in Europe, the United States, and Japan, led the Japan Ministry of the Environment to remove the category of styrene dimers and trimers from its regulation pertaining to suspected endocrine disrupters, known as SPEED ’98.   Twenty-five distinguished Japanese panel members from universities, government agencies, and cities served on a special task force to evaluated all the test data and make this decision.  

These conclusions are consistent with the findings of the Ministry of Health and Welfare’s National Institute for Health Sciences in Japan, which recently said there is no reason to regulate the use of polystyrene products because of concerns over environmental hormones.  The MHW published a November 1998 Interim Report confirming these findings.  Likewise, officials in the United State and Europe do not consider polystyrene a concern for human health. Health and environment agencies worldwide see to it margins of safety are met to protect the public and consumers can feel safe and be secure in their decision to use polystyrene food containers.  

1 “Hormonally Active Agents in the Environment”, National Research Council, Board of Environmental Studies and Toxicology, Commission on Life Sciences, National Academy Press, August 4, 1999 

2 Bachmann, Sabine; Hellwig, Jurgen; Jackh, Rudolf and Christian, Mildred S.  Uterotrophic 
Assay of Two Concentrations of Migrates from Each of 23 Polystyrenes Administered Orally (By Gavage) to Immature Female Wistar Rats.  Drug and Chemical Toxicology, 21(Suppl. 1), 1-30 (1998).
3    Fail, Patricia A.; Hines, John W.; Zacharewski, Tim; Wu, Zhi Fen; and Borodinsky, Lester.  

Assessment of Polystyrene Extract for Estrogenic Activity in the Rat Uterotrophic Model and an In Vitro Recombinant Receptor Reporter Gene Assay.  Drug and Chemical Toxicology, 21(Suppl. 1), 101-121 (1998).
4Nobuhara, Yoichi; Azuma, Yukimasa; Date, Katsuhiro, Ohno, Katsutoshi; Matsushiro, Shoichiro; Tanaka, Kazunori; Yamada, Toshihiro; and Chiba, Masaru.  Biological Evaluation of Endocrine-Disrupting Effect of Styrene Oligomers.   Journal of Food Hygiene Society of Japan, 40(1) pp 36-46 (1999).
Does benzene migrate to my food?  Ethylbenzene?

There is no evidence that benzene migrates to food from PS food service products.  By the time polystyrene is manufactured into a polymer (resin) before it’s made into specific product, the amounts of the chemicals like benzene, xylene, toluene that are part of the oil/natural gas feedstocks for making plastics are nondetectable in the polystyrene resin.  The two chemicals that are measurable in extremely small amounts in polystyrene are Ethylbenzene and styrene, and they have been measured and studied in detail.

Ethylbenzene is present in PS at very low levels as a residual from the manufacturing process (much lower than styrene residual levels).  Migration tests have been performed by the SPI Polystyrene Work Group of the Food, Drug, and Cosmetic Packaging Materials Committee, and submitted to the US FDA master file in 1997.  These tests showed that the maximum amount of ethylbenzene, which could migrate to all the food in contact with PS in an individual’s daily diet, is very small and presents no health or safety concerns.

I noticed my cup pitted when I made lemon tea.  Is this safe?

Although it is not a health concern, this is a well-known phenomenon.  Tests by manufacturers of PS beads found no dissolved PS in lemon tea.  A test reported to the FDA by Atlantic Richfield Co. indicated that lemon oil apparently had an effect on the cup wall but that PS remained within the cup wall.

My PS melted when I put it in the microwave.  Did I get poisoned?

Both foamed and solid polystyrene containers, as well as food-contact plastics that are designed to contain food in a microwave oven during cooking, do not pose a food safety concern when used or reused in such ovens to heat or re-heat food. 

When food is heated or re-heated in a microwave oven, the microwaves interact directly with the food in the container, not the container itself.  Therefore, any consideration of microwave heating is a function of the time and temperature conditions involved, and not a result of the use of the microwave in and of itself.

Studies have demonstrated that very small amounts of styrene and ethylbenzene may migrate to food under exaggerated conditions of use from polystyrene containers used as packaging for food.  The conditions of use tested include the most extreme of the potential uses of polystyrene “hot fill” packaging, in which the food is placed hot in the container, allowed to cool in the container, and then stored at room temperature for some time.  It has been shown that the amount of styrene and ethylbenzene that potentially migrate from the polystyrene container to the food under these exaggerated conditions is in the parts per billion range and poses no health and safety issues or concerns.

In contrast, microwave re-heating of food in a polystyrene container would involve, at most, several minutes of increased contact between the food and the container as compared to “hot fill” conditions of food packaging.  These few minutes at temperatures that begin low and increase perhaps to boiling will not significantly increase the potential migration to food from polystyrene containers, compared to tests already conducted at exaggerated conditions.

Therefore, there are no health and safety concerns associated with such use of polystyrene containers.

Do PS products require any health or safety labeling?  Are any such requirements pending?

There are no U.S. Federal regulations that would require any form of health or safety labeling.  This is also true for current state regulations throughout the U.S.  In California, under the rules of Proposition 65, labeling requirements exist for products that contain as a constituent chemical that California has classified as carcinogens or reproductive/developmental toxicants.

At this time, California has not classified styrene as either a carcinogen or as a reproductive/developmental toxicant, so products containing styrene, such as PS, do not require labeling with health warnings.

I’m Kosher and want to make sure that no sources of ingredients in the manufacture of PS food service products come from animals – what assurances can you give me?  Is there a way to make PS food service products Kosher?  Are PS products that contain zinc stearate considered Kosher?

The Food, Drug and Cosmetic Packaging Materials Committee of SPI formed a Kosher Manual Task Group and published in January 1995 a manual on packaging materials and Kosher food, that cover the what’s, why’s, and how’s of producing packaging materials that comply with special dietary laws.  For a copy, please call SPI Literature Sales at (800) 541-0736, or (202) 974-5332 (ref. Catalogue #AL-104).

Is latex used in manufacturing PS products? 

Latex is not used in the manufacturing of PS products.  It is not common practice for anyone in the PS manufacturing industry to use latex gloves.  
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