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Summary of Findings

In the past 40 years, polyvinyl chloride plastic (PVC) has become a major building material. Global vinyl
production now totals more than 30 million tons per year, the majority of which is directed to building
applications, electronics, and furnishings.
The manufacture, use, and disposal of PVC poses substantial and unique environmental and
human health hazards. Across the world, governments, companies, and scientific organizations have come
to recognize the hazards of PVC. In most of Europe, governments have eliminated certain PVC uses for
environmental reasons, and several countries have ambitious programs to reduce PVC use. Scores of
communities have PVC avoidance policies, and dozens of green buildings have been built with little or no
PVC materials. Firms in a variety of industries have announced measures to reduce PVC consumption
and are using or producing alternative materials in a variety of product sectors, including building
materials.
The following major hazards of the PVC lifecycle are discussed in this report:
PVC and chlorine. Vinyl is the largest use of chlorine gas in the world, consuming about 40 percent of
total chlorine production, or approximately 16 million tons of chlorine per year worldwide. PVC is the
largest production-volume organochlorine— a large class of chemicals that have come under scientific and
regulatory scrutiny in the past decade because of their global distribution and the unusually severe
hazards they pose. Vinyl is the only major building material that is an organochlorine. Alternative
materials— including most other plastics— do not contain chlorine and therefore do not pose the hazards
discussed in this report.
Formation of by-products. Large quantities of hazardous organochlorine by-products are formed
accidentally and released into the environment at numerous points in the vinyl lifecycle.
• Formation of hazardous organochlorine by-products begins with the production of chlorine gas.
Extremely large quantities— on the order of one million tons per year— of chlorine-rich hazardous
wastes are generated in the synthesis of ethylene dichloride (EDC) and vinyl chloride monomer
(VCM)— the feedstocks for PVC. Still more by-products are created and released into the
environment during the incineration of hazardous wastes from EDC and VCM production,
including the incineration of vinyl products in the waste stream, the recycling of vinyl-containing
metal products by combustion, and the accidental burning of PVC in building, warehouse, or
landfill fires.
• These chemical mixtures include such extremely hazardous and long-lived pollutants as the
chlorinated dioxins (polychlorinated dibenzo-p-dioxins), chlorinated furans (polychlorinated
dibenzofurans), polychlorinated biphenyls (PCBs), hexachlorobenzene (HCB), and
octachlorostyrene (OCS). In addition, large portions of these mixtures consist of chemicals that
have not yet been identified or tested.
Hazards of by-products. The by-products of the vinyl lifecycle are of great concern because many of their
components are highly persistent, bioaccumulative, and toxic.
•

Persistent substances resist natural degradation, build up over time in the environment, and are
distributed long distances by currents of air and water. Many of the by-products of the PVC
lifecycle are now ubiquitous global pollutants, found not only in industrialized regions but also
in the planet’s most remote ecosystems. Absolutely every person on earth is now exposed to
these substances.
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•

Bioaccumulative substances build up in the tissues of living things. Most bioaccumulative
substances, including many formed during the PVC lifecycle, are oil-soluble chemicals that
magnify as they move up the food chain, reaching concentrations in species high on the food
chain that are millions of times greater than levels in the ambient environment. These substances
also cross the placenta easily and concentrate in the breast milk of humans and other mammals.

•

Toxic substances cause harmful effects on the body. The feedstocks and by-products of the
vinyl lifecycle have been shown to cause a range of health hazards— in some cases at extremely
low doses— including birth defects, cancer, disruption of the endocrine system, impaired child
development, neurotoxicity (damage to the brain or its function), reproductive impairment, and
suppression of the immune system.

Vinyl and dioxin. Among the most important by-products of the PVC lifecycle are dioxin (2,3,7,8tetrachlorodibenzo-p-dioxins) and a large group of structurally and toxicologically related compounds,
collectively called dioxins. Dioxins are never manufactured intentionally but are formed accidentally
whenever chlorine gas is used or chlorine-based organic chemicals are burned or processed under reactive
conditions.
• Formation of considerable quantities of dioxins has been documented during numerous stages of
the vinyl lifecycle, including production of chlorine, synthesis of the feedstocks EDC and VCM,
burning of vinyl products in accidental fires, and incineration of vinyl products and the hazardous
wastes from PVC production.
• Vinyl is the predominant chlorine donor and therefore a major cause of dioxin formation in most
of the leading dioxin sources that have been identified. When its entire lifecycle is considered,
vinyl appears to be associated with more dioxin formation than any other single product.
• Dioxins are true global pollutants, now found in the tissues of whales in the deep oceans, polar
bears in the high Arctic, and every human being on earth. Human infants receive particularly high
doses— orders of magnitude greater than those of the average adult— because dioxins cross the
placenta easily and concentrate in breast milk.
• Dioxin is the most potent synthetic carcinogen ever tested in laboratory animals and is a known
human carcinogen.
• Human development, reproduction, and the immune and endocrine systems are highly sensitive to
dioxin, which causes health damage and functional impairment at infinitesimally low doses (in
the low parts per trillion, or ppt). Toxicological studies have not been able to establish a
“threshold”dose below which dioxin has no biological impact.
• The dioxin “body burden”of the general population of the United States –the load of dioxin-like
compounds that have accumulated in the tissues of people with no special exposures -- is already
in the range at which adverse health impacts occur in laboratory animals. Dioxin exposure of the
average American already poses a calculated cancer risk of one in 1,000 to one in 100—
thousands of times greater than the usual standard for an “acceptable risk.”
• Current levels of dioxin therefore represent a public health risk. Efforts to reduce dioxin
formation at the source should be environmental and public health priorities. As a leading cause
of dioxin generation, PVC should be addressed as part of this program.
Phthalate plasticizers. In its pure form, PVC is rigid and brittle. To make flexible vinyl products, such as
floor tiles, roofing materials, and wall coverings, plasticizers must be added to PVC in large quantities—
up to 60 percent of the final product by weight. The dominant group of plasticizers used in vinyl is a class
of compounds called phthalates, which pose considerable health and environmental hazards. Vinyl is the
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only major building product using phthalates extensively, accounting for about 90 percent of total
phthalate consumption. More than 5 million tons of phthalates are used in vinyl every year.
•

Phthalates have become global pollutants that are moderately persistent and moderately
bioaccumulative under some conditions. They can be found in the water of the deep oceans, air in
remote regions, and the tissues and fluids of humans. Body burdens of some phthalates have
recently been found to be surprisingly high in the bodies of the general U.S. population. Infants
and toddlers are subject to exposures several times higher than those of the average adult.

•

Millions of pounds per year of phthalates are released into the environment during the
formulation and molding of vinyl products. Phthalates are also released when vinyl is disposed of
in landfills or incinerators or when PVC products burn accidentally. More than 80 million tons of
phthalates are estimated in the stock of PVC products now in use in buildings and other
applications.

•

Phthalates are not chemically bonded to the plastic but are mixed with the polymer during
formulation. They therefore leach out of the plastic over time into air, water, or other substances
with which vinyl comes in contact.

•

Phthalates cause a range of health effects. Phthalates used in PVC have been found to damage the
reproductive system, causing suppressed ovulation, infertility, reduced sperm count, testicular
damage, and abnormal development and function of the testes and male reproductive tract in
laboratory animals, in which they are also carcinogens.

•

An expert committee of the National Toxicology Program recently reviewed the hazards of
diethylhexyl phthalate (DEHP, the most common vinyl plasticizer) and expressed “concern”that
exposure of infants and toddlers in the general U.S. population may adversely affect development
of the male reproductive tract development, as well as “concern”that exposure of pregnant and
nursing women may impair the development of their offspring. The average American’s dose of
the plasticizer DEHP is now approximately equal to the Environmental Protection Agency’s
(EPA’s) reference dose— the maximum “acceptable”exposure based on studies of health impacts
in laboratory animals.

Lead and other stabilizers. Because PVC catalyzes its own decomposition, metal stabilizers are added to
vinyl for construction and other extended-life applications.
•

Common PVC additives that are particularly hazardous are lead, cadmium, and organotins, with
global consumption of each by vinyl estimated in the thousands of tons per year.

•

Because metals do not degrade in the environment, all three of the major PVC stabilizers have
become global pollutants.

•

Lead is a highly potent developmental toxicant, damaging brain development and reducing the
cognitive ability and IQ of children, even in infinitesimal doses. Cadmium is a potent neurotoxin
and carcinogen, and organotins can suppress immunity and disrupt the endocrine system.

•

Metal stabilizers are released from vinyl products when they are formulated, used, and disposed.
Releases of lead stabilizers from interior vinyl building products have been documented. Metals
cannot be destroyed by incineration but are released entirely into the environment via air
emissions or ash residues. Trash incinerators are a dominant source of lead and cadmium
pollution, and PVC contributes a significant portion of the feed of these metals— including an
estimated 45,000 tons of lead each year — to incinerators.

•

Accidental fires are also major potential sources of lead, cadmium, and organotins releases. In a
fire, metals in PVC will be released to the environment. An astounding 3.2 million tons of lead
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are present in the current stock of PVC in use. Potential lead releases from this stored PVC must
be viewed as a major potential health hazard.
Indoor air quality. Flexible vinyl products appear to contribute to the health hazards of poor indoor air
quality by releasing phthalates and facilitating the growth of hazardous molds.
•

The phthalates in PVC are released into the building environment. Phthalate levels in indoor air
for buildings with PVC are typically many times higher than those for outdoor air. Phthalate
accumulation in suspended and sedimented indoor dusts is particularly high, with concentrations
in dust as high as 1,000 parts per million (ppm).

•

Preliminary evidence indicates that PVC-related phthalate exposure may be linked to asthma. In
laboratory animals, metabolites of phthalates used in vinyl cause asthma-like symptoms through a
well-described inflammatory mechanism. Three separate epidemiological studies have found that
human exposure to PVC in buildings causes significantly elevated risks of asthma and other
pulmonary conditions, including bronchial obstruction, pneumonia, prolonged cough, wheezing,
and irritation of the nasal passages and eyes.

•

Metal stabilizers— particularly lead, cadmium, and organotins— can also be released from vinyl
products. Lead has been found to be released into air from vinyl window blinds and into water
from PVC pipes. Toxicological effects of these substances include developmental, neurological,
and reproductive damage.

•

Because vinyl wall coverings form a barrier impermeable to moisture, they encourage the growth
of molds on wall surfaces beneath the vinyl— particularly in buildings where air conditioning or
heating systems produce significant temperature and humidity differentials between rooms and
wall cavities. Some molds that grow beneath vinyl produce toxic substances that are released into
indoor air. Numerous liability suits are active on the link between vinyl-produced molds and
respiratory and neurological symptoms among exposed populations. Vinyl has been cited as the
interior building material most likely to facilitate the growth of these molds.

Occupational and local environmental exposures. In the production of PVC, many thousands of tons per
year of the feedstocks EDC and VCM are released into the workplace and into local environments, posing
health risks to workers and communities:
•

Both EDC and VCM are known human carcinogens. They are toxic to the nervous system and
cause a variety of other negative impacts on human health.

•

Increased risks of liver cancer and brain cancer have been documented among workers exposed to
VCM. There is preliminary evidence that workers involved in the manufacture of PVC products
have elevated risks of testicular cancer.

•

Although workplace exposures in U.S. chemical and plastics facilities have been significantly
reduced from the levels of the 1960s, occupational exposure to VCM remains dangerously high in
some facilities in Eastern Europe and Asia. Further, there is no threshold below which VCM does
not increase the risk of cancer, so current exposures in the United States continue to pose cancer
hazards to workers.

•

Severe contamination of communities and waterways in the vicinity of VCM production facilities
has been documented. In Louisiana, significantly elevated levels of dioxins have been found in
the blood of people living near a VCM facility, several communities have been evacuated due to
VCM contamination of groundwater, and extremely high levels of highly persistent,

8

bioaccumulative by-products attributable to VCM production have been found in local
waterways. In Europe, VCM production facilities have caused severe regional contamination with
dioxins and other by-products.
Energy consumption. Chlorine production is one of the world’s most energy-intensive industrial
processes, consuming about 1 percent of the world’s total electricity output. Chlorine production for PVC
consumes an estimated 47 billion kilowatt-hours per year— equivalent to the annual total output of eight
medium-sized nuclear power plants.
Mercury pollution. The mercury-based process for chlorine production accounts for about one-third of
world chlorine output. In this process, large quantities of mercury are released into the environment.
Mercury is now a global pollutant that causes severe reproductive, developmental, and neurological
impacts at low doses. Each year, the vinyl lifecycle is associated with the continuing release of many tons
of mercury into the environment.
Extreme difficulty of recycling. Very little PVC is recycled, and this fact is unlikely to change in the
foreseeable future. Because each PVC product contains a unique mix of additives, postconsumer
recycling of mixed PVC products is difficult and cannot yield vinyl products with equivalent qualities to
the original. Even in Europe, where PVC recycling is more advanced than in the United States, less than 3
percent of postconsumer PVC is recycled, and most of this is “down-cycled”into other products—
meaning there is no net reduction in the production of virgin PVC. By 2020, only 9 percent of all postconsumer PVC waste in Europe is expected to be recycled, with a maximum potential of no more than 18
percent.
When the entire lifecycle of PVC is considered, it is apparent that PVC is one of the most
environmentally hazardous materials in production. Vinyl production, use, and disposal is responsible for
generating large quantities of persistent, bioaccumulative, and toxic pollutants— and then releasing them
into the global environment. Available data suggest that PVC is a significant contributor to the world’s
burden of persistent organic pollutants and endocrine disrupting chemicals— including dioxins and
phthalates— that have accumulated universally in the environment and the bodies of the human
population.
These hazards are largely unique to PVC, which is the only major building material and the only
major plastic that contains chlorine or requires phthalate plasticizers and metal stabilizers. Vinyl is the
antithesis of a green building material. Efforts to speed adoption of safer, viable substitute building
materials can have significant, tangible benefits for human health and the environment.
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1. INTRODUCTION

PURPOSE
The purpose of this report is to present information on the environmental and health hazards associated
with the lifecycle of polyvinyl chloride plastic (PVC; commonly known as vinyl). This report is not
intended as a complete review of all aspects of the PVC lifecycle; rather, the most important evidence
indicating that PVC poses important hazards to health and the environment have been surveyed from a
perspective consistent with the precautionary principle. Individual chapters on the manufacture, use and
disposal of vinyl products discuss the formation, release, exposure, and health implications of hazardous
substances during the manufacture, use, and disposal of vinyl products are considered, as well as energy
consumption associated with PVC production. The final chapter presents background information on
scientific and economic issues relevant to vinyl and persistent organic pollutants, including a detailed
discussion of the environmental hazards of dioxin-like compounds and phthalate plasticizers, two
particularly hazardous classes of substances associated with the vinyl lifecycle.
In the United States, building and construction applications account for an estimated 75 percent
of all vinyl consumption.1 In the European Union, 60 percent of vinyl is used in building and construction
applications, with an additional 25 percent in appliances, electronics, and furniture,. 2 In this report,
hazards specific to building and construction uses are highlighted whenever possible; however, many of
the hazards of the vinyl lifecycle are general to all PVC uses and will be discussed in that context.
Because many of the hazards associated with PVC are global in scale, this report takes an international
perspective on vinyl markets and environmental impacts. Further, significant quantities of vinyl and vinyl
products are imported, so decisions on building materials in the United States have implications for
environmental quality and worker and community health wherever PVC is manufactured.
THE LIFECYCLE OF PVC
The PVC lifecycle is marked by three major stages— manufacture, use, and disposal (figure 1).
Environmental hazards of vinyl production include the formation and release of toxic substances and the
consumption of energy and resources in any and all of these steps.
Manufacture
PVC manufacture is comprised of five major steps— ethylene and chlorine gas production, feedstock
production, polymerization, formulation or compounding, and molding.
1. Ethylene and chlorine gas production— ethylene gas (purified from petroleum or natural gas) and
chlorine gas (synthesized from sea salt by high-energy electrolysis) are two basic materials for vinyl
production.
2. Feedstock production— ethylene dichloride (EDC, also known as 1,2-dichloroethane) can be
produced from chlorine and ethylene by chlorination or oxychlorination. In chlorination, ethylene
and chlorine are combined to produce EDC. Hydrogen chloride formed as a by-product in this
reaction is then combined with more ethylene to produce additional EDC in a process known as
oxychlorination. EDC is then converted into vinyl chloride monomer (VCM; the chemical name of
which is chloroethylene), by a reaction called pyrolysis.

1
2

Geiser 2000.
European Commission 2000.
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3. Polymerization— VCM molecules are linked together to yield polyvinyl chloride, typically a white
powder.
4. Formulation or compounding— pure PVC is mixed with other chemicals— stabilizers, plasticizers,
colorants, and the like — to yield a usable plastic with desired properties. In its pure form, PVC is not
particularly useful: it is rigid and brittle, and it gradually catalyzes its own decomposition when
exposed to ultraviolet light. For PVC to be made into useful products, additives must be mixed with
the polymer to make it flexible, moldable, and long lasting.3 PVC additives include a range of toxic
compounds, but the most environmentally important of these are the phthalate plasticizers and metalbased stabilizers— lead, cadmium, organotins, zinc, and other compounds.
5. Molding— the formulated plastic is molded to produce the final product, such as a bottle, floor tile, or
pipe.
Usage
The second major stage in the PVC lifecycle is the use of vinyl products. The duration of the product’s
useful life may be short (PVC packaging, with a lifetime measured in days or weeks) or moderate (PVC
floor tiles or roofing materials, which have an average lifetime of 9 to 10 years).4 Environmental hazards
during this stage include the release of toxic substances into the indoor or outdoor environment from the
vinyl product or during accidental combustion, especially where large quantities of PVC are used, such as
vinyl roofing membranes or siding.
Disposal
Finally, after its useful life, the vinyl product is disposed of, typically in incinerators or landfills.
Environmental impacts at this stage include the long-term persistence of vinyl products in land disposal
facilities, the product being leached of hazardous substances, and the formation and release of unintended
combustion by-products when vinyl is incinerated or processed in a secondary smelter for recycling metal
products. Only a small portion of vinyl is recycled, a process that can lead to the dispersal of hazardous
additives into the environment or a greater range of consumer products.
INTERNATIONAL ACTION ON PVC
In the fall of 2000, international negotiations were completed on the first legally binding instrument to
address global contamination by persistent organic pollutants (POPs). 5 The agreement, which will require
each nation to eliminate the production of POPs, represents a fundamental shift from the present control
and disposal techniques used to manage chemicals. Although the treaty takes initial action on just 12
pollutants, it includes provisions for additional substances to be addressed in the future. Four of these
pollutants are produced in significant quantities during the vinyl lifecycle (table 1).
Currently there is considerable international concern and activity to restrict PVC consumption for
environmental reasons. In 1995, for example, the American Public Health Association adopted a
consensus resolution that hospitals should “reduce or eliminate their use of PVC plastics”wherever
feasible due to the global health and environmental impacts of the PVC lifecycle— dioxin generation in
particular.6 In a study of all major packaging materials for the Council of State Governments in the United
States, the independent Tellus Institute found that PVC is the most environmentally damaging of all
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plastics.7 A lifecycle analysis by the Danish EPA found that the common plastics polyethylene,
polypropylene, polystyrene, polyethylene terephthalate (PET), and ethylene-propylene diene synthetic
rubber are all clearly preferable to PVC in terms of resource and energy consumption, accident risk, and
occupational and environmental hazards, including chemical exposure.8
Almost all European Union nations have restrictions on uses of PVC. These restrictions address
concerns about dioxin exposure, release of phthalate softeners, or the difficulty of recycling and waste
disposal. Among the most far-reaching policies are those of Sweden, whose parliament voted in 1995 to
gradually eliminate soft and rigid PVC. In 1996, Sweden called for a voluntary industry phase-out of all
PVC production. In 1999, it adopted a bill that includes mandatory provisions to eliminate use of PVC
with hazardous additives— including phthalates and lead— and to substitute PVC use with other materials
wherever feasible. From 1994 to 1999, this program had reduced total PVC use in Sweden by 39 percent. 9
Denmark established a national strategy to address the environmental hazards of PVC, including
a tax on PVC of $0.30 U.S. per kilogram, a higher tax on phthalates, a prohibition on the incineration of
PVC, and an order to substitute alternative materials for all non-recyclable PVC use. The German
Environmental Protection Agency (UBA) has called for an end to the use of phthalates and the gradual
phase-out all uses of flexible PVC.10 Due to the concern for dioxin generation, UBA has also called for a
ban on the use of PVC in applications susceptible to fire. 11 The policy in the Netherlands is to reduce the
use of PVC in products that are not recycled and to eliminate the use of phthalate plasticizers and lead
stabilizers in PVC. The European Union has begun an official process to review the environmental
hazards of PVC and to establish appropriate policy measures to safeguard the environment. 12
Not all action on PVC is restricted to Europe. India’s Ministry of the Environment and Forests
has established rules that ban the incineration of PVC and other chlorinated plastics in medical waste
incinerators. Singapore has informed the Secretariat of the Basel Convention on the transboundary
movement of hazardous waste that it considers PVC-containing waste and PVC-coated cables to be
hazardous waste that are therefore banned from import or export.13
Numerous local and regional governments have specific policies to avoid PVC in construction. 14
In Germany, 274 communities— including Berlin and Bonn— and six states have written policies to phaseout or restrict PVC. The Netherlands’four largest cities— Amsterdam, Den Haag, Rotterdam, and
Utrecht— have specifications to avoid PVC whenever possible in construction. Fifty-two cities in Spain
have declared themselves “PVC-free,”with specific strategies to substitute safer alternatives for PVC
construction materials. Basel, Switzerland, has guidelines for the use of environmentally friendly
materials, listing PVC as environmentally harmful and a candidate for substitution whenever possible. In
Austria, seven of nine states and a large number of municipalities have restrictions on PVC. The city of
Linz has reportedly achieved an 85 percent PVC phase-out in public buildings, and the Vienna subway
and Vienna Ost hospital were constructed without PVC.
Numerous major construction products have reduced or eliminated PVC entirely. In an effort to
utilize green building practices, the Sydney 2000 Olympics established a commitment “to minimizing and
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ideally avoiding the use of chlorine-based products such as PCBs, PVC, and chlorine-bleached paper.”15
PVC use was eliminated or radically reduced in the construction of the hotel, Olympic village, stadium,
and many other structures. Seville’s guidelines for the 2004 Olympics specify that “we must avoid the use
of PVC in construction, infrastructure, accessories and any other complements in Olympics facilities.”16
The headquarters for the Danish society of Engineers has been built without PVC, as has the new
European headquarters for Nike in Hilversum. Many buildings in the United Kingdom, including the new
Tate Gallery of Modern Art, have been designed and built to minimize or eliminate PVC use. 17
Many private firms have also taken steps to restrict or substitute PVC products.18 The Swedish
construction firms HM and Svenska Bostder have announced that they are phasing out PVC use. In Japan,
the electronics manufacturers AEG, Electrolux, Matsushita, Ricoh, Sharp, Sony-Europe, and Vorwerk
have PVC phase-out policies. German Telekom, Nippon, and Sumitomo Electric Industry have policies to
avoid PVC use in cable manufacture. The furniture and décor manufacturers and retailers Eco AB, EWE
Kuechen (Austria), IKEA, and Innarps AB have policies to avoid PVC products. In transportation, nearly
all of the world’s major car manufacturers, including BMW, Daimler-Benz, Ford, General Motors,
Honda, Nissan, Opel, Toyota, and Volkswagen AG have policies to reduce or eliminate the use of PVC in
automobiles.
Particularly urgent and widespread action has focused on PVC toys, due to concern for exposure
of children to phthalate plasticizers in flexible PVC. In the late 1990s, government ministries in Denmark
and the Netherlands found that substantial quantities of phthalates are released from PVC into saliva from
vinyl teethers and chew toys. As a result, these countries, along with ministries in Austria, Belgium,
Finland, France, Germany, Greece, Italy, Norway, Spain, and Sweden, sought bans on the use of soft
PVC in toys. In 1997, a number of European toy retailers and manufacturers suspended sales of PVC
teething rings or announced plans to eliminate all vinyl from their toy lines. In late 1998, when a wave of
publicity on the issue hit the U.S. press, Mattel, Toys-R-Us, and several other U.S. toy makers and
retailers announced that they would stop selling certain vinyl toys. 19 Subsequently, the U.S. Consumer
Product Safety Commission called on the toy industry to voluntarily stop making vinyl chewing toys that
contained phthalates. 20 In 1999, the European Commission finalized an emergency ban on six phthalate
plasticizers found in soft PVC toys. Although toys represent a small fraction of total PVC consumption,
the trend away from vinyl use in toys is significant for the entire industry. As one plastics industry
spokesman commented, “In the long run, the industry will go the way toys go.”21
PVC AND CHLORINE CHEMISTRY
EDC, PVC, VCM, and the by-products formed during the vinyl lifecycle are members of a large class of
problematic chemicals called organochlorines— organic (carbon-based) substances that also contain one
or more atoms of chlorine. The debate over PVC takes place in the context of broader concern about the
class of organochlorines— regarded by many as the most environmentally problematic class of synthetic
substances.22 PVC is the only major plastic used in buildings that contains chlorine. Chlorine-free plastics
include polyethylene (PE), polypropylene (PP), polyethylene terephthalate (PET), acrylonitrile-butadienestyrene (ABS) copolymer, ethylene vinyl acetate (EVA), and numerous others. Polyurethane,
polycarbonate, and epoxy resins are chlorine-free plastics that are currently manufactured via the
15
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organochlorine intermediates chlorohydrin, epichlorohydrin, phosgene, and propylene, but technologies
are being developed to produce these plastics through chlorine-free routes.23
The proper course of action for addressing organochlorines is controversial. Some organizations
and analysts, including the American Public Health Association and the International Joint Commission
(a binational advisory body of the United States and Canadian governments charged with protection of
the Great Lakes ecosystem), have called for a gradual phase-out of all uses of chlorine and
organochlorines. Others, including the chemical industry and the Society of Toxicologists, have
advocated continuing the current system of chemical-by-chemical regulation. 24
Decisions about the use of PVC in building materials do not require the proper course of action
on all organochlorines to be resolved. The question of vinyl should be seen, however, in the context of
concern about the class of chemicals of which PVC is perhaps the most important member. Vinyl and its
feedstocks have the largest production volume, by far, of all organochlorines. Further, a vast variety of
other organochlorines are produced in considerable quantities during the lifecycle of vinyl. Many of these
by-products are known to be hazardous; many more have not been specifically identified or evaluated for
their environmental behavior and toxicity, and an understanding of the general characteristics of
organochlorines is relevant to predicting their hazards.
Concern about organochlorines began with the recognition that they tend to dominate all major
lists of “priority pollutants.”For example, of the 12 POPs addressed by United Nations Environmental
Programme (UNEP), all are organochlorines, and four are produced by the PVC lifecycle (see table 1). Of
the 11 chemicals on the International Joint Commission’s Critical Track of hazardous pollutants in the
Great Lakes, eight are organochlorines, as are 168 of the 362 Great Lakes contaminants on the IJC’s
Secondary Track. 25 Organochlorines are prominent on EPA’s list of common groundwater pollutants and
of contaminants at hazardous waste sites, and they constitute the majority of the list of known endocrine
disrupting chemicals.26
Further analysis has revealed why organochlorines are so problematic. Organochlorines tend to
have several characteristics, all of which derive from fundamental chemical properties of the chlorine
atom. The same properties that make chlorine and organochlorines useful in industrial applications, in
fact, are responsible for their environmental hazards.
Reactivity of chlorine. Chlorine gas is extremely reactive, combining quickly and randomly with any
organic matter it contacts. This property makes it an effective bleach, disinfectant, and chemical
feedstock, but also results in the generation of a diverse mixture of by-products, typically containing
hundreds or thousands of organochlorines— including dioxins— whenever chlorine is used. 27
Persistence. The chlorine atom is extremely electronegative, which means it exerts a strong pull on the
electrons it shares with carbon atoms in an organochlorine— significantly stronger than the hydrogen
atom it usually replaces. The addition of chlorine to organic molecules therefore changes the chemical
stability of the resulting substance— often stabilizing but sometimes destabilizing it, depending on the
structure of the parent compound. In most cases, the resulting organochlorine is far less reactive than the
original substance; organochlorines that do break down usually degrade into other organochlorines, which
may be more persistent and toxic than the original substance. Stability makes organochlorines useful as
plastics, solvents, and refrigerants— applications for which long-life and fire-resistance are virtues. This
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same property, however, makes these organochlorines persistent in the environment and therefore likely
to accumulate and become globally distributed.
In some cases, organochlorines become more unstable and reactive than the parent compound, making
them useful as chemical intermediates. But this property also makes them more easily converted in the
body to toxic and reactive metabolites (other organochlorines), which can then proceed to damage DNA
or other essential molecules in cells.28 Chlorine’s impact on the stability of organic molecules thus has
one of two opposite effects, depending on the structure of the parent compound— and both are
problematic from an environmental health perspective.
Bioaccumulation. One factor that determines the solubility of a substance in water or fat is its molecular
size: the larger a molecule, the more it disrupts interactions among water molecules and the greater the
tendency for the substances to be nondissolvable in water. The chlorine atom is very large— several times
larger than an atom of carbon, hydrogen, or oxygen— so chlorination significantly increases the size of
organic molecules and as a result almost invariably increases solubility in fats and oils. The increase in fat
solubility applies to the chlorination of virtually any organic substance, and increases with each chlorine
atom added. 29 Thus, for example, tetrachloroethylene, hexachlorobenzene and octachlorodibenzofuran,
are about one hundred, one thousand, and one billion times more oil-soluble, respectively, than their
chlorine-free analogs (figure 2). Oil-solubility makes organochlorines useful as solvents and dielectric
fluids, but it is directly responsible for the tendency to bioaccumulate.
Toxicity. Organochlorines tend to be overwhelmingly toxic. The American Public Health Association has
concluded that “virtually all organochlorines that have been studied exhibit at least one of a range of
serious toxic effects, such as endocrine dysfunction, developmental impairment, birth defects,
reproductive dysfunction and infertility, immunosuppression and cancer, often at extremely low doses,
and many chlorinated organic compounds… are recognized as significant workplace hazards.”30
According to a comprehensive independent review of thousands of individual organochlorines,
chlorination of organic chemicals “is almost always associated with an increase in the toxic potential.
Only rarely does chlorination produce no increase or even a decrease in effects. This observation applies
for all kinds of toxic effect (acute, subchronic, and chronic toxicity; reproductive toxicity; mutagenicity;
and carcinogenicity).”31 The general toxicity of organochlorines makes them useful as pesticides and
antibiotics, but also hazardous to humans and wildlife once they enter the environment.
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Figure 1 Lifecycle of PVC
Stages are shown in boxes with bold and regular type. Arrows show material flows.

Table 1 Persistent organic pollutants addressed by UNEP’s International POPs Agreement
Pollutant
Aldrin
DDT
Dieldrin
Endrin
Chlordane
Heptachlor
* Hexachlorobenzene (HCB)
Mirex
Toxaphene
* Polychlorinated Biphenyls (PCBs)
* Polychlorinated dibenzo-p-dioxins (PCDDs)
* Polychlorinated dibenzo-furans (PCDFs)
* Produced at one or more points during the lifecycle of PVC.
Source: UNEP 1997.

Figure 2 Effect of chlorine on oil-solubility and bioaccumulation of organic chemicals
In all groups, chlorination increases the tendency of a chemical to dissolve in fats and oils, and each
chlorine atom has a greater effect. Blank cells indicate no data available.
Source: HSDB 1997.
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2. PVC PRODUCTION

PRODUCTION OF CHLORINE
The PVC lifecycle begins with the production of chlorine gas in the chlor-alkali process. Electricity is
passed through a solution of brine to produce sodium hydroxide (also called alkali or caustic soda) and
chlorine gas in a fixed ratio of 1.1 to 1. Because chlorine gas and sodium hydroxide react with each other
on contact, the key to the process is to separate immediately the chlorine from the alkali in a specially
designed electrolytic chamber, called a cell. There are three types of chlor-alkali cells in use, which differ
in the ways that chlorine and alkali are separated from each other.
The mercury process, the oldest and most energy-intensive of the three processes for chlorine
production, involves two connected cells. In the first cell, salt is split into chlorine gas and sodium at the
cell’s positive terminal (called the anode); the sodium forms an amalgam with a layer of liquid mercury,
which then flows into another cell, where it reacts with water to form sodium hydroxide and hydrogen
gas. The mercury process is banned in Japan, but 35.5 percent of chlorine production worldwide is by this
method, with 14 percent of chlorine in North America and 65 percent of that in Western Europe produced
by this technology as of 1994. In Western Europe, the Oslo-Paris Commission on the Northeast Atlantic
has recommended that mercury cells be phased out, so the proportion of mercury-related chlorine is
expected to decline. 32
In the asbestos diaphragm process, brine enters the cell and is split at the anode, yielding chlorine
gas and sodium ions. The ions then flow through a semi-permeable asbestos barrier to the other pole,
where they react with water to form sodium hydroxide and hydrogen gas. Chlorine, which cannot pass
through the membrane, remains near the anode. The diaphragm method was developed after the mercury
process and, as of 1994, accounted for 77 percent of all chlorine production in the United States and 25
percent in Europe.33
The remaining 7 percent of chlor-alkali production is based on the membrane process, the most
recently developed of the three methods. The membrane technique is similar to the diaphragm process,
except that a synthetic membrane rather than asbestos is used to separate the compartments in which
chlorine and alkali are formed. The membrane process uses slightly less energy and yields products of
higher purity than the other kinds of cell, but retrofitting a chlorine plant with membranes is expensive.
Because most chlor-alkali plants in the United States and Europe were built decades ago, few use the
membrane process. But most new facilities— particularly those in Asia and Latin America— are now
constructed with it. 34
The world chlor-alkali industry produced nearly 39 million metric tons of chlorine in 1997; 27
percent of that was made in the United States. There are 42 chlor-alkali facilities in the United States, but
more than 70 percent of production capacity is located at just 12 large plants in the Gulf Coast region of
Louisiana and Texas.35 Because vinyl accounts for more than 40 percent of all chlorine consumption, it is
reasonable to estimate that the same proportion of the environmental impacts of chlorine production—
releases of toxic substances and energy demand— is associated with the vinyl lifecycle.
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Organic by-products
From the moment that chlorine gas is formed in the chlor-alkali cell, it will react with any organic matter
present to form organochlorines. For this reason, manufacturers purify raw materials and equipment
surfaces carefully to remove as much organic material as possible. Nevertheless, carbon-containing
substances remain as trace impurities— in plastic materials or from the graphite electrodes used in some
types of chlor-alkali cells.36 Chlorine combines with these organic contaminants to form persistent
organochlorine by-products, such as HCB and hexachloroethane (HCE), which are found in the chlorine
product itself. 37 Chlorine gas can also be contaminated with PCBs, OCS, and tetrachlorobenzene. The
concentrations are moderate— 40 to 210 parts per billion (ppb)38— but the quantities are significant: based
on the levels found, the chlorine gas produced each year carries between 1.6 and 8.2 tons of these highly
persistent and toxic by-products into the world’s economy. 39 Based on an attributable fraction of 40
percent, the chlorine used for vinyl contains between 1,400 and 7,200 pounds of these substances
annually.
Much greater quantities of organochlorine contaminants are deposited in chlorine production
wastes. Swedish researchers have identified high concentrations of dioxins and furans 40 in the sludges
from spent graphite electrodes used in chlor-alkali cells,41 and high levels of polychlorinated
dibenzofurans have been found in the blood of Swedish chlor-alkali workers. 42 The levels were up to 650
ppb, with TEQ values up to 28 ppb. (Because dioxin-like compounds cause toxicity through a common
mechanism, mixtures of these substances can be expressed relative to the toxicity of TCDD, the most
toxic dioxin, as TCDD-equivalents (TEQ). To calculate the TEQ value for a mixture, the quantity of each
substance is multiplied by its toxicological potency relative to TCDD, and the TEQ is the sum of these
weighted quantities. A mixture with a calculated TEQ of 1 microgram is expected to have toxicity equal
to 1 microgram of TCDD.)
Severe contamination of fish and sediments with OCS — an extremely persistent, bioaccumulative
POP— has been documented near eight North American chlorine producers. Additionally, large-scale
OCS contamination of sediments in Lake Ontario has been traced to disposal of spent chlor-alkali
electrodes.43 OCS is now a global contaminant, with considerable levels found in the Canadian arctic—
and chlor-alkali manufacture is considered an important source of that contamination. 44
As a result of these problems, all chlor-alkali plants in North America and many in Europe
replaced graphite electrodes with titanium substitutes during the 1970s and 1980s— a move that industry
and government assumed eliminated the formation of organochlorine by-products. But recent data
indicate that even the most modern chlor-alkali plants produce dioxin-like compounds. With graphite
eliminated, traces of organic chemicals are still present, primarily from plastic pipes and valves that
release small quantities of their materials into the cell. A 1993 study by Swedish scientists found dioxins
36
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and furans in the sludge and plastic piping from a modern chlor-alkali plant with titanium electrodes at
levels near 5 ppt (TEQ).45 Subsequent Swedish research found significant quantities of chlorinated
dibenzofurans in the sludge from a chlor-alkali plant with titanium electrodes, apparently due to
chlorination of organic compounds in the rubber linings of the cell.46 In 1997, the UK Environment
Agency confirmed that a chlor-alkali plant owned by ICI Chemicals and Polymers, which replaced its
graphite electrodes around 1980, continues to release dioxins in its wastewater. 47
Mercury releases
Most of the mercury used in mercury chlor-alkali cells is recycled, but significant quantities are routinely
released into the environment via air, water, products, and waste sludges. In the 20th century as a whole,
chlor-alkali production has been the largest single source of mercury releases into the environment. 48 As
recently as the 1980s, the chlorine industry was second only to fossil fuel combustion as a mercury source
in Europe. 49
Many mercury-cell plants have been retired in the past two decades, and controls on existing
plants have improved, but chlor-alkali facilities remain a source of mercury pollution. The chlorine
industry is the largest mercury consumer in the United States; it is presumably even more important in
Europe, where the mercury cell process is more common. 50 According to the Chlorine Institute (an
industry organization) the chlor-alkali industry in the United States consumes 176,769 pounds of mercury
per year.51 By definition, materials consumed are by definition not recycled but are released directly to the
environment, into wastes, or in the product itself. Without providing documentation, the Vinyl Institute
has argued that only 20 percent of the chlorine produced by the mercury process in the United States is
used to produce PVC.52 Based on these two figures, vinyl manufacture in the United States alone is
associated with the release of more than 35,000 pounds (about 16 metric tons) of mercury into the
environment each year.
The U.S. industry’s figures probably significantly underestimate actual mercury releases. More
detailed estimates, derived by superior mass-balance accounting methods, are available based on studies
conducted by Euro-Chlor, the trade association of the European chlorine industry.53 This information
indicates that the world chlor-alkali industry consumed about 230 tons of mercury in 1994; this is the
quantity not recycled but lost from production processes each year. Exactly where the mercury goes
remains controversial, but if we extrapolate from the Euro-Chlor estimates, about 30 tons were released
directly into the air and water, 5 tons remained as a contaminant in the product, more than 150 tons were
45
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disposed on land, and 36 tons could not be accounted for (table 2). Based on these figures and an
attributable fraction of 40 percent, the PVC lifecycle is associated with the consumption of 92 metric tons
of mercury (202,400 pounds) per year, of which the majority is released into air, water, or landfills. If we
use the Vinyl Institute’s U.S.-based estimate that 20 percent of the chlorine produced by the mercury
process is used to produce PVC, production of chlorine for vinyl would account for the release of 46 tons
per year of mercury each year. The actual worldwide totals are likely to be even higher since the wellregulated facilities of Europe are not likely to be representative of those in other regions of the world.
Mercury is an extremely toxic, bioaccumulative global pollutant. Mercury compounds cause
irreversible health damage to wildlife and humans— especially to developing children, resulting in birth
defects, impaired neurological development, kidney damage, and severe neurological destruction. 54 The
most tragic and infamous example of mercury pollution happened in Minimata, Japan, where the Chisso
Chemical company routinely dumped mercury-contaminated waste into the local bay from the 1930s to
the 1960s. Fish in Minimata Bay bioaccumulated mercury to levels 40 to 60 times higher than those in
nearby ecosystems, and the local population— among whom a diet of fish played a key role— suffered
high mercury exposures. In the early 1950s, symptoms of chronic mercury poisoning, including
neurological toxicity, paralysis, coma, and death began to appear in adults in the community, and a
horrifying outbreak of severe birth defects and mental retardation occurred in children. Ultimately,
mercury poisoning killed hundreds and injured more than 20,000 people in the Minimata area.55 Chloralkali production is not traditionally assumed to have been the source of the Chisso’s mercury releases
because the company had been using mercury as a catalyst in fertilizer production since the 1930s. As one
history of the event points out, however, Chisso began using the mercury process to make chlorine for
PVC plastic in 1952. In 1953, symptoms of mercury poisoning began to appear in the local population,
and over the next four years the number of victims correlated with Chisso’s growing production volume
of vinyl chloride. 56 This pattern suggests that mercury releases from the chlor-alkali process are likely to
have played a role in the Minimata epidemic.
Today, mercury exposure remains a major environmental health problem. According to a recent
report by the U.S. National Academy of Science, “Individuals with high [mercury] exposure from
frequent fish consumption might have little or no margin of safety— in other words, exposures of highend consumers are close to those with observable adverse effects. Those most at risk are children of
women who consumed large amounts of fish and seafood during pregnancy. The committee concludes
that the risk to that population is likely to be sufficient to result in an increase in the number of children
who struggle to keep up in school and who might require remedial classes or special education.”57
Mercury cells are now banned in Japan and are gradually being phased out in the United States
and Europe as well, but releases of mercury remain a problem. In the 1980s, for instance, a major British
chlor-alkali facility was found to be discharging up to 100 kilograms per day of mercury into local
waterways; more than a decade later, mercury levels in the sediment remained extremely high. 58 In Italy,
elevated levels of mercury in air, soil, and plant tissues have been found in the vicinity of a mercurybased chlor-alkali plant owned by the Solvay Company.59 In India, a 1990 study of waterways around a
chlorine facility documented severe mercury contamination of fish and sediments. 60
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Energy consumption
Chlorine production requires enormous amounts of energy. Chlor-alkali electrolysis is one of the most
energy-intensive industrial processes in the world. The production of one ton of chlorine requires about
3,000 kilowatt-hours of electricity, and the global chlor-alkali industry consumes about 117 billion
kilowatt-hours of electricity each year.61 This quantity is about 1 percent of the world’s total demand for
electricity, 62 costs about $5 billion per year,63 and is equivalent to the annual power production of about
20 medium-sized nuclear power plants.64 As a major energy consumer, chlorine chemistry contributes
considerably to all the environmental problems— global warming, air pollution, acid rain, mercury
emissions, generation of radioactive and other wastes from the mining, processing, and consumption of
nuclear fuels, and so on— that are associated with energy production.
Based on an attributable fraction of 40 percent of chlorine demand, the chlorine consumed in
vinyl production is associated with electricity consumption of approximately 47 billion kilowatt-hours per
year. On a per mass basis, production of chlorine to make one ton of PVC consumes about 1,800
kilowatt-hours of electricity, based on the fact that pure PVC is 59 percent chlorine by weight. Additional
energy is consumed in the chemical synthesis of EDC, VCM, and PVC and in the production of additives
in the vinyl product. An estimate of the total energy consumption required for the manufacture of PVC is
beyond the scope of this document.
SYNTHESIS OF EDC AND VCM
Releases of EDC and VCM
Large quantities of EDC and VCM are released directly into the environment during the production of
feedstocks for PVC. Because at least 95 percent of the world’s annual production of 24 million tons of
VCM goes into PVC, these releases are almost entirely attributable to vinyl products.
Undoubtedly, extremely large quantities of EDC and VCM are released into the air and water
each year. As part of the U.S. Toxics Release Inventory (TRI), manufacturers of PVC and its feedstocks
self-reported emissions of 887,000 and 798,000 pounds of VCM and EDC, respectively, directly into the
environment in 1998; an additional 2 million pounds of VCM and 27 million pounds of EDC were
reported sent to sewage treatment plants or off-site waste facilities. 65 These figures may significantly
underestimate actual releases, however, because of widely recognized problems with the TRI database.
Reported emissions are not based on actual monitoring of releases, and estimation methods vary greatly
among facilities. Most importantly, TRI release estimates are self-reported by the industry and are thereby
subject to no independent verification.
More valid figures come from estimates made by the Norwegian government in 1993. Based on a
detailed mass balance conducted at a Norwegian facility, specific estimates of per-ton releases of EDC
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and VCM from vinyl manufacture were made (table 3). Extrapolating these estimates using 1990 vinyl
production figures, 66 we can calculate that the PVC industry releases at least 100,000 tons each of EDC
and VCM into the air each year— plus more than 200 tons of EDC and 20 tons of VCM into surface
water. Worldwide VCM production has increased by about 50 percent in the past decade, 67 which
increases the associated estimates of total releases by a similar fraction. The actual total may be even
higher since this estimate was extrapolated from emissions at a single facility in Norway: manufacturers
in many other nations have less advanced pollution control equipment and less careful plant operation
than this relatively modern, well-regulated facility.
EDC and VCM are not particularly persistent— but both are highly toxic. Releases of these
compounds therefore pose the greatest hazards for communities and ecosystems near EDC/VCM
manufacturing facilities. The facility studied in Norway, for instance, releases 40 to 100 tons of EDC each
year directly into the local atmosphere.68 In the United States, some 12.5 million people are exposed to
EDC emissions from chemical manufacturing facilities, according to the National Institute for
Occupational Safety and Health. Workers in plants that manufacture PVC or its feedstocks receive the
highest exposures to these compounds in workplace air— 81,000 U.S. workers are regularly exposed to
vinyl chloride, while 77,000 are exposed to EDC.69
According to the International Agency for Research on Cancer and the U.S. National Toxicology
Program, VCM is a known human carcinogen, and EDC is a probable human carcinogen. Studies of
workers exposed to VCM have shown an unambiguous increase in liver cancer. Four out of five studies
also report an increased risk of brain cancer that is statistically significant in a combined analysis. 70 Both
EDC and VCM cause a variety of other toxic effects, including immune suppression, liver damage,
neurological toxicity, and testicular damage.71
Since the carcinogenicity of VCM was established, government regulations have required
considerable reductions in worker VCM exposure. In the United States, workplace VCM levels within the
1–5 ppb range are now required— orders of magnitude lower than typical concentrations of the 1950s and
1960s— but much higher levels continue to occur in facilities elsewhere. 72 For example, a recent survey
found that workers in Asia and Eastern Europe are typically exposed to VCM at levels up to 1,000 times
the typical U.S. concentrations. In China, the air in dormitories for plastics industry workers and their
families contains VCM levels that exceed the permissible workplace level in the United States.73
Although occupational exposure to EDC and VCM has declined significantly in the United
States, even the much lower levels that now characterize the domestic vinyl industry remain a matter of
concern, because there appears to be no safe dose of these compounds. The mechanisms by which EDC
and VCM cause cancer have been elucidated, and it is now clear that both substances are genotoxic—
causing irreversible damage to DNA. Indeed, VCM has been shown to form chemical bonds with DNA,
leading to mutations that abolish natural controls over cell differentiation and proliferation. 74 Currently
accepted biological theory indicates that mutations in a single cell can result in the development of a
malignant tumor; similarly, a single molecule of a genotoxic substance can damage DNA. Carcinogens
such as VCM therefore are not likely to have a threshold below which they do not increase the risk of
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cancer. That is, any exposure to this carcinogen poses some risk of cancer, and the magnitude of the risk
increases with the level of exposure. 75 The same is true of other health impacts mediated by DNA
damage, including certain birth defects and genetic diseases. Thus, reduced levels of EDC and VCM in
U.S. PVC production facilities reduce but do not eliminate the occupational health risks from these
chemicals.
The health effects of community EDC and VCM exposure remain largely unstudied. It is clear,
however, that severe environmental contamination and social disruption have occurred in several
communities near EDC and VCM production facilities. As an example, Reveilletown, Louisiana, was
once a small African-American community adjacent to a EDC/VCM facility owned by Georgia-Gulf. In
the 1980s, after a plume of vinyl chloride in groundwater began to seep under homes in the area, a
number of residents complained of health problems and brought a lawsuit against the company. In 1988,
Georgia-Gulf agreed to an out-of-court settlement that provided for the permanent evacuation of the
community but sealed the court records and imposed a gag order on the plaintiffs. One hundred six
residents were relocated and Reveilletown has since been demolished. 76
The next year, as concern about air and groundwater pollution grew around Dow Chemical’s
EDC/VCM facility five miles from Reveilletown in the small town of Morrisonville, near Plaquemine,
Louisiana, Dow began to buy out and relocate citizens there in a pro-active program to avoid exposure,
liability, and bad press. Morrisonville, too, is now all but abandoned. 77 On the other side of the state, in
Lake Charles, Louisiana, PPG and Vista Chemical manufacture EDC and VCM, which, along with byproducts of their synthesis, now contaminate water and sediments in the Calcasieu Estuary. 78 Residents
here continue to occupy their homes, drink local water, and eat fish from the area’s polluted bayous.
Because many EDC/VCM manufacturing facilities are located in communities with poor and/or minority
populations, this stage of the PVC lifecycle has considerable environmental justice impacts.
Formation of organochlorine by-products
EDC/VCM synthesis generates large quantities of persistent, bioaccumulative by-products. EDC is made
in two ways: ethylene is chlorinated with chlorine gas, or ethylene is oxychlorinated with hydrogen
chloride that has been formed as a waste in other synthesis processes. Most EDC producers use both
methods in a linked cycle, since chlorination of ethylene generates hydrogen chloride as a by-product,
which can then be used in oxychlorination. Both processes yield a complex mixture of reaction products,
which are then distilled to yield three batches of materials: the distilled EDC product, the light ends (those
substances more volatile than EDC), and the heavy ends (less volatile than EDC). The waste quantities
are quite large— about two kilograms each of heavy and light ends for each ton of EDC produced. Based
on these figures, world EDC synthesis by the oxychlorination process produces at least 30,000 tons per
year each of light and heavy ends. 79
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In general, the heavy ends are discarded and the light ends reprocessed in other chemical
reactions. EDC goes on to be pyrolyzed— heated in the absence of oxygen— to yield VCM. By-products
formed in this process include chlorinated ethanes, chlorobenzene, chlorobutadiene, ethylenes, methanes,
and large amounts of complex but uncharacterized waste tars.80 According to industry sources, the total
amount of chemical wastes produced in the various processes involved in EDC/VCM synthesis is
estimated as between 3 to 10 percent of the VCM yield— a staggering 570,000 to 1.9 million tons of byproducts each year.81
The heavy ends contain most of the persistent and toxic by-products. No academic or government
studies have sought to identify all the compounds present in these wastes, but there are data from industry
and environmental groups. In 1990, Dow Chemical analyzed its EDC heavy ends and found them to be
about 65 percent chlorine, including large quantities of highly persistent, bioaccumulative, and toxic
substances: 302 ppm PCBs, 0.3 percent HCE, 1.2 percent hexachlorobutadiene (HCBD), and 30.6 percent
unidentified compounds. 82 If Dow’s analysis is representative of heavy ends in general, then EDC
oxychlorination results in the worldwide production of a remarkable 20,000 pounds of PCBs each year,
even though these compounds were banned from intentional production some 20 years ago.83
The vinyl industry claims that these by-products are “contained”within the production equipment
and thereby never released into the environment. But releases and contamination have clearly occurred. In
1993, chemists from the Greenpeace laboratory at the University of Exeter analyzed material from a
number of European EDC/VCM manufacturers. Soil and gravel samples taken near a Swedish
oxychlorination reactor contained a wide variety of persistent organochlorines in the high ppm range, and
HCB and HCBD were present at the remarkable levels of 1.9 and 0.6 percent by weight.84 The following
year, Greenpeace obtained samples of heavy ends from several U.S. EDC/VCM manufacturers and had
them analyzed by the Exeter laboratory. In one sample from Borden Chemical, 174 organochlorines were
identified, including a wide variety of highly chlorinated substances with a range of chemical structures,
many of them highly persistent, bioaccumulative, and toxic. 85
Formation of dioxins
With PCBs and HCB in the wastes from PVC production, it is no surprise that the structurally related and
extremely hazardous dioxins and furans are found in significant quantities, as well. Dioxins have been
detected in the wastes from VCM synthesis. In research at a chemical plant in Russia, substantial
quantities of dioxins and furans were identified in the wastewater and wastewater sludge from the
pyrolytic production of VCM from EDC— as well as in the waste incinerator emissions. 86 But the largest
quantities of dioxin are formed in the production of EDC by oxychlorination. As the British chemical
company ICI made clear in a submission to the government, the formation of dioxin in this process is
inevitable and unpreventable:
It has been known since the publication of a paper in 1989 that these oxychlorination reactions
generate polychlorinated dibenzodioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs).
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The reactions include all of the ingredients and conditions necessary to form PCDD/PCDFs, i.e.,
air or oxygen, a hydrocarbon (ethylene, etc.), chlorine or hydrogen chloride, a copper catalyst, an
ideal temperature, and an adequate residence time. It is difficult to see how any of these
conditions could be modified so as to prevent PCDD/PCDF formation without seriously
impairing the reaction for which the process is designed.87
The 1989 paper to which ICI was referring was the work of a group of chemists at the University
of Amsterdam who simulated the oxychlorination process in the laboratory and found dioxin formation at
a rate that would make this method of producing EDC one of the world’s largest— if not the largest—
sources of dioxin.88 These authors estimated that 419 grams of dioxin TEQ are formed per 100,000 tons
of EDC produced— a rate equivalent to more than 60,000 grams of dioxin (TEQ) per year from the world
vinyl industry.89 Although not all the dioxins created would be released directly into the environment, this
quantity is more than 50 times the annual dioxin emissions from all trash incinerators in the United
States— the largest known source of U.S. dioxin emissions. It is also double the 25,000 grams of dioxin
(TEQ) per year that EPA estimates are carried into the environment by contaminated
pentachlorophenol90— the largest identified source of dioxin to any environmental medium.
This research generated considerable public and scientific concern. As a result, the vinyl industry
began its own sampling program. In 1993, the Norwegian PVC manufacturer Norsk-Hydro confirmed
that its EDC/VCM synthesis plant produced dioxins but claimed the quantities were hundreds of times
lower than the Dutch study had predicted. 91 How much dioxin is actually formed remains uncertain,
because both studies have strengths and weaknesses. On one hand, the Dutch analysis may be a more
accurate indicator of total dioxin generation because the researchers captured and analyzed all the
material outputs from the oxychlorination process. The Norwegian report, like any study of a full-scale
facility, inevitably missed some of the by-products, which are directed into too many different equipment
surfaces, products, recirculating materials, and wastes to be completely assessed in a large-scale industrial
context. On the other hand, the Dutch study was a laboratory simulation, and the industry analysis took
place at a real production facility; there may be reasons why the simulation caused more dioxin to form
than a real-world synthesis of EDC.
Whatever the exact quantities, there can be no doubt that dioxin generation occurs in far from
negligible amounts. In 1994, government scientists found dioxins at high concentrations (up to 414 ppb
TEQ) in sludges from a fully modernized EDC/VCM plant in Germany, refuting the claim that only
outdated EDC/VCM technologies produce dioxin. 92 The same year, ICI Chemicals and Polymers found
that its vinyl chloride plant in Runcorn, UK, was producing large quantities of dioxin — not as much as the
Dutch studies predicted but substantially more than Norsk-Hydro had estimated. Most of the dioxins at
ICI were deposited in heavy-end wastes, and smaller quantities were released directly into the air and
water.93
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In the United States, wastes from Vulcan Chemical’s EDC plant in Louisiana have been found to
contain dioxins and furans at the concentration of 6.4 ppm (TEQ), which makes them among the most
dioxin-contaminated wastes ever discovered, on a par with wastes associated with the manufacture of
Agent Orange. 94 In 2000, Norwegian scientists reported finding “extremely high”concentrations of
dioxins and furans— 26.6 ppm (60.7 ppb TEQ) — in the sludges from a VCM/EDC manufacturing plant.
Considerable quantities of dioxins and furans had migrated from an on-site disposal facility for these
sludges into groundwater, a nearby brook, and the Gulf of Finland in the Baltic Sea. Dioxin and furan
levels in several fish species in the region of the plant were 2 to 9 times higher than levels in fish caught
from a relatively uncontaminated local comparison area. Considerable quantities of PCBs were also found
in sediments near the plant and were attributed to the production of EDC/VCM. 95
The wastes from EDC synthesis have one of two major destinations. In some facilities, wastes are
used in the manufacture of chlorinated solvents— wherein the contaminants end up in the wastes or
products from those processes. In other facilities, the wastes are disposed of, usually by incineration. (A
discussion of environmental releases from this practice follows). But not all by-products of EDC/VCM
synthesis end up in the hazardous wastes— some escape directly into the environment. Dioxins have been
detected in wastewater discharges and air emissions from a number of EDC/VCM plants,96 and local and
regional contamination of water, sediments, and shellfish has been linked to EDC/VCM manufacturers in
Europe and the United States.97 For example, severe dioxin contamination of sediments in Italy’s Venice
Lagoon has been linked to an EDC/VCM manufacturing facility. 98 In the Netherlands, levels of dioxins in
sediment samples in the River Rhine jump dramatically immediately downstream from an EDC/VCM
manufacturing plant.99 The levels are so high, in fact, that the majority of dioxins in Rhine sediments
downstream from the plant— all the way to the river’s mouth, and in the entire North and Wadden Seas—
appear to be attributable to the facility.100
These dioxin releases contribute not only to environmental contamination but also to human
exposure. In Lake Charles, Louisiana, the U.S. Centers for Disease Control reported that residents in the
Mossville area— located across the road from a large vinyl chloride manufacturing facility— have blood
levels of dioxins and furans (TEQ) averaging nearly three times those of a comparison population (an
increase that was statistically significant at the 95 percent confidence level). Eggs from chickens raised in
the area were found to contain dioxins and furans at levels nearly double those in store-bought eggs; but
the sample size was too small for statistical significance to be evaluated. The study did not evaluate
specifically whether the increased dioxin levels were due to releases of dioxin from the EDC/VCM
synthesis, from on-site incinerators for production wastes, or from some other process at facilities in the
area.101
Other by-products are also present near chemical plants that make PVC feedstocks. In Lake
Charles, Louisiana, the National Oceanic and Atmospheric Administration (NOAA) found high levels of
persistent organochlorines in the water, sediment, and fish of bayous near EDC/VCM facilities owned by
PPG and Vista Chemical. According to NOAA, the geographical pattern of contamination indicates that
PPG is the primary cause of high levels of organochlorines in the water and sediment. In one portion of
the estuary near PPG’s facility, concentrations of HCB, HCBD, and HCE exceeded 1,000 ppm in
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sediment; in some samples, these three by-products represented from 0.1 percent to an extraordinary 4.8
percent of the sediment’s total mass.102
POLYMERIZATION, COMPOUNDING, AND MOLDING
Polymerization of VCM to make pure PVC is a more diffusely structured industry than EDC/VCM
synthesis, with smaller quantities of product made at a greater number of facilities. No estimates of the
total quantity of VCM released into the workplace and the local environment in these stages are available.
Traditionally, worker exposure in this sector has been assumed to be higher than in any other process. 103
As previously discussed, numerous studies of the health of workers in PVC polymerization facilities have
been conducted, and they have established a causal connection to angiosarcoma of the liver and revealed
statistically significant excesses of brain cancer and neurological effects among VCM-exposed workers.
In the United States, worker exposure in this sector has declined in recent decades.
Release of phthalates into the environment and occupational exposure to these substances is
another issue in the later manufacturing stages of the vinyl lifecycle. In 1997, chemical and plastics
industries in the United States reported releasing 213,621 pounds of the plasticizer diethylhexyl phthalate
(DEHP) directly into the air, plus 71,004 pounds into the land. 104 Occupational exposures can be
significant: in one plastics molding facility, DEHP levels have been measured at 11,500 nanograms per
cubic meter, thousands of times higher than the levels typically found in outdoor air. 105 According to the
National Toxicology Program, “workers may be exposed to relatively high concentrations during the
compounding of DEHP with PVC resins. The major route of exposure is inhalation.”106
There are few direct studies of health impacts and phthalate exposure in the PVC manufacturing
industry. Two studies by a research group in Sweden indicate an increased risk of testicular cancer among
workers in PVC manufacturing industries. In the first study, a variety of occupational exposures were
investigated for a possible link to testicular cancer. Work in plastics production was found to cause a 2.9fold increase in the risk of testicular cancer. 107 The second study tested and clarified the relationship
between plastics work and testicular cancer. In this report, using a case-control study of 163 men with
testicular cancer and 326 without the condition, occupational work with PVC plastic was associated with
a 5.6-fold increase in the risk of seminoma— the form of testicular cancer that occurs later in life and may
thus plausibly be caused by occupational exposure. The increased risk was statistically significant and
highest among those men with the greatest cumulative exposures. No significant increases in the testicular
cancer rate were seen among men who worked with other types of plastics. Because exposure to
endocrine-disrupting compounds can lead to testicular cancer, the authors hypothesized that exposure to
phthalates used as plasticizers in PVC— some of which are known endocrine disrupters and testicular
toxicants— may be the specific cause of the increased risks. 108 These results contrast with those of a
Danish study that found no relationship between work in cable manufacture— a large consumer of PVC—
and testicular cancer.109
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DISPOSAL OF EDC/VCM WASTES
The organochlorine-rich heavy ends produced by EDC/VCM manufacture are regulated as a hazardous
waste in the United States. The majority of these are disposed of by incineration, usually in on-site
furnaces at the production facility. In theory, a properly designed and operated incinerator converts
organochlorines by oxidation into carbon dioxide, hydrogen chloride, and water. Real-world combustion
systems, however, never take this reaction to completion for all the compounds fed into them. Most
compounds are completely oxidized, but some fraction escapes unburned, and a larger portion is
converted into new organic compounds, called products of incomplete combustion (PICs). According to
EPA’s technical review document on hazardous waste incineration, “The complete combustion of all
hydrocarbons to produce only water and carbon dioxide is theoretical and could occur only under ideal
conditions… Real world combustion systems… virtually always produce PICs, some of which have been
determined to be highly toxic.”110
By-products form in incinerators for the same reasons as in chemical manufacturing: multiple
reaction pathways, local optima that lead to stable by-products, and deviations from optimal conditions.
In incineration, the problems are particularly acute— wastes are complex mixtures of diverse materials
that can never be uniformly blended. Further, combustion is by nature a stochastic process of bond
breakage and formation; at high temperatures, most of the molecules will be completely oxidized, but
some will follow alternative reaction pathways and emerge as PICs. Transient variations and upsets are a
particular problem with incinerators. Good management can reduce but never eliminate the production of
PICs, as EPA’s analysis made clear:
[Deviations from optimum] usually are a consequence of a rapid perturbation in the incinerator
resulting from a rapid transient in feed rate or composition, failure to adequately atomize a liquid
fuel, excursions in operating temperature, instances where the combustible mixture fraction is
outside the range of good operating practice, or inadequate mixing between the combustibles and
the oxidant… The amount and composition of PICs will depend in a complex and unpredictable
way on the nature of the perturbation.111
The type of incinerator and how well it is operated will affect the magnitude of the PICs released,
but the production of chlorinated PICs— including the most hazardous ones like the dioxins and furans—
is a universal and inevitable outcome whenever chlorinated wastes are burned. As the British Department
of the Environment noted, “Comprehensive tests have established that all waste incinerators, independent
of type of incinerator or waste composition, are likely to produce all of the possible 75 PCDD and 135
PCDF isomers and congeners, as well as about 400 other organic compounds.”112
By-products form from diverse and unpredictable reactions not only in the furnace but also in the
cooler zones, where control over combustion conditions is nearly irrelevant.113 Dioxins can even form in
pollution control devices or smokestacks, where chlorine gas, hydrochloric acid, or organochlorine
precursors come in contact with organic compounds in fly ash. This process, called de novo dioxin
formation, is greatly accelerated if iron or copper catalysts are present, as they are in EDC/VCM wastes
and municipal trash.114
This means that incinerators not only destroy organochlorines, as they are supposed to, but also
manufacture them. EPA estimates that PICs formed in the incineration process number in the
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thousands. 115 Of these, some have been characterized, and the rest remain unidentified. Laboratory tests
show that burning methane— the simplest possible hydrocarbon— in the presence of a chlorine source
produces more than 100 organochlorine PICs. These by-products, ranging from chlorinated methanes to
dioxins, are produced by a set of reactions thought to be common to all incineration processes in which
chlorine is present.116 It is much more challenging to analyze PICs in the stack gas of real-world
incinerators, but more than 50 organochlorines or groups of organochlorines have been identified in the
emissions of hazardous waste incinerators— ranging from the structurally simple carcinogen carbon
tetrachloride to highly persistent and bioaccumulative compounds like chlorinated hexanes, dioxins,
ethers, furans, naphthalenes, PCBs, phenols, and thiophenes. 117
As in other aspects of the vinyl lifecycle, the identified compounds are just the beginning. At
hazardous waste incinerators, the most comprehensive research burns have identified about 60 percent of
the total mass of unburned hydrocarbons in incinerator stack gases, and most field tests have had far less
success in identifying the PICs emitted.118 There is good reason to be concerned about these mystery
compounds because at least some appear to be in the same toxicological family as dioxins. German
researchers measuring the dioxin-like toxicity of trash incinerator fly ash using a biological test found that
toxicity was up to five times greater than could be accounted for by the amount of dioxins, furans, and
PCBs in the ash.119 The remaining dioxin-like effect was presumably caused by scores of other
compounds— such as chlorinated naphthalenes, diphenyl ethers, thiophenes, and many others — that can
cause similar health effects but were not specifically measured.
The total quantity of PICs and unburned wastes emitted from incinerators is not known precisely,
but it appears to be large. In the United States, hazardous waste incinerators must pass a trial burn that
requires them to demonstrate a destruction and removal efficiency (DRE) of 99.99 percent of the organic
compounds fed to them, which means that no more than 0.01 percent of several test chemicals fed into the
furnace may be measured in stack emissions. But high DREs do not mean that the environment is
protected, for several reasons.
•

EDC heavy ends are burned in such immense quantities that even if all incinerators achieved 99.99
percent DRE, they would still emit more than 6,600 pounds per year of unburned hazardous wastes
into the air in the United States alone.120

•

Much greater amounts of organochlorines are released as PICs. “Destruction”means only that the
chemical tested was transformed into some substance other than the original compound, and PICs are
not counted against the 99.99 percent DRE figure. EPA’s Science Advisory Board has estimated that
the total quantity of PICs that hazardous waste incinerators emit to the air may be up to 1 percent of

115

EPA 1989.
Eklund et al. 1988. Similarly, combustion under well-controlled laboratory conditions of trichloroethylene,
another relatively simply organochlorine, produces a variety of persistent organochlorine PICs, including
hexachloropentadiene, highly chlorinated benzenes and indenes, PCBs, and the dioxin-like chlorofulvalenes
(Blankenship et al. 1994).
117
Trenholm and Lee 1986; Trenholm and Thurnau 1987; Dellinger et al. 1988; Chang et al. 1988; EPA 1987a and
1987b; Wienecke et al. 1995.
118
EPA 1990.
119
Markus et al. (1997) used a calibrated bioassay to quantify the activity of the cytochrome p4501A1 enzyme,
which is induced by dioxin and serves as a “sensitive and selective”marker of dioxin exposure. The total dioxinlike toxicity of the fly ash exceeded that predicted by the quantity of dioxins, furans, and PCBs in the sample by
a factor of two to five.
120
Assuming incineration of 30,000 tons of EDC heavy ends per year.
116

29

the organic matter fed to them. 121 This estimate suggests that incineration of heavy ends from vinyl
manufacture would emit some 660,000 pounds of PICs each year.
•

Still more unburned wastes and PICs are transferred to the land or water where the ash, sludge, and
effluent from incinerators are disposed of. These quantities are not included in a DRE, which reflects
not only destruction of waste chemicals but also their removal by pollution control devices. An
incinerator with a filter that captures 95 percent of the dioxin in the stack gas deposits 20 times more
dioxin in its ash than it emits into the air, without any effect on the calculated DRE.

•

DREs are calculated from an incinerator’s performance when burning test chemicals that are fed in
high concentrations, but two EPA studies have found that substances in low concentrations burn
much less efficiently. Chemicals that are present in wastes in the ppb or ppm range— such as the
dioxins, PCBs, and many other by-products in EDC/VCM wastes— are subject to destruction
efficiencies as low as 99 percent, implying that significant amounts of these hazardous substances
will escape intact from incinerators.122

•

DREs measured in trial burns are unlikely to reflect emission rates during routine operation because
trial burns involve the combustion of simplified mixtures of pure chemicals under carefully
controlled, closely scrutinized conditions. In daily use, incinerators generally perform less efficiently,
due to the complexity of real-world wastes and the frequency of upsets, operator error, and equipment
malfunction. 123 Further, the standard trial burn protocol allows the measurement of emissions to stop
when the feed of waste chemicals to the incinerator stops, but emissions can continue for days,
resulting in total emissions of unburned wastes that are orders of magnitude greater — and DREs far
lower— than those measured during the trial burn. 124

For these reasons, an incinerator burning EDC/VCM manufacturing wastes may be certified as
achieving 99.99 percent DRE when, in fact, it is emitting huge quantities of unburned and partially
burned wastes into the environment.
VINYL INSTITUTES’S SELF-CHARACTERIZATION OF DIOXIN RELEASES
The Vinyl Institute (VI) has argued that its role in dioxin formation is minimal, primarily based
on its own study, called the “dioxin self-characterization.”125 In this report, the Vinyl Institute concludes
that the U.S. PVC industry releases about 13 grams of dioxin (TEQ) per year to the environment. This
estimate is also the basis for the Vinyl Institute’s contention that vinyl production is responsible for only a
small fraction of identified dioxin releases in the United States.126
There are three reasons to be skeptical of the industry’s reassurances about its dioxin emissions:
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•

Even if the Vinyl Institute’s estimate is accurate, 13 grams of dioxin per year is still highly
significant, justifying action to reduce vinyl consumption. U.S. EPA’s current standard for the
acceptable daily dioxin intake of an average adult (weighing 70 kg) is 0.153 billionths of a gram
per year.127 Based on its own estimates, then, the vinyl industry’s annual releases of dioxin into
the environment equal the acceptable annual dose for about 85 billion people. (Not all of the
dioxins released by the industry will result in direct human exposures, of course. The point of this
calculation is to demonstrate that, because dioxin is so exquisitely toxic, a quantity of dioxin that
appears small on a mass basis is in fact extremely significant from a toxicological perspective.)

•

The Vinyl Institute’s figures on its dioxin releases are likely to be gross underestimates because
they omit the majority of the dioxin produced during the vinyl lifecycle. The industry’s self
characterization analyzed several potential pathways for dioxin release, finding low to moderate
quantities of dioxins and furans in samples of EDC, PVC products, air emissions, and wastewater
and sludge from its treatment. But numerous pathways that contain the largest amounts of
dioxin— along with many PVC-related processes that are major dioxin sources— were completely
ignored. No data, for example, were gathered on dioxin contamination of chemical streams that
re-circulate in the manufacturing process, of light ends and other wastes used in other synthesis
processes, and— most importantly, because these are known to be so severely contaminated—
heavy ends, tars, and other hazardous wastes that are sent to disposal facilities. Nor did the
program address what is apparently the largest PVC-related dioxin source— the burning of vinyl
in incinerators, smelters, and accidental fires. Thus, the industry’s estimates are grossly
incomplete and do not effectively refute the argument that the lifecycle of PVC is a major dioxin
source.

•

The Vinyl Institute’s estimates have not been independently verified. In this self-characterization,
the PVC industry decided when and where to take samples, how to collect them, how to analyze
dioxin content, which data to present, and how to interpret this data before submitting their results
to EPA. While an independent panel reviewed the submission, the industry chose which data the
panel saw. Information about the samples— including which facility they came from— was
completely confidential, so neither reviewers nor the public had the opportunity to determine
whether sampling times and locations accurately represented typical dioxin releases. Most
importantly, no one was able to independently evaluate, confirm, or act on the information.

It would be naïve to take at face value the industry’s own estimates of the magnitude of its releases of
dioxin— a substance that is the subject of major public concern and regulatory activity— particularly when
those estimates conflict with a large body of information gathered by independent sources, such as those
cited above.
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Table 2 Mercury releases from the world chlor-alkali industry, 1994
Metric tons of mercury per year1 PVC attributable portion2
Total consumption
229.8
91.9
Air emissions
26.3
10.5
Discharges to water
2.8
1.1
Contaminants in products
5.5
2.2
Disposed on land
157.8
63.1
Unaccounted for
36.0
14.4

1. Assuming 39 million metric tons per year of chlorine production worldwide, of which 35.5 percent was
produced by the mercury process.
2. Assuming that PVC accounts for 40 percent of chlorine consumption worldwide and that an equal
fraction of the chlorine produced in mercury cells is used for PVC; the Vinyl Institute has argued that the
attributable fraction for mercury is 20 percent in the United States.
Note: These data are based on mass balances prepared by the chlorine industry for facilities in Europe
and may not accurately represent global averages.
Source: Ayres 1997.

_____________________________________________________________________________________
Table 3 Releases of EDC and VCM in PVC production stages;
Norwegian government estimates, 1993

Product
EDC synthesis (1 ton)
VCM synthesis (1 ton)
PVC polymerization (1 ton)

Grams released per ton of product
EDC to air
EDC to water
VCM to air
–
7
–
5000
1
1000
–
–
5100

VCM to water
–
1
–

–Indicates releases <1 g/ton.
Source: SFT 1993.

_____________________________________________________________________________________
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3. USE OF PVC PRODUCTS

PVC is not bioavailable, so the polymer itself is not toxic during use. But vinyl products are not pure
PVC; they contain both accidental contaminants and chemical modifiers that are added to the plastic on
purpose, and some of these may pose health hazards. Moreover, PVC products often encounter reactive
conditions— accidental fires in particular— that can transform the plastic into hazardous by-products.
BY-PRODUCT FORMATION
Some portion of the diverse organochlorine by-products created in the synthesis of EDC/VCM end up in
the PVC itself. In May 1994, the Swedish Environmental Protection Agency found that pure PVC plastic
from two Swedish producers contained dioxins, furans, and PCBs at concentrations ranging from 0.86 to
8.69 ppt TEQ.128 In 1995, the UK government found dioxins and furans in the same range in PVC food
packaging items, including cling film and bottles for oils and beverages. 129 Subsequently, the U.S. Vinyl
Institute and the European plastics industries conducted their own studies, both of which identified trace
quantities of some dioxin congeners in some samples of PVC plastic.130 The levels were very low, but any
quantity of dioxin in consumer products is a matter of concern.
INDOOR AIR QUALITY: RELEASE OF TOXICANTS
Because chemical additives are present in PVC in large amounts, they are particularly problematic. PVC
additives include a range of toxic compounds, but the most important of these are the phthalate
plasticizers and metallic stabilizers. Phthalates can make up a large portion— up to 60 percent by weight—
of the final vinyl product.131 Flexible PVC— including flooring, roofing membranes, and wall coverings
— accounts for more than half of all vinyl demand, while the remainder is rigid, unplasticized materials
such as pipes and siding.132 Stabilizers— including lead, cadmium, organotins, and other compounds— are
used to extend the life of PVC products exposed to light, and they are typically present in lower but still
significant concentrations. About 5.4 million tons of phthalates and 156 thousand tons of lead are used
each year in the worldwide production of PVC.133 Vinyl accounts for more than 90 percent of the total
consumption of phthalates, so the health and environmental impacts of phtahatles are overwhelmingly
attributable to PVC.134
The additives are not chemically bonded to the PVC polymer but are mixed into the plastic during
its formulation. Over time, these additives leach out of vinyl products, entering the air, water, or other
liquids with which the product comes in contact. When PVC containers and films are used to hold food
products, plasticizers migrate out of the plastic and accumulate in foods, especially fatty ones like cheese
and meats.135 The common practice of storing blood and drug formulations in PVC bags causes phthalates

128

SEPA 1994.
MAFF 1995.
130
Wagenaar et al. 1996; Carroll et al. 1996.
131
DTI 1995.
132
These figures are for Western Europe (European Commission 2000); in the U.S., where unplasticized vinyl
siding is more widely used, the relevant figure may be slightly lower.
133
My calculations are extrapolated from the figures for Sweden, where the lead input into PVC equals 0.653
percent of total PVC production, and the phthalate input equals 22.6 percent (TNO Centre for Technology and
Policy Studies 1996), assuming 24 million tons of PVC production worldwide.
134
TNO Centre for Technology and Policy Studies 1996.
135
DTI 1995.
129

33

to leach into the container’s contents, which can result in substantial short-term phthalate exposures for
the recipient.136 Newborn infants receiving a single blood transfusion have been found to have extremely
high levels of phthalates in their systems. 137 When exposure is repeated, blood levels of phthalates can be
100 to 1,000 times greater than “background”and can reach levels at which liver damage and birth
defects can occur in animals. 138 Phthalates are also released in significant quantities into saliva when
small children suck on vinyl toys and teethers.139
Release of phthalate plasticizers
Of particular relevance to the health and environmental impacts of building materials is the release of
phthalates into indoor air from flexible PVC. The plastics industry has argued that most phthalates have
low vapor pressures; therefore they are not expected to volatilize much.140 But this prediction is not borne
out by experience: empirical data make clear that phthalates are released in considerable amounts from
vinyl products into the indoor atmosphere. For example, DEHP levels in indoor air average 20 to 103
nanograms per cubic meter, compared to 0.3 to 4.0 nanograms per cubic meter in outdoor air.141 As one
review concluded, “Phthalates are typically present in indoor air at much higher concentrations than
outdoor air due to their high concentrations in consumer products and building materials.”142 According to
figures cited by the National Toxicology Program, inhalation accounts for about 15 percent of the average
adult’s daily intake of DEHP.143
The relatively low vapor pressure of most phthalates may explain their tendency to be present on
dust particles in higher concentrations than in the vapor phase. One U.S. study of indoor dust and air
samples taken from homes and offices found substantial levels of all phthalates tested. Levels were
highest of DEHP and butyl benzyl phthalate (BBP), which were present in dust at the remarkably high
mean levels of 315 and 117 ppm, respectively. 144 Another recent study of indoor air in Norwegian
residences had similar findings, reporting an average of 960 ppm (including 640 ppm of DEHP and 110
ppm of BBP) on sedimented dust particles and 1,180 ppm (more than 0.1 percent) on suspended dust
particles. 145 This study also found that a large portion of the phthalate-contaminated dust particles were
small enough to be taken into the airway and lungs. As discussed later, phthalates impair reproduction and
development, and some are suspected carcinogens.
Asthma and other conditions
The high levels of phthalates in indoor air suggest the possibility that these compounds may contribute to
the risk of asthma— the cases of which have been steadily increasing in recent decades— particularly
among children. In 1997, an analysis of phthalate levels in indoor air pointed out that MEHP— the
primary metabolite of DEHP— induces bronchial hyper-reactivity in rats, presumably by its ability to bind
to and activate the receptor for prostaglandin D2, a locally-acting hormone that triggers inflammation.
This report concluded, “We propose that the increase in asthma is due to contributory factors of
environmental chemicals in general, and specifically DEHP through its primary hydrolysis product
136
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MEHP, which affects the bronchial contracting receptors and thereby generates a hyperreactive condition
in the lungs. This will increase the risk of a pathological development in addition to aggravation of the
effects of other environmental agents.”146
Three epidemiological studies have tested this hypothesis and found evidence that exposure to
PVC in building interiors increases the risk of asthma and related conditions. The first study of 251
Norwegian children with bronchial obstruction, with an equal number of healthy children for comparison,
found that the presence of PVC flooring in the home was associated with a statistically significant 1.9fold increase in the risk of bronchial obstruction. Further analysis revealed a dose-response relationship
between the amount of PVC and other plasticizer-containing materials in the home and the risk of this
condition— a finding that increases confidence that the association between exposure and risk is not a
spurious one.147
A larger follow-up study in Finland found that children in homes with PVC flooring or wall
covering were significantly more likely to suffer from asthma, persistent wheezing, pneumonia,
prolonged cough, and phlegm in the airway. The researchers concluded, “Emissions from plastic
materials indoors may have adverse effects on the lower respiratory tracts of small children… Our
findings provide additional evidence that indoor plastic materials may emit chemicals that have adverse
effects on the lower respiratory tracts of small children… and warrant further attention to the types of
plastic materials used in interior decoration.”148
A third study focused on the presence of certain breakdown products of DEHP in indoor air. This
report by Swedish researchers examined the prevalence of symptoms of eye and nasal irritation, as well as
biochemical indicators of inflammation and secretion in these tissues, in relation to the presence of 2ethyl-1-hexanol (EH) in indoor air. EH is the primary breakdown product of DEHP in damp conditions,
which sometimes occur when floors or walls that are covered with an impermeable layer of vinyl become
wet. The study examined the staff of four nursing homes— three with PVC flooring, and one without.
Workers in the two buildings with damp PVC surfaces were exposed to higher levels of EH and had
significantly increased symptoms of nasal and ocular irritation, as well as of biochemical indicators. Other
indoor air factors could not explain the finding, as levels of formaldehyde, molds, bacteria, ozone, and
NO2 were low in all four buildings. The authors concluded, “Emissions related to the degradation of
DEHP due to dampness in the floors… may affect the mucous membranes in the eyes and nose, decrease
tear film stability and increase the occurrence of ocular and nasal symptoms. The low occurrence of both
symptoms and signs in the building with special materials and design illustrates that it is possible to
construct a new building with a minimum of adverse effects on nasal and ocular membranes.”149
This evidence does not prove that PVC is a major cause of asthma, but it justifies concern about
the role of indoor exposure to phthalate plasticizers in relation to this widespread condition and action to
reduce exposures.
Toxic mold growth
Vinyl’s tendency to trap dampness can create another indoor air problem— the growth of toxic molds.
Some molds produce toxic and/or allergenic products, particularly among sensitive individuals. These
molds do not normally grow indoors but can grow on persistently damp surfaces that contain nutrients
(including gypsum and sheetrock), if they are suitably warm and protected from drying out. Repair of the
mildewed material has cost millions of dollars, and liability claims are on the rise for property damage
146

Oie et al. 1997.
Jaakola et al. 1999.
148
Jaakola et al. 2000.
149
Wieslander et al. 1999.
147

35

and personal injury caused by mold growing inside buildings, including headaches, skin rashes, memory
loss, respiratory problems, lung disease, and brain damage. 150 Vinyl wallcoverings, because they are
impermeable to water vapor, are said to be the major cause of mold and mildew in interiors, according to
several building industry sources.151 The vinyl industry confirms that vinyl wall coverings have created
this situation in many buildings; PVC acts as “a vapor barrier that traps moisture inside the wall cavity,
where it condenses against the relatively cool inside surface of the wall. Prolonged exposure to these
conditions will result in deterioration of the gypsum board.”152 The industry suggests that use of
permeable membranes on the outside wall part of the cavity and prevention of moisture infiltration can
help reduce the risk of mildew growth.153 Because dampness and condensation can occur inside vinylsealed walls from temperature and humidity differentials produced by heating and air conditioning
systems, however, at least one authoritative building industry source recommends avoiding vinyl
wallcoverings altogether to prevent mold and mildew growth.154
Releases of lead and other stabilizers
Metal stabilizers are also released from PVC products. Significant releases of lead have been documented
from PVC window blinds, 155 leading to a warning by the U.S. Consumer Product Safety Commission.
Lead is also known to leach into water carried in PVC pipes that contain lead stabilizers.156
But lead continues to be used in building-related materials, as are other hazardous additives. Lead
stabilizers are commonly used in pipes, vinyl cables, and window profiles, although their use is greater in
Europe than in the United States. 157 Lead accounts for nearly 70 percent of all vinyl stabilizers in Europe,
with consumption of more than 51,000 tons of lead in PVC annually, based on 2000 estimates by the
European Union.158 Lead is an infinitely persistent substance and is exquisitely toxic to the developing
brain— even in tiny amounts. In November 2000, the Danish government took action to ban the use of
virtually all lead compounds, including those in PVC cables, gutters, pipes, roofing, and windows, by no
later than 2003.159
PVC is also associated with other toxic metals. According to the European Commission, 50 tons
(110,000 pounds) of cadmium— also a highly neurotoxic and infinitely persistent metal— are used in vinyl
each year in Europe, although quantities are declining. Consumption of organotin compounds in vinyl is
estimated at 15,000 tons, mostly in rigid films, roofing materials, and clear rigid construction sheeting. 160
Organotins used in vinyl can suppress the immune systems, cause birth defects, damage the liver, bile
duct, and pancreas, and may pose hazards to the aquatic organisms when released into the environment. 161
Further, the mono- and di-butyl tin compounds used in PVC are contaminated with tributyl tin (TBT), a
potent endocrine-disrupting compound that has caused major damage to marine wildlife populations.162
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ACCIDENTAL COMBUSTION
The possibility of fire is another major hazard associated with the use of PVC products. Vinyl
manufactures often stress the materials’fire resistant properties— due to the high fraction of chlorine in
PVC— as an advantage for hospitals, schools, and other public buildings. In fact, chlorine’s resistance to
combustion represents a hazard, not a benefit.
PVC is now ubiquitous in modern buildings and vehicles. When vinyl burns, the primary
combustion products are carbon dioxide, hydrochloric acid, and water. In several major fires,
hydrochloric acid has caused severe burns toskin, eyes, and lungs and is an important cause of toxicity to
firefighters and persons exposed to fumes and smoke. It can also cause severe damage to computers and
other equipment. 163 When large masses of PVC are present— as in vinyl siding or roofing membranes—
the hazards may extend to building occupants and the surrounding community.
The hazards of PVC in fires have prompted action or positions by a number of expert
organizations. The U.S. military has adopted specifications to avoid PVC-jacketed cables in aircraft,
space vehicles, and enclosures in which offgassing may occur in the event of fire. 164 In the United
Kingdom, the Fire Brigades Union (FBU) has stated, “The FBU is now particularly concerned about the
safety of PVC based building materials that are used in the construction and fitting out of buildings when
involved in fire.”165 The International Association of Firefighters has stated,
Because of its majority chlorine content, when PVC burns in fires two hazardous substances are
formed which present acute and chronic hazards to fire fighters, building occupants, and the
surrounding community. These are hydrogen chloride gas and dioxin. Hydrogen chloride is a
corrosive, highly toxic gas that can cause skin burns and when comes into contact with the
mucous lining of the respiratory tract creates hydrochloric acid, which can cause severe
respiratory damage. Exposure to a single PVC fire can cause permanent respiratory disease.
Dioxin is an unintentional by-product of PVC combustion, and would most likely be left
behind in ash and debris from a PVC fire. While only small amounts of dioxin may be formed as
the result of burning PVC, it is one of the most toxic substances known to science. Dioxin is a
known human carcinogen and has been linked to reproductive disorders, immune suppression,
and endometriosis, and other diseases in laboratory animals.
Due to its intrinsic hazards, we support efforts to identify and use alternative building
materials that do not pose as much risk as PVC to firefighters, building occupants or
communities.166
Accidental fires provide very poor combustion conditions, so substantial amounts of dioxin and
other organochlorines form as products of incomplete combustion in a vinyl fire. 167 Indeed, the
combustion conditions in an accidental fire, where gases do not mix thoroughly and materials cool rapidly
as they escape from the flame, are considered optimal for the rapid production of dioxins. 168 As a result,
all accidental fires in buildings containing PVC are likely to generate dioxins and other persistent,
bioaccumulative organochlorines. For example, in Germany after a fire in a kindergarten that contained
substantial quantities of PVC, scientists measured dioxin levels in indoor soot at concentrations of 45,000
ppt (TEQ) — almost 300 times greater than the German government’s health standard. This situation
required the building’s interior to be completely stripped of PVC— all floors, ceilings, wall coverings,
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furnishings, and so on— sandblasted, and remediated by hazardous waste experts before children were
allowed to enter again.169 Dioxins have also been identified in the residues from burning automobiles,
railway coaches, and subway cars.170
Even a small amount of dioxin from each of the 621,000 structural fires and 421,000 vehicle fires
in the United States each year could substantially contribute to dioxin contamination of the
environment.171 The German EPA and the German Environment Ministers have called for the use of
substitutes for PVC in all areas susceptible to fire, but PVC use in construction continues to grow on a
global basis.172 As a result, a stockpile of PVC, waiting to burn, is accumulating in immense quantities.
Worldwide, more than 400 million tons of PVC are “in stock”— that is, in use in various applications,
mostly construction-related, and susceptible to fire at some point. 173 The Vinyl Institute has argued that
PVC fires are probably a relatively small contributor to the total dioxin burden, based on a study that
quantified dioxin levels in soot residues within a limited radius of a fire at a plastics facility. 174 But more
than 90 percent of the dioxins produced in a structural fire are in the gaseous phase and escape into the
atmosphere, 175 and an additional amount is transported beyond the local area, so this study is likely to
have underestimated total dioxin emissions by at least a factor of ten. EPA has concluded that the data are
currently inadequate to make a firm quantitative estimate of the contribution of accidental structural fires
to national dioxin emissions. 176
While many small fires taken together may constitute an important source of organochlorines, a
single fire at a large commercial building, disposal site, PVC factory, or warehouse can generate large
quantities of pollutants. A home contains at most a few hundred kilograms of PVC, 177 but a large building
may contain much more. For example, a vinyl-lined roof on an average-sized school contains more than
10 tons of PVC,178 and a plastics warehouse or landfill may have hundreds of tons on-site. After a fire at a
plastics warehouse in Binghamton, New York, dioxin levels in soil on the site were found to be more than
100 times greater than other samples from the same community. 179 Elevated dioxin levels have also been
reported in a university building after an interior fire in a lecture hall that contained PVC components. 180
According to the European Commission, fires are estimated to account for 6.6 percent of all dioxin
emissions from identified sources (table 3).
PVC fires not only create dioxins and other organochlorines, they also release additives held in
the plastic. The world stock of PVC in use contains a staggering 3.2 million tons of lead and 83 million

169

Fiedler et al. 1993.
Versar, Inc. 1996.
171
Versar, Inc. 1996.
172
UBA 1992; German Environment Ministers 1992.
173
I have extrapolated from figures for Sweden (TNO Centre for Technology and Policy Studies 1996), which
indicate that the stock of PVC in use (2 million tons) equals 22.47 years of current PVC production. I have
assumed a similar stock-to-production ratio worldwide, and annual PVC production of 19.1 million tons per year
(DTI 1995). Use of more recent figures for global PVC production would increase this estimate substantially
(Kielhorn et al. 2000).
174
Carroll 1995.
175
Versar 1996; EPA 1998.
176
EPA 1998.
177
Carroll 1995.
178
Assuming a roof size of 80,000 square feet and a mass of 0.31 pounds of vinyl roofing membrane per square foot
(Cummings 2001).
179
Schecter and Kessler 1996.
180
Deutsch and Goldfarb 1988.
170

38

tons of phthalates. 181 Since lead cannot be destroyed by combustion, accidental fires represent an
important potential source of lead exposure— a hazard which looms larger as more and more PVC
accumulates worldwide in building applications.
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4. DISPOSAL OF PVC PRODUCTS

The final stage of PVC’s lifecycle creates the most severe environmental hazards. About 30 to 50 percent
of the vinyl produced annually— some 8 to 12 million tons per year worldwide— ends up in the trash
stream. 182 EPA has estimated that at least 15 million tons of PVC are disposed of annually in the
United.183 Although some building materials have a relatively long lifetime, significant quantities of vinyl
are disposed of as cutaways in preconsumer waste and, ultimately, in demolition or renovation wastes
when a product’s useful lifetime ends. Construction products are often thought of as a long-life sector of
PVC use, but vinyl products in commercial interiors— often renovated well before their components are
physically spent— have relatively short lifetimes.
RECYCLING
One thing is true everywhere: very little postconsumer PVC is recycled. A substantial portion of
preconsumer PVC— scraps and cuttings from manufacturing stages— is recycled, but the quantities of
preconsumer waste represent a small amount of the PVC waste stream. Recycling postconsumer PVC is
extremely difficult because vinyl products are mixtures of PVC and additives, and each specific
formulation is uniquely suited to its application. In virtually all post-consumer vinyl recycling, many
formulations are mixed together, destroying the special properties of each. As a result, recycled postconsumer PVC is always of lower quality than the original material, so it can be used only in products
without strict material requirements, such as fence posts and speed bumps.184
Since recycled PVC is almost never used to make a new version of the original product, downcycling is a better term for the process than recycling185 An example of true recycling is the reprocessing
of paper: the old fibers are used to make new paper products, and a new tree does not need to be cut
down. In contrast, a new vinyl wall covering or floor tile must be made of new plastic. Down-cycling
does not reduce the amount of PVC produced each year or the total quantity of PVC building up on the
planet. The illusion of recycling actually increases the global PVC burden by finding new uses for old
PVC while creating a positive image for a product that can be neither safely disposed of nor truly
recycled. As the European Commission put it, while true recycling has obvious environmental benefits,
“the environmental advantages of the down-cycling of mixed plastics for the production of products
which substitute concrete, wood, or other non-plastic applications are less certain.”186
In the European Union countries, less than 3 percent of postconsumer PVC waste is recycled—
the majority of which is actually down-cycling of cable and packaging wastes. According to a 2000 report
by the European Commission, “high-quality mechanical recycling for post-consumer [vinyl] wastes is
still in a preliminary stage and exists only for a few product groups and with low quantities.”187 Sweden, a
nation with an ambitious and effecting recycling program, had a total PVC recycling rate of just 2 percent
in 1999, nearly all of it preconsumer waste.188 The European Commission projects that only 9 percent of
all PVC waste is likely to be recycled by 2020, with a maximum potential of no more than 18 percent. 189
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Such low recycling rates, even with time to develop an ambitious program, indicate that PVC is not and
cannot be a green building material.
The American Association of Postconsumer Plastics Recyclers announced in 1998 that its
attempts to recycle PVC had failed and that it would henceforth view vinyl products as unrecyclable
contaminants in the municipal waste stream.190
There are also concerns about the potential environmental hazards of PVC recycling. Mechanical
recycling of PVC can release additives, including phthalates and stabilizers, which may then be dispersed
into the recycled products, into the environment, or, if they are captured, disposed of on land or in
incinerators. The European Commission has recognized significant concerns about the presence of lead
and cadmium stabilizers in PVC products that are recycled and their subsequent dispersal into a greater
range of consumer products.191
LAND DISPOSAL
A significant portion of discarded PVC ends up in landfills, and almost all the remainder is burned— the
exact proportions vary from one country to another. In landfills, there are three concerns about PVC
disposal. First, the persistence of PVC, which typically lasts for centuries in a landfill, presents a
significant burden in terms of the demand for landfill space. Second, the release of additives in the plastic
can contaminate groundwater. Because phthalates and metals are not chemically bonded to the polymer,
they can leach out of disposed products into landfill leachate, eventually contaminating groundwater. 192
Third, fires can occur during or after the disposal process, releasing hazardous substances into the
air, including dioxins and metals. In Hamilton, Ontario, for example, after some 200 tons of PVC burned
at a plastics recycling facility, samples of ash, soot, and tree leaves from the fire area were found to
contain elevated quantities of dioxins. 193 Of particular concern are landfill fires, which occur with some
regularity at landfills and waste storage sites where large quantities of PVC are present. Data on dioxin
releases from landfill fires are limited, but EPA estimates that landfill fires may emit on the order of 1,000
grams of dioxins and furans (TEQ) into the air each year in the United States, second only to trash
incinerators among U.S. dioxin sources to the air. 194
INCINERATION
Role of PVC in incineration
In every inventory of dioxin sources in the world, trash incinerators and other combustion sources account
for the majority of identified dioxin releases into the environment (table 4), and PVC is the predominant
source of dioxin-generating chlorine in these facilities. In municipal waste incinerators, PVC contributes
at least 80 percent of the organically-bound chlorine and 50 to 67 percent of the total chlorine
(organochlorines plus inorganic chloride) in the waste stream— although it makes up only about 0.5
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percent of the trash stream by weight.195 In the United States, an estimated 200,000 to 300,000 tons of
PVC is incinerated in trash burners every year.196 Large quantities of PVC also go to medical waste
incinerators, where PVC accounts for 5 to 18 percent of the waste stream— more than 90 percent of the
organic chlorine, and more than 80 percent of the total chlorine content of medical waste. 197 As table 3
shows, PVC is a major source of chlorine— and therefore of dioxin formation— in many of the major
world’s dioxin sources identified to date. In fact, sources in which PVC is the dominant chlorine donor
account for 77 percent of all inventoried dioxin emissions in the U.S. and 50 percent in Europe.
Without a doubt, burning vinyl is a source of dioxin. Numerous laboratory combustion tests
involving pure PVC (or pure PVC in the presence of metal catalysts) produce considerable amounts of
dioxin. 198 No one has attempted to identify the full range of by-products that form when PVC burns, but
45 organochlorines— including persistent and toxic chlorinated benzenes, naphthalenes, PCBs, PCDFs,
phenols, and styrenes— have been found in the combustion products when the closely related plastic
polyvinylidene chloride (PVDC; commonly known as Saran Wrap) is incinerated.199
As in many other processes, the identified compounds are just the beginning. In municipal
incinerators, the most thorough analysis to date identified several hundred PICs, including 38
organochlorines— chlorinated benzenes, ethylenes, methanes, PCBs, and others — but 58 percent of the
total mass of PICs remained unidentified. 200 As noted above, a considerable portion of these mystery
compounds are likely to be hazardous, and at least some are known to cause dioxin-like toxicity.
Incinerators also release additives contained in PVC products into the environment. An estimated
45,000 tons of lead stabilizers in PVC enter the world’s municipal trash each year, based on Swdeish
figures..201 Because lead cannot be destroyed by incineration, all lead that enters an incinerator ultimately
enters the environment via stack emissions, ash, scrubber effluent, or wastewater sludges. Incinerators are
now the largest source of lead emissions into the environment; PVC is responsible for about 20 percent of
the lead in the waste stream, according to Swedish figures.202 In the European Union, vinyl contributes
from 1 to 28 percent of the lead and 10 percent of the cadmium entering municipal waste incinerators. 203
Not all vinyl burning takes place in high-tech incinerators. In developing countries and rural areas
of industrial nations, open burning of waste is a common method to rid trash and debris. A recent study
by U.S. EPA and the New York Department of Environmental Conservation indicates that backyard
burning of trash in barrels can result in massive emissions of toxic chemicals, including chlorinated
benzenes, methanes, phenols, as well as dioxins and furans. Emissions of dioxins and furans per pound of
waste burned were 12,000 to 75,000 times higher than emissions from an optimally operated modern
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trash incinerator.204 Further, when more PVC was burned, average releases of dioxin and all other
chlorinated PICs rose substantially; the experiment did not include enough replications for the statistical
significance of the increase to be evaluated. Although it is unlikely that construction or demolition waste
from commercial buildings will be disposed of by uncontrolled burning, materials used in residential
construction in rural areas and developing countries may be. The rapidly expanding use of vinyl in
developing nations, where expensive means of waste management are not available, has the potential to
cause a major increase in worldwide emissions of dioxins.
Some spent metal products that contain vinyl— including materials used in buildings such as
cables and electronics equipment— are recycled or reprocessed in smelters, and these facilities are also
major dioxin sources. Secondary copper smelters, for example, recover copper from PVC-coated wire and
cable and PVC-containing telephone cases. High dioxin emissions have been measured at these facilities,
which are considered major dioxin sources in most inventories. 205 Most importantly, removing some of
the vinyl sheathing before cables are fed to the smelters reduces dioxin emissions considerably.206
Secondary steel smelters have also been found to emit large quantities of dioxin, in part because they
recover metal from scrap automobiles that contain PVC.207 Secondary lead smelters release dioxin and
other organochlorines, too, due to the feed of lead automobile batteries with internal PVC parts. In the
United States, however, PVC has been recently phased out of this application, so EPA no longer
considers lead smelters an important dioxin source. 208
Dioxin Formation and PVC— Evidence from Combustion Experiments
Following an aggressive effort by the chemical and plastics industry, an apparent controversy has
developed over whether burning PVC in incinerators results in increased dioxin emissions. The data,
however, strongly support the view that dioxin forms when PVC and other organochlorines burn, and
further that burning more PVC (or other organochlorines) results in the formation of more dioxin. This is
not to say that the organochlorine content of the waste is the only factor involved in dioxin formation;
facility design, operating conditions, and the presence of catalysts also play major roles. Chlorine is a
requirement for dioxin synthesis, and preventing the introduction of organochlorines into incinerators is
the best means to prevent dioxin formation. Conversely, because burning PVC is known to produce
dioxin, burning more PVC will produce more dioxin, and burning less PVC will reduce dioxin
generation.
Dioxin cannot be formed without a chlorine source, so emissions from incinerators must be the
result of burning organochlorines, burning salt, or some combination of the two. To suggest that
organochlorines are not important dioxin precursors requires burning organochlorines to produce little or
no dioxin and the combustion of inorganic chloride salts to be the predominant source of dioxin. Several
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lines of evidence indicate that organochlorines— particularly PVC— are the most important and most
preventable cause of dioxin emissions from combustors.
The first line of evidence comes from numerous well-conducted studies in the laboratory. Results
from the laboratory are particularly convincing because, unlike trial burns at full-scale incinerators, they
allow combustion conditions, emissions, and input materials to be carefully controlled and accurately
monitored. Studies of this type indicate that burning PVC is clearly an important dioxin source.
•

The German EPA has found that burning PVC or other organochlorines produces dioxin— with
concentrations in ash residues ranging from 3.2 to 662 ppt (TEQ). But combustion of several
types of organochlorine-free but chloride-containing cotton, paper, wood, or wool does not
produce dioxin above the detection limit of 0.1 ppt209 (table 5).

•

Two separate studies by Danish researchers have found that burning pure PVC produces dioxin.
Under some conditions, the quantities formed are quite large.210

•

A 2000 report by Japanese researchers found that adding 4 percent PVC to a mixture of chlorinefree materials in a lab-scale incinerator had an “intense effect in dioxin emissions”— a more than
10-fold increase. Adding an equal quantity of salt caused at most a two-fold increase.211

•

When newspaper or chlorine-free plastics are burned in a laboratory-scale incinerator, dioxin
generation is extremely low. When PVC is added to the mix, dioxin levels in fly ash increase by a
factor of 200 to 1,200— compared to 13- to 45-fold increase when salt is added. 212

•

When PVC is added to a mixture of chloride-containing coal and bark, dioxin concentrations in
the residues increase by a factor of 10 to 100; the more PVC added, the higher the dioxin
concentration. 213

•

Adding PVC during combustion of natural chloride-containing wood products increases dioxin
levels in the ash by 15 to 2,400 times. When large quantities of chemical hardeners containing
inorganic chloride are added, dioxin levels rise somewhat, but are still 3 to 350 times lower than
when PVC is included in the mix.214 A Swiss study confirmed these results, finding that dioxin
levels in fly ash from the burning of waste wood that has been glued, painted, or otherwise
processed are up to 2,000 times higher than in ash from the burning of natural wood. 215

•

Combustion of a mixture of coal and salt produces trace quantities of dioxins and furans in the
off-gas, but when elemental chlorine is added to the mix, total dioxin formation increases 130fold.216

•

Burning chloride-containing vegetable matter does not produce detectable PCDD/Fs, but
including PVC or chlorine gas along with the plant material does.217
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•

The same pattern exists for other organochlorines. Finnish researchers have found that burning
perchloroethylene in a laboratory combustion reactor produces more dioxins, chlorobenzenes, and
chlorophenols than burning sodium chloride.218 An American study found that formation of
dioxin precursors rises as the proportion of organochlorines in the waste increases,219 while three
others have found that adding salt to a combustion reaction has no detectable effect on dioxin
formation.220

In full-scale or pilot-scale incinerators (units smaller than commercial burners but similar in
design), the evidence also supports a relationship between burning organochlorines and creating dioxin,
but there are also some contradictory studies, possibly due to the difficulty of analyzing complex input
and output streams and adjusting for fluctuating operating conditions:
•

The Danish EPA has found that doubling the PVC content of an incinerator’s waste input
increases dioxin emissions by 32 percent, while doubling the chloride content increases dioxin
emissions by a much smaller margin. 221

•

A team of Japanese researchers has reported on two separate sets of experiments that showed
burning a mixture of PVC and polyethylene— in which PVC is the only chlorine source—
produces substantial quantities of dioxin. 222

•

Two groups of researchers from Finland have found that dioxin levels in stack gas or fly ash are
very low when a mixture of coal and chlorine-free plastics is burned, but rise substantially when
PVC is added to the mix.223

•

A 1996 study for the Dutch Environment Ministry reported that when both PVC and chloridecontaining compostable matter are removed from municipal waste, emissions of chlorophenols—
indicator compounds for dioxin formation— were extremely low. When 20 percent of the original
amount of compostables was added back into the mix, emissions did not increase, but when 30
percent of the original amount of PVC was added along with the compostables, chlorophenol
emissions approximately doubled.224

•

A series of studies at a pilot-scale incinerator at the University of Florida has documented a clear
relationship between the feed of PVC and the emission of chlorophenols. The authors summed up
their findings: “These experimental, phenomenological and theoretical studies of toxic emissions
from incineration all support the physically intuitive hypothesis that reduction of chlorinated
plastics in the input waste stream results in reduction of aromatic chlorinated organic emissions....
We are convinced that, when all other factors are held constant, there is a direct correlation
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between input PVC and output PCDD/PCDF and that it is purposeful to reduce chlorinated
plastics inputs to incinerators.”225
•

German scientists have found that removing PVC sheathings from copper cables before they are
recycled in copper smelters causes dioxin emissions to drop precipitously. 226

•

Four studies have found that the addition of PVC-containing “refuse-derived fuel”to incinerators
burning salt-containing organic matter like wood chips or peat results in significant increases in
dioxin formation. 227

•

According to a 2000 study by Japanese researchers, adding PVC to a mixture of chlorine-free
matter in a pilot-scale incinerator increases dioxin emissions substantially; when more PVC is
added, more dioxin is formed. 228

In some of these studies, a relationship was seen in the air emissions but not in the fly ash, or vice
versa, reinforcing the difficulty of establishing statistically significant relationships in the complex
context of burning real wastes in large incinerators.
Two widely cited studies, one by the New York Department of Environmental Conservation229
and the other by the European plastics industry, 230 have come to the opposite conclusion, finding no
relationship of dioxin emissions at individual trash incinerators with PVC content of the waste burned.
Neither of these investigations controlled or adjusted for other factors that affect dioxin formation,
including facility type, operating conditions, or other characteristics of the waste feed. This oversight
radically weakens any study’s ability to detect a potential relationship between PVC and dioxin
formation. Indeed, an EPA reanalysis of the data from the New York study found that when combustion
conditions were adjusted for, emissions of dioxins and furans increased as PVC content of the waste
rose. 231
A recent Swedish investigation found that dioxin formation is directly related to chlorine content,
but only when chlorine levels in the fuel exceed 0.5 percent, as they do in most modern waste streams.
Changes in chlorine content below this level had no statistically significant effect on dioxin emissions.232
These results could indicate that there is a threshold below which chlorine has no impact on dioxin levels,
but it is equally possible that the failure to find a correlation at low chlorine levels is an artifact of the
limits of chemical and statistical analysis: as levels of both chlorine and dioxin decrease, measurement
error and statistical fluctuations become more and more important, swamping a fading signal under a
growing chorus of noise.
Some studies indicate that burning large quantities of salt can produce dioxin. For instance, paper
mills often burn logs that have been soaked in saltwater, and these incinerators have much higher
concentrations of dioxin in their emissions than burning unsoaked wood. 233 The Swedish report discussed
above found that it did not matter whether the chlorine came in organic or inorganic form— both gave rise

225

Wagner and Green 1993; this study also measured emissions of chlorophenols as a dioxin surrogate.
Christmann et al. 1989.
227
Vesterinen and Flyktmann 1996; Halonen et al. 1993; Hutoari and Vesterin 1996; Manninen et al. 1996. In all of
these studies, dioxin levels in fly gas or flue gas increased with increasing feed of refuse-derived fuel to the
burner, which was significantly higher in chlorine content than the organic matter used in comparison runs.
228
Hatanaka et al. 2000.
229
Visalli 1987.
230
Mark 1994.
231
EPA 1988.
232
Wikstrom et al. 1996.
233
Pandompatam et al. 1997.
226

46

to dioxin in approximately equal amounts. 234 One of the Japanese studies also found that burning large
quantities of salt in a lab-scale incinerator could result in substantial dioxin emissions. 235 Another study
found that burning PVC caused a much greater increase in dioxin formation than salt did, although the
two substances caused similar increases in dioxin when municipal incinerator fly ash— which contains a
wide range of organochlorines and other compounds— was included in the mix.236
These results conflict with the findings of the other studies discussed above, so the importance of
salt in dioxin formation in incinerators remains an open question. From a policy perspective, however, it
does not really matter how much dioxin salt combustion can produce. If burning chloride results in
negligible dioxin emissions, then dioxin output depends almost entirely on the organochlorine content of
the waste. Lowering the input of organochlorines is necessary to reduce the formation of dioxin. If, on the
other hand, burning salt can produce dioxin in amounts comparably to the burning of PVC and other
organochlorines, then dioxin generation depends on the waste’s total level of chlorine (organic plus
inorganic). Lowering the quantity of organochlorines in the waste will then reduce the total chlorine level
and reduce dioxin formation. Either way, if we want to prevent dioxin formation in incinerators, we need
to stop burning organochlorines.
Whatever the quantities, salts are ubiquitous in organic matter and cannot be removed easily from
production, commerce, or the waste stream. In contrast, PVC use is highly preventable. Alternatives for
most uses are currently available, ranging from traditional materials to chlorine-free polymers.237 Any
program to eliminate dioxin generation at the source should include provisions to reduce the use and
combustion of PVC.
Vinyl Institute’s ASME dioxin study
To rebut evidence linking incineration of vinyl to dioxin formation, the Vinyl Institute (VI) frequently
cites a single study, purportedly by the American Society of Mechanical Engineers (ASME), a
professional society representing 125,000 mechanical engineers worldwide, “[which] found little or no
correlation between chlorine input and dioxin emissions from incinerators.”238 This study is deeply flawed
for several reasons— and it does not provide an adequate basis to dismiss the many studies that do
establish a link between dioxin generation and the combustion of PVC and other organochlorines.
ASME study is biased
Several vinyl industry documents shed light on the purpose and origins of the ASME report. Just before
U.S. EPA released its draft Dioxin Reassessment in 1994, the Vinyl Institute commissioned the public
relations firm Nichols-Desenhall Communications to prepare a Crisis Management Plan for the Dioxin
Reassessment. According to the plan, “EPA will likely conclude that the incineration of chlorinated
compounds is the single largest known contributor of dioxin… We believe that PVC will be specifically
mentioned and potentially slated for further regulation..”In order to “prevent punitive regulation of PVC
by EPA, Congress, or the state legislatures,”the plan advised the Vinyl Institute how to present itself in
the media and “strongly urge[d] VI to aggressively defend the industry’s credibility through the use of
third party sources to debunk… EPA’s misleading claims.”239
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The industry took the advice of its public relations firm. In 1994, the Vinyl Institute’s
Incineration Task Force hired the consulting firm Rigo and Rigo, Inc. to prepare an “independent”
analysis, which found that the amount of dioxin released by incinerators has no relation to the amount of
chlorinated organic materials fed into them. 240 The Vinyl Institute arranged to have the report published
as a product of the prestigious ASME, an independent professional organization. According to Vinyl
Institute documents, one of the leaders of the Vinyl Institute’s Incineration Task Force, Dick Magee, was
also an active ASME member; Magee brokered an arrangement in which the Vinyl Institute would hire
and fund Rigo to write a report that would be released under the ASME banner. According to an internal
Vinyl Institute memo from 1994, the purpose of ASME’s involvement was to create the illusion of “thirdparty”authority, and that the Rigo report was conceived, carried out, and rewarded in a spirit of public
relations, not unbiased analysis. The memo reads:
The Vinyl Institute has created an Incineration Task Force in anticipation of adverse EPA actions
regarding dioxins and furans… Dick Magee brought forward a proposal from the American
Society of Mechanical Engineers to hire Rigo & Rigo Associates, Inc., of Cleveland, OH. The
purpose of ASME as the contractor is to provide unassailable objectivity to the study…
The Incineration Task Group interviewed Dr. H. Gregory (Greg) Rigo, principal of Rigo & Rigo
Associates, Inc. by phone and found him to be extremely knowledgeable about incineration and
to have several proprietary databases VI had not discovered. He is also user friendly, i.e., willing
to set his priorities to our needs, and appears to be sympathetic to Plastics, Vinyl, PVC, and
Cl2…
The ASME proposal calls for $130,000 for the Rigo & Rigo/ASME study. Since there are many
unanswered questions regarding dioxins and since VI may want to use Greg Rigo as an expert
witness or advocate to talk about the report, I am proposing an additional $20,000 as a
contingency fund, for a total of $150,000 to be fully funded by VI. 241
Methodological flaws
The methodology of the Rigo report is no less flawed than its origins, undermining the reliability
of its claim that burning organochlorines is not related to dioxin formation. The study was not
experimental, so it could not directly refute the existence of a chlorine-dioxin link. Instead of generating
new data, the authors compiled existing trial burn measurements from a large number of incinerators,
statistically analyzed the relationship between indicators of chlorine feed and dioxin releases, and
concluded that there was no statistically significant relationship between the two. A statistical analysis of
this type is particularly sensitive to design problems: if the putative cause and effect are not measured
accurately, or if confounding factors are not taken into account, then a meaningful relationship is likely to
go undetected. In fact, the study’s data and methods on dioxin output and chlorine input were flawed in
several ways, suggesting that its failure to detect a causal link is more likely an artifact of bad study
design than a meaningful finding that no relationship between chlorine and dioxin actually exists:
1. The Rigo study failed to take account of differences among facilities. Chlorine input is not the
only factor that determines the magnitude of dioxin emissions from incinerators; combustion
conditions, the types and quantities of substances in the waste, and other variables also affect the
amount of dioxin that will be released. Because of this complexity and constant fluctuations of
many factors, statistical relationships between stack emissions and indicators of waste input or
combustion conditions can seldom be established, even at individual incinerators.242 Massively
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compounding this problem, Rigo used data from a large number of incinerators operating under
widely variable conditions, but did not control or adjust for differences in facility type, operating
parameters, waste type, or other factors. A statistical summary of data from many different
facilities, with no attempt to control or adjust for confounding factors, cannot be expected to
detect a signal within such extensive noise. Even a strong relationship between organochlorine
input and dioxin output is likely to go undetected in a study designed in this manner.
2. The Rigo study also used data from unreliable sources. The emissions data in Rigo’s analysis
came almost exclusively from trial burns designed for permitting purposes, without the proper
kinds of controls and measurements necessary to evaluate the relationship between chlorine input
and output. Moreover, trial burn data are notoriously problematic. First, with their highly
simplified designs, these traisl do not accurately represent the way incinerators operate in the real
world, when waste composition and operating conditions constantly fluctate. Further, they do not
measure the much larger quantity of chemicals that are released after the feed of waste to the
incinerator has stopped. 243 In fact, many trial burns have conducted their evaluations of low- or
no-chlorine wastes after chlorinated wastes have been burned, so the later stack samples become
contaminated by continuing emissions from earlier runs. The use of results from trial burns of this
sort thoroughly scrambles any relationship that might otherwise have been recognizable between
chlorine input and dioxin input.
3. Rigo’s study relied on the wrong kinds of measurements. To investigate a link between the
amount of organochlorines burned and the amount of dioxin produced by incinerators, Rigo
should have examined the statistical relationship between the mass of organochlorines fed to an
incinerator and the mass of dioxins released. Instead, the study tracked “surrogate”measures for
both of these parameters, measuring the concentration of hydrogen chloride (HCl; the primary
by-product of organochlorine combustion) in the stack gas as a rough indicator for the mass of
organochlorines in the feed; as a surrogate for the mass of dioxin released, it examined the
concentrations of dioxin in the stack gas. 244 The problem is that concentrations do not accurately
represent quantities, for several reasons:
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•

If the total flow of stack gas increases (as it generally will if more waste, and thus more
chlorine, is fed to the incinerator), the concentrations of dioxin in the gas may decrease, even
if a larger amount of dioxin is being emitted.

•

Stack gas measurements omit pollutants directed into fly ash, bottom ash, and scrubber water,
so changes in the efficiency of pollution control devices can reduce the concentration of
dioxin in stack emissions while total dioxin formation increases. Control devices can also
reduce the concentration of HCl while total organochlorine input rises. (Because pollution
control devices have different capture efficiencies for dioxin and hydrochloric acid, the
concentrations of these materials in the stack gas after it passes through this equipment will
not reflect the ratios of the amounts that were actually produced by the incinerator).

Licis and Mason 1989.
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mass of chlorine feed will increase but would not have been noted using Rigo’s approach. Further, increasing the
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•

Hydrogen chloride is formed not only by the combustion of organochlorines but also by the
burning of chloride salts. It is therefore not a reliable indicator of the amount of
organochlorines fed to an incinerator.

The variables that Rigo analyzed are thus grossly inappropriate substitutes for the quantities that
are truly of interest; Rigo’s failure to find a relationship between the surrogates he used says nothing
about whether a link actually exists between organochlorine input and dioxin generation.
All the flaws discussed above cripple the ASME study’s ability to establish a link between
chlorine and dioxin. A finding of “no relationship”is only as good as a study’s power to detect a
relationship, and in this case that power can only be described as pathetically weak. On the basis of
Rigo’s analysis, no reliable inferences can be drawn about whether a relationship exists between the
amount of organochlorines burned and the amount of dioxin formed in an incinerator. With more than
twenty well-designed studies coming to the opposite conclusion— that burning PVC and other
organochlorines produces dioxins, and burning less reduces dioxins— Rigo’s findings are far from
persuasive. The weight of evidence from laboratory, pilot, and full-scale tests clearly establishes that
vinyl is an important source of dioxin in incinerators, fires, and combustion-based recycling facilities,
which together are responsible for the majority of identified dioxin releases in the world.
PVC and dioxin— historical evidence
The theory that burning organochlorines like PVC is an insignificant dioxin source and that salt is
responsible for incinerator emissions of dioxin implies several specific predictions, none of which turn
out to be true. First, if salt is a more important dioxin source than burning organochlorines, forest fires
should result in large dioxin releases because plant matter is rich in salt. According to research by
chemists at Indiana University, however, dioxin levels in the sediment of a U.S. lake, the watershed of
which suffered a major forest fire in 1937, show no change whatsoever around or after the time of the
fire.245 More recently, scientists in Spain analyzed samples of salt-containing vegetation and soil that
burned in four different 1998 forest fires; the burned materials showed no increase in dioxin levels
compared to background levels, leading the researchers to conclude, “Natural fires seem not to be an
important source of dioxin-like compounds.”246
The second prediction implied by industry’s salt theory is that historical levels of dioxin should
track trends in the burning of salt, not the production and incineration of organochlorines— but they do
precisely the reverse. Several studies have analyzed the dioxin and furan content of mummified and
frozen remains of people who lived several hundred to several thousand years ago, including individuals
from cultures that cooked over indoor fires and were exposed to considerable amounts of combustion
emissions. These studies have found that dioxin levels (measured as TCDD-equivalents) in ancient tissues
were no more than 1 to 2 percent of the amount found in modern humans, and even this amount could
represent contaminants deposited in the samples in modern times, especially during handling and
analysis.247
Dioxin levels in sediment cores from lakes and seas in North America and Europe also indicate
that organochlorines and not the burning of salt are responsible for the bulk of dioxin emissions (figure
3). Every study conducted to date shows that dioxin levels were extremely low before the 20th century
(when chlorine and organochlorine production began), despite the fact that natural and industrial
combustion processes were abundant in this period. Sediments in Swedish lakes show no measurable
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dioxin before 1945,248 and those in the Great Lakes show none before 1920.249 In the Baltic, dioxins and
furans were present in a sediment sample dated to 1882, but the levels were 20 times lower than the peak
concentrations in 1978.250 A study of two lakes in Germany’s Black Forest found that sediments from the
seventeenth and eighteenth centuries contained small quantities of dioxins and furans— 77 and 34 times
lower than the maximum concentrations from this century. Expressed as TCDD-equivalents, the ratios
were even higher: 310 and 90 times greater in modern than in pre-chlorine sediments.251 In New York’s
Green Lake, small quantities of dioxins and furans are present in layers from the late 1800s, but at
concentrations 1,500 times lower than those found in the 1960s. 252
Only with the advent of chlorine chemistry and the incineration of its products and by-products
did dioxin levels begin to rise. In all samples, dioxin concentrations began to increase slowly in the early
decades of this century, then shot up rapidly from the 1940s to the 1970s— rising 25-fold or more
between 1935 and 1970, then declining somewhat thereafter.253 This pattern is consistent with the rise of
chlorine chemistry, which peaked in the 1960s or 1970s, followed by restrictions on dioxin-contaminated
pesticides and chlorinated gasoline additives went into effect.
Although these trends follow the production of chlorine, they do not even approximately track the
history of combustion of salt, either industrial or natural. One study of dioxin trends in Great Lakes
sediments found that dioxin levels do not follow trends in combustion of coal— practiced on a massive
scale long before dioxin concentrations began to rise— but they do correspond closely to the rise of the
chlorine chemical industry (figure 4). These results suggest that industrial combustion processes—
including coal-fired power plants, furnaces for heating, rail engines, steel mills, and other industries
powered by coal (which contains chloride salts)— have never been major sources of dioxin. The authors
of the Great Lakes studies summarized their results so succinctly that they are worth quoting at length:
There is an abrupt increase in PCDD and PCDF concentrations around 1940… Starting at this
time, the production of chlorinated organic compounds such as chlorobenzenes and chlorophenols
increased substantially. These compounds are used in a variety of products, including building
supplies, herbicides, and packaging. Much of these materials eventually become incorporated in
solid wastes. The trend for the production of chloro-organic compounds is similar to the
sedimentary PCDD and PCDF profiles. The agreement between these two trends is convincing
despite the uncertainties introduced by sediment mixing and the errors inherent in the dating and
quantitation techniques… It is clear that the high levels of dioxins and furans found in presently
accumulating sediments are not due to the advent of fire. 254
If organochlorines have nothing to do with dioxin emissions, then why were dioxin levels in the
environment non-existent or minuscule before the chemical industry began to produce them? In
particular, why were dioxin levels so low during the 19th century when combustion of chloridecontaining materials such as coal and wood was at its peak? These data make abundantly clear that the
majority of dioxin in the environment is due to the production, use, and disposal of chlorine gas and
organochlorines.
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In conclusion, while it is likely that some dioxin can be formed by the combustion of chloridecontaining salts, the available evidence indicates that industrially-produced materials containing
organochlorines— PVC in particular— are the dominant cause of dioxin generation in incinerators. More
importantly, these materials are the most readily preventable cause of dioxin formation. Salts are naturally
ubiquitous, but we can choose to stop producing, using, and burning organochlorines. As the Danish
Technical Institute has written, “It is most likely that the reduction of the chlorine content of the waste
can contribute to the reduction of the dioxin formation, even though the actual mechanism is not fully
understood.”255
PVC is the major chlorine source in the majority of the combustion facilities that dominate
inventories of dioxin sources. The production and use of PVC also contributes to dioxin pollution. It
therefore appears that PVC is responsible for more dioxin generation than any other single product. As
more and more vinyl installed in buildings over the preceding decades enters the waste stream for
disposal, the potential for dioxin generation grows accordingly. Any program to eliminate dioxin
generation at the source— a public health imperative— should include provisions to reduce the use of PVC
in applications susceptible to accidental fire or disposal by combustion.
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Table 4 Inventoried dioxin sources in North America, Europe, and the world
Percent of all releases from inventoried sources

Source type

United States 1

* Municipal waste incinerators
40.1
Ferrous metals production
NA
* Copper smelting
19.7
* Medical waste incinerators
17.4
Forest, brush, straw fires
7.6
* Accidental fires
NA
Wood and coal combustion
6.0
Hazardous waste incineration
5.7
Dioxin-contaminated chemicals NA
* Uncontrolled trash incineration NA
Automobile fuels
1.4
Cement kilns (no hazardous waste) 0.6

European Union2 United States 3

Great Lakes4

World5

25.1
21.1
1.3
14.2
NA
6.6
17.1
0.6
6.6
3.0
1.9
0.4

20.1
10.6
4.1
48.7
0
NA
4.4
8.0
NA
NA
1.4
2.0

37.6
11.7
2.6
2.8
11.7
NA
NA
22.7
NA
NA
0.4
10.7

51.4
0.8
2.6
10.3
7.7
3.7
5.9
2.6
4.7
NA
0.4
NA

* Dioxin sources in which PVC is a major chlorine donor.
NA = quantitative estimate not available.
Note: There are numerous additional dioxin sources for which none of the inventories made a quantitative estimate,
due to inadequate data. Sources are listed from largest to smallest, by the percent contribution in EPA’
s inventory,
except for sources with NA in that column, which were ordered according to their contribution in the EU inventory.
Sources with less than 1 percent contribution in all inventories are not shown.
1. Percent of all identified releases to air of PCDD/F (TEQ) based on median estimates for year 1995. Hazardous
waste incineration estimate includes releases from cement kilns that burn hazardous wastes, as well as boilers and
industrial furnaces.
2. Percent of all identified releases to air in the European Union.
3. Percent of identified emissions of total PCDD/F to the air in the United States as of 1989. Municipal waste
incinerators includes apartment incinerators. Accidental fires include structural fires, PCB fires, and PCP fires.
4. Percent of identified emissions of PCDD/F (TEQ) to the air that reach the Great Lakes.
5. Percent of identified PCDD/F releases (TEQ) to the air. Estimate for hazardous waste incineration includes cement
kilns burning hazardous waste; estimate for cement kilns does not. Estimate for forest, brush, straw fires includes all
biomass combustion, including wood.
Source: U.S. EPA 1998; Hanberg et al. 1999; Thomas and Spiro 1995; Cohen et al. 1995; Brzuzy and Hites 1996a.
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Table 5 Dioxins in ash from burning organochlorines and chloride-containing materials
Material
Materials not known to contain organochlorines
Writing paper
Wood
Cotton
Wool
Polyethylene
Acrylonitrile-butadiene rubber
Fir wood
Organochlorine plastics
PVC plastic (pure)
PVC flooring material
PVC window frame material

Total PCDD/F (ppt)

TEQ

ND
ND
ND
ND
2.9
2
21.4

ND
ND
ND
ND
<0.1
<0.1
0.65

244–2,067
352–1,847
7.5–969

3.2–42.2
8.2–14.5
8.8–18.1
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PVC cables (copper)
PVC cables (no copper)
PVC gloves, hose, pipes, tape
PVDC plastic
Chloropolyethylene plastic
Polychlorobutadiene (neoprene) plastic
Materials containing other organochlorines
Bleached coffee filters
Chloroparaffins
Dichloromethane
1,1,1-Trichloroethane
Tetrachloroethane
Trichloroethylene
Perchloroethylene
Epichlorohydrin
Chlorobenzene
p-Chloronitrobenzene
o-Chloronitrobenzene
p-Chlorotoluene
2,4-D
Linuron pesticide

669–2,670
416–843
158–954
3,304
840
323–1,096

11.4–52.6
7.4–16.6
2.5–16.5
14.1
10
0.7–4.7

6.3–7.7
1,049
26,302
21,746
9,072
120,915
212
1,532
16,135
190,096
32,293
1,033
178,016
3,110

0.15–0.23
5.3
478
340
132
149.5
0.4
36
0.5
21.5
216
ND
361
32

Source: Theisen 1991.

_____________________________________________________________________________________
Figure 3 Dioxin deposition in European sediments
The vertical axis shows concentrations of total dioxins and furans (ppt) in sediment cores from the Baltic
(circles) and two German lakes— the Wildsee (triangles) and the Herrenweiser See (squares), expressed
as a percentage of the highest levels measured in each location. In all locations, levels were extremely
low prior to the advent of chlorine chemistry, and they rise rapidly thereafter.
Source: Juttner et al 1997; Kjeller and Rappe 1995.
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Figure 4 Dioxin deposition to Great Lakes sediments
Solid lines show levels of total dioxins and furans in four sediment cores from Lake Huron; the thin dotted
line shows U.S. chlorine production capacity (in millions of short tons per year); the thick dashed line
shows U.S. coal combustion (in 100 millions of short tons per year). Dioxin levels were low or zero when
coal combustion was at its peak, increasing only with the growth of chlorine chemistry.
Source: Dioxin and coal redrawn from Czuczwa and Hites 1984; chlorine from Chlorine Institute 1991,
Leder et al 1994.
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5. BACKGROUND ON PERSISTENT ORGANIC POLLUTANTS (POPS)

In recent years, there has been extensive scientific and political activity on toxic pollutants, their global
distribution, and their effects on highly exposed populations and the general public. An understanding of
that context strengthens the case for action to restrict PVC in building applications, and action on PVC
would in turn strengthen international efforts to reduce persistent toxic pollution at the source.
GLOBAL DISTRIBUTION OF POPS
Recently the first global agreement to eliminate sources of persistent organic pollutants (POPs) has been
negotiated. The POPs treaty is, in large part, a response to scientific research in the past decade that has
identified a variety of synthetic chemical pollutants that are now globally distributed in the environment
and food web, have damaged wildlife populations, and may have caused large-scale human health
damage. 256 Global contamination has occurred because many synthetic chemicals are persistent in the
environment, resisting natural degradation processes for months, years, or even decades. As a result, even
substances that are discharged at a relatively slow rate build up to higher levels over time and are
distributed widely by air and water. Because many synthetic organic substances are derived from
petrochemicals, they are oil soluble and therefore bioaccumulate— they build up in the fatty tissues of
living things and multiply in concentration as they move up the food chain. Some bioaccumulative
substances reach concentrations tens of millions of times greater than their levels in the ambient
environment in species high on the food web, including humans.257
Releases of persistent and/or bioaccumulative substances since the expansion of synthetic
chemical manufacturing after World War II has resulted in the global accumulation of POPs in areas
remote from any known sources of these substances, including the high Arctic, 258 the isolated rainforests
of South America and Africa,259 and remote regions of the deep oceans.260 In the Arctic, where long
residence times, cold temperatures, and long food chains combine to enhance the persistence and
bioaccumulation of organic chemicals, body burdens of humans and wildlife are as much as an order of
magnitude greater than in temperate latitudes of industrialized nations.261
Although research and policy have focused primarily on a handful of substances— dioxins, PCBs,
and about a dozen organochlorine pesticides— global contamination cannot be reduced to a few “bad
actors.”In the Great Lakes, 362 synthetic chemicals have been “unequivocally identified”in the water,
sediments, and food chain. The list includes the infamous POPs, but it also contains a full spectrum of
less familiar substances, from solvents and chemical intermediates to a host of complex industrial
specialty chemicals, by-products, and breakdown products.262 By-products of chlorinated chemical
manufacture and disposal are present in measurable quantities in the Canadian Arctic 263 and over the
remote Atlantic Ocean,264 and a variety of chlorinated benzenes are components of rain and snow. 265
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Chlorinated solvents, refrigerants, and their environmental degradation products have become truly
ubiquitous contaminants of the atmosphere and vegetation.266
With the environment and food web ubiquitously contaminated, it should come as no surprise that
people are contaminated as well. Human exposures come through inhalation, drinking water, and eating
food. For highly bioaccumulative substances, the vast majority of the average individual’s exposure— in
excess of 90 percent— comes through the food supply, primarily from animal products.267 At least 700
xenobiotic organic chemicals are present in the adipose tissues of the general population of the United
States.268 Close to 200 organochlorine by-products, metabolites, pesticides, plastic feedstocks, solvents,
and specialty chemicals have been specifically identified in the blood, breath, fat, milk, semen, or urine of
the general U.S. and Canadian populations— people with no special workplace or local exposures to these
substances. Fat-soluble chemicals that have accumulated in a woman’s body easily cross the placenta and
are concentrated in breast milk.
The now-ubiquitous global presence of synthetic chemicals— in large-scale production for just
over than half a century— supports a simple inference: substances that persist or bioaccumulate cannot be
integrated into natural cycles. Discharged in even small amounts, these chemicals build up gradually in
the environment and in living things. Given enough time, even small “acceptable”discharges reach
unacceptable levels. The ecosystem’s assimilative capacity for persistent or bioaccumulative substances is
therefore zero, and the only “acceptable”discharge is also zero. Any amount greater than zero must be
expected to lead to some degree of long-term, large-scale contamination. For this reason, strategies
designed to eliminate the materials and processes that produce persistent or bioaccumulative substances
are far superior to those that attempt to control, manage, or dispose of persistent chemicals after they have
been produced.
ENDOCRINE DISRUPTION
What are the impacts of universal exposure to POPs on the health of people and wildlife? Important
discoveries have emerged in the past decade from toxicology, epidemiology, and ecoepidemiology on the
hazards of low-dose exposure. Traditionally, toxicological studies have focused on frank manifestations
of toxicity at relatively high doses, such as cancer, organ damage, paralysis and tremors, structural birth
defects, and death. Recently, however, it has been discovered that many synthetic chemicals can, at
minute doses, result in subtle but significant deficits in an organism’s functional capacities, such as
fertility, immunity, cognition and intelligence.
Many of these effects occur as the consequence of a newly recognized set of toxicological
mechanisms— disruption of the body’s endocrine system. 269 The endocrine system comprises the
hormones, the glands that produce them, and the response of diverse tissues to these substances.
Hormones are the body’s natural signaling molecules, circulating in the blood in low concentrations
(typically in the ppt range) and triggering cascades of gene expression that control essential aspects of
development, behavior, immunity, reproduction, and the maintenance of homeostasis.
In the past decade, a flurry of research has identified dozens of industrial and agricultural
chemicals that disrupt the endocrine system. Some mimic or block the activity of the body’s endogenous
hormones by interacting directly with the hormone receptor molecules mediating the response of cells to
hormones— such as the steroids estrogen, testosterone, progesterone, and the stress hormones cortisol.
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Others change the rate at which the body produces or excretes its own hormones, causing unnaturally low
or high levels of steroid, retinoid, and thyroid hormones. Still others disrupt local signaling mechanisms
that are critical to development, brain function, and the immune response, including growth factors,
neurotransmitters (molecules that mediate communication among brain cells), and cytokines (intercellular
signaling molecules that regulate immune function).
The U.S. National Academy of Sciences has reviewed the evidence on endocrine disruption and
concluded that adverse developmental, immunological, neurological, and reproductive effects have
occurred in human populations, wildlife, and laboratory animals as a consequence of exposure to
hormonally active compounds found in the environment.270 According to the Academy, effects observed
include functional and structural abnormalities of the reproductive tract, reduced fertility, behavioral
changes, reduced cognitive ability, and immune suppression. Many studies of wildlife have shown
associations between health impacts and exposure to endocrine disrupting substances, including in large
ecosystems like the Great Lakes and Baltic Sea with pollutant concentrations that are increased above
universal levels by less than an order of magnitude. There is evidence that the health of the general public
may have been compromised by universal exposure to these substances, but the Academy did not reach
consensus on this point. The panel noted that the degree of support for this hypothesis depends on
perspectives that are informed by values, including the standard of proof that should be satisfied before
conclusions about public health are drawn, what kinds of effects are worthy of concern, and how
scientific findings about effects on one species or stage of life should be extrapolated to others.
DIOXIN AND RELATED COMPOUNDS
Occurrence and exposure
The most intense scientific activity has focused on 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD, also
known colloquially as dioxin) and other structurally similar compounds that act through a similar
toxicological mechanism (called, collectively, dioxin-like compounds). Research on dioxins is
particularly relevant to the PVC debate because of the evidence that the PVC lifecycle is a major source
of dioxins.
Dioxins are extremely persistent substances that break down slowly if at all in the environment.
Dioxins are also powerfully bioaccumulative and are now globally distributed in the ambient environment
and food web. They can be detected in the tissues and fluids of the entire U.S. population. They are
cleared from the body extremely slowly: U.S. EPA estimates an average half-life for TCDD in humans of
more than 7 years; the body burden of the average adult therefore increases throughout life as the
substance gradually accumulates in fatty tissues. Dioxins are passed transgenerationally with great
efficiency; a typical nursing infant in the United States receives a daily dioxin dose 92 times greater than
that of the average adult.271
Health impacts of dioxin
In 2000, U.S. EPA released its Dioxin Reassessment,272 a comprehensive scientific summary and analysis
of research in dioxin toxicology and epidemiology, and has come to the following conclusions:
•

Epidemiological and laboratory studies have established that dioxin is a human carcinogen, echoing
the findings of both the U.S. National Toxicology Program and the International Agency for Research
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on Cancer.273 Dioxin is the most potent synthetic carcinogen ever tested, causing increases in specific
cancers and cancers of all sites at extremely low doses. In utero exposure to small quantities of dioxin
are associated with increased cancer of hormone-responsive organs (such as mammary glands) when
the exposed animal reaches adulthood.
•

The general public’s exposures to dioxin pose a calculated cancer risk in the range of one per 100 to
one per 1,000— at least 1,000 times greater than the usual acceptable risk. 274 People who eat greater
than average quantities of meat or fish are subject to even higher cancer risks. (EPA’s estimates are
based on numerous assumptions and may or may not accurately reflect actual risks.)

•

Dioxin’s non-cancer effects may be of even greater concern than its carcinogenicity. Dioxin is a
potent endocrine-disrupting substance, interacting with an intracellular receptor and disrupting the
action of gonadotropins, retinoic acid, steroid hormones, thyroid hormone, and growth factors at
extremely low doses. Exposure to even a single tiny dose before birth can lead to profound effects on
development of the brain and reproductive system, with effects including impaired cognitive ability
and IQ, reduced sperm density, smaller or malformed reproductive organs and structures, and
impaired sexual behavior.

•

Dioxin is a powerful immune suppressant, interfering with immune function and increasing
susceptibility to infectious disease at extremely low doses.

•

The current body burden of the general human population is already at or near the level at which
dioxin has been found to cause a variety of effects in laboratory animals and human populations,
including cognitive defects, endometriosis, hormonal changes, immune suppression, reduced sperm
count, and impaired development of the male and female reproductive systems. 275

•

There is no evidence of a threshold dose of dioxin below which no adverse health impacts occur. For
all responses that have been studied— including expression of target genes, growth of pre-malignant
liver tumors, and changes in circulating levels of thyroid hormones— the best estimate of doseresponse relationships at low levels of dioxin is that the severity of the impact is roughly proportional
to the magnitude of dioxin exposure. 276

Supporting the view that there is no practical threshold for dioxin toxicity, several studies have
discovered that almost infinitesimally low doses have significant biological effects. For example, when
rats are given a single dose of TCDD as low as 64 billionths of the animal’s body weight on day 15 of
pregnancy, the behavior, function, and sexual development of their male offspring are compromised.277
Dioxin’s immunotoxicity has been documented at even lower levels. Doses of TCDD as low as 2.5 parts
per quadrillion— equivalent to a mere 10 molecules per cell— completely abolish the ability of cultured
immune cells to respond to signals to proliferate and mount an immune defense. 278 In whole animals,
dioxin produces immunotoxicity at concentrations in the spleen about five times lower than this— on the
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order of just two molecules per cell.279 If there is a threshold for dioxin, it is so low that it is irrelevant for
the purposes of environmental policy and health protection.
In addition to these findings, evidence from wildlife suggests a significant current environmental
health hazard from dioxin contamination. A large number of ecoepidemiological studies have established
that bioaccumulated dioxin-like compounds have caused large-scale epidemics of developmental
impairment, endocrine disruption, immune suppression, and reduced fertility in mammals, fish, and birds
in the Baltic Sea, the Great Lakes, and the Wadden Sea.280
Together, these findings indicate that we cannot assume that the general public has any margin of
safety for dioxin exposure. Indeed, it is possible— though not proven— that dioxin-like compounds
already contribute to society-wide rates of cancer, endometriosis, immune suppression, impaired
cognitive development, and infertility. From a public health perspective, universal dioxin exposure is
already too high by a considerable margin. Further releases of dioxins into the environment should be
eliminated wherever technically feasible.
Trends in dioxin contamination
Trends in dioxin levels in the environment support the conclusion that measures to reduce dioxin
generation through material substitution can effectively reduce contamination and human exposure.
Numerous studies of soils and sediment in Europe and North America show that dioxin levels were very
low before the 20th century (figure 3). They began to rise slowly around the turn of the century and then
increased rapidly from 1940 to 1970, the period during which the chlorine industry expanded most
rapidly.281 Then, during the 1970s, many governments restricted the use of leaded gasoline (which
contains chlorinated additives and thus produces dioxin when burned) and major applications of some
dioxin-contaminated pesticides, including 2,4,5-T and pentachlorophenol. In the same period, the U.S.
Clean Air Act and similar legislation in other nations required a wide range of industrial facilities (such as
chemical plants, incinerators, and steel mills) to install particulate-reducing pollution control devices,
which are likely to have reduced dioxin emissions to the air, as well. Following those actions, dioxin
releases to the air— as measured by dioxin accumulation in plant foliage282— declined by nearly 80
percent between the late 1970s and the early 1990s. As one might expect, dioxin levels in the milk of
cows, which eat foliage, subsequently declined, falling by about 25 percent between 1990 to 1994. 283
Because annual sediment layers primarily reflect the deposition of dioxin from the air into surface waters,
dioxin concentrations in most samples of marine and freshwater sediment also declined. 284
But declining deposition rates do not necessarily mean a lower total burden of pollutants in the
environment. Sediment layers provide a reasonably reliable record of the quantity of a substance that
settles to the bottom of a body of water in any year, which roughly indicates the amount that entered the
water in that year. The annual flux of persistent compounds, however, is not directly related to the total
environmental burden; if the rate at which one puts marbles into a jar declines from 100 per year to 50,
the total number of marbles in the jar will continue to increase. For a record of the total amount of dioxin
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that has accumulated in the environment over time, soils are better indicators than sediments, because
pollutants from the recent and the distant past stay near the top of the soil, rather than being buried in
annual layers. British scientists have found that dioxin levels in soil, unlike those in sediments and
foliage, continued to increase without interruption right through the 1980s and into the early 1990s. They
concluded, “PCDD/Fs are persistent in soils, such that declines in atmospheric deposition may not result
in a decline in the UK PCDD/F burden for some time. It may be that even with the anticipated declines in
the primary emissions of PCDD/Fs over the next decade, the rate of deposition may still exceed the rate
of loss from soils.”285
Human and wildlife tissues reflect the same pattern, with a delay because of the persistence of
these compounds in our bodies. Dioxin levels in several species of wildlife in the Great Lakes declined
during the late 1970s, 1980s, and early 1990s. 286 By 1993, however, levels of dioxins in the eggs of Great
Lakes trout had stopped falling, reaching, in the words of one group of researchers, “a steady state or a
very slow decline.”287 No human tissue analyses are available from the early decades of this century, but
dioxin levels in people from the United States increased steadily during the 1960s. Following the
regulatory actions of the 1970s, levels declined during the 1980s. 288 Concentrations continued to fall in
most European nations during the 1990s, although the data for the United States are ambiguous. 289
There are no reliable projections of future trends in dioxin levels. Apparently, the successful
actions of the past have had their effect, however. According to Swedish scientists, the declines are
history, not a continuing trend. “During the last twenty years an overall decrease in the levels [of dioxin in
human tissues] is recorded. The major part of this decrease dates back to the late 1970s and the early
1980s. The situation of today seems to be quite constant and resembles what has been found for PCB.
Analyses of human breast milk show a similar trend.”290 In Germany, dioxin levels in human milk have
stopped falling and increased slightly in the late 1990s.291
All this information suggests a pattern with clear implications for policy. Action to reduce
production and use of dioxin-generating substances has reduced emissions to the environment of these
compounds. On local and regional scales, contamination of the environment and the tissues of living
organisms has fallen in response, with the speed of the decline varying among different kinds of sampled
material. But these pollutants are so persistent that, so long as releases continue somewhere, the global
environmental burden of these compounds declines slowly, if at all. If we allow releases to continue at a
reduced rate, concentrations will stop declining when a new steady state is reached. If we want to reduce
human and wildlife exposure, we should reduce the use of dioxin-generating materials rapidly. Because
infinitesimal doses of dioxin are enough to cause health damage, the only level of dioxin exposure that
should be considered acceptable from a public health perspective is zero. If we want to prevent the
accumulation of dioxins and other persistent toxic chemicals in the global environment, we need to stop
environmental releases altogether.
PHTHALATES
Usage
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Concern has recently focused on phthalates, a class of compounds used as plasticizers in flexible PVC.
Phthalates are organic chemicals used to make vinyl plastic flexible, and they can make up a large
portion— up to 60 percent by weight— of the final product.292 Flexible PVC— including flooring and wall
coverings— accounts for just more than half of all vinyl demand, while the remainder is rigid,
unplasticized materials like pipes and siding.293 PVC accounts for the vast majority of all phthalate
consumption, and phthalates are the dominant class of plasticizers used in soft vinyl products.294 An
estimated 50 percent of all phthalates produced are used in building and interior materials. 295 About 5.4
million tons of phthalates are used in vinyl products worldwide each year.296 Vinyl is the only major
plastic that requires phthalates to be flexible.
Four specific phthalates are used extensively in PVC and are relevant to this discussion:
diethylhexyl phthalate (DEHP; U.S. production near 2 million tons per year), diisononyl phhalate (DINP;
178,000 tons per year), butylbenzyl phthalate (BBP; production not reported), and diisodecyl phthalate
(DIDP; 135,000 tons per year). In addition, di-n-octyl phthalate is formed as a by-product of the
production of other phthalates that are used in PVC and is released to the environment during the
manufacture and use of flexible PVC.297 The other commercially important phthalates dibutyl phthalate
(DBP) and dioctyl phthalate (DOP) are not used appreciably in PVC.
Fate, occurrence, and exposure
Phthalates are moderately persistent in the environment. They can be degraded biologically or chemically
in the presence of air in days or weeks; in anaerobic conditions, like those often found in groundwater,
little if any degradation occurs, with a hydrolysis half-life of 2000 years.298 Because phthalates are soluble
in fat, they quickly adsorb into sediments or enter the food chain, where they can bioaccumulate. 299
Although some phthalates are partially metabolized in humans, DEHP tends to bioaccumulate in aquatic
invertebrates and fish. Bioconcentration factors measured in fish range from 42 to 2680, indicating that
fish swimming in water contaminated with DEHP accumulate in their tissues levels of DEHP that are up
to thousands of times greater than the concentration in the water.300
Because of this behavior and the large quantities produced, phthalates have become ubiquitous
environmental contaminants, present in air, water, fish, and human tissues on a global basis.301 Because
most phthalates are more soluble in fat than air or water, levels in outdoor air and water are typically low,
although considerably higher levels of some phthalates occur in indoor air;302 levels of DEHP and
metabolites in animal and human tissues can be quite high, reaching concentrations higher than such
infamous pollutants as PCBs and DDT.303
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For the general population, the greatest exposures to phthalates come through the food supply,
with the highest levels in fatty foods like dairy, fish, meat, and oils, although indoor air contributes
substantially as well.304 Because of their higher rate of food consumption per kilogram of body weight,
children ages 6 months to 4 years receive the highest exposures to phthalates, with a daily dose of DEHP
(19 micrograms per kilogram of body weight) that is more than three times that of the average adult. 305 A
recent U.S. Centers for Disease Control study analyzed urine samples from the general U.S. population
and found surprisingly high levels of metabolites of BBP, DEHP, DINP, and DnOP (137, 21.5, 7.3, and
2.3 ppb, respectively), reflecting “considerable exposure”to these compounds, as well as other
phthalates.306 Because phthalates are fat-soluble, they cross the placenta easily and concentrate in breast
milk.307 The authors of the CDC study concluded, “Some individual exposures are substantially higher
than previously estimated for the general population,”and these “data indicate a substantial internal
human dose of DBP, DEP, and BBP, [the metabolites of which] are of particular concern because of their
developmental and reproductive toxicity in animals.”308
Health impacts
Phthalates are well-recognized developmental and reproductive toxicants. DEHP is the most studied
member of the class, and in studies of a variety of species of laboratory animals, relatively high doses of
DEHP produce structural birth defects, developmental delay, and intrauterine death. DEHP also reduces
estrogen levels, fertility, and ovarian weight, and it suppresses ovulation in female rodents. In males,
DEHP causes testicular lesions, reduced androgen levels, and atrophy of the testes. Exposure in utero or
during childhood is particularly problematic— developmental effects occur at doses up to 100 times lower
than those that produce reproductive toxicity in the adult. 309 Exposure of a pregnant mother rat to DBP or
DEHP disrupts the development of her male offspring’s reproductive system; effects include reduced
synthesis of testosterone by the fetal testis, loss of sperm-producing cells, and abnormal development of
the testes, epididymes, and prostate.310 Extremely low levels of MEHP (100 nanomolar, or less than 30
ppb) — approximately the same level as found in the urine of the general U.S. population311— cause
significant damage to cultured sperm-producing cells of developing rat testes.312
The general human population is exposed to levels of DEHP that justify public health concern.
EPA’s reference dose (RfD) for DEHP is 20 micrograms per kilogram of body-weight per day.313 An RfD
is the “acceptable”exposure level, predicted by EPA based on toxicological studies, at which significant
risk of health effects will not occur. But the average daily dose in the United States for children ages 6
months to 4 is 19 micrograms per kilogram of body weight, approximately the same as EPA’s RfD.314
And researchers at the Centers for Disease Control have estimated that the daily DEHP exposure of adults
in the general U.S. population, based on the 95th percentile and maximal levels found in the general
population’s urine, is as high as 3.6 and 46 micrograms per kilogram per day— in the same range as
EPA’s RfD, and considerably higher for some individuals.315
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These results make clear that the general public’s DEHP exposure allows little or no clear margin
of safety. Furthermore, EPA’s RfD for DEHP was established in 1986 based on a 1953 study that
examined changes in liver weight in rodents exposed to DEHP, supplemented by other studies from 1982
and 1984. This RfD was calculated before any of the relevant studies of the effects of chronic low-level
exposure to DEHP and metabolites on reproduction and development were published. Since these types
of impacts may occur at substantially lower doses than liver damage, even the RfD may not represent a
truly safe dose. 316 It is therefore prudent from a public health perspective to reduce exposures to DEHP as
rapidly as possible.
Considerably less research has been conducted on the toxicity of other phthalates, but some data
are available. Like DEHP, BBP is a male reproductive toxicant, causing testicular lesions, reduced sperm
counts, and increased infertility at relatively high doses in adult males— but virtually no data are available
on impacts on the development of the reproductive system. 317 Monobutyl phthalate, a metabolite of BBP,
causes cryptorchidism (failure of the testes to descend) when exposure occurs in utero.318 Much more data
needs to be gathered before the full suite of effects caused by each phthalate, together with the dose
required to produce these effects at different stages of development, will be understood.
In 2000, an expert committee convened by the National Toxicology Program reported its review
of the evidence on the reproductive and developmental toxicity of phthalates. The panel compared the
doses of DEHP that produce developmental toxicity in animals to the levels to which infants and toddlers
in the general U.S. population are routinely exposed, and concluded a “concern that exposure may
adversely affect male reproductive tract development.”319 The panel also examined exposure that occurs
across the placenta and via breast milk and concluded, “The panel has concern that ambient oral DEHP
exposures to pregnant or lactating women may adversely affect the development of their offspring.”
Based on the available data, the panel expressed low, minimal, or negligible concern about other
phthalates.
There are few epidemiological data concerning the impacts of phthalates on human development
and reproduction. One study suggests that phthalate exposure of the general population may be related to
endocrine disruption and altered reproductive development in girls. In Puerto Rico, the incidence of
premature breast development (early thelarche, defined as breast development during the period from 2 to
8 years of age) is quite high (about 1 percent of the population) and has been rising rapidly in recent
decades. This phenomenon cannot be explained by changes in nutrition or exposure to hormones used in
agriculture, 320 and a similar trend has been documented in the United States. 321 Exposure to endocrinedisrupting compounds is one plausible explanation, because estrogens trigger breast development in girls.
A case-control study of girls from the general Puerto Rican population found that the levels of phthalates
in the blood of girls with premature breast development were 5.9 times higher levels than in girls without
premature development. Levels of DEHP, which accounted for more than 80 percent of the total
phthalates measured in the girls’blood, were 6.4 times higher among girls with premature thelarche. This
study does not prove that phthalates caused the precocious sexual development, but, as the authors
concluded, it suggests that the estrogenic or other endocrine-disrupting effects of phthalates may have
contributed to the epidemic of early thelarche. 322
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Some phthalates may be carcinogens. According to the National Toxicology Program (NTP),
DEHP is “reasonably anticipated to be a human carcinogen”based on consistent findings of liver cancer
in laboratory animals. There has been some debate about whether the mechanism of carcinogenicity in
rodents is relevant to humans. Based on this issue, the International Agency for Research on Cancer now
lists DEHP as an animal carcinogen but as unclassifiable with regard to human carcinogenicity. But the
NTP has not adopted this view, and scientists at the National Institute for Environmental Health Scientists
have criticized the IARC’s action as lacking a sound scientific basis in current understanding of DEHP’s
mechanism of toxicity.323
TRENDS IN PVC MARKETS
Polyvinyl chloride plastic was first marketed in 1936324 but did not begin to play a major role in building
construction until the 1950s. Production grew rapidly from the 1960s through the 1980s, and has now
reached more than 30 million tons per year. This estimate includes the non-PVC components of vinyl
products, such as plasticizers and stabilizers; production of pure polyvinyl chloride is now estimated at
approximately 24 million metric tons per year worldwide. 325 Vinyl is the largest use of chlorine in the
world, accounting for more than 40 percent of all chlorine use in the United States, with a similar or
slightly greater proportion globally. 326
Few materials have infiltrated modern life as ubiquitously as PVC, and construction represents
the largest sector of vinyl applications. In the past fifty years, vinyl— the only major plastic that contains
chlorine— has taken the place of ceramics, metals, textiles, and wood in a range of building products,
including exterior siding, floor tiles, pipes, wall coverings, window frames, and wire and cable
sheathings. PVC is also used in appliance casings, furniture, shower curtains, toys, upholstery, and other
household items, as well as in automobile and other vehicle components, medical devices, office supplies,
and packaging.
Today, PVC is not only the largest but also the fastest growing use of chlorine in the world. In
fact, it is the only major chlorine application still increasing in the world’s wealthy nations, and it is
growing particularly rapidly in developing countries. 327 The reasons for the industry’s aggressive
expansion of PVC markets lie in the economics of the production of chlorine and its coproduct, sodium
hydroxide (caustic soda or alkali). Alkali is a profitable and environmentally unproblematic substance that
is used as a source of sodium and hydroxide ions in a wide variety of industries. The majority of the
world’s alkali is produced by chlor-alkali electrolysis, in which chlorine and sodium hydroxide are
produced together in a fixed ratio. Chlorine is a hazardous gas, so it cannot be safely stored; the chemical
industry therefore can only produce as much alkali as there are markets for chlorine. In recent years, as
numerous uses of chlorine (for example, pulp and paper, refrigerants, and solvents) have been restricted
for environmental reasons, a chlor-alkali imbalance has developed, requiring the industry to create new
markets for chlorine in order to continue potential sales in alkali markets. 328 According to an analyst for
the chlor-alkali manufacturer Elf-Atochem, “There is a logical progression toward permanent imbalance
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between caustic supply and demand. Domestic chlorine consumption and chlorinated exports will set
operating rates for U.S. chlor-alkali capacity, with the EDC/VCM/PVC chain leading the way.”329
The industry’s strategy to rectify the chlor-alkali imbalance is the aggressive expansion of
markets for PVC and the feedstocks from which it is made— already the major global sinks for chlorine.
For the past several decades, PVC production and consumption has grown at a remarkable pace, but
recently PVC markets in industrialized nations have neared saturation. Vinyl has already replaced so
many traditional materials, that growth in vinyl in these countries is now no greater than annual increases
in gross national product.330 This rate of growth is not nearly enough to offset the loss of chlorine demand
in sectors that have been restricted so the industry has focused on expanding exports of PVC and its
feedstocks to developing nations. 331 U.S. net exports of EDC, PVC, and VCM now contain about two
million tons of chlorine per year— more than 15 percent of total chlorine production— and were expected
to grow by a stunning 14 percent in 1998 alone. 332 The major recipients are Latin America and Asia,
where PVC consumption is expected to grow at annual rates of 7 percent or more per year, leading to a
doubling of demand each decade. 333 Why these countries? As an executive of a major Japanese PVC
company explained, vinyl is a uniquely marketable product for export because poor countries need to
reach only minimal levels of economic and technological development before they can be encouraged to
buy plastic, and these nations usually have few environmental regulations:
“Demand for PVC in the high-population developing countries will grow rapidly after their GNP
per capita reaches $500 per year. On the other hand, in the world’s major industrialized countries
where per capita GNP is over $10,000/year, the use of PVC has come close to its maturity, and
the growth rate of PVC may not be as much as the GNP growth rate. The concern about the
disposal of waste material is one of the reasons for advanced society to refrain from excessive use
of plastics.”334
The rapid increase in vinyl consumption in developing countries means that, despite slow growth
in PVC consumption in the wealthy nations, global demand for PVC will rise from 22 million tons per
year in 1996 to 28 million tons per year 2000— an annual growth rate of more than 6 percent. 335
According to one industry analyst,
“The most important structural changes [in the chlorine industry] will be concentration of
growth in emerging markets and restructuring in industrialized markets: potential loss of
10–30 percent of current customers in industrialized markets; continued shutdown of
inland plants linked to declining uses; three quarters of global demand growth in
developing countries; increase in VCM and PVC trade and potential tripling in volume of
global EDC trade. It appears unlikely at this point that lost markets will offset growth for
PVC and other uses.”336
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6. CONCLUSION

The PVC lifecycle presents one opportunity after another for the formation and environmental discharge
of organochlorines and other hazardous substances. When its entire lifecycle is considered, this seemingly
innocuous plastic is one of the most environmentally hazardous consumer materials produced, creating
large quantities of persistent, toxic organochlorines and releasing them into the indoor and outdoor
environments. PVC has contributed significantly to the world’s burden of POPs and endocrine-disrupting
chemicals— including dioxins and phthalates— that are now in the environment and the bodies of the
human population. Beyond doubt, vinyl has caused considerable occupational disease and contamination
of local environments as well.
PVC is the antithesis of a green building material. Efforts to speed adoption of safer, viable
substitute building materials can have significant, tangible benefits for human health and the environment.
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