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1) INTRODUCTION: THE COMMISSION'S POSITION 

The Virtual Elimination Task Force (VETF) is charged by the Commission to 
investigate means of implementing the Great Lakes Water Quality Agreement's requirement 
that inputs of persistent toxic substances into the Great Lakes Basin Ecosystem be virtually 
eliminated. The pwpose of this report to the Task Force is to recommend a strategy to 
achieve virtual elimination of persistent chlorinated organics, a class of chemicals that 
dominates both the Commission's list of 11 Critical Pollutants and the IIC's Wolking List of 
Chemicals in the Great Lakes Basin. (International Joint Commission, Water Quality Board, 
1987). 

This class, also called organochlorines, is defined as thQse compounds in which 
cpIorine is bound to carbon-based organic substances. When referring to compounds 
containing carbon and chlorine or one of the other halogens (fluorine or bromine), this class 
is sometimes referred to as halogenated organics. Chlorinated organics are produced 
intentionally as thousands of chemicals products (e.g. pesticides, plastics, and solvents), and 
as thousands of unintentional by-products of industrial processes that use chlorine or other 
organochlorines (e.g., in pulp bleaching, waste incineration, or chemical manufacturing). 

The weight of evidence, summarized in ''The Injury" section of the Commission's 
Sixth Biennial report, clearly links persistent toxiC substances, particularly organochlorines, in 
the Great Lakes to injury, disease, and death in a variety of life forms, including humans. 
This information is also summarized in "The Injury" section of the Task Force's April, 1993 
draft report. Of the 11 Critical Pollutants for which the evidence of large-scale effects is 
strongest, eight are organochlorines. Of the 362 on the Water Quality Board's list of 
chemicals that have been found in the Great Lakes, about half are organochlorines. The 
Agreement requires that virtual elimination be achieved for these chemicals, if they are 
determined to be persistent toxic substances. 

In the VErF's 1991 interim report, it was stated that many of the chlorinated organics 
on the WQB's Wolking List of Chemicals in the Great Lakes Basin, "because of their 
persistence, many will wtimately appear on the list of chemicals to be sunset." Because these 
substances are produced in diverse industrial processes, all of which involve the. use of 
chlorine or its secondary products, the task force thus recommended all uses of chlorine be 
investigated. . 
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The Commission's Science Advisory Board came to similar conclusions in its 1989 
and 1991 reports. The Board has found that the weight of evidence indicates that persistent 
toxic substances, particularly halogenated organics, are a hazard to human health and 
ecosystem integrity in the Great Lakes. The Board found that the class of chlorinated 
organics tends to exhibit persistence and toxicity, and that evaluating and regulating these 
substances on a chemical-by-chemical basis is impractical and unscientific. The Board thus 
concluded that organochlorines should be treated as a class and should be subject to phase­
out, except in individual cases in which the weight of evidence supports the view that a 
chemical does not threaten health and the integrity of ecosystems. 

Based upon these recommendations and its own deliberations, the Commission found, 
in its Sixth Biennial report (1991), that 

"it is prudent, sensible, and necessary to treat these substances as a class rather 
than as a series of isolated individual chemicals." 

Because chlorine is the common precursor in the diverse set of industrial processes that 
produce this class of substances, the Commission concluded that 

"the use of chlorine and its compounds should be avoided in the manufacturing 
process." 

Specifically, the Commission recommended that 

"the Parties, in consultation with industry and other affected interests, develop 
timetables to sunset the use of chlorine and chlorine-containing compounds as 
industrial feedstocks and that the means of reducing or eliminating other uses 
be examined." . 

The Commission recognized that such a recommendation involves many industrial 
processes (and some non-industrial ones, as well) and that the socio-economic consequences 
of a phase-out program must be considered in determining the timetable. The purpose of this 
chapter is to propose elements of a framework for implementing a chlorine sunset program 
that is practical and consistent with the Commission's recommendation and findings. 

2) FRAMEWORK FOR VIRTUAL ELIMINATION 

A virtual elimination framework must be based on the following elements: 

(a) the tactic of zero discharge from human activities, 
(b) an integrated multi-media approach, 
(c) consideration of the full life-cycle of products and processes, 
(d) . the weight of evidence, and 
(e) the reverse onus approach. 
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Each of these elements is already well established by the Agreement and the 
Commission, its boards or its task forces as necessary and appropriate policy responses to the 
problem of persistent toxic substances in the Great Lakes. This framework, however, 
represents a significant departure from the regulatory policies currently used by the Parties. 

"ZERO DISCHARGE" means the elimination of all inputs of persistent toxic 
substances into the environment from hnman activities. This approach is based on the 
understanding that "acceptable" discharges of persistent toxic substances into an ecosystem 
will eventually build up to levels that will cause harmful effects. Zero discharge also means 
that it is not acceptable to transfer discharges of toxic substances from one medium to another 
(i.e., from air emissions to water discharges), using pollution control devices or other 
methods. Thus zero discharge implies an integrated multi-media approach. 

lntimately, zero discharge means sunsening the products and processes that lead to 
persistent toxic pollution. As the YETF wrote in its 1991 report, "zero discharge does not 
mean less than detectable or best available technology or other means of treatment or control 
which, after application, continue to release some residual level." Because no existing 

. methods of pollution control or disposal are absolutely effective, the only truly effective 
means of achieving zero discharge of persistent toxic chemicals is not to use or produce them 
in the first place. 

The zero discharge approach must be applied to the full "UFE-CYCLE" of products 
and processes. Many persistent toxic substances, for instance, occur as unintentional by­
products during the process of manufacture, use, or disposal of other products that are not 
themselves persistent toxic substances. Moreover, many chemicals are transformed in the 
environment into forms that are more persistent and/or toxic than the original. Thus, virtual 
elimination must not focus on the properties of individual chemicals in isolation; instead, it 
must consider the entire life-cycle of chemicals and industrial processes, from the beginning 
of manufacture to transformation in the environment. 

In its Sixth Biennial report, the Commission recommended that the Parties adopt.a 
"WEIGHT -OF-EVIDENCE" approach to persistent toxic pollution. The effects of chemicals 
upon health and ecosystem integrity are extremely complex, and the tools currently available 
to toxicologists, epidemiologists, and other scientists are unable to untangle the complex webs 
of cause and effect. Incontrovertible proof of causal links between individual chemicals and 
individual effects is not a reasonable standard, since the substances in the environment act 
together in complex mixtures to produce complex suites of effects. 

"REVERSE ONUS" shifts the burden of proof, transforming a reactive policy into a 
precautionary approach. The current regulatory framework requires proof of harm before an 
industrial chemical is restricted. As the Science Advisory Board wrote in its 1989 report, this 
reactive approach is unscientific and dysfunctional, for a number of reasons. First, the vast 
majority of industrial chemicals in use have not been tested for adverse health effects, and 
new chemicals are being introduced at a rapid rate. Second, the introduction of man-made 
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chemicals into natural systems is more likely than not to cause harm. Third, science proceeds 
not on the basis of proof but by establishing and disproving null hypotheses. The Board thus 
recommended that the burden of proof be shifted, so that those promoting the use of 
industrial chemicals must prove there is no reason to believe that those chemicals will 
threaten human and ecosystem health, before their use and discharge is permitted. 

3) APPLICATION OF THE FRAMEWORK TO CHLORINATED ORGANICS 

This Case Study of chlorinated organics illustrates how the above framework can be 
applied to a "lass of persistent toxic substances. 

Under the current regulatory approach, the Parties have instituted sunset programs for 
individual or small groups of chlorinated substances, including polychlorinated biphenyls 
(PCBs), chlorinated fluorocarbons (CFCs) and the pesticides DDT and dieldrin. These phase­
outs .have been largely effective at reducing inputs of the targeted substances into the 
environment. The inadequacy of the current fratnework is illustrated by the fact that these 
phase-outs have been adopted only after irrefutable evidence, gathered over the course of 
years or decades, has proven that the substance in question had already caused irreversible 
damage to human health and/or the environment. The current framework is also inadequate 
because contamination from these substances continues due to the amounts of them that were 
previously released. 

The Virtual Elimination framework departs from this reactive, chemical-by-chemical 
approach, substituting a precautionary, pro-active policy that reverses the onus of proof for 
organochlorines as a. class, for the reasons detailed below. 

A) Zero discharge and the multi-media approach. 

Zero discharge means that there can be no "acceptable" discharges of persistent toxic 
substances into the environment, and a multi-media approach is necessary to ensure that 
polh;ltion control approaches do not merely shift discharges from one environmental medium 
to another. Under these two principles, processes and products that create persistent toxic 
substances must be phased out, not merely controlled or reduced. 

The use of chlorine and chlorine compounds in the pulp and paper industry provides a 
useful example. The use of these chemicals as bleaching agents inevitably produces a 
spectrum of hundreds of chlorinated organic by-products, many of which have been shown to 
be persistent and toxic, and many more of which are yet to be identified or investigated. 
Existing or proposed regulations have sought to require that effluent discharges of a few 
individual compounds, such as 2,3,7,8-TCDD (dioxin), or of total organochlorine discharges 
(measured, for instance,as AOX) be brought to some specified "acceptable" level through 
improved effluent treatment systernsand reductions in the use of chlorine. 

A zero discharge standard must apply 'to the release of chlorinated organics in 
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wastewater discharges, air emissions, sludges, and the products themselves. Because the use 
of chlorine and chlorine-based bleaches gives rise to a multiplicity of identified and 
unidentified substances that are persistent and toxic (or the breakdown products of which are 
or may be persistent and toxic). the use of these chemicals as feedstocks must be eliminated. 
Attention must be focused on the process that produces persistent toxic substances (the 
bleaching stage), not on measuring and controlling discharges after the substances have been 
formed. 

B) The Iife-cycle approach. 

A life-cycle approach does not merely focus on the properties of an individual product, 
as most phase-outs to date have; it also considers the formation of persistent toxic substances 
as bycproducts, breakdown products, or transformation-products during the manufacture, use, 
and disposal of a product and its wastes. 

In the case of chlorinated organics, it is especially important to consider the entire life­
cycle, because many of the most persistent and toxic organochlorines are not manufactured 
intentionally at all, occurring instead as by-products in many different chlorine-based 
processes. Be.cause chlorine is highly unstable, it tends to react quickly with organic matter, 
producing a broad spectrum of hundreds or thousands of by-products. Thus, organochlorines 
are not produced singly but in complex mixtures, and this phenomenon takes place throughout 
the life cycle of chlorine and its products: complex by-products are generated when chlorine 
is produced through brine electrolysis, when chlorine is used in bleaching, disinfection, and 
metallurgical rises, whenever organochlorines are manufactured, and when chlorine-containing 
products are disposed by burning. 

Because chlorinated organics are formed as mixtures, not singular chemicals, a sunset 
approach that evaluates and targets individual products based on their chemical characteristics 
is not adequate. Rather, the focus should be on processes and industrial sectors, which should' 
be evaluated based on the generation of persistent toxics throughout their Iife-cycle. Because 
the available evidence indicates that chlorine-based processes produce a spectrum of persistent 
toxic Substances, it is sensible to target these processes (and the pollutants that result) as a 
class. 

For instance, thfee of the eleven Critical Pollutants targeted for inunediate sunsets are 
produced as by-products in many chlorine-based processes (2,3,7.8-TCDD (dioxin), 2,3,7,8-
TCDF (furan), and hexachlorobenzene). 2,3,7,8-TCDD and 2,3,7,8-TCDF, in fact, are never 
produced intentionally, but appear to be formed as by-products of the chlorine industrial cycle 
and as products of incomplete combustion during incineration. The formation of these by­
products throughout the life-cycle of chlorine is not surprising from a chemical or 
thermodynamic perspective, given the reactivity of chlorine and the stability of these by­
products once they are formed. 

Because of their great persistence, toxicity, and ubiquity, the Commission 
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recommended in it Sixth Biennial report (1992) that "the Parties, in consultation with industry 
and other affected interests, alter production processes and feedstock chemicals so that 
dioxins, furans and hexachlorobenzene no longer result as by-products." 

But sunsetting substances that occur as by-products does not mean banning the 
individual chemicals; rather, it means phasing out the many processes that generate them 
unintentionally. Virtual elimination of these by-products requires the phase-out of many 
industrial uses of chlorine. 

C. The weight of evidence approach. 

A weight-of-evidence approach involves evaluating available information from 
multiple disciplines, recognizing data gaps, and using a precautionary approach that does not 
require absolute proof of cause-effect linkages before action is taken. 

The weight-of-evidence shows that organochlorines -- as a class -- threaten the Great 
Lakes ecosystem. Over 150 organochlorines have been identified·in the Great Lakes 
ecosystem, according the Water Quality Board's Working List. It has been estimated that 
there are thousands of organochlorine products in commerce, plus thousands more produced 
as unintentional by-products. The majority of the compounds emitted from pulp mills and 
incinerators remain unidentified. In addition, identified COmpounds make up only a small 
fraction of the organochlorines and other pollutants present in biological samples (human and 
wildlife tissues) in the Great Lakes and elsewhere. (NorstrOm et al. 1981; Onstot et al. 1987). 

It would take generations to gather adequate data on the identity, sources, 
environmental behavior and effects of these hundreds or thousands of compounds to develop 
chemical-by-chemical regulations. Such an approach is not practical. Further, because the 
Commission has found that persistent toxic substances in the Great Lakes already pose a 
hazard to health and the environment, a program that would require decades of data-gathering 
before implementation must be rejected. 

Moreover, organochlorines do not exert their effects in the environment on a chemical­
by-chemical basis. Chlorinated organics are often transformed into a spectrum of breakdown 
products, many of which are more persistent or more toxic than the original compounds. 
Above all, organochlorines cause their effects in complex mixtures that add to or multiply the 
effects of individual. compounds. If we wait for proof of harm on a chemical-by-chemical 
basis, we will not act in time to prevent further unacceptable damage to the health of the . 
ecosystem, its wildlife, and its human residents. 

The Virtual Elimination framework thus requires approaching chlorinated organics as a 
class. The weight-of-evidence shows that members of this class of compounds tend to be 
persistent toxic substances or to be II$sociated with such substances during their life-cycle. 
While each compound has its own chemical and biological properties, organochlorines tend to 
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be persistent and toxic; in fact, no other class of industrial or natural chemicals is known that 
exhibits so many detrimental properties. 

The chemistry of chhuinated organic substances supports this weight of evidence. In 
fact, the characteristics that make chlorine and organochlorines useful in industrial 

. applications are the satne ones that make them problematic from an environmental 
perspective. For example, (adapted from Okopol 1990). 

• Reactivity. Chlorine's utility in bleaching, disinfection and chemical 
manufacture arises from its reactivity. For the Satne leason, however, by­
products are produced in all chlorine-based processes. 

• Persistence. The addition of chlorine to a hydrocarbon "backbone" forms a 
more or less "impenetrable screen" that shields the molecule from chemical, 
physical, and biological breakdown. The more halogen atoms on a 
hydrocarbon, the longer it will remain intact (Canadian Environmental 
Protection Act (CEPA), 1991). Thus, chlorinated organics are attr;lCtive for use 
as pesticides, plastics, solvents, and dielectric fluids. For the satne reason, they 
tend to be highly persistent once released to the environment. 

• Chlorinated organics also tend to be resistant to fIre, malting them excellent 
flatne retardants and extinguishers but nearly impossible to incinerate without 
producing signifIcant quantities of toxic "products of incomplete combustion", 
or PICs. 

• Fat-solubility. Many chlorinated organics are far more soluble in fats than in 
water, and adding chlorine to a hydrocarbon backbone tends to increase a 

. compoun4's lipophilicity. These substances thus fInd wide application as 
·solvents, degreasers, etc. This Satne property, however, makes them subject to 
accumulation in the food chain, where they build up in increasing 
concentrations in fatty tissue, mother's milk and nerve membranes with their 
very high fat content (Asimov, 1962). 

• Toxicity. Organochlorines are useful as pesticides and antibiotics precisely 
because they are toxic. Once released into the environment, however, this 
toxicity will affect all exposed organisms, not simply the target "pest." Adding 
chlorine atoms onto a carbon skeleton increases lipid solubility, and increases 
toxicity on a molar basis (CEPA, 1991, Hutchinson, etal, 1981, MacKay, 
1992). 

The weight of evidence is stIengthened by the fact that organochlorines are largely 
foreign to nature. A signifIcant number of organochlorines are known to be produced 
naturally, mostly by fungi and algae, but these are produced in relatively small quantities and 
have been detected only in or adjacent to the cells that produce them. The only 
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organochlorine produced naturally in large quantities is the simplest organochlorine, the 
relatively non-persistent chloromethane, which is thought to lay a role in the natural 
regulation of the ozone layer (Lovelock, 1974). 

Most importantly, virtually all natural organochlorines are produced precisely for their 
toxicity; they are used by the organisms that produce them as chemical defenses, antibiotics, 

. natural pesticides, etc. (Gribble, 1992). This fact further supports the inherent toxicity of this 
class of compounds and the need for human restraint in their industrial production. 

For all these reasons, the weight of evidence supports the conclusion that 
organochlorines as a class tend to be associated with persistence and toxicity. This evidence 
suggests that organochlorines that have not yet been evaluated are more likely than not to turn 
out to share these characteristics. 

D. The reverse onus approach. 

Accordingly, the class of organochlorines should be subject to reverse onus -- the 
presumption that these compounds should be phased out unless evidence is presented to 
demonstrate that individual compounds or processes do not produce persistent toxic 
substances. ' 

A virtual elimination program would thus begin with the presumption that processes 
that produce chlorinated organics -- the use of elemental chlorine and the production, use, and 
disposal of organochlorines -- should be phased out. The onus would shift to industry or 
other advocates to show that a given product or process does not result in the generation of 
persistent toxic substances during its life-cycle. After such a determination, a product or 
process could be removed from the phase-out list. 

4) ELEMENTS OF A SUNSET STRATEGY FOR CHLORINE 

The virtual elimination framework thus requires "reversing the onus" for chlorinated 
organics and phasing out the chlorine-based processes that produce these substances. 
Implementing such a sunset program is a complex task, since so many products and processes 
are involved. 

The sUnset program should begin with a ptocess of strategic prioritization to identify 
those sectors responsible for the largest discharges of persistent. toxic substances in which a 
sunset program can be most effectively implemented. The following information is required: 

(a) a systematic and comprehensive identification of those activities that constitute 
"chlorine chemistry" (the set of industrial' and other activities'that produce, use, and 
generate organochlorines); 

(b) a chlorine use-tree; 
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(c) a process/use life-cycle matrix; and 

(d) additional criteria of a social and economic nature. 

With this infonnatiol), the following questions should be ·answered: 

• Which products or processes, throughout their life-cycles, are most significant 
in contributing to releases of persistent toxic substances? 

• What are the available alternatives for each sector? What are the 
environmental, health, safety characteristics of the alternatives? What are the 
socio-economic implications of implementing them? 

• If no alternatives are currently available, how difficult is the alternative to 
develop? 

This information can then be used to prioritize which sectors should be sunset first, to 
set timelines for phase-out, and to implement measures to accomplish the phase-out. 

The sunset program can be implemented with a series of "sunset permits" for each 
process that produces or uses chlorinated organics, including a sunset date after which the 
permit expires and the process is no longer allowed. The permit would include a timetable 
for implementing necessary process changes and may include interim limits on the quantity of 
chlorine or organochlorines that may be used or produced. It is not necessary that such 
permits require the use of a specific alternative process -- merely that they eliminate the use 
of processes that generate persistent toxic substances and implement new ones that do not do 
so. When alternatives are not currently available, research programs should target the 
development of chlorine-free, environmentally sound processes. 

5) OVERVIEW OF INDUSTRIAL USES OF CHLORINE 

For the purpose of the use-tree and life-cycle matrix that follows, industrial uses of 
chlorine include the following activities: 

1. Production of chlorine (along with. hydrogen and sodium hydroxide) in chlor­
alkali electrolysis. 

2. . Uses of elemental chlorine, e.g.: 
- pulp and paper 
- inorganic chemical production 
- water and wastewater treatment 
- certain metallurgical processes 

3. Production of chlorine containing bulk products e.g.: 
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- Polyvinyl chloride (PVC)/vinyl clJloride (VC)/ethylene dichloride 
- Chlorinated solvents and other chlorinated methanes, ethanes and ethylenes 
- Chlorinated fluorocarbons (CFCs) and HCFCs 
- Neoprene (polychlorobutadiene) 

4. Production and use of chlorinated feedstocks for specialty products, e.g.: 
- Chlorinated benzenes, nitrobenzenes, and other aromatics (for pesticides, 
dyes, plasticizers, etc.) 

- Chloroacetic acid (for pesticides and other uses) 
- Cyanuric chloride (for pesticides and other uses) 

5. Use of chlorinated pesticides and other specialty products; 

6. Production of chlorinated intermediates for chlorine-free bulk products: 
- propylene chlorohydrin for propylene oxide (for polyurethane, brake fluids, 
anti-freezes, etc.) 
- epichlorohydrin (for epoxy resins and other uses) 
- phosgene (for isocyanates for polyurethane and other uses) 
- methyl chloride (for methyl cellulose, silicones, etc.) 

7. Production of chlorine-containing auxiliary products/additives: 
- plasticizers (in plastics) 
- flame retardants (in plastics) 
- scavengers (in fuels) 
- stabilizers (in lubricating and cutting oils) 
- PCBs 

8. Production of inorganic compounds, e.g.: 
- Bleaches 
- Detergents 
- Cleaners and powders 
- Metallic chlorides 

9. Disposal or reprocessing of chlorinated wastes, e.g.: 
- municipal waste incinerators 
- hazardous waste incinerators 
- hospital waste incinerators 
- metals recovery smelters processing electric, electronic, and cable scrap 
containing PVC and other chlorinated organics 
- other disposal or reprocessing facilities. 

6) mE CHLORINE USE-TREE 

This list initially appears highly complex, involving thousands of substances, dozens of 
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industrial processes, and thousands of individual users. Attempting to regulate effectively at 
this level of complexity is impractical, and would lead to regulatory gridlock. 

Clearly, another approach is necessary. A use-tree allows us to view chlorine-based 
substances and processes more holistically. The tree organizes the many chlorine-based 
processes into a series of activities from the most basic to the more specialized. The initial 
processes begin with the trunk and its roots; as processes and substances become more 
specialized, they are represented as limbs, branches, and fmally twigs. The chlorine use-tree 
begins at the root -- the production of chlorine -- and then traces the various processes and 
products in which chlorine and its secondary products are used and fmally disposed. 

Figure 1 is a chlorine use-tree with a high degree of detail on substances and process 
branchings (Davis, 1991). Figure 2 presents a simpler use-tree that identifies major bulk 
products, processes, and applicarion categories. This simpler use-tree is srill detailed enough 
to work with for purposes of choosing points of intervention based upon major problem 
categories of products, processes, and applications relatively early in their life-cycle. 

Generally, the farther out in the tree one goes, the later it is in the life-cycle, the 
greater the specialized branchings and multiplicity of possible release points, the greater the 
problem complexity and transaction costs, and the. less likely that intervention or remedial 
action will be practical, feasible, or effective. It is obviously much easier to intervene, and 
"prune" the use tree of undesirable processes and products at the points where they emanate 
from the roots and trunk to the 5 to 10 or so main branches, representing the bulk products 
and processes, than to allow the multiple specialty product/application branchings to 
proliferate into the hundreds and thousands, and then try to work at that level. 

The use-tree allows full life-cycle evaluations of products and processes. It is 
particularly important to trace products that contain substantial quantities of persistent toxic 
substances or their precursor's, that are not released immediately, but sometime later.. in their 
life-cycle. Figure 3 is an example of a process/use life-cycle matrix that considers the 
industrial and environmental transformations for important aspects of chlorine chemistry. 

7) THE CHLORINE USE-TREE ANALYSIS 

A) Production and Use, 

Tables ) and 2 show data on recent trends and levels of chlorine production and major 
bulk user groups (Carnford Information Services, 1991). North American chlorine production 
now totals about 13 million tons per year. 

By far, the largest single use of chlorine in both the U.S. and Canada is the production 
of polyvinyl chloride plastic. Second in. each country is the use of chlorine as a bleaching 
agent in the paper industry, followed by the production of chlorinated solvents and precursors 
for polyurethane. Disinfection of wastewater and drinking water account for about 5 percent 
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Table 1 - Canadian Demand Pattern . ! 

----.~~ 

1988 1990 1992 
~----~--~--~--~.----~--------------

Ethylene dichloride . 
Pulp and paper 

. Mining and smelting 
Water treatment 

. Hydrogen chloride' 
Aluminum chloride .. 
Sodium hyPochlorite 
Chlorinated solvents 

. Propy1eneoxide 
Miscellaneous . 

Total Cdn Demand. 
Exports ... 

. Total disappearance 

Kilotonne (%) 

. 594.Q (39.0) 645.0 (36.6) 675.0 (41.1) NA 
. 430.0 (28.0) 5OS.0 (28.6) 420.0 (25.5) NA . " 

7.0 ( 0.5) 8.0 ( 0.5) 7.0 ( 0.4) . NA 
18.0 (1.2). 19.0(.1.1) lS.S( 1.1) NA 
32.5 (2.1) . 32.0 ( 1.8) 30.0 ( 1.8) . NA . 
11.5 (0.8) 12.0 (0.7) 14.0 (0.9) NA 

.. ' 12.9 (0.8) l:M ( 0.7) 13.5 (0.8) .' NA. 
~1.0 ( 4.7) 74.0 ( 4;2). 70;0 (4.3) : NA 

." .82.0 (5.4). 82.0(4~7) 850~ 5.2) 'NA' 
. sA (0.4 9.7 ( 0.6)" 9.0 (G.6) . NA . 

1521.0 '.1763;1' '". 1644.5 . 

. ~ . 
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Table 2 - U.S. Demand))attem 
,-------'- ----------

1985 1988 1990 1992 
, , 

-----------------~----~---~--------

, Ethylene dichloride 
Pulp and paper 
Inorganic chemicals 
Chlorinated methanes 

'Chlorinated ethanes 
Water treatment 
Propylene oxide 
Other organics . 
Miscellanecius 

, TotalU.S.delnand ' 

ExportS 
Total disappearance 

. Kilotonne (%) ,*% 'est. 

2037.0 (21.0)2590.0 (24.4) 2sio,0 (26.6)30% 
1554.0 (16.0) 1740.0 (16.4) 1470.0(13.80)11 % 
1165:C) (12;0),1172.0 (11.1)1210.0 (11.4) 11 % ' 

, 778.3 (8.0) 790.4 (7.5) 780.0 < 7.3) 5%' 
. 918;3 (9.5) 864.7 (8.2) 850.0 ( 8.0) ,5% 
425.3 (4.4) 527.2 (5.0) 540.0 ( 5.1) 5%' 
628.3 (.6.5)685.4 (6.5) 706.0 (6.1)8% 

" , 1~05.6 (17.6) ,1715.3 (16.2)1750.0 (16.5) 16% 
45,4.9 (4.1) 459.8 ( 4.3) " 450.0 (4.2) 4" 

, ' 

9666.7 '10544.8 10576.0 

" . 
5l.3 (0.5) 58.2 (().6) , 44.0 ( 0.4) 5% 
9718.0 , 10603.0 ,10620.0 ' 

, • Note: 1992 data adapted from Chlorine Institute report-. 
'Chlorine Chemisuyarid SocietY. Other inorganics include 

titanium dioxide; and other organics includes epichlorohydrin. ' 
,U.S ExportS in 1992 are ethylene dichloride. ' ' 

, Source: Camford, Information Services, CPIProductProtlles,Ju1y 1991.. ' 
--------------------------,~------------------------. 

" 
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of total chlorine use, with drinking water a relatively small portion of that amount. By 
comparison, all other specialty uses are relatively minor. 

The major trends include the following: 

• Increases in total chlorine production between 1985 and 1988, due mainly to 
increased consumption in pulp and paper demand, and increases in the 
production of PVC and its precursors ethylene dichloride (EDC) and vinyl 
chloride (VC). 

• Recent declines in the use of chlorine in pulp and paper since 1988. 

• Reductions in production of chlorinated solvents, due to phase-outs of CFCs 
and replacement of chloriIlated solvents in manufacturing industries with 
proce~s changes or non-chemical methods of cleaning, coating, and extraction. 

• Substantial recent and projected growth in PVC production -- the only major 
sector expected to expand. U.S. exports of PVC precursors are also on the 
increase. 

B) Chlorine and caustic soda production: The root. 

Virtually all chlorine in North America is produced by the chlor-alklili process, in 
which brine (salt water) is subjected to an intense electric current to produce chlorine and the 
co-products sodium hydroxide (also called caustic soda) and hydrogen. This process is the 
root of the chlorine chemistry tree: the chlorine produced here is the basic feedstock in the 
production of all other organochlorine products and by-products. 

The coupling of chlorine and caustic soda production has important implications for 
the phase-out of chlorine. Caustic soda, which itself is not known to be associated with the 
production of persistent toxic substances, is used in diverse industrial activities, including the 
manufacture of aluminum, glass, chemicals, and textiles, as well as in water treatment and 
petroleum refining. 

Indeed, a main stimulus to the early development of chlorine chemistry was the need 
to make use of the chlorine surpluses from sodium hydroxide production. Today, chlor-alkali 
producers continue to make virtually all their profits from alkali, not from chlorine. Because 
alkali demand continues to increase, and because chlorine is difficult to store, producers need 
a "sink" fot chlorine -- other industrial processes and products, such as PVC and pulp and 
paper. Thus, production of at least some persistent chlorinated organics is currently driven by 
demand for caustic soda. 

Chlorine producers are counting on PVC growth to offset decreases in other major 
sectors as PVC becomes the "sink" into which chlor-alkaliproducers dump excess chlorine in 
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order to keep pace with growing demand for caustic soda. (Vonkeman and Maxson, 1991; 
Christiaens, 1990; Chemical Business, 1990; Chemical Business, 1989; Anderson, 1990; 
Johnson 1991). 

Sunsetting chlorine could result in a sharply curtailed supply of sodium hydroxide. 
This issue can be resolved in a number of ways. First, caustic soda consumption can be 
reduced significantly through conservation and recycling. Second, caustic soda consumption . 
can be reduced through the use of alternative alkalis or sodium sources. Finally, caustic soda 
can be produced through methods other than the chlor-alkali process. The production of 
chlorine and caustic soda can thus by uncoupled. 

Caustic is produced raw in three main ways: by the chlor-alkali process; by 
recausticising sodium carbonate using lime by the old Solvay process; and by causticization 
of sodium carbonate mined as trona ore (a natural mineral that is mostly sodium carbonate). 
There are reports of shifts to these latter two processes, with the Solvay method leading 
(Christiaens, 1990). 

There are trona deposits in a number of locations around the world. The largest 
deposit by far is in Wyoming (Kostick, 1989). Several companies are currently exploiting 
these resources for soda ash and/or caustic, including the Solvay company, which is a large 
chlor-alkali producer. Other large companies are reportedly looking into the possibility. The 
potential for further development of this process is just beginning to be tapped, and estimated 
trona reserves are enough to supply worl~ caustic demand for several hundred years (Kostick, 
1989). 

Caustic soda can also be produced from electrolysis or electrodialysis of sodium 
sulfate, and this process is already in use at pilot facilities. Sodium sulfate is an abundant 
natural mineral and is also present in the wastewater streams of a number of industries, for 
example, pulp mills, rayon production, and chemical plants (Bar and Mani, 1991). According 
to EPA's Toxic Release Inventory, industry discharged more than 4.5 million tons of sodium 
sulfate to surface waters in 1987, some of which could presumably be recovered for reuse. 

Measures to reduce caustic demand are also available. Efficiency and recycling 
programs can substantially reduce the need for caustic. The caustic loop in the pulp and paper 
industry can be almost closed if chlorine (and its corrosive by-products) are eliminated from 
the bleaching process, reducing caustic demand by up to 80 percent in this sector. 
Opportunities for significant reduction (50 percent or more) are also reported in other sectors, 
such as aluminum oxide production and petroleum refming. 

Other chemicals can often take the place of caustic soda, further reducing demand. 
Carbonates, lime and magnesium hydroxide can be used for many purposes requiring an 
alkaline environment (Christaens, 1990). It is reported that Dow Chemical successfully 
substituted lime for 500,000 tons per year of caustic in the production of propylene oxide. If 
the need is for sodium ions, sodium carbonate or sulfate can often be substituted. 
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Together, conserva~on, substitution, and ·chlonne-free caustic· should allow a substantial decrease in demand for caustic produced by the chlor~a1kali process in the short term .. In the longtefl!'l, these methods appear adequaleto substitute for chlor-a1kali caustic entirely .. 

C) Moving up the chlorine use-tree •. ' 
... .' Since chlorine and caustic' soda production can be de.:cotJpled, it is possible to contemplate a drastic reduction ~ chlorine production,. and to freely analyze the main trunk and branches of the chlorine use-tree. The m~ority of chlorine production (SO%to more than 90%) is used in just 8 to '10 easily disC:emibleproduct groups or applications. A much sma1Ier amount (5% to 20%) finds its way into the specialty chemicals segments (excluding solvents) with more highly diversified product groups, and correspondingly complicated phase-oui scenariOs. 

The relatively few major product groups are shown in Tables 1 ~d 2. In Canada, the use of chlorine is dominated by ethylene dichloride (EDC for production ofVC!PVC) (41.1 %), pulp '. and paper (25.5.%), exports (which may be as EDC, as ids reported to be in the U.S.) (19.6%), pf!>pylene Oxide (5.2%), and chlorinated solvents (4.3%). Th~uses accoun~ for 95.7% of the · total (Camford Information ServiCC$, 1991). .' .. . 

In the U.S., chiorine use with1rt the chemical ind~stry is. more 'specialized, 1e&ding to a more complex tree. Nevertheless, the bulk of total chlorine use still falls.into relatively few groups. Use of chlorine in EDC-VC-PVC (35 percent, including exports), pulp and paF.(14 perCent), ~orinated methanes and.ethanes (e.g;, solvents, 10 percent), propylene .oxide(8 percent). and 'watCrtreatment (5 percent)'account'for 67 percent of total chlorine iise .. The. remainder is in inorganic chemicals (llpereent), other organics (16.percent), and. miscellaneous . (4 percent) (CamfordInfonnation $ervices, 1991):' '. . 

· . . Ev~ within the • specialty ·cheriucals·;rnajor ~~uCts; ~ch as chlorinated Pesticides, lend to dominate and are thus reIatively easy' to classify. There are other major products' and . applications that are also.easily discernible. The use-tree branchings become "complicated, rather . than simple, only in those specialty uses associated with organic and inorganic'chemical · production (Figure 1). Addressing the problem at this highly fiagmented resolution will likely be ineffective $ a regulatory approach. ; . ' . . . . . 
"., . 

. Disposal actiVities in the life~cle (for example,' waste .incineration and scraP' metals recovery) are also part. of the chlorine ~emistryfanilly I and contribute. substantially to the loading ofpefsistent toxic substancesintothe environ1Dent. ·l3ecause tIiese activities are largely · do~stream of productiOn and use; they will ultimately be reduced as .chlorine use declines .. However,these sectors require specific and immediate aitention, as there is a large existing inventorY and will be an ongoing supply of chlOrinated ma~sthat i:ai1 I:iecome feedstock for these processes; resulting in continuing discharges 'of persistent toxic substances . to the . environmenL . ". . . . . ,". 
. . 

A dcitaiJ.ed discu~oo of ea~h ~orsecioris \>eyOridthe seope ofthis·repOit. However, a few ~or product and. process' groupings can 'ilIustrate the. application. of the. strategy. For each, the reiatiye si~ficance as a:' source of persistei1t' toxic substances will be ennsidered,: along with . the availability· of alternatives and the impliCations of their implementation. . .' .' 



D) Ethylene dichloride/vinyl chlOride/polyvinyl chloride. 

1) Si,nlficance as a source of persistent toxic suhstances. 
/ 

Polyvinyl chloride - along with' its precursors' ethylene dichloride (EDC) and vinyl 
chloride (VC)- is by far the largest Single use of chlorine. It is also the only major use sector 
that is growing. As long as industry is wedded to the coupled production of chlorine and caustic, 
PVC is likely to remain the sink for the, chlorine surpius due to declines" in other uses . 

. Thus, the industry has sougntto expand PVC markets in the last 10 to IS years and have 
made significant inroads into uses in which traditional materials were formerly used, such as 

. packaging, pipes, flooring, siding, and furniture. For future expansion, markets in developing 
countries are reportedly targeted for significant glQwth (Johnson, 1991) ... ' ., 

Some have suggested that PVC is not of environmental eoncern, because the prooucts are 
relatively inert and n!)n-toxic. A Consideration of the fulllife-cycle of PVC, however ,indicates 
substantial releases· of persistent .toxic substances' to thee!1vironment The most significant 
releases take place during manufacture and disposal. " . . , . 

, The basic feedstocks for PVC:... ethylene dichloride and viriylchloride - are both 
extremely toxic, with effects including cancer, birthdefects,:Can:\iovascUlar toxicity, and damage 

, to the liver, lddneys and nervous system. On~ released to the air"vinyl chloride is degraded 
into a number of other chlorinated organics and. inorganics; in water, it is extremely persistent. 
EDC is also highly persistent in, water .arid is far more persistent in the air, with a half-life 
estimated at four months. {ATSDRToxicological Profiles'fur EDC and VC); '. 

. ,", . . . . . .' 

, Production facilities'emit ,theSe feedskx:ksintoair and water in large qUantities, with self­
r.eported air einissions ofVC by'U.S. industry totalling 1.3 million'lbsfyr, plus an additional.6 
million lbsfyr to off-site waste facilities (ATSDR). Worker exposUres are also of significant 

, . concern, 'and excess rates of cancer (especially angiosarcoma) have. been documented among . 
vinyl chloride. workers (A TSDR). ". .' 

Manufacture of th~ feedstocb' in~olves . the generation of large quantities; of waste 
(including light ends, heavy 'ends,and oxychlorination tars) that include a range of persistent ;. 

. toxic . substances such. as hexachiorobenzene, hexachlorobutadiene: R~tly, ,very. high' 
'concentrations of PCDDlFs have been disCovered in the wastes from the production of ethylene, 
dichloride by oxychlorination (Vookeman and MaxSon, 1991; Christian~ et al, 1990, 

. Claus et aI, 1991, SEP A 1~2).· If the concentrations, of PCDDfFs found 
in oxychloriit~tion tars to date (in the hundreds of parts per billion) are representative of other,', .. 
plants,. this process may be tlie largest .single source of dioxin formation; . 

A large portion of these wastes are incinerated, leading to dispersal of some portion of the 
. persistent' toxic substances while also creating furtherqliantities of persistent. toxic substances as· 
products ofincompletecombustiOl). PCDDfFs have also been documented in air emissions and . '. . . 

• 
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water discharges from these processes; the majority of dioxins in sediments of the River Rhine 
in the Nethedands have been attributed to wastewater discharges from EDC-VCproouction 

'processes. Some portion of the wastes are also rediiected to onward use iit the production of 
chlorinated solvents. 

The pure PVC resulting from this production proCess is reported to be a pOor quality 
plastic in pure form, and canDot be used without a range of additives' (Johnson, 1991;, 
Ainsworth" 1992). These additives include plasticizers, heat, stabilizers, pigments,' biocides, 
flame retardants,' and others (Ainsworth, 1992). Many, of these additives 'are themselves ' 
,persistent toXic substances: use as PVC additives account for s;gnificant propOrtions of total use 
, of such ubiquitous substances as di-2-ethyl-hexylphthalate and other phthalteS, Cadmium, lead, ' 
organO'-tin cOmpounds, and, chlorinated paraffins. ,U.S: production of all plastics additives was 
10,230 million poundsin 1991 (Ainsworth, 1992). The additives escape to the environment 
through emissions and wastes in their produCtion and in the production of PVC products, , 
through leaChing during the,lifetime of PVC prOducts, and in disposal of the products. ' 

, Large quantities of persistent toXic substances are released tQ the environment during the : 
filial stage of the Ufe'Cycle of PVC .... disposal. Because of the compleXity of PVC product 
mixes, recycling of significant quantities of PVC is not practical. "(Johnson, .1991; Ainsworth, • 
1992; Claus et. aI., 1991; omstianseitet.al., 1990). In landfills, additives may be leached, 
particularly in the presence of organic 5!)lvents. P~cii.ers are of particUlar concerri ,in this ' 
regard, as- they do not form a $table chemical bond with the PVC. ' , , ' 

Whenbumed, ~ chlorin~ U; PVC is ~Sfoimedinto hydrogen chloiide ~dchiorinated' 
products of incomplete combusiion, including hexachlor6benzeil~" PCBs, an(1the PCDDlFs,' 

• PVC is the largest single source of chlorine iii incinerators for municipal waste 
and hospital waste.' It is also the largest -source of cadiniuinand a significant source' Qf lead 

, (Johnson, 1991.) Short~term PVC uses, such as paclcaging, are especially problematic from the ' 
point of view of the feed of chlorine ,into incinerators. However" ilt somepoin~ in' the nel!1' 
future;t!le millions of tons of fVC now in medium- and long-term uses'.(siding, Pipes, toys, 
etc.) will ultimately betumed over and become a waste disposal burden in the fqture., . ... . 

, 'Thebuming of PVC: in house and building rues!s alsO' a' significant' so,urce of persistent' 
toXic substances. ,When PVC pipes, siding, flooring, furititure, and other materials burn in such 
fues, a full range of,PICs are formed (mcluding PCDDsand PCDFs); 'unbumedphth8latCs, " 
heavy metals, apd other additives' ani released, as'well. Th~ health imd safetY threat to 

,firefighters facing sucli "chenucal fires" are well known: A repilrtpublished in 1991 by the ' 
German EPA shows a link between dioxin formation and chlorinated plasiics, especiallyPVG, " 
in fire JTheisen, 1991). ' " ' 

,"PVC is also the major ~urce or' chlorine irimetals ~vefy sineltersfor used cables, 
, electric and electronic scrap. These smelters hive been identified as major sources of PC DDs; , ' 

.. PCI)Fs,and other persistent chlorinated substances. '. ' ' , 
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PVC is th\lS associated with the formation and discharge of large .amounts of persistent 
toxic substances to the environment throughout its life-cycle. On this baSis PVC is reputed to 
·be the most environmentally unfriendly of all major plastics; Recent reports' by the Tellus 
Institute (1992) and the German EPA have concluded that PVC causes greater environmental 
problems than, chlorine-free plastics like polyethylene and polypropylene, . ( 

Tellus Institute, 1992). 

'2) A,aUabUlty ,of alternatives. 
, , 

PVC uses in the U.S. are described llelow. 

" 

Figure 4: PVC use patterns in the U.S. ' 
, " 

Pipe and fittings 
. , . Siding 

, Wire and cables 
Extruded profileS (i.e; wmdow frames) 
Roll goods, 

, Coating and flooring 
Packaging· , 
Furniture 
Appliances ' 
Toys ' , 
Housewares 
Exports 
Others. 

" , 

,39" , 
10 
4 
6 

,.U· 
t; 
S' 

" '. 1.2, 
1.8" 

, '0.4 
," ,0.9 

, 13 
2 

. .. 

.. ~ . 

(Souree: D. Hunter, ~PVC makers study expansions to meet demand growth, -Chemical' 
Week 2/10/93 P ~;' Johnson; 1991). . ' , , " 

: .' . I'· .:., '. ',' . . ,_. . 

Alternatives 10 PVC are specifiC to individual uses; 'and include wood, linoleum, non­
chlorinated plastics, metals, glass, paper/cardboard, etc; For instance, in piping (the largest 
single PVC use), pipes made of metal or chlorine.free plastics can completely substitute for 
PVC: As noted above, . -traditional- materials have fulfilled most ,uses. that are now PVC until' 
very Tecelltly •. Uses in whi~plastics are -necessary- (for example, cars arid cable' insulatiOn), ' 
can be replaced With non-chlorinated plastics, such as ABS (acryonitrile-butadiene-styrene), SAN' ., 
(styrene-acryonitrile), polyethylene, polypropylene, polyvinyl alcoho1s,pol~nes, chlorine-free . 
polycarbonates, acrylics, and so on, depending on the I'roperties n.eeded. ' . 

A gr~g environmental awareness of PVC in Europe has led to sucCessful efforts to 
phase out PVC in' ~ wide range of uses, including construction, commercial, and medical 
packaging, automobiles, and fuIniture. Two years afte~ adopting a policy to strive to eliminate, 
PVC in public construction projects,the Getman town of Bieleficld has achieved 90 Percent 
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substitution of PVC in its construction activities. ,At least 80 other local authorities in Germany, 
plus two states and half the regional capitals in Austria, aIsohave PVC phase-out policies in 
public construction. The recently reconstructed Vienna public transportation system is virtually 
PVC-free, and the automobile manufacturer Volkswagen has stopped using PVC in its products. 
Other manufacturers of appliances and electroliic goods (AEG) and office supplies (Herlitz) have 
also eliniinated PVC in their product lines. The Swedish furniture maker IKEA has announced 
a PVC phase-out policy. In packaging, a Darush supermarket chain has achieved 99 percent 
reduction of PVC in all its product lines, and PVC packaging has been phased out entirely in 
all Austrian supermarkets. As for medical uses, Ii newly opened hospital in Vienna ,is reported , " 
to be virtually PVC free, and such uses as infusion bags and tubings have been replaced ~th 
chlorine-free plastics; other hospitals in the same ,district now have adopted PVC-free policies. 

'There'may be environmental concerns. ,about some ,of the alternatives, ,~, as non- ' 
chlorinated plastics. In many cases,the simplest' alternatives are 'the most environmentally' 
sound, such as the elimination of unnecessary packaging and the use of traditional materials in 
construction' and furniture.' As noted above,' other plastics have also been repOrted to, be less, 
environmentally darrlaging than PVC (Tellus, 1991 ). Because they do not cOntain ' 
chlorine or the same quantity of additives, these plastics are genefally associated with inuch less 
severe discharges of persis~t toxic substances. (Johnson,1991; Christiansen et al, 1990). ' 

, 3) Implementation of a PVC sunset.' 
'. 

, As dem~nstrate4 by European efforts; ~ut programs can successfully conCentrate 
on major use-sectors of PVC, based on,the relative importance, of each sector lind the availabilitY ' 
of alternatives, achieving significant reduclionsin PVC consumption. ' 

Implementing a phase..out will, of course, ~uirC action by theMeS. th~ foll~wing 
measures are available to a sunset program: ' 

, ' , 

'LSunset'permiU for the manufacturers. of PVC; 

2. Rapid phase-outs:ofPVCin uses that are quicklydisPosecs (i.e:, packaging). 
. . -. . . . 

3. Prohlbition ~f·the incineration of PVC in municipal lind hospital waste ~~tors. 

. 4. Rapid phase-outs of PVC in u~ that are susceptible to tire (Le., consirUcti~n and 
" alltOmoblles). :", ' ',-", . .', .', , ' • " .', " . .' ' , 

,s. R~uirement for'mechanical Separation of PVC from metal scrap 'or raPidphase-out 
of PVC in such uses~ , " ' 

6. Phase-Out on specified timelines for othermedium and iong-tetrn uses. 

".l • 



" 

" " 

7. Other measures, including environmental taxes on PVC; product la~ling and 
consumer education; government procurement of PVC-free products and PVC-free 
construction in public buildings; disposal surcharges on PVC products. 

The soeio-economic impacts of phasing out PVC are beyond the scope of. this review. 
The European experience suggests that the alternatives are well within the range of affordability. 
Methods of addressing the impacts on workers currently employed in PVC production should 
be investigated along with phase-out programs (i.e., worker compensation, re.education and 

, retraining; public investment in development of alternative economic activities; etc.). ' 

E) Pulp and paper 

1) Signifit.\lnce asa source of persistent toxic discbar&es. 

The uSe of chlorine and chlorine compoimds ,in the pulp and paper industry is die second ' 
largest use'of,chlorine in the U.S. and Canada. These bleaching agents lITe used to remove 
residuallig~ns from wood pulp to makeUie resulting'paper bright white. " , ,,' 

, Chlorine combihe~ with thisorgaDic mareriai to produce thousands of organochlorines, 
, about 300 of which have, been identified, including chlorinated aliphatics, acids, phenols, 

guiaicols, and dioxins; As much as 97" of the total organically-bound chlorine, however, is 
associated with unidentified medium- ',an4 high-molecular' weig"f organics, 'which have been 
shown to break down into lower-weight chlorinated organies, many of which are persistent toxic 
substances. Organochlonnes formed in the bleaching process are discharged to the enviroi'iment 
via effluent discharges, air emissions of, volatile compounds, disposal of treatment sludges 

, , (commonly by incineration or land-disposal), and the paper prooucts themselveS.,' ' 

In 1989, cumulative discharges toCanadian receiving waters by bleaching pulp mills have • 
been estimated at 1,000,000 tons {CEPA, 1991); even ifpersistent, toxic and/or bioaccumulative 
substances inake up only a small perCentage of these total organochlorine discharges, these are 
highly significant releases; The chlorine content of bleached paper is 'second only, to PVC as 
a source of chlorine to waste incine~tOrs m. North America; dioxins and other persistent toxic 
substances have been detected in the emissions from incinerators for sludge frOni bleached pulp 
mill 

' ' ' " ' 
s. 

Unbleachedpuip mill effluents alSo Contain a wide variety of orgariic compOundS; and 
heavy metals, which may also be toxic to fish and other aquatiC organisms.' Effluents from 
bleached mills coniain these compounds plus the chlorinated by-ploducts of chlorine bleaching,' , 
manyo(which are toxic, persistent, and/or bioaecumulative (CEPA, 1991; Ontario Ministry of, 
the, Environment" 1991;, Sodergren and Wartiovaara, 1988; Paasivirta, 1991).' The non-

, chlorinated organic compounds in unbleached mill effluents'arenot known to be highly persistent 
or bioaccumulative; however, they 'have been associated with biological responses in fish, such 
as the induction of liver detoxification' enzymeS, although with considerablY,less Severity than 

'in fish exposed to bleached mill effluents (Sodergren, 1993). " , ' 

. , 
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'.9"'; • .... , 

The finding that unbleached mill effluents can cause biological effects underscores the 
need to move towards closed-loop effluent free mills; sl!ch changes can be made only if chlorine 
is not used (paasivirta, 1991; McCubbin, 1992). When chJOMe bleaches are eliininated,'many 

, process loops can be closed, effluents can be eliminated, and water consumption and discharges ' 
can be substantially reduced. Lower quantities of treatment sludges are also generated, with far ' ' 
lower degrees of contamination, thus lowering treatn:Jent and disposal costs and impacts. 
Moreover, calisti~ soda that would otherwise have been discharged can be recycled, thus 

, reducing chemical costs, eliminating the energy consumption associated with caustic production, 
and lowering total, demand for caustic, a necessary parallel action in the phase:.out of chlorine. 

2); Availability oralteroatives. 

. Pressure to reduce the emission of chlciruiated orgaruc Compo~nds, iititially focused on: " 
dioxins and forans, has led pulp mills to' make a number of process changes, including 

, decreasing the use of chloriDe ingenerat, and elemental chlorine in particul!l1' •. From 1988 to 
1991, elemental chlorine use in ~ has been cut almost in.half (paprican, 1992). Trade· 
predictions are for continued declineS'in the industry consumption of chlorine in North America, 
Scandinavia, and Ew:OPe. Tollilly chlorine-free pulps are being manufactured on an increasing 
scale, as an:recyciedfibeis with mechaniCal pulp (McCubbin, 1992). ' 

The alte~tive technologies to 'produce hlgh-qUaliiy paper, without chlorine' or chlorine, , 
based compounds have been dCvelopedand 'are 'in uSe throughout the world, including the. 

, following: ' , ., 
',~ .. 

'., ' Manu~re and ~se of unbleached, ,off~white paper for lIl0st uses;, 

,'. Improved, housekeeping (better debarking, waShing and chipping methods);' '., - '" 

• Exte~ded d~gnifi~tion,tapid displacement heating,modified continuous 
cooking, and splvent ,pulping to remove more. lignin before' bleaching; .' 

• ", Oxygen and hydrogen peroxide pre-l>leaching; . " '. .. 

• Oxygen-based bleaching,includiilg oxy.gen,ozone, and hyd~gen Peroxide; ,,' 
, , 

.', Addition of naturally produced enzy~es during bleaching to improve the 
, performance of oxygen-based bleaching. . , . . "', ' 

. , . . " . 
,', " 

Also, one' hundredpeicerit substit~tion 'of elemental chlorine with chl~rine dioXide ' 
substantially reduces the aniount of organochlorines in pulp and, paper mill effluent. ' However" " 
the extent to ,which this achieves the goal oJ: Zero disCharge 'over the life cycle has not beCn ": 
demonstrated. ' , , 

, " 
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These methods are now'in use in nUlls throughout the world for production of numerOus 
types IJld gradeS of pulp and paPer, including the highest quality market pulp. Twenty six mills 
worldwide are now producing totally chlorine free market pulp, including 17 that make kraft 
pulp, The majority are in Scandinavia, with a few in other I)8.tions. Three mills in Canada are 
now producing totally chlorine-free market pulp, and one U.S. kraft mill in California recently 
announced plans to market high-brightness chlorine-free kraft pulp produced through a 
combination of the methods listed abov.e • ' . 

For most applications, equal brightness,' strength and other q~ities .renow being 
achieve4 without chlorine or other chlorine-based bleaches. Rapid development of alternative 
bleaching methods indicates that, within a short time, any remaining tecluiological barriers to 
full use of chiroine-freepapers will probably be eliminated. 'Der Spiegel, thelargest-circulation 

.- top-quality news magazine in Germany, is now printed on totallychlorine-free'paper, as are . 
- numerous other publications. ,. . '-

3) Inlplementation o~ alternativ~. 

The folloWing measuies are available, to a sunSet program: . 
. .' . . . . . ":. . .. .•.. .. . . .. ,.' . 

1. Sunset permitS·· for pulp mills. -seltmg" timelines . f~ the reducQon and eventual _ 
elimination of chlorine and chlorine-based 'bleaches. ' . . ' 

. -,-. 

2. Other measures, incl\lding consumer education and government procurement policieS 
to.-accelerate denwid for chloririe-free paper productS; surcharges on chlorin~bleaehed 
. papeis: economic incentives to mills to invest in chlorine-free processes. 

- The Socio-ecpnomic impacts of implementing these alternatives do not appear pro)libitive •. 
given the' current trend to eliminate chlorine use in Europe. '.' Following an initial investinent, 
production of chlorine-free -pulp involves lower chemical costs, 'lower costS for treatment and -
dispOsal of organochlorine-COnla!Dinated.effluents and sll!dges, and - ifprocess loops_are closed.' 
- additional cost saVings.' -'. -. . . 

Denuind for totally, chlorine-free pulps are growing in both European anel America . 
markets. Mills that invest to meetc~ging market demand will be far better positioned '9' 
compete with EUropean and other mills over the next decade. Because of the initial investment 
involved, it may be nec:essat}' fonrn: Parties to ensure that regulatory policies IJIPly to mills 

. through the U.S. and ~,~ther thanjust to those in'the Great Lakes region. " 

F) other chlorine _~ 

.-A brief overview s~ggests thatlar most uses, a similar'picture emerges: alternatives are 
cu~ntly avanable and practical to allow the phase-out of most major uses ofe:hlonne. ... 

1) Chlorinated solvents. . . 

..... . 



Chlorinated solvents account for an ·estimated 10 percent of chlorine use in the U.S. 
Used for cleaning, coating, and extraction in manufacturing industries, the chlorinated solvents 
are ubiquitous as atmoSpheric and groundwater contaminants. It has been estimated that almost. 
the entirequaniity of chlorinated solvents used ends up being released into· the atmosphere. 
Much of that· which is controlled ends up being incinerated as waste. The persistence and 
toxicity of chlorinated solvents and their chlorinated breakdown products (i.e., vinyl chloride, 
chloroacetic acids)· in the air and groundwater have been well documented. Worker and 
community exposures to. air emissions of these volatile chemicals are also of serious concern, 
and halogenated solvents are primary causes of depletion ()f the. stratospheric ozone layer. 
Chlorinated· solvents are also a primary .source of chlorine feed in haz8rdou.s waste incinerators~ 

Total demand for other chlorinated solvents i~also expected to decline over the next 
decade as industries seek to .minimize costs for chemical PrOcuremelit, disposal and liabi!ityand 
concern over worker and community healih effects grows; Already, major manufacturers, such 
as IBM and GE have announced plans to phaSe-out thC use· of chlorinated solvents . 

.. AI1ernativeS to chlorinated solven~ include ·process changes to diininate the need for 
cleaning with ·solvents; water-based Cleaning, coating and extraction;. use of non-chcmical 
cleaiung agents such as soaps and citrus-based chemicals; and mechanical or dry cleaning and 
coating processes~ The U.S. EPA is now investigating a solvent-free,steam-based alternative 
to dry cleaning (the major use for perchloroethyJene) that is now in use in England..· ... . ..- . -.., 

Chlonnated solvent use is already· declining. The ozone-depleting. solvents and .. 
refrigerants chlorofluorocarbons, hydiuchlorofluorocarbons,carbon tetrachloride, and 1,1,1,­
trichloroethane are already· subject to worldwide phaSe-out agreements. In Sweden, carbon 
tetrachloride, methylene chloride, trichloroethylene, and 1,1 ,I-trichloroethane have been placed 
.on pl!ase-out timetables. . 

'-', 

• 2) Pesticides •. . ... 

.. 

Pesticides account for only an estimated 2 percent· of toiai chlorine uSe but, j>ecause.they 
are intentionally. introduced directiy· into the environment. arere~nSible for severe 

. contamination on a global basis. While some chlorinated pesticides have already been restricted, 
others, such as alachlor, atrazine, and 2,4-D rerqain in Widespread use.. Of the top five 
pesticides used in the U~S. today, all are chlorinated (atrazine, a1ach1.or, 2,4-D,metolachl()r, and . 
dichloropropene); . These pesticides and . their ·.breakdown products are also ubiquitous 
contaminants of suiface waters, groundwaters,· and·.food supplies. . In addition,. pesticide . 

. . - • . J' . _ - : 

inanufacture " a complex, multi"stepprocess· - tends to be associated with the production of 
large quantities of h.alogenated ·wastes. Pesticides ale a major use for the aroniatic chlorinated 
feedstocks which are themselves associated with significant persistence and toxicity and with the· 
production of high quantities·of the by-products of greatest concern, such as HCB, PCDD, and 
PCDFs. ·Some non-chlorinated pesticides; such as ·the highly toxic parathions, paraquat, and 
others, are made via chlorinated intermediates that are associated with the production and release 
of persistent, toxic chlorinated wastes. . . . ... . 

. . , 
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The alternatives to synthetic pesticides are well-documented and are in use by organic 

farmers throughout North America. Methods include. improved crop choice, rotation and 

mixing; maintenance and introduction of natural predators; and use of biological pesticides. 

These methods often involve greater labor costs which are offset by reduced costs fQr chemical 

procurement. In a 1989 review, -the U.S. National Academy of Sciences found that chemical-' 

frcie agricultural methods can result in yields and productivity as high or higher than pesticide­

intensive farming. That review reI,o",mended a national program to remove financial and .. 

. political barriers that encourage fanners to rely on pesticide-based methods. 

There is ample precedent for restricting or banning the manufacture and use of persistent 

toxic pesticides, especially organochlorines. Such policies .could beextendec!, onphase-out 

. timetables, fr9m individual compounds.to the class of pesticides that contain d1lorine, with 

exceptions madeaecording' to the' principle of reverse onus.··. '. - . -' 
. : ~. '. . 

. . 3) Chemical intermecJilltes • 

. . ' The usc: of chlorinated organicswiuilit the chemical industry 10 produce chlorine-f'ree. 

products, such as -pol)'\li'etha!le and epoxy resins, accounts for as much as 20 perCent of c:;hlorlne '. 

- use in the U.S., and a lower amount in Canada; Although the- final products do n9t contain. . 

- chlorine, these prodlictiOli proCesses involve the generation of large quantities of chlorinated' . 

wastes and by~products, along with environmental releases anCi.worker exposures to chlorinated 

. feedstocks and their wasteS (Vonkeman ",,). .: . . 

- ". PCDDlFs havebeCn dCtected.incbh,~ intermi:diates and the jmxIuctsmade croni 
them, including epichlorohydrln, chlorobenzenes, and phthalocine dyes made through chloro- '. 

aromatic intermediates. Many of the intermediates :.. such as phosgene anaepichlorohydrin .-.. -

are themselves recognized fQr their extreme toxicity. Based on the Well-documented. generation­

of highlY persistent. toxic by-products, the chlorinated ·aromatic intermediates (chlorObeitzenes: 

arid derivativeS) may be top candidates-for prioritization within this seCtor. . . 
. . . ,",', - " ,...... . 

This sector tends u, be hlgblyspeclalii.ed, _but. alternatives ~known to be aWuable for' . 

:at least some major Usc:!.· For instance, Dow Chemical uses. approximately $jJercent of an. the 

chlorine produced in the U.S. to manufacture propylene oxide (used for onward'production of. 

polyurethane. brake fluids, arid other .chem.icals); bowever. another major' U.S: chemiCal' 
.- company.' ARCO; produces ProPylene oxide through it chloriite-freeoxjdation process using the " -. ' 

. 'catalyst tett-butyl pero~de. . - . . 

. . . -

, . Phosgene (used primarily to produce. isocyanates for polyurethane pioduction) and ' . 

'epichlorohydrin (used to produCe 'epoxy resins and other·chemicais) each account for aboud . 

. ' percent of total chlorine use in the U.S ... As for proPylene oxide, bccaUse'chlorinedoes not· 

appear' in the flnalproduCl;' there is no. theoretical reason that other 'method$of chemical 

. synthesis - including oxidation with organic or metal catalysts and electrochemical oxidation ':"'. 

cannot substitute for chlorine-based ptocess. For instance" dimetJ:!ylcarbonate substitutes for 
-. ,'. 

.. .. " 



phosgene and metal-eatalyzed oxidation substitutes for epichlorohydrin are in use or 
development. 

Continued research and development in this area can be expected f~r those uses for which·· 
alternatives are not now established. Such research would be hastened in ihe anticipation of 
sunset timetables for these chlorinated intermediates. 

4) Disinfection. 

Disinfection of water and wastewater accounts for about 5· percent 'of total chlorine use 
· in the U.S.; of this, an estimated 4 percent is wastewater treatment, with less than 1 percent 
being used for drinking water disinfection • .. 

'. . 
When chlorine is· used as a disinfectant for wastew~ter or drinking water, hundreds of 

.. chlorinated organic by,productS· result, including toxic. and penistent chlorinated acids, 
aliphatics, ketones, and .aromatics, such as chlorophenols and chlorobenzenes, In addition, a 
significant portion of the by-product,sare composed of unidentified compounds. Emerging 

.. evidence suggests thatexposure'to these by-productS may be linked to mcreased incidence of 
certain cancers,. bIrth de(ects, and· developmental toxicity; .further studies ~ needed to confirm . 
and clarify the role· of chlorinated by-products' in these and other possible effects. . . 

. Alternative disinfection methOds are available to redu~ or elinrlnate chlorine uSe in this . 
sector. For wastewaten, .available alternatives .thatcut chlorine use to zero are in worldwide 
use. The most common methods are ultraviolet and ozone treatment. OzOne is· an extremely 
effective disinfectant; but the process is energy intensive and produces chemical by-products that,. . 
though apparently less persistent than those produced by chlorination, inay be problematic from .: . 

· a health and environmental perspective. mtl'!lviolet. treatment is alSo an effective disinfectant, 
· based on the. destruction 'of l!acteria and viruses with a narrow ~ency of intense light~ no 

. chemical by-products are produCed, and energy requirements are less.than those for chlorine. . 
. . . . -. 

Several hundred wastewater treatment PI8ntS in the U.S. and Canada have installed UV· 
systernsand eliminated chlorine in the last dec8de.· Capital costs are estimated to be equai to .. 

. .. or less than those for chlorine; and operating costs are lower. . . . 

These alte~tives are effeCtivedislnfectaD~'fordrinkingwatet, as well, 'and can repiace·. 
chlorine for in-plant disinfection. However, where drinking water has a high content of' organic. 
matter and travels through long delivery systems, a residual ~s necessary to prevent regrowth of 
pathogens after iQitial treatment.· ~either ozone nor· UV prpvid~ sueha residu.aI; and many .. 
North American treatment works that have installed these methods must continue to lise chlorine 
for residual diSinfection. In Europe, where sever8I thousand plants ~se ozone or UV systems, 
the use· of .sand~ or· carbon-fil~on to remove organic matter and more carefully deSigned .... 

. . delivery· systems make the chlorine residual unnecessary; 
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Thus; alternative disinfectants appear feasible to eliminate the use of chlOrine entirely for 
wastewater treatment and for in-plant disinfection of drinking water. Smaller amounts of cblorine 
will continue to be necessary unti1iarger changes are possible in water treatment and delivery' . 
systems. This "residual" chlorine use that should be maintained, however, 'represents a very 
small percentage of chlorine use. ' . 

. - . . 

8) . CONCLUSION 

Chlorinated organic persistent toxic substances represent a unique class of compounds. 
When implementing the strategy to achieve the Agreement's goal of virtual elimination, it is 
necessary that these substances be treated as a class of chemicals. , . The properties of these 
substances which require that they be treated as a class includes their extreme toxicity, the fact 

, that they are virtually entirely foreign to natUral systems, and the fact that roughly half of the 
chemicals found in the Great Lakes ire chlorinated. Both the Commission'and the DC's 

Science Advisory Board have recognized the importance of, treatiiig chlorine as a class of 
persistent toxic substances, rather than attempting to deal with them individuany. 

'. ,. . 

This analysis, indicates the utility o~ applying a' use-tree to investigate -phasing out an . 
industrial feedstock chemical 'such as chlorine. The use tree analysis indicateS the wide variety . 
. of uses of .chlorine., It also indicates the impOrtance of reduclngindustrial demand for caustic . 
soda. This can be accomplished in a number of ways, inciudiJig through conservation and 
recycling, thrQugh the use of alternative alkalis or sodium soiJrces,and by producing caustic 
soda through methods other than the chlor~aIkaIi process. . . ' . 

. ." < .--

The information in.t!Usreview suggests thatphasing,o~t many induStrial uses of ~hlorine ' 
is practical and feasible. For the two'main usescif·chiorine, production of PVC and chlorine 
bleaching in the puJp and paper industry, altemativesa,re _ available. In fact,it is 

. encouraging to note that many European and North Am«<rican finns. are currently making this 
transition. ., , . . -

' .. '". 

The strategy recomm~dedin this report includes issuing sunset permits for current 
industrial users of.chlorine.These permits would specify the date in the future after which no 

.. chlorine could be useefin the process and would in~lude progressively more stringent limits to 
. reduce chloriile use. (and release of organo-chlorine wasteS) in the interim. '. .' . 

... ' . 
. The Commission' recommended' in its Sixth· BieruiiaI report ·that the Parties develop . 

timetables to . sunset the ·use of chlorine' and chlorine' contaiJ)ing' compounds as industrial 
feedstocks. This analysis :provides a. fnuriework for implementing that recommendation and 
~gins to· answer, many of the questions the raised by, the recommendation. Most 'importantly; . 
this . reportindieates that. phasing out many. industrial uses of chlorine is practical, feasible, . ' 
necesSary and should be accomplished by the U.S. and Canada. . 

3; 
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