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Introduction

The International Joint Commission (JC) first made a recommendation to “develop
timetables to sunset the use of chlorine and chlorine-containing compounds” in the Great Lakes
Basin in its Sixth Biennial Report on Great Lakes Water Quality (1992). In its Seventh Biennial
Report (UC, 1994), the UC accepted the findings of the Virtual Elimination Task Force (UC,
1993)and confirmed the recommendation of the Sixth Biennial Report when it recommended that
the governments of Canada and the United States“....consult with industry and other interests to
develop timetables to sunset the use of chlorine and chlorine containing compounds as industrial
feedstocks and examine the means of reducing and eliminating other uses, recognizing that socio-
economic considerationsmust be taken into account in developing the strategiesand timetables”
(1JC 1992). Other International Organizations took similar steps. The Paris Commission,
composed of 15nations, and the 21-nation Barcelona Convention have taken the stance that toxic,
persistent and bioaccumulative substances, particularly organohalogens, which class includes
chlorinated organic substances, should be eliminated or substituted where possible. On the other
hand, the American College of Occupational and Environmental Medicine, the American Chemical
Society, the American Medical Society, and the Socieq/ of Toxicology while recognizing that
several organohalogens are on most lists of priority pollutants, have none the less opposed treating
chlorineand chlorinated chemicals as a class noting concern over the potential economic
repercussions of a ban on chlorine. Their position is that not all chlorinated have been shown to
be dangerous, and many yield proven health benefits. Debate over the eventual elimination of
chlorinated organic compounds and chlorine used in industrial feedstocks, pesticides and many
other applications (sometimes referred to as a Chlorine “sunsetting”) is a complicated one; various
positions have been staked on either side of the issue.

The International Joint Commission is a binational treaty organizationwith the
responsibility to report on progress in achieving the goals and objectives of the Canada-US Great
Lakes Water Quality Agreement. The IJC’s biennial reports on Great Lakes Water guality are
issued in response to this obligation. One of the goals of the Agreement, established in Article II
of the 1978revisions, is to virtually eliminate persistent toxic chemicals from the Great Lakes.
Half of the 362 synthetically-produced chemical compounds that were found in the Great Lakes
basin were chlorinated organics (MESB 1994). Due 1o the persistent, toxic nature of many of these
compounds, the uncontrollable mixing that has occurred in the environment,and limited scientific
understanding about the effects of mixtures in the environment, the Commissioners of the IJC
believed that rather than treat these chemicalsindividually, they should be treated as a class for the
sake of government action. Adopting this recommendationwould mean a dramatic change in the
way environmental contaminants are regulated. In standard practice, chemicals must be evaluated
individually for toxicity, carcinogenicity, persistence and bioaccumulation potential before
regulatory action is taken. This tends to be costly and time consuming and therefore only a small
percentage of chemicalsreleased to the environment are tested. In 1997, the US and Canada took
steps toward the elimination of toxics in the Great Lakes;the stated goal is the elimination of 5
chlorine-based pesticides, a 90%reduction in PCB, and a 75% reduction in dioxin by the year
2006. Part of the current debate is the question of whether or not it is sufficient or safe to consider
each compound separately - a process that, it has been suggested, would take 1billion laboratories
over 130billion years to complete - or whether it would be prudent to combine all chlorinated
chemicalsin the same class, with the recommendation for an immediate though gradual phase out
of the class. The onus of proof would thus be on the potential user or manufacturer of a certain
compound to prove it safe for human health and the environment; without this proof each
chlorinated compound would be assumed too risky for release into the environment and therefore
too risky for use. There are convincingarguments for both sides, as well as conflicting findings.
Severalissues surfaced as a result of the IJC’s recommendation including: human health and
environmentalrisks, costs and benefits, terminology (i.e. ban vs. phase out, individual vs. class),




scope, state of knowledge, and plan of action for chlorinated chemicals. Considering the fact that
US production of chlorine had reached an al time high of more than 12 million tons per year
(Hilleman, etal. 1994)the recommendation had far-reaching implications and became highly
controversial immediately after the IJC made it.

This report is the product of an effort by the Great Lakes Program at the University of
Buffalo along with the cooperating institutions of the New York Great Lakes Research Consortium
to consider the implications of the IJC recommendations as they might affect the environment and
economy of the Great Lakes region of New York State. Our goal in this study is to synthesize
available scientific, economicand policy information about the impact of a chlorine ban specifically
on New York. Section One provides the context within which to consider the 1JC
recommendation. Are the human health and environmentalconsequences of certain chlorinated
organic compounds, particularly persistent and bioaccumulative toxic substances, of such a degree
that a radical departure from conventional pollution control strategies is desirable? If so, does it
make sense to treat chlorinated organic comﬁounds as a class for regulatory and policy purposes?
What impact might a Chlorine ban have on the inadvertentproduction and release of Dioxins and
Furans? Section Two looks at the economicsof Chlorine and potential economic impact of
substitutes for chlorinated substancesin commerce. It focuses particularly on the New York State
economy and includes an appraisal of the contributionsof Chlorinerelated industries. Section
Three reviews the available data on the release of chlorinated compoundsto New York’s
environment. A numerical model is used to demonstrate the behavior of a number of chlorinated
compounds in Lake Ontario under various loading scenarios. The report concludes with
recommendations for NY DEC in pursuing the issues associated with reducing and eventually
eliminating the release of toxic chlorinated compoundsinto New York’s Great Lakes region.




Section One: About Chlorine and Chlorinated Compounds

Chlorineis WideI}/ used in the US in water disinfection systems (98% of all water
disinfectionand 1% of all CI' use), pharmaceuticals (85% of dl pharmaceuticals), and crop
protection pesticides (96% of al pesticides) (Holland 1995). Chlorineis inexpensive and simple to
manufacture. Chlorinated Elastlcs became important originally during World War II because of a
need to replace natural rubber. During the gasoline crisis, lighter weight plastic substituteswere
found to reduce fuel consumption in automobiles. Water treatment experts quickly discovered that
chlorine was easy to use, killed deadly disease-causing bacteria and provided a residual that helped
to disinfect throughout the water network Chlorinated |i)esticides ensured “High quality” produce

at low cost. The major use of chlorine, PVC, provided lighter products for construction.

How is chlorine produced?

The manufacture of chlorine is one of the more basic chemical processes. The electrolysis
of saltwater, or brine, (74% in diaphragm cells, 13% in mercury cells, 11%in membrane cells)
made up 97% of 1995 chlorine manufacturing. While the byproduct of sodium and magnesium
(by decomposition of HCL) manufacturing comprised the remaining 3% of chlorine manufacturing
(Mannsville 1995). Electrolysis involves using electricity to break down salt water into chlorine
(CL), caustic soda (sodium hydroxide-NaOH) or caustic potash (potassium hydroxide-KOH), and
other by-products (i.e. hydrogen) (see Figure 1?. A more detailed description of chlorine
production can be found in other reports (Charles River Associates, 1993; Holland 1995).

Figure 1L The Production of Chlorine*

Reactants Catalyst Products |

* Source: Charles Rivers Associates 1993.

How is Chlorine Used?

Chlorine has been used in three ways: 1)direct use (i.e., waste water treatment), 22 asa
catalyst, but not in final product (i.e., many pharmaceuticals and pesticides), and 3) manufacture of
chlorinecontaining products (i.e., PVC). “Over 50 percent of all commercial chemicals either
contain chlorine or chlorine chemistry was used in their manufacture, and consequently chlorine
has come to be known as the single most important chemical” (Holland 1995).




Figure 2. End-use Estimates for Chlorine in 1995*

Propylene
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*Source: US EPA 1994,

An estimated 15,000 synthetically-producedchlorinated compounds are currently in
commerce (Ehrenfeld et aZ. 1993). Chlorine resultsin thousands of applications or end-uses. The
maljor applications of chlorine are ethylene dichloride/vinyl chloride or EDCNCM SB‘E%) and the
pulp and paper (11%) (see Figure 2). The US pulp and paper industry, the second largest
application of elemental chlorine, is experiencing a massive switch from elemental chlorine use to
elemental chlorine free or chloride dioxide (Mannsville 1995). This trend in the pulp and paper
industry will lower future estimates of chlorine use, as the amount of chlorine required in the
chloride dioxide process is much less. The largest chlorine use, EDC/VCM,, isactually an
intermediate for polyvinyl chloride or PVC. Figure 3 shows one of the thousands of applications
that result from chlorine chemistry. The CharlesRiver Associates (1993) provide a more detailed
look at flow from chlorine to end products.

Figure 3. Chlorine to PYC*

Base Commodity Intermediate Product End Product

Chlorine’sextreme reactivity is the same quality which yields both its value to public
health, the economy and industry and its dangers in the environment. In its elemental form, pure
chlorine is highly reactive and therefore extremely rare in nature. In order to produce elemental
chlorine, an electric current is passed through a salt solution, or brine which separatesthe chlorine
from the sodium yielding elemental chlorine, caustic soda and hydrochloric acid for market. When
Chlorine and other halogens form chemical bonds with Carbon (forming organochlorines) these
bonds are among the strongest, most stable and long-lastingin Nature. Most chlorinated organics
are also highly soluble in other organic molecules and lead to complex strings of chlorine-carbon



bonds. Since Carbon chemistry dominatesall life activities, organochlorinesfind themselves easily
caugih_t up in living tissues which is how they bioaccumulate and biomagnify. Since many of the
resulting compounds are new to the planet and life has not evolved in their presence, present-da
organisms may not have the necessary enzyémes to catalyze their breakdown or use. Often partia
metabolism occurs which can lead to new, highly reactive metabolites in the body. The toxicity
associated with certain chlorinated organic compounds is ultimately related to these fundamentals
of chlorine chemistry. Because of this, the proponents of a chlorine ban have argued for a
regulatory approach that addresses organochlorinesas a class.

_ The chlorine debate encompasses both deliberately manufactured chemicals such as
pesticides and Bolyvircljyl chloride as well as wide range of organochlorines inadvertently produced
as unintended by-products (i.e. dioxin). Pressure to prevent dioxin formation is being addressed,
more recently, on an industry-by-industry basis. The pulp bleaching industry and the PVC
industry, for example, are both under heavy scrutiny. Many environmental groups which initially
responded favorably to a complete chlorine phase-out are moderating their stance to focus on
specificindustries and are proposing exceptions for specific applications, especially in water
disinfection and the production of pharmaceuticals.

Chlorine wes first ﬁroduced for industrial use in 1893in a process by which electric current
is passed through water. The resulting elemental C1" readily reacts with carbon (usually obtained
from petroleum), yielding numerous chlorinated organic compounds (around 11,000 have been
manufactured or inadvertently created). These range from simple molecules like chloroform (a
single carbon atom with one hydrogen and three chlorine atoms attached) to the chlorinated phenols
(consisting of a SIX-BaCk of carbons in a ring with various chlorinated arrangements attached), to
the pol)sch orinated biphenyls (two attachedhexagonal rings of carbon atoms with chlorines at the
corners).

Because CI' iss0 highly reactive, the bonds it forges tend to be extremely stable and hence
persistent in the environment. The combination of biological activity and persistence createsthe
potential for problems. Sixty-seven percent (22of 33) of the persistent toxic substancestargeted
for virtual elimination by the Great Lakes Binational Toxics Strategy are organochlorines. Most of
these substances are or were deliberately manufactured. For several (DDT, PCBs and Mirex most
prominently) the manufacture for domestic use has been banned for many years but they persist in
the environment. Some like Dioxin, a substance that is toxic at extremely low quantitiesand
measurable in the body tissues of virtually every human in the United States, have never been
deliberately produced but a2 from chemical reactions In certain conditions where elemental
chlorine is available. This makes dioxin extremely difficultto eliminate from the environment
through conventional regulatory efforts.

The IJC’s recommendation that governments and industry begin a process toward the
eventual sunsetting of Chlorine for industrial uses, was built on an appreciation of the difficulties
inherentin chemical-by-chemical evaluation and regulation. For example, by 1995the US National
Toxicology Program had completed assessmentsfor carcinogenicity in around 400 chemicals.
Based on the results of these, it was estimated that somewherearound S% of the 75,000 chemicals
in commercial use (around 3,750 substances) might be carcinogenic. These assessmentsare long
and expensive. At present less than 200 have been identified and regulated as carcinogens
(Steingraber 19975).

The IJC recommendation is intended to be consistentwith the “precautionary principle” and
assumes chlorinated “chemicals are bad for the environmentand human exposure unless they are
specifically proven safe to use or release” (1JC 1996). Several chlorinated chemicalshave been
found to be toxic, persistent, and bioaccumulative; mix uncontrollably in the environment; and
have many health effects (i.e., cancer, endocrine disruFtion, low birth sizes). Chlorinated
chemicalsin commercial use, though, are not all equally harmful. Unfortunately, the time and
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energy involved examining them all for dl of the possible effects is prohibitive. It would take
approximately 1billion laboratories over 130billion years to understand the synergisticeffects of
these chemicals gDorsey 1997).A framework for treating a large number of toxic chemicalsat the
same time would help to alleviate this problem (IJC 1996).

Despite this, the chemical-by-chemicalmethod is the dominant paradigm in both the US
and Canada. In fact, many prestigious organizations support the chemical-by-chemicalapproach
including: the American Chemical Society, American Medical Association (1994), American
College of Occupational and Environmental Medicine (1994), and the Society of Toxicology
(Holland 1995). They argue that a single chemical property (e.g., contains chlorine) does not
adequately determine toxicity (MESB 1994). Furthermore, these exPerts argue that we can
continue using many chlorinated organic chemicals, now and in the future, because we adequately
understand their toxicity and environmental affects (Denzel et al1994). Class-based regulation
would unnecessarily and unfairly harm the manufacturers of these compounds and/or their
precursors.

Is this a ban or aphase-out?

The IC recommendation to sunset chlorine as an industrial feedstock is ambiguous.
Industrg interprets sunset as a ban or immediate halt of chlorine production which would seriously
affect their ability to do business (CRA 1993,CRA 1994, Holland 1995). A ban would cause
unintended consequences on workers, growers, and sellers (Rosenberg and Levenstein 1995).
Because of these unintended consequences, many Non-governmental organizations NGOs)
advocateand mtergret “sunset”as a gradual phase-out of all chlorine-based uses (Greenpeace
1992; Thornton 1994; APHA 1994; Great Lakes United 1995).NGOs are commonly
misunderstood as advocating an immediate ban. (Thornton 1994).

There are many examples of phaseouts and reductions of products or their application in
the US. Examples of successful toxic chemical phase-outs include: mercury in chlor-alkali
manufacturing, PCBs in electrical equipment, and lead in gasoline (UC 1993a). Similarly, in the
US, the EPA 33/50 Program has facilities voluntarily set goals to reduce the 1986 base year
releases of specific chemicals into the environment by 33% by 1993and 50%by 1995.Over
1,000 facilities have reduced chemical releases in this program (1JC1994). In 1997, the US and
Canada took steps toward the elimination of toxics in the Great Lakes; the stated goal is the
elimination of 5 chlorine-based pesticides, a 90% reduction in PCB, and a 75% reduction in dioxin
by the year 2006. Part of the current debate IS the question of whether or not it is sufficientor safe
to consider each compound separately - a process that, it has been suggested, would take 1billion
laboratoriesover 130billion years to complete - or whether it would be prudent to combine all
chlorinated chemicals in the same class, with the recommendation for a gradual phaseout of the
class. With such a phase-out, the burden of proof would thus be on the potential user or
manufacturer of a certain compound to prove it safe for human health and the environment; without
this proof each chlorinated compound would be assumed too risky for release into the environment
and therefore too risky for use. There are convincing arguments for both sides, as well as
conflicting findings.

Human Health and Environmental Impact of Chlorine

The potential for chlorine and chlorinated chemicals to impact human health and the
environment is well documented. The World Health Organization reported that 64 organochlorines
have “sufficientevidence” and 63 more have “limited evidence’” of causing cancer, not including
the hundreds of structurally related dioxin compounds (Thornton 1993). Chlorinated chemicals
and their derivatives are implicated in a host of cancerous and non-cancerous effects (Agency for
Toxic Substances and Disease Registry 1993, EPA 1994, Mackay 1995, MESB 1994)and
environmental impacts like depletion of the stratospheric ozone layer (Delzel et al. 1994,EPA
1994,MESB 1994). The IJC (1993) has determined that the adverse effects of toxic chemicals on



wildlife, especially those that feed on fish, can be viewed as a prediction of human population
effects. One of these effects on wildlife is disruption of the endocrine system; the same chemicals
found in fish and wildlife tissues are being seen in human tissues as well. A correlation has been
noted between the amount of toxic chemicals found in human tissue and the amount of fish that
person eats. (1JC 1993) Despite this evidence, the largest study to date, reviewing more than
4,000 articles, the Interpretive Review d the Potential Adverse Effects of Chlorinated Chemicals
on Human Health and the Environment (Delzell et al. 1994), concludes that the fate and toxicity of
c?florinated chemicalsare now reasonably well understood and their use will not cause adverse
effects.

Natural versus Human Sources

Over 2,000 naturally produced chlorinated compounds are documented ﬁGribee 1994),
including chloromethane (methyl chloride) and vinyl chloride monomer (Delzell et al. 1994).
Recent information indicates that the contribution of some chlorinated substances from natural
sources is significant relative to human sources. Marine algae, volcanic eruptions, and sea salt are
major sources of chlorine gias in the atmosphere. For example, the decomposition of chloridesin
sea saltby sunlight into chlorine gas (CI?) results in annual deposition of 2 to 50 kg of chlorine per
hectare of land or 2.4 to 60 billion kg globally, most of which reacts immediately. alternative
sources are believed to be ten times higher than human production of elemental chlorine (Delzell et
al. 1994). Adding to this debate is the continuing uncertainty in the estimates of dioxin sources.
Efforts to account for the source of dioxins known to be in the environment have concluded that
from 50 - 80% of all dioxin derives from presently unknown sources. (Carpenter, 1995).

History of Chlorine Controversy

The chlorine controversyemerged against a backdrop of concern about biologically active
chemicalsin the environment (Carson 1962?. Many individual and several groups of chlorinated
compounds (and their derivatives) have received varying degrees of attention throughout the last
fifty years. While the IJC recommendationto “sunset”chlorine and chlorinated compounds has left
its mark, many other prominent events have preceded their recommendation and contributed to the
history of chlorine.

Early Concern

~ Male workers, in 1930, who were chronicall¥ exposed to PCBs developed acne-like skin
lesions (later known as chloracne) referred to as Cable Haulers Disease. TCDD was identified as
causing the occupational skin disease, chloracne in 1957. In 1958a dioxin, HexaCDD, was
responsible for causing millions of chicks to die of chick edema factor. Ten years later in Yusho,
Japan, an industrial accident released PCBs into rice bran oil. The oil was consumed by many
people causing acute toxicosis (i.e. chloracne, tooth deformities) and generational effects like sralll
birth sizes and lower 1Qs. In 1969, laboratory studies showed that a pesticide that was mass
produced for twenty years (2,4,5-T) was a teratogen causing developmental deformities
(Physicians for Social Responsibility et al. 1994?.

The 1960s and 1970s

Several major federal and state regulations were passed in the 1960sand 1970s (see
Appendix D). The US banned DDT and placed PCB under regulatory controlin 1972. Also in
1972, a physician at B.F. Goodrich recognized a connection between the monomer vinyl chloride
and cancer in humans. The latency period for this cancer was 26 years. In 1974, TCDD was
implicated in the iliness of horses (and possibly children) at Times Beach. Later in that same year,
atrichlorophenolplant explosion released dioxin and led to children developing chloracne. In
1974, it was discovered that chlorine reacts with organic matter in the drinking water to form
organohalides, which are carcinogenic in minute amounts. In 1979, Love Canal hit the front




pages, Vietnam Veterans initiated a class action lawsuit against the federal governmentfor spraying
Agent Orange, and rice oil in Taiwan was accidentally contaminated by PCBs. The accidental PCB
contamination exposed over 2,000 people. Children of exposed mothers later developed
ectodermal dysplasia, and showed developmental delays and abnormal sexual development.

Chlorinated Chemicals n the 1990s

The IIC (1992), Greenpeace (1992), and the American Public Health Association (1994)
asked that chlorine and chlorinated chemicals be treated as a class of chemicals and called for a
phase-out of chlorine and chlorinated chemicals. The 15nation Paris Commission on the North
Atlantic held in 1992 and the 21 nation Barcelona Conventionheld in 1993agreed that toxic,
persistent and bioaccumulative substances particularly organohalogens be eliminated and
substituted where possible (Thornton 19945). While the American College of Occupational and
Environmental Medicine (1994), American Chemical Society (1994), American Medical Society
(1994), and the Society of Toxicology (1994) officially opposed treating chlorine and chlorinated
chemicalsas a class (Holland 1995). _ o

In 1994, Congressfaced a Zero Discharge Act (HR 2898) resolution which included a 5
year phase out of chlorine. The Clinton Administrationproposed a Clean Water Act amendment
al%% S\jked for a task force to study chlorine as a class and requested a national strategy (Thornton

In November of 1995, the Swedish government passed a resolution to phase out the use of
PVC due to associated health risks (EPA 1997). The most recent government action took place on
April 7,1997. On this date, the US and Canada moved to eliminate toxics in the Great Lakes by
2006 including 5 chlorine based pesticides, 90% reduction in PCB, and 75% reduction in dioxin.

Chlorine and Dioxins

Polychlorinated dioxins and furans (hereafter PCDD/F) are highly persistent trace
pollutants potentially responsible for many adverse biological and ecological effects, such as
endocrine-system disruption, birth defects, developmental and behavioral effects, and cancer.
These compounds - believed to be mostly anthropogenic - have been detected all over the globe.
The health effects, fate, and sources of PCDD/F are at present highly debated. The following
discussion outlines the current debate and knowledge about this class of compounds, and the
resultant implications for the industrial use of chlorine and chlorinated products.

Whatare “Dioxins” ?

The tam “dioxins” refers to two classes of compounds comprised of over two hundred
chemically similar molecules: polychlorinated dibenzo-p-dioxins(PCDD) and polychlorinated
dibenzofurans (PCDF). Structurally, these compoundsare tricyclic, planar molecules, where two
benzene rings are brid%ed with either one (PCDF) or two (PCDD) ether (carbon-oxygen-carbon
bonds) linkages. On the backbone of this structure is space for up to eight substitutions of
chlorine, numbered 1-8.

The result is the possibility for over two hundred positional isomers, each with different
toxicological properties. For example, epidemiological studies suggest that the toxicity of one _
ﬁartlcular isomer may be up to 10,000 times greater than that of another (Rappe 1984). The main

ealth effects due to PCDD/F exposure were Initially believed to be carcinogenic, but recent
epidemiological studies suggest that these compounds may be more of a concern as hormone
disrupting chemicals, where their effects are manifested at much lower concentrations than needed
to initiate cancer (Colbomet al. 1996; Stone 1994). Toxicologistsregard the 2,3,7,8-tetrachloro
dibenzo-p-dioxin (or 2,3,7,8-TCDD) as the most toxic of all of the PCDD/F isomers,and in
general the most toxic isomers are those with 4-6 chlorine atoms having all lateral positions on the
backbone of the molecule (positions 2, 3, 7, and 8) simultaneously substituted with chlorine.
Toxicities have been estimated for many individual isomers, and analytical results for PCDD/F
loadings are often reported as “toxic equivalents” - or TEQ - to the 2,3,78-TCDD isomer. Here,




the quantities and toxicities of the individual PCD DF isomers are normalized to an equivalent
amount of 2,3,7,8-TCDD. Although assessing the toxicity of a particular sample, this method of
accounting CPl\/_es no information on the congener and isomer distributions, making source
evaluation difficult.

Dioxins in the Environment

Researchers throughout the world have reported on PCDD/E loadingsin a variety of media,
such as sediments, air samples, vegetation, and animal tissue and blood serum. PCDD/E are
among the most hydrophobic of synthetic organic chemicals found in the environment, and as a
result are highly bioaccumulativein nature. For example, when compared to other chlorinated
persistent organic pollutants such as PCBs, chlorobenzenes, chlorophenols, and pesticides such as
chlordane, toxaphene, mirex, etc., PCDD/E have the highest values for the octanol-water partition
coefficient (K, in the rang{e of 107 - 10%, In addition, PCDDF are characterized as having
extremely low water solubilities and are found mostly adsorbed to particulatesin water samples.
As aresult, PCDD/F tend to accumulate in sediments, and the main mode of transport of PCDD/F
in water systems is likely governed by the movement of suspended particles. PCDD/F are
transported around the globe from their point sources - believed to be primarily combustion
processes - by atmospheric mechanisms. Because of their very low vapor pressures and high
adsorptive nature, PCDD/F are believed to spend a significantamount of their atmospheric lifetime
on particles. Accordingly, depositional processes involving washout of particles are ve
important to general environmental loadings of PCDDF. In addition, PCDD/F adsorbed to
Egrtlcles may be shielded from gas-phase atmospheric chemical reactions (Brubaker et al. 1997)

own to degrade many other organic compounds, helping to make PCD DF particularly persistent
in the environment.

Severalstudies over the past ten years have attempted to measure temporal trends in
PCDDF loadings in the environment. In a recent excellent review, Alcock and Jones (1996)
summarized the available data, some of which was derived from Great Lakes and New York State
studies. For example, Smith et al. (1992) reported on PCDD/F levelsin sedimentsamplestaken
from Green Lake in upstate New York. This lake is located in a mostly rural region, and the inputs
of PCDD/E are believed to be solely from atmospheric sources. Sedimentcore samples were
collected, dated, and fragmented for PCD DF analysis. The resultsare typical of data from
sedimentcores and archived soil and vegetation samplescollected from all over the world: small
but measurable quantities of PCDD/F before 1900; a sharﬁ increase in PCDDF loadings after
about 1920;a peak of PCDD/F levels in the 1960sthrough 1970s;and a leveling or drop to 50-
75% of peak levelsin the 1990s. The general decreasesnoticed in the past two decades have been
at least partially attributed to improved alr pollution control of combustion sourcesand waste
treatment of chemical processes involving chlorophenol and pesticide use and manufacturing.
Under debate is whether PCDD/F levels are still dropping from their peak values, or whether they
have reached essentially steady-state levels.

Dioxins in New York State

Several studies, such as discussed above, have chronicled the presence of PCDD/F in New
York State in a variety of environmental media. Estabrooks et al. (1994)conducted a detailed New
York State Department of Environmental Conservation(NYS DEC) survey in 1990-1991 of
PCDD/F Contamination in Eighteen mile Creek in Niagara County. Eighteen mile Creek flows
from the city of Lockport to Lake Ontario and is augmented by water from the Erie Canal, which in
turn derives about 90% of its water from the Niagara River. These siteswere chosen due to
previous studies suggestingunusually high levels of organic chemical contaminationin Eighteen
mile Creek At various ]pomts along the creek and its tributaries, sediment, water column,
macroinvertebrate, and fish samples were collected and analyzed for PCDD/E. Total PCDD/F
measured in sedimentsamples generally ranged from about 1,000-100,000 picograms PCDD/F per
gram of sediment (pg/g), or parts-per-trillion (QH[:). Convertedto 2,3,7,8-TCDD toxic equivalents,
the sediment levelsranged from 10-1,000 pg/g TEQ. The United States Environmental Protection
Agency (EPA) guidelines for assessing 2,3,7,8-TCDD levelsin bottom sedimentsplace a high rik
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(TCDD doses expected to cause 50-100% mortality in embryos and young of sensitive species) on
sediments containing >25 pg/g. The report concludes that sedimentsin Eighteen mile Creek
contain PCDD/F levels that are of concern. Follow-up studies upstream in 1992 suggested that the
majority of the PCDD/F contamination found in Eighteen mile Creek was derived from the Erie
Canal. One of these upstream sites, the Petit flume, contained the highest levels of PCDD/F -
16,000,000 pflﬁ (or 16 ppm) - ever recorded by DEC. This site is located on the Niagara Riverin
the vicinity or the mouth of the Erie Canal, and is known to be near a number of industrial
hazardous waste sites. DEC believes that a flux of PCDDF contaminated sedimentsfrom the
Niagara River and augmented from various point sourcesnear the Erie Canal (i.e., industrial waste
siteé} accumulate in Eighteen mile Creek before being slowly flushed into Lake Ontario. Elevated
levels of PCDD/F - exceeding the state piscivorous guideline, and approaching the state human
consumption guideline - were also noticed in carp and crayfish collected during these studies, and
correlated positively with PCDD/F sediment concentrationsin the vicinity of their collection. The
levels found in Bass filets were well below the state guidelines.

Due to the relatively low atmospheric concentrations of PCDD/F, air sampling for these
compoundsis a difficult undertaking. Required sampling timesare quite IonP (24-48 hours), and
the resultant analytical demands are severe. As aresult, data on atmospheric loadings of PCDD/F
are not nearly as numerous and comprehensive as those from sedimentstudies. In New York
State, Smithet al. (1989; 1990)from the New York State Department of Health have conducted a
series of air monitoring studies of PCDD/R levelsin avarie%lof urban areas. Their samples, taken
from the cities of Albany, Binghamton, Utica, and Niagara Falls,show atmospheric PCDD/F

concentrationspin the range of 3-22 pg/m®. These results represent the aggregate of particulate
and gas phase PCDD/F. Recent air sampling results from a rural region in Chautaugqua County
about ten milles from the shore of Lake Erie show slightly lower PCDD/F loadingsin the range of
2-10 pg/m* (Milligan 1997). Based on these preliminary results, there aBpear to be significant
long-range sources of PCDD/F to New York State, separate from the urban point sources, that
may make up about half of the total loadingsin urban areas.

Sources of Dioxins

Chlorinated dioxins and furans are solely undesired chemical side products derived from a
number of different combustion and industrial processes involving chlorine. Many studiesin the
past few years have attemptedto quantify the rate at which PCDDF are introduced into the global
environmentfrom these differentsources (Thomasand Spiro 1996; Brzuzy and Hites 1996;
Duarte-Davidson etal. 1997). These sources of PCDD/F can be classified into two broad
categories: chemical and combustion. It is believed that the chemical sources, such as from the
manufacturing of pesticides and chlorophenols, wastewater treatment, paper and pulp bleaching,
and perhaps other chemical processes involving chlorine, are a minor contributor to environmental
loadings of PCDD/F when compared to combustion sources. In addition, chemical sources of
PCDD/F may remain a localized problem - such as in the Erie Canal/Eighteen mile Creek study
discussed above - resulting in contaminated sedimentsin the regions near the source, whereas
combustion sources provide atmospheric loadings of PCDD/F that can then be transported for long
distances. However, it should be noted that the sediment/water and water/vapor interchange
dynamics of PCDD/F are poorly understood, and these localized “hot spots” may ultimately be
regarded as significant global sources of these compounds.

From a detailed study of known combustion sources from the US, Canada, Japan,
Australia, New Zealand, and 12 European countries, Brzuzy and Hites (1997) have estimated that
approximately 3,000 kg of PCDD/F are emitted per year from these regions. Unfortunately, little
or no data exists for Russia, China, and India, and PCDD/F combustion sources from these
countriesmay be significant. Of the 3,000 kg/yr produced, municipal solid waste incineration
(MSWI) is regarded as the major source (1,200 kg/yr), followed by cement kilns (1,000 kg/yr).
Cement kilns often employ hazardous waste as a fuel - which can be comprised in part by
chlorinated solvents - in their firing processes, and the heterogeneity of the fuel/cement mixture is
believed to lead to PCDD/F formation. Behind these two main sources are ferrous metal
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concentrationspin the range of 3-22 pg/m®. These results represent the aggregate of particulate
and gas phase PCDDF. Recent air sampling results from a rural region in Chautauqua County
about ten miles from the shore of Lake Erie show slightly lower PCDD/F loadingsin the range of
2-10 pg/m’ (Milligan 1997). Based on these preliminary results, there agpear to be significant
long-range sources of PCDD/F to New York State, separate from the urban point sources, that
may make up about half of the total loadings in urban areas.

Sources of Dioxins

Chlorinated dioxins and furans are solely undesired chemical side products derived from a
number of different combustion and industrial processesinvolving chlorine. Many studiesin the
past few years have attempted to quantify the rate at which PCDD/F are introduced into the global
environment from these differentsources (Thomas and Spiro 1996; Brzuzy and Hites 1996;
Duarte-Davidson etal. 1997). These sources of PCDDF can be classified into two broad
categories: chemical and combustion. It is believed that the chemical sources, such as from the
manufacturing of pesticides and chlorophenols, wastewater treatment, paper and pulp bleaching,
and perhaps other chemical processes involving chlorine, are a minor contributor to environmental
loadings of PCDD/F when compared to combustion sources. In addition, chemical sources of
PCDD/F may remain a localized problem - such as in the Erie Canal/Eighteen mile Creek study
discussed above - resulting in contaminated sediments in the regions near the source, whereas
combustion sources provide atmospheric loadings of PCDD/F that can then be transported for long
distances. However, it should be noted that the sediment/water and water/vapor interchange
dynamics of PCDD/R are poorly understood, and these localized “hot spots” may ultimately be
regarded as significant global sources of these compounds.

From a detailed study of known combustion sources from the US, Canada, Japan,
Australia, New Zealand, and 12 European countries, Brzuzy and Hites (1997) have estimated that
approximately 3,000 kg of PCDD/F are emitted per year from these regions. Unfortunately, little
or no data exists for Russia, China, and India, and PCD DF combustion sources from these
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Cement kilns often employ hazardous waste as a fuel - which can be comprised in part by
chlorinated solvents - in their firing processes, and the heterogeneity of the fuel/cement mixture is
believed to lead to PCDDF formation. Behind these two main sourcesare ferrous metal
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production (steel miIIsR and biomass combustion, both estimated at about 350kg/yr. Emissions
from steel mills are believed to be a major source of PCDD/F in Europe. Biomasscombustion is
suspected to produce some PCDD/F, but the source of chlorineis unclear. Here, the chlorine may
be derived from natural sources or from pesticide residues. Less importantcombustionsourcesare
copper smeltingprocesses (80 kg/yr), medical waste incineration (80kg/yr), and gasoline
combustion (12 kg/yr).

It is important to note that combustion sources can only produce PCDD/F if chlorineis
resent in the fuel. Indeed, it has been proposed that for kinetic and thermodynamic reasons, some
CDDE - albeit very small amounts - will be formed in any high temperature process involving

carbon, oxygen, hydrogen, and chlorine. This pathway has been named the **trace chemistry of
fire"* theory, or TCOF ?Nestrick and Lamparski 1982). As a result, careful control of combustion
parameters and novel air pollution treatment processes are required to reduce PCDD/F from
combustion sources involving chlorine.

DioxinsfromWaste Incineration

As discussed above, waste incineration is regarded as the most important source of
PCDDE to the environment, but the details and implicationsof their formation during these
combustion processes is often misunderstood. Hazardous waste incineration, even when
involving high levels of chlorinated wastes, does not appear to produce much PCDD/F as
combustion ¥-products. In general, hazardous waste incineration involves a carefuII?/ controlled
combustion of a well-characterized and homogenous viaste stream comprised of mainly liquid
organic solvents, followed by highly effective emissioncontrol devices. Municipal solid waste
incineration, on the other hand, involves the combustion of a variable, multi-phase fuel comprised
of metals, plastics, liquids, paper, cardboard, etc. Emission factors from MSWI’s have been

estimated to range from 7-17 pg of PCDDE formed for every kg of garbage burned (Brzuzy and
Hites 1996). Numerous field studies of operating MSW1Is have cleargl demonstrated that PCDD/F
are not formed in the high temperature combustion zone, but instead downstream in the cooler
reﬁlmes of the process. For example, PCDD/F levels from the exit of the combustion region,
where the temperature may be as high as 1,000°C, are often at or below detection limits. Further
downstream, as the flue gas stream Is passed through a variety of air pollution control devices,
such as acid gas scrubbersand particle removal devicessuch as electrostatic precipitators (ESP),
PCDDE levels are observed to rise.

Municipal veste (garbage? Is typically comprised of about 25% non-combustible material,
the bulk of which are metals or alloys in pure or oxidized forms. During incineration, most of this
fraction ends up essentially unchanged from its original state as bottom ash. However, some of
this ash becomes entrained in the flue gas stream during combustion and exits the combustor as
residual fly ash. A still smaller proportion is vaporized in the combustion zone, only to cool and
condense further downstream as condensation ash. The result is a fly ash consisting of a complex
matrix of metals and alloys, metal oxides, metal chlorides, metal sultates, carbon, etc. The
presence of metal-rich and chlorine-richfly ash in the flue gas stream is instrumental to the
formation of PCDD/F during incineration. Although the majority of fly ash is comprised of silica
and alumina, many trace transition metals are present - such as iron and copper - that are known to
be effective catalystsin many chemical reactions. These catalytic elements in the fly ash are
believed to initiate the heterogeneous formation of PCDDE in the flue gas downstream from the
combustion region where the process temperatures are in the range of 250-400°C (Stieglitzand
Vo%] 1987; Karasek and Dickson 1987; Milligan and Altwicker 1993). The majority of the
PCDDE are adsorbed to the surface of the fly ash particles, and are either collected by particle
control devices for ultimate land filling or escape collection and are emitted into the atmosphere
from the stack. Gas-phase PCDDE produced are also likely present, which may be emitted at the
stack. The carbon sources for PCDD/F seem to be derived from both residual elemental carbon or
soot native to the fly ash, and from gas-phase precursors, such as chlorophenols ,formed during
the combustion process. The chlorine sources for #15 downstream formation are unclear but may
be due to residual chlorine in the fly ash, or from gas phase HCI and Cl, in the flue gas stream.
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Polyvinyl chloride (PVC) presents a particular danger when incinerated in house and
building fires.. It is also the single largest source of chlorine in incinerators for municipal waste
and hospital waste. When burned, the chlorine in PVC is transformed into products such as
PCBs and PCDD/Fs which are indisputably hazardous to the environment. (IJC 199_3?1

Chlorine levels in municipal waste range from a fraction of a percent to as high as 50%,
and is found in both organic (such as PVC plastics) and inorganic (such as table salt, or sodium
chloride) forms. Most of this chlorine is converted to HC1, and depending on the combustion
parameters, trace amounts of CL,. A smaller proportion ends up in the fly ash - as described above
- in the range of 1-10%chlorine by weight. In a well controlled incinerator, the nature of the inlet
chlorine - organic or inorganic - is irrelevant to the form in which the chlorineexits the combustion
zone. There appears to be no memory effect as to the chemical nature of the chlorine in the flue gas
stream when compared to its initial form in the feed stream. A recent American Society of
Mechanical Engineers (ASME) study also reports that the fractional amount of chlorine in the inlet
waste has no statistical correlation to the amount of PCDD/F emitted from the stack of the
incinerator (Johnson 1996). In this work, a field study of 107 combustion units showed that
incinerators with even less than 1% chlorine in the waste stream can still emit significant amounts
of PCDD/E. The explanation for this observation may be related to the complexchemistry
involved in the fly ash catalyzed formation of PCDDF, where only small amounts of chlorine may
be required to form these trace pollutants. However, these results have been questioned, and
further research is needed for confirmation.

The implications of the above studies are extremely important when drawing conclusions
about the role of chlorine in PCDD/F formation in incinerators. Because PCDD/F are formed
downstream from the combustion chamber on fly ash particles, the nature of the chlorine in the
waste stream does not appear to have an effect on the presence or mount of PCDD/F formed
during the incineration process. In addition, the percentage of chlorinein the waste may also not
be importantto the amount of PCDD/F formed, although this remains a highly debated conclusion.
The most imﬁortantfactor in MSWI formation of PCDD/F seemsto be the presence of metal
catalystsin the waste stream. Japan, which due to lack of landfill space relies heavily on
incineration as a municipal waste treatment method, has had some success in reducing PCDD/F
levels from their incinerators by carefully removing metal from their feed waste streams.
course, if there is absolutely no chlorine in the waste stream, no PCDD/F can be formed.
However, trace levels of chlorine will always be present, from either natural sources or from
inorganic sources in food products and other general household wastes.

The Dioxin “Missing Mass”

One of the many debated issues in the dioxin story involves potential unknown sources of
PCDD/F. Forexample, in the work done by Brzuzy and Hites (1996) discussed above, known
sources of PCDD/F resulted in an estimate of about 3,000 kg released into the environment per
year from atmospheric point sources. However, data collected from soil samples from around the
world by the same team resulted in global depositionestimates of about 13,000 kg/yr - a factor of
four disagreement from the known sources. In contrast, a similar study by Thomas and Spiro
(1996) concluded that for at least the United States, the balance between known sources and
measured loadings to the environment were in fairly good agreement. Both groups agree that the
lack of available depositional and loading data for PCDD/F make closing this mass balance
difficult. Internal cycling is probably the answer for much of the discreﬂancy; spacial-temporal
averaging has resulted in large errors in data. From these results and others, there is evidence that
sources of PCDD/F may exist that have not yet been characterized. Gribble (1994) has proposed
that natural sources of chlorinated organic compounds - including PCDD/F - may be derived from
microbial processes and forest fires. This hypothesis has been supported by some sedimentcore
studies that show the presence of PCDDF in sediment layers from pre-industrial revolution years
(Juttneretal. 1997). However, these background levels may be due to sample contamination or
vertical mixing and diffusion of PCDD/F through the sediment layers. Most researchers believe
that all or most of the PCD DF measured in the environment are anthropogenicin origin, and that
natural sources are negligible.




Implications ofa Chlorine Ban or Phase-Out to the Presence of Dioxins in the Environment

Given the current lack of data and understanding associated with the sources and fate of
PCDDV/F, it is difficult to draw conclusions about the effects that an industrial chlorine ban or
phase-out would have on the presence of these compounds in the environment. Even if dl
anthropogenic sources of PCDD/F were suddenly eliminated, we would still be burdened with the
legacy of PCDD/F for decades and perhaps centuriesto come. Laboratory and field studies show
that these compounds are highly stable thermodynamically, and are resistant to microbial
decomposition. As a result, PCDD/F are regarded as one of the most persistent classes of

ollutants released into the environment. For comparison,PCBs are still found in often alarming
evelsin water, sediments, and animal tissue around the globe, even though their production was
banned in the 1970s. We might expect the same behavior from PCDD/F, which are more resistant
to environmental degradation than PCB:s.

PCDD/F are formed as trace, undesired chemical byproducts from a variety of different
chemical and thermal processes, such as chlorophenol and pesticide production, bleachin
processes, and waste incineration. Laboratory and field studies suggestthat the level of chlorinein
a process or waste stream is not well-correlated with the amount of PCDD/F produced. The
chemical mechanisms describing PCDD/E formation are complicated, and do not depend strongly
on chlorine concentration. These resultsimply that even a significant reduction of chlorine levels
in these process or waste streams may not result in a proportional decrease in PCDD/F formation.
In addition, the chemical nature of the chlorine (organic versus inorganic) in a process does not
seem to be an important factor in resultant PCDD/F formation, particularlg/ in waste incineration.
As a result, the presence of even small amounts of inorganic chlorides -ubiquitousin nature - may
still result in PCDD/F formation. We should emphasize that the chemistry of PCDD/F formation
is not well understood, and further research is needed to have confidence in what a chlorine ban or
phase-out would mean to PCDD/F releases to the environment..

Dioxin in Summary

Chlorinated dioxins and furans (PCDD/F) have spread all over the globe from their sources
by the transport of contaminated sediments and atmospheric processes involving gas phase and
particulate bound PCDD/E. These compoundsare hi I%/ persistent, are resistantto microbial
degradation, have low water solubilities, and are high ]y ioaccumulative. PCDD/F are found in
sediment and air samples from New York State, both from local and long distance sources.
PCDD/F levels found in some highly contaminated sediments of New York State are of high
concern. Sampling data from sedimentcores and archived soil samr()Ies suggest that PCDD/F
loadingsto the environmenthave leveled or dropped from their peak values in the 1970s.

Combustion processes are likely the main sources of PCDD/F - particularly solid waste
(garbage) incineration. Hazardouswaste incineration is likely a minor or negligible source.
PCDD/F are also derived from other chemical processes, such as pesticide manufacturing,
chlorophenol manufacturing, and pulp bleaching. However, these sources may be aminor
contributor to the overall loadings of PCDD/F in the environment. In solid waste incineration, the
chemical nature and concentration of chlorine in the waste feed stream may be a relatively
unimportant factor to the amount of PCDD/F emitted from the stack. Thus,PCDD/E can be
formed whether the chlorine enters the waste stream aseither a plastic such as PVC or astable salt.
Unless chlorine is completely eliminated from the waste Strean - a difficult task given the presence
of natural chlorine sources - the potential exists for the formation of PCDD/F.

Data on depositional rates and environmental loadings of PCDD/F throughout the globe are
sparse. Unknown sources of PCDD/F - either anthropogenic or natural - may exist. Itisalso
likely that a portion of the measured deposition is PCDD/F that Wes emitted historically and is still
cycling within the environment. Further work is needed to better measure PCDD/F loadings and to
identify unexpected sources and environmental cycling.
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Section Two: Economic Impact

The goal of this section is to survey existing information and point out data gaps in our
understanding of chlorine and the New York State chlorineeconomy. In accomplishing this goal,
a literature review and examination of relevant databasesthat pertain to the chlorine industry are
necessary. A wide diversity of sourcesare drawn upon in order to better understand and evaluate
the socio-economic implications of a chlorine phase outin New York. This section does not
collect primary socio-economicdata. However, a limited analysis of primary data collected by the
US Department of Commerce was undertaken.

Chlorine in Commerce

How much chlorine isproduced?

_ Inthe United States, there are 18 producers producing over 12 million short tons of
chlorineat 36 facilities. Three of these facilities (DuPont, Niachlor, and Occidental Chemical) are
based in New York, all in the city of Niagara Falls iseeTabIe 1). The projected 1997 production
and capacity levels are 200% higher than 1965levels. It is also importantto note that chlorine
outputis l_Jsuallgy consumed relatively quickly after it is made, because chlorine is difficult to store
(Mannsville 1995).

Table 1L New York Producers of Chlorine*

Falls, NY DuPont 85,
Niagara Falls, Niachlor 240,000
Niagara Falls, NY Occidental Chemical 330,000
; annsville 1995
Short tons

Socio-economic Evaluation

US Socio-economic Evaluation

The US chlorine industry is the subject of onl?]/ a few major economic analyses. These
reports exclude the benefits that are associated with phasing out chlorine and do not look at Full
Cost Accounting (Charles River Associates 1993). Whether or not a report considers full cost
accounting is the heart of many economic disagreements between proponents and opf)onents of a
chlorine phase-out poll_cc?l. Full cost accounting is inclusive of “avoided costs as well as directand
indirect subsidies provided to polluters through preferential pricing of energy and resource inputs,
tax incentives, limited liability, and external costs (such as damage and cleanup costs) bom by
society” (UC 1993a). The Charles River Associates (1993) report s cited most often and is
therefore used quite often in the following section on economic impacts.

_ CharlesRiver Associates (1993) reports that in the US in 1991, 370,000 jobs were
directly dependent on chlorine, and 950,000 additionaljobs were created by these employees
spending their earnings. Almost half of the 370,000 jobs were workers in PVC plants. The
Charles River Associates 1993report also only considersjob loss to the chlorine industry not job
gain to the chlorine-free alternative industries. In doing so the Charles River Associates
calculation of $33 billion Ber year is suspect. According to the LIC(1993),the employmentimpacts
“are likely to be positive, both in terms of number and quality of jobs.”
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The loss to the US economy, based on 1991, is projected to be $102 billion per year
(CharlesRiver Associates 1993). The costs are the result of predictedjob losses, expensive
alternativesand high start up costs for new facilities. However, others estimate that “97.6percent
of the chlorine could be phased-outfor less than $22 billion per year...[or]...over half of all
chlorine use examined could be phased out for only about $4 billion” (Thornton 1994). The costs
associated with an instantaneous implementation of expensive and inferior alternatives as well asa
focus on the benefits and savings of the chlor-alkaliindustry are credited for “industry’s inflated
costestimates” (Thornton 1994). _

There are many projected savings in a chlorine-free econom)é. For example, Thornton
(1994) argues that TCF (totally chlorine free) pulp bleaching would be cheaper than current
chlorine-bleached pulp. The argument is based on reduced chemical purchases ($5 to $10 per ton
or at least $185 million per year in savings), less energy to run the mills (at least 2.4billion
kilowatt-hours per year and a savings of $108 million per year), reduced water use, effluent
treatment, disposal of contaminated sludge, and elimination of organochlorine contamination
lawsuits (which have been as high as $10 billion in the US for a single lawsuit) (Thornton 1994).
Closed-loop bleaching mills are estimated to save $1.4billion per year if the entire US (and
Canadian) industry converted (Thornton 1994).

In addition, the EPA estimates that switching from to a solvent free dry-cleaning method
would require 42%less capital investmentto install, generate a 78% better retum on investment,
resultsin almost equal operating costs due to reductions in chemical procurement and chemical
disposal, 5% increase in profit, and a 38%increase in wages (Thornton 1994). The most notable
change in a chlorine free economy is decrease in health care costs, which the IJC estimates to be
around $100 to $200 billion per year (1JC 1993b).

~_ Acomparison between the US and New York chlorine economy reveals that New York
significantly contributesto US chlorine-based industries (see Table 2).

Direct Employment $366,700 $27,515
Indirect Employment ~$943,300 $50,996
Direct Payroll — $9,500,000,000 $636,447,000
[~ Indirect Payroll $21,400.000.000 $1.352.093

J_AnnualﬁS?L%—lJll_m 0,000,000 I $2 663038,000
;:?ources: Charles River Assoclates 1993

Sources: Charles River Associates 1995.
*** Reported in Millions (000)

New York Socio-economic Evaluation

Only one report examines the use of chlorinein New York The New York report is brief
and examines eight industries (see Table 3). A total of 27,515New York residents, with a total
payroll of $636 million per year, areemployed at the 5,085 New York facilities that directly use
chlorine. If indirect users of chlorine are included, the employment total rises to 78,511 and the
payroll to $1,989 million per year. In addition, over 16.2million New York residents drank
chlorinated water (Charles River Associates 1996). Assumptions are not given so many of the
figures are suspect.
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Table 3. Economic Benefits of Chlorine in New York*

Number of | 959 2 119 2073 ,306 | 3,739

facilities |

Number of 64 4,723 7,154 66,082 15,575

employees

Annual 33 $181 $325 $128

Payroll Million | Million Million Million

Annual $333 $2,622 3673

Sales Million Million Million
Fixed $4,206 $38 $357 2,382 193

Assets Million Million | Million Million Million

Values $11  $336 1,753 $363

Added Million | Million Million Million

Cost $1,125 83 3,553 $259

Increase Million Million Million Million

without (plan (new

Chlorine  Ichanges) Iplants&

| | equip.) _
*Source: Charles River Assoclates 1996; blank spaces indicate there is no data given.

Summary of Chlorine Economy Findings

There are many data access barriers and data collection gaps for the New York “chlorine
industry.” Therefore,this section relies on revenues listed in several industry based articlesas a
surro?atge for access to actual revenues. Also missing from publicly available databases are figures
on chlorine and chlorinated chemical production in New York. ile US production information
for each industry is provided in the US Department of Commerce’s Current Industrial Reports
(1993), there isno New York equivalent. Again thissection relies, where available,on the
information that exists in the literatre. Information pertaining to alternatives is availablefor some
industries in the literature. Where available revenues, costs and production figures are listed for
alternatives to the chlorineindustry. Salary, range of employees and number of establishments,
]E(ir9 Bl%N York State, are listed in the US Department of Commerce’s County Business Patterns

Socio-economic Databases

The are several socio-economicdatabasesin New York and the US. The US Department
of Commerce is responsible for publishing County Business Patterns (1993) and Current
Industrial Reports 1993?. The Current Industrial Reports carry production data for all US
industry sectors (national level), whereas the County Business Patterns holds the number of
Iempll)oyees, payroll, and the number of establishments per industry sector (down to the county
evel).

The New York Department of Economic Developmentdatabases contain information on the
number of facilities, employment information, revenues per industry sector and the Gross State
Product (GSP). Other types of socio-economic data are collected by the New York Department of
Environmental Conservation under the Toxic Release Inventory (TRI) program. The TRI program
requires each facility in New York, with at least 10employees and releasing any of the more than
600 chemicals (above specified threshold levels), to file a Form R report. The socio-economicdata
that Is collected by the Form R includes: facility location, chemicals used, and whether they are
manufacturing or producing the chemical.
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Literature Review

An enormous quantity of publications surround the chlorine debate. The debate is inclusive
of, but not limited to, socio-economicissues. While our attempt is to review dl relevant articles
and reports, due to the enormous volume of publications, there is a likelihood of omitting some.

Environmental and Health Databases

_ There are many databases that include information pertaining to chlorine and chlorinated
chemicals (see Appendix A), however these are largely environmental and human health based
(Alston 1991). Where appropriate, information from these databases are included in this section.

Alternatives to the Chlorine Industry

There arealternatives available for most of the current uses of chlorine. Replacements for
PVC include wood, metal, paper, and ABS (acryonitrile-butadiene-styrene),a non-chlorinated
Elastlc. In the Pulp and Paper industry, where chlorine is used in the bleaching process, steps

ave already been taken to reduce the amount of chlorineused. Alternativesinclude using more
off-white paper, as well as Oxygen-based bleaching. Chlorinated solvents, used for cleaning, are
being replaced by water-based methods, such as steam-cleaning in the Dry Cleaning industry.
Chlorinated loestlcides are being replaced by biological pesticides in addition to changes in farming
methods. Alternativesto chlorine in the disinfection of water, such as the use of Ozone and
Ultraviolet (UV) treatments, have met with success. 1JC 1993)

The issue is not whether options for chlorine and chlorine containing chemicalsexist but
how well those alternatives would perform if chlorine is phased out. The Netherlands Scientific
Council for the Government (1995) states that there are already alternatives which would be
perfectly capable of meeting the economic and technical requirementseither now or after a certain
amount of further development in the near future. CHEMinfo (1997) also reports that there are
several alternativesto chlorine and chlorine-based products that do and are meeting both economic
and technical requirements. In the Canadian economy, market shares are higher for many of the
alternativesto chlorine-basedproducts (see Table 4). Although the CHEMinfo (1997) report deals
solely with the Canadian economy, the generalizations may be applied to both the US and New
York economiesbecause of similar chlorine uses and alternatives.

Table 4. Market Shares for Chlorinated Substances and Alternatives*

Drainage Pipe
Flooring Low Carpet
Drain, Waste, Vent pipe Low ABS

Flexible sheet, vehicle trim
Plastic Bottles

ydrocarbon soiven 118
Flame Retardants Low Aluminum trnhydrate | Medium
* Source: CHEMinfo 1996; based on Canadian market only.

However, the Charles River Associates (1993) report assumes that “chlorine-free
alternatives can be ﬁroylded by returning to older products or technologies that have been displaced
b?/ more efficientchlorine-based ones, or by developing new, chlorine-free technologies.” The
alternativesthat are selected by the Charles River Associates report are often criticized as
“frequently ones that perform poorly, that are unreasonably expensive, or are not those the
marketplace would select” (Thornton 1994). For example, while the Charles River Associates
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report selects the Stoddard solvent, over ;r)]erchloroethylene, the marketplace would not have
because of toxicity, flammability and high equipment replacementcosts (Thornton 1994). Another
example is chlorine free bleaching which saves $5 to $10 per ton and requires half the energy
(national level, not site specific) of a traditional plant (Patrick 1993). The Charles River Associates
report also overlooks alternative pest management strategiesand determines a $24 billion per year
cost and “20 to 70 percent decline in agricultural yields and the forced cultivation of tens of
millions of additional acres to offset massive crop loss” (Thornton 1994). Further, the Charles
River Associates report estimates regarding pharmaceuticals are flawed for three reasons: 1) all
proposals have included provisions to exempt minor uses of chlorine where no alternatives exist,
2) many of these [pharmaceuticals] would not be affected by a chlorine phase-out policy” because
only 20% actually contain chlorine, and 3) “the majority of pharmaceuticals could be produced
through alternative means” (Thornton 1994). _

Thornton (1994) su%?ests a prioritized plan that would select the weakest chlorine-based
industry sector first (see Table 5). It appears that some industrial solvents, at $180 million per
year, are the least costly to replace, while pharmaceuticals, at $53,600 million per year, are the
most costly to convertto chlorine-free.

Other aspects to consider when looking at the “impact” of an alternative to a chlorine-based
product or process, include: costs of substitution, facilil)( dislocation, employment net changes,
technical requirements, human health and environmental considerations.

Table 5. Alternative Prioritization*

ustrial Solvents

2| Propylene oxide 930 $190 7.7 $204
3 | HCI - other than 690 ~$160 5.7 $232 |

steel

1 Pharmaceuticals 60 ,60 $335,000
2 Pesticides 130 $24.300 1.1 $186,923
3 Drinking Water 154 $3,500 1.3 $22,727

* Sources: Thornton 1994; based on Charles River Associates 1993.

A Time-series Appraisal of the Contributions of Chlorine-related Industries to the
New York State Economy (1977-1991): Implications for the Chlorine Phase-Out

Debate.

The chemical industry has responded to the calls for a chlorine phase-out by arguing that
such a move will result in exorbitant costs for the US economy as a whole, about $100
billion/year, (Charles River Associates 1993) together with massive job losses in the US and
Canada. The industry’s scenario, however, appears to be based upon invalid assumptionsthat
drastically overestimate the costs and underestimate the benefits of a well planned transition from
chlorine-based processes to clean [chorine-free] production (Thorton & Weinberg 1994).

There is no doubt that phasing-out chlorine will require substantial technological
conversion. Based on Canadian industry estimates, the investment in new technology would itself
stimulate the creation of about 925,000 job-years of employment (CHEMinfo Services 1997). But
while the net economic effect is expected to be positive, a real disruption for some sectors —
specifically those involved in the production of chlorine and chlorinated chemicals also has to be
acknowledged.
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Figure 5. Chlorine price fluctuations ranged from trade list and average sales in the United Saies
(1965-1996).

Only 3chlorine producing plants are located in New York State Great Lakes Basin, barely
contributing 5% of the total US production capacity (i.e., 655,000 short tons). Furthermore,
within New York State, the manufacturing sector — for which most of the chlorine-related
industrieswere retrieved according to their SIC codes, has been decreasing its contribution to the
NYGSP steadily from 18.3%down to less than 15%from 1977 to 1992 (F jgure 6: Mnf/GSP).
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Figure 6. Contributions of the manufacturing sector (Mnf) to the New York Saie economy
(GSP=Gross ate Product, TPI=Total Personal Income) from 1977 to 1992.

The decreasing trend of the TP fractionwithin the manufacturing sector itself decreased
accordingly from close to 78% —peaking up to 80%in 1980, down to 62.5% (Figure 6:

MnfTPI/Mnf), and relative to NYGSP from 14.2% down to 9%oduring the same period (Figure 6:
MnfTPI/GSP).
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The total contribution of chlorine-relatedindustries of the manufacturing sector to the
NYGSP has barely exceeded 3%, and has stabilized itself slightly below that percentage since
1987, following the highest observed prices at the peak-importing year (Figure 7). The dollar
eqluivalentof this percentage is not negligible, though (i.e., $9.5 billion), being the chemicals and
allied industries the ones marking this trend (i.e., $4.45 billion). Chlorine use in pulp bleaching
has declined to stabilizationsince 1988,and its use within the plastic neterials and resins industry
(i.e., ethylenedichloride as intermediate for PVC production) has remained to some extent stable,
increasing slightly.
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Figure 7. Contributions of chlorine-related industries to the New Yok State economy (1977-1992).

In opposition to these decreasing contributionsto NYGSP ,both NYGSP and TPI per
capitahave increased in real terms (Figure 8), notwithstanding significant demand-driven
i(nflationa)ryyear-to-year fluctuations linked to an increasing trend in the number of New Yorkers

Figure 9).
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Figure 8. Trends of the New York State economy and its population (1977-1992).
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Figure 9. Inflationary trends of the New York State economy (1977-1992).

Discussion

_ The use of ethylene dichloride as intermediate for PVC production, within the plastic
materials and resins industry (SIC 2821), and its production along with propylene oxide,
chlorinated ethanes and methanes, and other industrial orq:?nic chemicals (SIC 2869), while beinlg
used in several other industries, are very difficult to trace by SIC code. In contrast, its use in pulp
and paper (SIC 2621) and alkalis and chlorine (SIC 2812) production, was rather a straight-
forward situation.

While the New York County Business Patterns data source, excludes most government
employees, railroad employees, and self-employed persons, or 55% of the total personal income
balance for the State, it Is remarkable that 5 1,650 people were employed in the chlorine-related
industrial sector —es identified above, just in 1993. The payroll equivalent of this manufacture
force exceeded $500 million (excluding the payrolls of the allkdli & chloride, and plastics & resins
industries which are not disclosed in these public-access databases), which means that a significant
portion of the contribution of these industries to NYGSP (i.e., value added) relies significantly on
the wholesale trade of paper production, and chemicals & allied industries, adding 20.6 thousand
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and 8.5 thousand workers, and $621 and $381 million, respectiveI?/, to most of the whole
chlorine-related sector (circa 1993) we were able to identify. Still close to $8 billion of the revenues
implicit in our estimates at the NYGSP scale, are difficult to explain without a comprehensive
understanding of the economicsinvolved in an evaluation of this nature.

The important finding of this section, though, is that at the scale of the whole New York
State economy, there seems to be an independent trend of economic growth in both NYGSP and
TPI, notwithstanding the decreasing contribution of chlorine-related industries to NYGSP —which
also appears to be independentof price fluctuations, production or demand of chlorine at a national
level. This observation is still significant but apparently unrelated to other major non-chlorine
related economic activities. On its own this decreasing trend seems to be related to another
observed decreasing trend in the discharge of regulated chlorinated compounds into New York’s
share of the Great Lakes Basin (See Section Three).

The magnitude of this growing economic trend is certainly encoura?ed by the continual
process of growth of new markets and industries, and the disappearance of old ones. Innovation,
trade, and governmentregulation are the market forces by which the proposed phase-out of
chlorine might already be occurring. Both further automation in the manufacturing sector,and a
shift to the retail and services sector of the New York State working force, might be buffering any
negative effect of thisvirtual phase-out, which effect was being barely noticed in the TP I per capita
of 17 million New Yorkers of whom hardly 100,000 were somehow directly employed by
chlorine-relatedindustriesin 1993. These opposing trends seem to continue operating.
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Section Three: Chlorinated Compound Data

This Section is intended to be a review, evaluation,and interpretation of available
chlorinated compound release data. To this end, available sources of chlorinated loading data for
the Lake Ontario basin are described below along with a presentation of loading trends and
amounts for each of these sources. A numerical model was also used to demonstrate the behavior
of a number of chlorinated compoundsin Lake Ontario for various Ioadinrq scenariosand these
results are presented. Finally, a discussion of the implications of the results with regard to the
sunsetting of chlorine for New York State is given.

Review and Evaluation of Available Data

Review of Databases Useful i Quantifying the Releases of Chlorinated Compounds to the Great
Lakes Basin fromNew York State

The ability to assess the impacts on water quality in New York State that would be
produced by a chlorine sunsetting in the Great Lakes hasin is largely governed by the availability of
reliable loading data. Presentlg, releases of toxic compounds are inventoried by way of several
database effortsmaintained at both the Federal and State level. Though records of toxic releases to
the environmentare maintained more thoroughly than ever before, it IS safe to say that many
releases go untracked or are not accounted for accurately by currentinventory mechanisms. Itis
with full acknowledgmentof these limitationsthat any release amounts are reported or used in this
paper. Despite these limitations, current data sets can be useful in the effort to begin to evaluate in
a specific manner the environmental consequences that may be incurred by a sunsettingi of chlorine.
What follows is an overview of the main data sources availableto quantify chlorinated loadings to
Lake Ontario from New York State.

Taxic Release Inventory (TRI)

The Toxic Release Inventory is a database maintained by the US EPA to provide
informationto the public regarding release of toxics to the environment from manufacturing
facilities. Facilities must report estimates of releases to air,surface water, land, or subsurface
wells if they conduct manufacturing processes within Standard Industrial Codes 20 through 39 and
have 10or more full time employees, or if they manufacture or process more than 25,000 pounds
of any listed chemical throughout the calendar year. Also, facilitiesthat use more than 10,000
pounds of any listed chemicals during the calendar year must report estimates of release amounts.

In 1994, 4.9 million kilograms of chlorinated compounds were released to the environment
from New York State according to the TRI. Of this, 2.8 million kilograms were released from
within the Lake Ontario basin. A year by year trend for total chlorinated compound releases is
illustrated in Figure 10, where total release amounts are plotted versus year for statewide releases
and basin releases. From this figure, it can be seen that chlorinated releases have been dropping
each year since 1988 in both the state and the Lake Ontario basin.
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Figure 10. New York State TRI: Total Chlorinated Releases (1988-1994)

There were 379 facilities releasing chlorinated compoundsin 1994 according to the TRI
and 87 of these were located within the Lake Ontario basin. The number of facilities releasing
chlorinated compounds is plotted as a function of year in Figure 11for both the entire state and
Lake Ontario basin. Here, as with the total release amounts, the number of facilitiesreporting
releases of chlorinated compoundsto the TRI has been decreasing each year since 1988, though
this number has decreased more slowly for facilities located within the basin.
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Figure 11. New York State TRI: Number of Facilities Releasing Chlorinated Compounds (1988-
1994)

A breakdown of the medium to which these releases have been discharged to is given in
Figure 12where it is shown that 65% of chlorinated releases tracked by the TRI have been to air
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by way of stack emissions for the period 1988-1994. Stack emissionsto the alr encompass any
release to the environment from stacks, vents, ducts, pipes, or other confined air streams. Fugitive
emissions have accounted for 33% of TRI chlorinated emissions in New York State. These
emissionsconsist of any releases to the air that do not originate from the sources characterizing
stack emissions. This includes leaks in piping systems and evaporative losses. Also, it is shown
in Figure 12 that direct releases of chlorinated compounds to water and publicly-owned treatment
works (POTWSs) have occurred in much lower amountsrelative to air releases. The year by year
trends of chlorinated releases to each medium from the TRI are shown in Figures 13a- 13c for
both releases from the entire state and releases from within the Lake Ontario basin. Fugitive and
Stack emissions are shown in Figure 13a, releasesto POTWSs are shown in Figfure 13b, and
releases to surface water are shown in Figure 13c. For each of these media, chlorinated compound
releases tracked by the TRI have generally decreased.

POTW

Surface Water  1.57%
0.15%

Air Fugative
33.20%

Air (Stack)
65.03%

Figure 12. New York State TRI: Chlorinated Releases (1988-1994) by Medium
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Figure 13c. New York State TRI: Chlorinated Releases to Water (1988-1994)

The ten chlorinated compoundswhich were released in the highest amounts to air from
stack emissions and fugitive emissions are shown in Table 6. Similarly, the ten chlorinated
compounds most released to POTWs and to surface water are given in Tables 7 and 8. For each of
these mediums, methylene chloride was released in either the highest or next to highest amounts.
Also, for the cases of POTWs and surface water releases, an associated table is provided in which
the highest released chlorinated compounds in the Lake Ontario basin are singled out. The
compoundsappearing in each of these basin-specific tables are generally similar to their state-wide
counterparts.
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Table 6: New York State TRI: Listing of Ten Most Released Chlorinated Compounds to Air (Stack)
and Air (Fugitive), 1988-1994

Methylene Chloride (Dichloromethane) 18,765,502 ,183,
Hydrogen Chloride Gas/Hydrochloric Acid 14,121,069 326,973
1,1,1-Trichloroethane 9,631,067 5,737,198
Freon 113 1,474,855 6,116,403
(1,1,2-Trichloro-1,2,2-Trifluoroethane)
Trichloroethylene 4,252,480 3,308,692
Tetrachloroethylene 2,524,301 2,050,167
1,2-Dichloro- Propane 852,753 245,393
Dichlorodifluoromethane (CFC-12) — 553,957
hlorine Gas 443,412 -
[Chlorine Dioxide 194,583 -
Vinyl Chioride 167,241 —
Chioroform — 117,694
Chlorodifluoromethane (HCFC-22) — 74,038

Table 7: New York State TRI: Listing of Ten Most Released Chlorinated Compounds to POTWs for
Entire State and Lake Ontario Basin: 1988-1994

Hydrogen Chloride Gas/Hydrochloric Acid 146,604
Methylene Chloride (Dichloromethane) 255,302 235,074
Chlorine Gas 44,828 1,405
1,2-Dichloro-Ethane 10,781 262
Trichloroethylene _ 5,499 336
1,1,1-Trichloroethane 5,131 552
Tetrachloroethylene 2,510 -
[Chlorine Dioxide 1,815 —
Vinyl Chloride 1,085
Chloroform 958 958
Carbon Tetrachloride --- 339
'Chlorobenzene — 259
Freon 113 - 124
(1,1,2-Trichloro-1,2,2-Trifluoroethane)
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Table 8: New York State TRI: Listing of Ten Most Released Chlorinated Compounds to Surface Water
for Entire State and Lake Ontario Basin: 1988-1994

Chlorine

(1,1,2-Trichloro-1,2,2-Trifluoroethane)

1

49,383 1,645
[Methylene Chioride (Dichloromethane) 27,087 26,820
1,2-Dichloro- Propane 13,245 13,245
Hydrogen Chloride Gas/Hydrochloric Acid 6,416 2,296
Chloroform 5,899 907
1,2-Dichloro-Ethane 4,893 4,885
Methyl Chloride 2,663 ---
1,1,1-Trichloroethane 2,038 1,651
Tetrachloroethylene 1,972 ---
Trichloroethylene 1.950 1.423
1,1,2-Trichloro-Ethane - 1,882
Freon 113 517

A breakdown of chlorinated releases by industry to air, POTWs, and to surface water is

Erowded in Figures 14- 16. The instrumentation/photographic industry (SIC category 38) has

een the largest releaser of chlorinated stack and fugitive emissions, as well as to surface water
throughout the seven year period. The chemicalindustry has released the largest quantities of

chlorinated compounds to POTWs.
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Figure 16.New York State TRI: Chlorinated Releases to Water by Industry (1988-1994)
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Niagara River Upstream/Downstream Data

Loading amounts to Lake Ontario from the Niagara River are calculated in annual reports
sponsored by Environment Canada, EPA, Ontario Ministry of Environment, and NYSDEC.
Concentrations of a variety of compounds are measured in weekly samples taken at the upstream
end of the Niagara River (FortErie) and at the downstream end (Niagara on the Lake). The
portion of a contaminant present in the dissolved form and the portion attached to suspended solids
aremeasured. Loading values for each of the compoundsare calculated using an algorithm which
incorporates sampled concentrations, flowrate data from the river, aswell asthe number of
samples for the year which yielded concentrationsbelow the detection limit. Of the 78 compounds
presently being sampled, 53 are chlorinated. Data from the years 1986-1992were used in this
section. The loading amounts of chlorinated compounds from this data set are shown in Figure
17. Data from the year 1989 have not been included in this plot due to an exceptionally high
loading of methylene chloride that occurred in that year. Also, the ten compounds from this data
set having the highest average loadings to Lake Ontarioare shown in Table 9. As wes the case for
the TRI data, methylene chloride is the compound with the highest load.
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Figure 17. Niagara River Chlorinated Releases to Lake Ontario (1986-1991)
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Table 9. Niagara River Data: Ten Compounds with Highest Loadings to Lake Ontario (1986-1992)

Methvlene Chloride RN

Tetrachloroethylene 31,904
Afrazine 6,/16
Chloroform 2,646
Metolachlor 2,459
1,4-Dichlorobenzene 545
PCB 405
Alpha Bhc 389
1,2-Dichlorobenzene 356
Pentachlorophenol 351

Permit Compliance Database for New York State

~Releases of constituentsof concern to the quality of New York’s waters are regulated by
National Pollutant Discharge Elimination System %NP ES)permits. These are issued to industries
and POTW:s to establish maximum concentrations or maximum loadings of a compound that may
be discharged into a given waterbody. This program is administered in New York by the
Department of Environmental Conservation. Permits generally requirethat sam Ilr{%of permitted
waste streams be performed at a set interval (i.e. every week, every month,_etc.g). e results of
these samplings are tracked through a database known as the Permit Compliance System (PCS)
which was set up to flag cases where effluent levels exceed permitted amounts. Though the
database was primarily constructed for this purpose, it has been mooifsed by the EPA to convert
sample concentrations into loading amounts by considering the average effluent flowrates of each
permitted location. Loadings amounts of chlorinated compounds from #is database were obtained
from NYSDEC for the years 1993-1995. The total chlorinated loadingsinventoried by this system
for the entire state and the Lake Ontario basin are shownin Figure 18 where it is shown that these
amounts have decreased each year in this period while the number of permitted releases has
remained nearly constant as shown in Figure 19. The most released compounds during 1993-1995
according to the PCS are shown in Table 10with chloride and chlorine being the highest for both
the entire state and for the Lake Ontario basin. Methylene chlorideappears in the highest amounts
after chloride and chlorine.
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Table 10. New York State PCS: Ten Compounds having the Highest Release Amounts for Entire

State and Lake Ontario (1993-1995)

Chloride (as Cl) 1.09E+08 1.08E+08
Chlornine, Total Residual 12,706,326 2,032,066
'Chlorine. Free  Available 92.641.26 92,637.99
Methylene Chloride 311648.66 28,564.32
1,I-Dichloroethylene 22,943.43 22,764.59
Dichloromethane 19.219.94 19,219.94
'‘Chloroform 101794.26 5,131.377
1,2-Dichloroethane 7,054.31 7,054.241
12-Dichloropropane 6,429.316 6,429.316
Tetrachloroethylene 4,592.35 2,644.47 1
Trichloroethylene 3,338.549 .

The release amounts of chlorinated compoundsto water as traded by the PCS are plotted
according to the industry from which they are released in Figure 20. The mining industry (non-
fuel) contributed the largest amount of permitted chlorinated discharges, both for the whole state
and for the Lake Ontario basin. Figure 21 also shows chlorinated release amounts from the PCS
but with chlorine and chloride excluded. In this'case, the photographic/instrumentation industries

released the largest amounts of chlorinated compoundsfor the period 1993-1995.
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Figure 21. New York State PCS: Chlorinated Releases by Industry (1993-1995) Chlorine and
Chloride Releases not Included

National Pollutant Release Inventory (Canada)

Releases of chlorinated compounds as well as others are currently being inventoried in
Canada by way of the National Pollutant Release Inventory NPRI). This program has thus far
issued data for year 1993 and is similar in scope and purpose to the Toxic Release Inventory. A
broad characterization of the 1993 data with regard to chlorinated compoundsis shown in Figure
22 where releases to water, air, and POTWs are shown as percentages of the total releases for the
province of Ontario. Similarto TRI release amounts, the greatest discharges of chlorinated
compounds are to air,followed by POTWs and water.
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Figure 2. NPRI: Ontario releases of Chlorinated Compounds (1993) Total Releases = 7,259,058 kg

Presentation of Loading Amounts of Chlorinated Compounds

Of the thousands of chlorinated compounds that exist, a number of them have been singled
out on priority pollutant listsby various agencies &s being of special concern due to their toxicity,
persistence, or a combination of both. These lidts include:

Theprioritypollutant listfrom the Clean WaterAct

Theprioritypollutant listfrom the CleanAir Act

The Bioaccumulative Chemical of Concern (BCC)Listfrom the GreatLakes Initiative

(GLI)

Priority pollutants of concern other than BCC compounds listed in the GLI

Level I, Level 11, and Criticalpollutant listsfrom the International Joint Commission (1JC)

Each of these lists contains both chlorinated and non-chlorinated compounds. A combined
listing of the chlorinated compounds contained on these lists is shown in Appendix E, Table El.
The release amounts to air and water %iven by the New York State TRI and PCS,, along with
Niagara River loading amounts, are shown in Appendix E. Table E2. Each of the loading amounts
shown in Table E2 were averaged over the aforementioned time frame for each respective database.
In addition, zero values and below detection limit values were given equal weight in this averaging.
It should be noted that in the case of the Niagara River data, the averaging of below detection
values as zero values will result in Ioadin%numbers that are more than likely less than the actual
!joadingballmounts since some quantity of chemical is apt to be present even if this amount is not

etectable.
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Modeling of the Bioaccumulative Compounds of Concern (BCC) for Lake Ontario

Numerical water quality models can be used to simulate the concentrationsof a compound
within a waterbody for varying loading amounts. These models are derived from mathematical
conceptualizationsof the various physical, chemical, and biological processes that a contaminant
undergoes in a water system. These formulationsresult in a series of equations that describe the
rate of change of contaminantmass with respect to time as a function of the contaminant’s chemical
properties, loadings, and the waterbody’s morphology. Water quality models are useful tools in
assessing the manner in which concentrations of a compoundwill change when inputs of the
compound to the waterbody are varied. In an effort to illustrate the varying relationshipsbetween
loadings and concentrations that exist among chlorinated compounds, a numerical model of Lake
Ontario has been applied for the chlorinated BCC compounds. Some of the specific aspects of this
modlel are discussed in the following sections along with a presentation and interpretationof the
results.

The LTI Toxics Model

~ The LTI Toxics Model was used to establish the relationships between loadings of the
chlorinated BCC’s and the resulting concentration of these chemicals in Lake Ottario (IUC, 1988).
This model was formulated in 1988 as part of a report to the Great Lakes Water Quality Board of
the 1JC focused on the numerical modeling of PCBs in Lalke Ontario. Though the model was used
in that report for PCBs, its framework was able to be adapted to accommodate the modeling of
other toxics aswell. The LTI model is termed a mass balance model in the sense that it calculates
concentrationswithin the lake according to the conservation of mass equation for the water
column. In words, this equation may be stated as follows:

The rate of Therate at The rate at which The rate of generation or
accumulationofa = whichthe - thesubstance decomposition of the
substancewithin a substance exitsthe system £ substance.
system entersthe

system

It is assumed in the model framework that the water column of the lake is completely mixed
and that a contaminant may exit the system by being flushed out via the Saint Lawrence River or
may be removed through a degradation process such as hydrolysis, photolysis, or biodegradation.
Also, a compound may be removed from the lake by being volatilized into the atmosphere or
buried into the sediments by way of settling. Conversely, acompound may be introduced into the
lake from the atmosphere or sedimentsif the concentrationin one of these compartmentsis higher
than that in the water column. Bulk contaminantconcentrations within the water column are
considered to exist in three phases: the dissolved phase, attached to abiotic suspended solids, and
attached to biotic suspended solids. The partitioning of a compound among these phases Is a
function of the suspended solids concentration, the percent of organic carbon found in the
suspended solids, and the affinity of a compound for particulate matter.

Given the assumptions discussed above, the mess balance statement may be represented in
greater detail by a the input-outputdiagram shown in Figure 23. Here, the boundaries of the lake
are shown as a shaded, dashed box and the various inputs and outputs of the contaminantfrom the
lake are shown as arrows. Notice that exchange of contaminantto the water column from the airor
sediments is represented as being either an input or an output as mentioned above. A development
of the model equations, along with a listing of the contaminant and lake parameters used in the
model for the BCCs may be found in Appendix B.
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Figure 23. Input-Output Diagram for Contaminants in a Completely Mixed Lake

Results of the Model

The LTI model for Lake Ontariowes applied to 17 chlorinated Bioaccumulative
Compounds of Concern as defined in the Great Lakes Initiative. These are listed in Table 11
below. The BCC compounds are generally considered to be the most threatening to wildlife and
human health of the chlorinated compounds. Their threat lies not only in their toxicity but alsoin

their propensity for concentrations of these compounds to become magnified in the tissues of fish

which reside at higher levels on the food chain. Thus, exposure to high concentrations of these

compounds becomes more likely through the consumption of fish.
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Table 11. BCC Compounds which were modeled

1,2,3, 634662
1,2,4,5 Tetrachlorobenzene 95943
BHC - Alpha 319846
BHC - Beta 319857
BHC - Delta 3198638
|chlordane 57749
DDD 12548
DDE 72559
DDT 50293
Dieldrin 60571
Hexachlorobenzene 118741
Hexachlorobutadiene 87683
Lindane 58899
Mirex 85855
PCBs 1336363 |
Pentachlorobenzene 608935
‘TCDD 174601

Steady State Results

Several modeling scenarios were considered for the list of compounds shown in Table 12.
Since the focus of the effortwas to begin to illustrate the varying nature of the relationshi]ps
between chlorinated compound's concentrationand its loading, the use of the LTT model for
steady-state conditions was chosen to be a suitable approach. The steady-state condition refers to
the case where there is no variation in time of any loadings, chemical properties, or concentrations
within the system. In other words, the steady-state of a system is achieved after a long enough
Ferlod of time has passed so that, given a constant loading rate, contaminantconcentrationsare no
onger varying with time. The results of the steady-state modeling of the chlorinated BCC
compounds with a uniform loading of 1000 kg/yr non atmospheric load are shown in Figure 24.
Here, two cases are demonstrated. The first case consisted of setting the atmospheric
concentration of each compound equal to zero, and the second involved setting the atmospheric
concentration in the model equal to measured values. A summary of each of the measured
atmospheric concentrations and their corresponding data sources is shown in Table 12. It can be
seen in Figure 24, that the steady-state concentrationsvary from compound to compound even
when the same loading is applied and the same atmospheric concentration|is present for each. The
cause of s can be attributed to the fact that each compound has varying rates of degradation,
volatilization, and varying affrity for solid particles. Compounds with high degradation or
volatilization rates will be removed from the system quickly, resulting in lower steady-state
concentrations. Also, compounds Wit high affinity to be bound to particulate matter in the water
column will experience higher removal via settling than those that remain primarily in the dissolved
phase, thereby causing lower steady-state concentrationsas well. For example, the steady-state
concentratidnfor DDD was much higher than that for DDE. In thiscase, the disparity is largely
attributable to the differences in degradation rates between the two compounds. InTable 12, it'is
shown that the half-lives for these two compounds differ greatly with DDD having a half-life in
water of 78760 hours (9 years) and DDE having a half-life of only 80.5 hours (3.4 days). Thus, it
Is reasonable for the model to yield a high steady-state concentrationfor DDD and a low steady-
state concentration for DDE.
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Figure 24. Steady-State Concentrations for Lake Ontario Loading = 1000 kg/year
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Table 1. BCC Compounds which were modeled

17 9~y
1,2,4,5 Tetrachlorobenzene 95943
BHC - Alpha 319846 |
BHC - Beta 319857
BHC - Delta 319868
lchlordane 57749
DDD 72548
DDE 72559
'DDT 50293
Dieldrnin 60571
Hexachlorobenzene I 118741
'Hexachlorobutadiene 87683
Lindane 58899
Mirex 2385855
PCBs 1336363
Pentachlorobenzene 608935
'TCDD 1746016

Steady State Results

Several modelin? scenarios were considered for the list of compounds shown in Table 12.
Sincethe focus of the effort was to begin to illustrate the varying nature of the relationships
between chlorinated compound’s concentrationand its loading, the use of the LTI model for
steady-state conditionswas chosen to be a suitable approach. The steady-statecondition refers to
the case where there Is no variation in time of any loadings, chemical properties, or concentrations
within the system. In other words, the steady-stateof a system is achieved after a long enough
i:)erlod of time has ﬁa_ssed so that, given a constantloading rate, contaminantconcentrationsare no
onger varying with time. The results of the steady-state modeling of the chlorinated BCC
compounds with a uniform loading of 1000 kg/yr non atmosphericload are shown in Figure 24.
Here, two cases are demonstrated. The first case consisted of setting the atmospheric
concentration of each compound equal to zero, and the second involved setting the atmospheric
concentration in the model equal to measured values. A summary of each of the measured
atmospheric concentrationsand their corresponding data sources is shown in Table 12. It can be
seen in Figure 24, that the steady-state concentrationsvary from compound to compound even
when the same loading Is applied and the same atmospheric concentrationis present for each. The
cause of this can be attributed to the fact that each compound has varyin% rates of degradation,
volatilization, and varying affinity for solid particles. Compounds with high degradation or
volatilization rates will be removed from the system quickly, resulting in lower steady-state
concentrations. Also, compounds with high affinity to be bound to particulate matter in the water
columnwill experience higher removal via settling than those that remain primarily in the dissolved
phase, thereby causinglower steady-state concentrationsas well. For example, the steady-state
concentration for DDD was much higher than that for DDE. In this case, the disparity is largely
attributable to the differences in degradation rates between the two compounds. In Table 12, itis
shown that the half-lives for these two compounds differ greatly with DDD having a half-life in
water of 78760 hours (9 years) and DDE having a half-life of only 80.5 hours (3.4 days). Thus, it
is reasonable for the model to yield a high steady-state concentration for DDD and a low steady-
state concentration for DDE.




Table 12. Measured Atmospheric Concentrations and Half-Lives for Modeled Compounds

5.3 b

1,2,4,5 Tetrachlorobenzene 1.0 d 2,496
BHC - Alpha 79.0 C 1,785
BHC - Beta 1.8 b 1,653
BHC - Delta 1.0 d 1,365
[Chlordane 82.0 b 4,483
DDD 2.3 c 73,760
DDE 16.0 c 81
DDT - 11.5 a 4,284
Dieldrin 23.0 c 15,060
Hexachlorobenzene 130.0 c 36,696
Hexachlorobutadiene 1.0 d 2,496
Lindane 21.0 C 3,048
Mirex 10 d 665
PCBs 1/0.0 c 55,000
lgtitachlorobenzene 8.0 b 6,468
TCDD 1.0 d 12.096

Key to atmospheric concentration sources:

a: From Illinois State Water Survey publication 158 (IADN Data), average of vapor phase
concentrations for 1991 and 1992 at Pt. Petre, Ontario.

b: From ES&T article by HOfF et al. 1992, 26, 266-275
c: A 1994 update of the Atmospheric Dep to the great lakes by Hoffet al.
d: Assumed value

The effect of atmospheric concentrationson the steady-state results is also shown in Figure
24 where the inclusion of measured air concentrations resulted in slightly increased values relative
to the case where alr concentrationswere set to equal zero. This illustrates the concept that the
amount of mass transfer of a contaminantbetween water and air is dependent on the magnitude of
the difference in concentrations between these two mediums.

Another modeling scenario that was considered was the case where actual inventoried
loadings were applied to the model. The loadings used for this case are summarized in Appendix E
and were obtained from the same data sourcesdiscussed earlier. Two actual loading groups were
modeled. These were, namely, the average loadings to Lake Ontario from the Niagara River and a
'total loading' scenario which was comprised of the Niagara River loads plus the greater of the
average loads from the permit compliance database or the TRI. For each compound, the average
loads from the TRI and permit compliance database were not both included because it is
conceivablethat one of these databases may be a subset of the other since both may include the
same discharges. The results from these loadings are shown in Figure 25. The lack of loading
data for compounds such as 1,2,4,5 tetrachlorobenzene, BHC -beta, BHC - delta, chlordane, and
2,3,7,8 TCDD has resulted in concentrationsfor these that are equal to zero when the atmospheric
concentrationswere set equal to zero. This occurs, of course, because there are no inputs of these
compoundsto the system. It can also be seen in this figure that concentrations from the total
loading case are nearly identical to those river loading case. This isconsistentwith the fact that the
contribution from non-river databasesto the total loading is very small. If these loading values
were considered to be an accurate representation of the actual loading amounts of these compounds
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to the lake, it could be concluded that the presence of these compounds in Lake Ontario is mainly
due to sources outside of the lake’s drainage area. That being said, it should be emphasized that it
is very unlikely that the inventoried amounts of these chemicals truly represent the actual
magnitudes of loadingsto Lake Ontario due to the difficulties associated with accounting for all
loading sources of a contaminant.

mRiver Load Only Case, Catm = measures values

BTotal Load Case, Catm = measured values
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Concentrations from several of the loading scenarios described above are compared to
recommended standards from the Great lakes Initiative in Figure 26 for cases where explicit
concentrationbased standards are stated in that document. The GLI standardsand are listed in
Table 12.
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Figure 26. Steady State Concentrations for BCC Campounds standards also shown for compounds
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It should be re-stated that all of the above results were produced using the steady-state
assumption. Though this assumption is useful for comparing the general behavior of toxics in
Lake Ontario, it does not allow for any analysis of how the lake would respond to loadingsthat
vary with time, as dl actual loadings do. The manner in which a waterbody would respond to a
transient loading could be modeled but thistype of analysiswould require somereliable source of
time variable loading data. The concept of a waterbody’s response time is, however, a practical
way of assessing the time frame it vill take for a contaminantto be removed from a system. This
concept is discussed in the next section.

Response Times

The response time of a contarninant within a lake may be defined as the time required for
the lake to complete a fixed percentage of itsrecovery (Chapra, 1997). For example, the 95%
response time for a contaminantin Lake Ontario would indicate the period required (from the time
that all loadings have ceased) for 95% of the contaminant mass present in the lake to be removed
via its various output mechanisms. The 95% response times of the chlorinated BCC compounds
under consideration are depicted in Figure 27. Here, it can be seen that the response times of the
lake for these compounds vary from less than half a year for DDE to almost 4.5 years for DDD . It
should also be noted that the steady-state concentrationsshown in Figure 24 are well related to the
95% response times for each the compounds. As stated above, it is implicit in the concept of a
system’s response time that all loadings have ceased. This includes loadings from direct sources
as well as atmosphericloadings. Given the absence of any loadings, a contaminant will be
removed from the lake through flushing, degradation, volatilization, and by settling (for the
fraction attached to particulate matter). The rates of degradation and settling will vary form
compound to compound, whereas the influence of removal by flushing will be the same for all




compounds. Itis of interest to consider the response time in Lake Ontario for a conservative
substance such as chloride which does not undergo any appreciable removal from settling,
degradation, or volatilization. For such a substance, removal will occur by flushing only and the
95% response time for the lake is equal to 24 years. This 95% response time can be considered as
an upper bound value for any contaminantin Lake Ontario. The relationship between concentration
and time is shown in Figure 28 for Dieldrin, Lindane, and Chloride for Lake Ontariounder the
assumptionsthat each was present in same concentration and that loadings for each had ceased at
time =0years. Itisevidentin this figure that Lindane, having the smallest response time of the
three is removed from the lake most rapidly, while chlorideis removed at a considerably slower
rate. Based on these types of transient and steady-state analyses it may be concluded that not only
will different compounds experience varying steady-state concentrationsin Lake Ontario but also
that each valll exhibit different rates of removal as characterized by their varying response times.
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compounds. Itis of interest to consider the response time in Lake Ontariofor a conservative
substance such as chloride which does not undergo any appreciable removal from settling,
degradation, or volatilization. For such a substance, removal will occur by flushing only and the
95%response time for the lake is equal to 24 years. This 95% response time can be considered as
an upper bound value for any contaminantin Lake Ontario. The relationship between concentration
and time is shown in Figure 28 for Dieldrin, Lindane, and Chloride for Lake Ontario under the
assumptionsthat each was present in same concentration and that loadings for each had ceased at
time =0years. Itisevidentin this figure that Lindane, having the smallest response time of the
three is removed from the lake most rapidly, while chloride is removed at a considerably slower
rate. Based on these types of transient and steady-state analysesit may be concluded that not only
will different compounds experience varying steady-state concentrationsin Lake Ontario but also
that each will exhibit different rates of removal as characterized by their varying response times.
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Conclusion

With the limited data we have had to work with the following conclusionscan be drawn:

1) A complete ban on all Chlorine use and the production of all chlorinated compounds
within the Great Lakes basin is neither politically feasible nor scientifically supportable. Most
proponents of the Chlorine sunsetting argue instead for a phased and selective sunsetting of the use
of chlorine and chlorine containing compounds as industrial feedstocks and the reduction and
elimination of other uses where alternativesare available or could be available soon if market forces
were supportive. New York State should focus policy attention on supporting the transition away
fror_ri Ct:)lhlorine use in those instances in which alternative processes or substitute materials are
available.

_ 2) The economic impact of a phased and selective sunsetting, if carried out on an
international or regional basis would not likely have dramatic negative economic consequences for
the economy of New York State and might have some net positive benefit.

3) The development of methods ® supplement the chemical-by-chemical approach to
evaluating the toxicity and potential environmentalimpacts of the thousands of industrial chemicals
currently manufactured or inadvertently formed is warranted. New York should explore
scientificallyjustifiable classification approachesfor environmentally significant xenobioticsto
determine which if any classes of compounds could form the basis for such a supplementary
approach. Itis not likely that a single characteristic (Chlorine-containing) would be a useful
classification scheme.

4) Given existing approaches New York State is already accomplishinga significant
emission reduction of chlorinated compounds without the institution of a chlorine sunsetting plan.
According to the 1994 TRI ,there are 379 facilities in New York releasing 49 million kilograms of
chlorine or chlorinated organic compounds, of which 87 facilities releasing 28 million kilograms
are located within the Lake Ontario drainage basin. Releases of chlorinated compounds from New
York facilities have declined considerably from 1988-1994 (approximately 75%reduction).
Releases to POTWs and directly to receiving waters have also dropped precipitously during the
period of record. The vast majority of the statewide releases (98%§)are to the air (either via stack
(65%) or as fugitive air emissions (33%b)). The instrumentation/photographic industry (SIC #38)
has been the largest emitter of chlorinated stack and fugitive gas emissions, while the chemical
industry has discharged the largest quantities to POTWs. These discharge inventoriesand their
trends su?< est that a considerable reduction of chlorinated compound emissions has occurred in
New York, even in the absence of a chlorine sunsetting.

5) Because most of the chlorinated compound releases from New York are into the
atmosphere and because there is a general lack of release tracking data, it is virtually impossible to
determine the relative impact that New York releases or their abatement are having on a Great Lake
like Lake Ontario. Using chlorinated organics measured in the Niagara River (85%0f the water
inflow and >50% of the foad of most chlorinated organics) as an indicator of what is occurring
basin-wide, we have seen a reduction in loadings to the lake that is consistent with the statewide
release inventories. Recent progress reports of the Niagara River Toxics Management Plan
(Niagara River Secretariat, 1996; 1998) have documented significant reductions of most of the
chlorinated organics in their monitoring program (including such compounds as PCB congeners,
hexachlorobenzene, dieldrin, octochlorostyrene,and mirex). VWhile difficult to guantify the exact
contribution, it is safe to say that reductions in New York releases of chlorinated organic
compounds have contributed to reductions in loadings of these compounds to Lake Ontario. It is
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not clear that a new program of phased chlorine sunsetting would significantly accelerate what is
already happening under existing programs. With the developmentand implementation of the Lake
Ontario LaMP and the Canada-US. Binational Virtual Elimination Strategy, it is likely that even
further emission reductions can be expected in the future.

6) For some chemicals, further emission reductions will lead to measurable improvements
in Great Lakes waters, but for others these emission reductions will not produce measurable
decreases in receiving water body concentrations. Also, chlorinated compounds represent an
extremely wide range of fate and transport behavior, persistence, bioaccumulative potential, and
ecological and human effects. Many of these chlorinated compounds and compounds derived from
the use of chlorine as an oxidanthave very high economic and social value. Many of the most
troublesome contaminants are global pollutants.

7)For those chemicals or chemical mixtures that prove to be most persistent,
bioaccumulative and toxic, we need to investigate risk management options beyond emission limits
and best available technologies, including voluntary agreements, economic instruments, and more
severe options such as bans, replacements, and phase-outs. Although continued reductionsin the
NY State portion of the Great Lakes basin is likely given currenttrends, the achievement of the
Great Lakes Water (%]ual ity Agreement goal of virtual elimination of persistent toxic substances is
unlikely to occur without new and innovative public policies directed at pollution prevention rather
than discharge control. If the UC’s 1992recommendation helps to stimulate debate and
experimentationon such alternatives it would have been valuable indeed.
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Appendix A

Table A1l. Databases that capture Chlorine and Chlorinated chemicals.

* Alston 1991: Inform 1995: US EPA 1994

NY - TRI Diskette. Hard conv
Toxic Release USEPA (202) 266 0556 | Diskette; CD-ROM, SARA TitleI
Inventory On-line, RTK-net EPCRA
County Business USDoC CD-ROM ,Hardcopy
Patterns
Gross State Product | USDoC CD-ROM, Hardcopy
Chemicalsin USEPA | (202)554-1404 | Diskette, Hardcopy, | TSCA
Commerce FOIA
Information System
Chemical Update USEPA | (202)554-1404 | FOIA TSCA update
System ] rule
Contract Laboratory | USEPA | (7 - S¢e notes generally Imited
Program Analytical | | to EPA staff and
Result Database contractors
Safe Drinking Water | USEPA | (202) 260-2804 | On-line; see notes Need to obtain a
Information System user 1D and
account
Storage and Retrieval | USEPA | (800) 424-9067 See notes Stateagenices
of US Waterways may obtain
| Parametric Data- _ access
Biennial Reporting RTKNet | (202) 797-7200 | On-line; see notes H®e accounts
System available
Air Quality USEPA | (919) 541-5454 | On-line, FTP AIRS Executive
Subsystem of the provides tabular
Aerometric and fjraphlc
Information Retrieval display of data &
System maps.
CCRIS National TOXNET
Cancer
Institute

RTECS NIOSH TOXNET
HSDB ATSDR TOXNET
IRIS USEPA TOXNET

 DART* NLM TOXNE T
ETICBACK NLM TOXNET
EMICBACK ORNL TOXNET
*continvation of ETICBACK
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Appendix B

Table B1. Timeline* of Significant Events**

hlorine discovered bv Swedish chemist Car

Wilhelm Scheele

Yusho, Japan - A pregnant woman exposed to PCbs
and dibenzofurans from the consumption of rice
bran oil - acute toxicosis . . tooth
deformities); small hirth sizes and k w

Initial 1aboratorv studies report .,~,  as teratogen

Chlorine was used commercially by the French to 1790
whiten fabrics
Vinyl chloride (VC), monomer, was discovered by 1835
Justus von Liebig
Chlorine used experimentally in US drinking water | 1890
Jersey City, NJ - one of the Tirstlarge scale uses of 1908
chlorine as a disinfectant to eliminate disease-causing
microorganisms
Polyvinyl chloride (PVC), polymer, wes produced 1928
commercially for the first time in the US-
PCB manufacturing in US begins 1929
PCBs cause Cable Haulers Disease - male workers 1930
chronically exposed develop acnelike skin lesions
1949 [2,4,5-T registered as a pesticide by USDA
TCDD 1dentified as causing the occupational skin 1957
disease, chloracne
Millions of chick die of chick edema factor (culprit | 1958
identified as HexaCDD, a dioxin
Rachel Carson publishes Silent Spring 1962 | Herbicides first used in Vietnam
1963 | Use of Agent Orange begins in vietham
Clean Ar Act passed
1967 | (to 19/0) Spraying of Agent Orange peaks

in Vietnam

Use of Agent Orange ends in Vietnam

Role of 1CDD established

1970

USDA reduces domestic uses of pesticides
2,4,5-T

OSHA passed

waste implicated in illness in horses (and possibly
children)

Louisville, Kentucky - A physician at B.F. Goodrich 972 | Use of DDT banned in the US; Use of PCBs
recognized a connection between the monomer vinyl placed under regulatory control
chloride and cancer in humans (latency period of 26
years)
Insecticide, Fungicide and Rodenticide Act
assed
Times Beach, Missouri - TCDD from a chemical 1974 | Safe Water Drinking Act passed

eveso, Italy - a blast at a trichlorophenol plant
released 1 pound of dioxin into the atmosphere,
some children developed choracne

Bellar et al. and Rook found chlorine reacts with
organic mater in drinking water to form
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organo es. ) { lehyde
formalin), both of which are carcinogenic in minute

amounts

1976 | RCRA and TSCA passed
1977 | PCB production stopped in the US
Clean Air Act passed
Concern about miscarriages with herbicide leads to 1978 | EPA announces i1t was considering a
cancellation of all uses of pesticide 2,4,5-T spraying revision of US-Canada Great Lakes Water
Quality Agreement to address the
contamination by persistent toxic
substances
Hazardous Materials Transportation Act
and Great Lakes Water Quality Act passed
Love Canal 1979 suspends use of 2,4,3-
TCDD a carcinogen 1n laboratory studies Vietnam Veterans start class action lawsuit
Alsea, Oregon 1I study - epidemiology stud
associates soft tissue sarcomain humans wit
exposure to herbicides
Taiwan - rice oIl contaminated with PCBs, dioxins - 1979
2,000 people exposed, mothers passed on ectodermal
dysplasia, development delay, and abnormal sexual
development (Rogan et al. 1988)
1980 | PCB production or mmport prohibited in
Canada
"CERCLA passed
Seveso 5 Year Report - N0 .. effects 1981
Times Beach, Missourt - 1 ¢ puys all 1932
homes due to flooding, townevacuated and remains
abandoned
19874 [ Vietnam Veterans class action lawsuit seftled
for $180 million
cancels2,4,5-T registration
1985 | IJC 1dentified 11 critical pollutants that are
persistent, bioaccumulative, and toxic (8 are
organochlorines)
Ad hoc expert committee advises the EPA that 1986 | Emergency Planning and Community Right
linearized model for cancer is inappropriate to Know Act and SARA passed
19877 | A declaration of intent was signed by the
US and Canada to reduce the discharge of
specific toxic chemicals in the Niagara
River by at least 50% by 1996
EPA scientific group recommends moderating cancer |, 1
risk estimate 1
EPA Science Aavisory Board finds no new science 1989 [ Vietnam Veterans win lawsult -
data to support change in cancer risk model compensated for soft tissue sarcoma,
porphyria, non-Hodgkin's lymphoma, and
chloracne
Inuit Circumpolar Conference called for an
international agreement to control toxic
contaminants
Royal Academy of Engineering Sciences reported 1989
chlorine from natural sources
1990 | Pollution Prevention Act and Great Lakes

Critical Programs Act passed
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not all, of its toxic effects through a mechanism that
involves a protein receptor found in individual cells
(framework for a new EPA model)

Banburry Conference finds that dioxin exerts most, if

1X : L y rqcommen_ :
Hunsetting chlorine and chlorine containing
compounds as a class

Parls Convention: planned the phasing ouf |
of toxic, persistent and bioaccumulative
substances and prohibit organohalogens

Greenpeace called for a ban of all
organochlorine compounds

National Academy of sciences publishes report on
Agent Orange

1993

American Public Health Association calle
for phasing out chlorine and chlorinated
chemicals, as a class

" Bertazzi paper on cancer linked Seveso herbicide
exposure with cancer

Barcelona Convention (21 nations): agreed
to reduce and phase out toxic, persistent,
bioaccumulative substances by 2005

" Wolff et al. Found decreasing_breast cancer
paralleled by a decline in DDT and Benzene
hexachloride contamination

1993

“Sharpe et al. Suggested that environmental estrogens
jare responsible for declining sperm levels

Davis et al. Believe that organochlorines cause part of
the increase in breast cancer rates

1994

Zero Discharge Act (HR 2898) resolution
in Congress-5 year phase out of chlorine in
US

Kreiger et al. Study found that the levels of DDE and
PCB in the serum were not elevated in breast cancer
patient

EPA Risk Assessment Published weight of
evidence evaluation suggest that dioxins
and dioxin-like compounds (PCBs) are
likely to present a cancer hazard to humans

Jacobsen et al. And Fien et al. Found severe risks for
the children of mothers who consume fish that have
been exposed to PCBs

‘Carol Browner, EPA Administrator, pushes
for an Amendment to the Clean A" Act and
a task force to study chlorine as a class

Regulatory Toxicology and Pharmacology need to
learn more about chlorine but ban unjustified (4,000
references reviewed) :

American College of Occupational and
Environmental Medicine supported
chemical by chemical basis look at chlorine

World Health Organization says acceptable exposure
to dioxin is 10 pg/kg/day

French Academy of Science found that
dioxins are not a major health risk

TCDF) is 0.006 pg/kg/day

‘Society of Toxicology Report suggests a
chemical by chemical assessment

1995

(October) NAFTA representatives agreed to
phase out or ban DDT, aldrin, dieldrin,
endrin, chlordane, heptachlor, mirex,
hexachlorobenzene, toxaphene, dioxins,
furans and PCBs

(November) Swedish government passes

resolution to phase out the use of PVC due
to health risk

1996

X\Iovembe.r) Federal Adisory Comittee

ct establishesthe Endocrine Disrupters
Screening and Testing Advisory Committee
(EDSTACunder EPA to advise the agency
on development on a strategy to screen and
test chemicals, including pesticides, for their
ﬁotentlal to disrupt endocrine functions in

umans, fish and other wildlife.

1997

(April 7) US and Canada move to eliminate
toxics in Great Lakes by 2006 - no new
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releases of 5 pesticides (chlordane,
aldrin/dieldrin, DDT, mirex, and
toxaphene), 90% reduction in PCB, 75%
reduction in dioxin - based on 1991
agreement and 1985 memorandum.

(April 22) EPA expands TRI reporting to
capture 6,100 new facilities bringing grand
total to 31,000 facilities.

(April 25) EPA completed TSCA
Compliance Audit Program enforcement
initiative to gather reports of substantial
risks from toxic chemicals. EPA discovered
some industries were not reporting data so
they started volunteer program with
reduced fines.

—* - - -

Adapted from Physicians for Social Responsibility and Environmental Defense Fund, 1994 Other
SHoilIJerr%%g r:n](_:IQLé%e EPA 1997; Holland 1995; Greenpggce 1995;13C 1993, ATSDR 1990,’19992, 1993;
** )

Due to the amount of chlorine related events that have transpired over the past hun
many events are likely to be omitted. P P Hndred years
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Appendix C

Relevant New York Statutes covering Chlorine*

Conservation Law
New York conforms statute to Federal \Water

Pollution Control Act Amendments of 1970
Environmental Conservation Law (ECL) enacted
Controls on chloroflourocarbons added to ECL

State Pollution Discharge Elimination System
(SPDES) added to ECL

Authority to regulate release of hazardous
substances to environment added to ECL

Industrial Hazardous Waste Management added

to ECL (under RCRA)

Inactive Hazardous Waste Disposal Site controls

added to ECL

Collection, Treatment, and Disposal of Refuse and
Solid Waste regulation authorization recodified

and expanded ECL

Pesticide ControlsRecodified and expanded in ECL

Hazardous Substance Bulk Storage Act

Environmental Quality Bond Act

Regulation of commercial lawn application of
pesticides authorized

Solid Waste Management Act established a state
solid waste management policy and a solid waste

management planning process
State Pollution Discharge Elimination System

re_ﬂuirements updated to maintain conformity

federal law

Great Lakes Protection Fund established in 1990
Sale of certain containers of CFCs banned, and
recapture and recycling of CFCs vented during

the repair of disposal of automobile air
conditioners o
Hazardous Waste minimization program

established and state laws conformed to federal

hazardous waste regulations

Clean A Act Compliance Act enacted to meet
stationary and mobile source alr pollution control

requirements of the Federal Clean Air Act
Environmental Protection Fund

Other:

(1911New York Laws ch.647, as amended)
EPuinc Law 95-500)
1970 New York Laws ch. 140, as amended)
(1975 New York Laws ch.713)
(1973 New York Laws ch.713)
(1973 New York Laws ch.801)
(1978 New York Laws ch.639)
(1979 New York Laws ch.282)
(1980 New York Laws ch.552)
(1983 New York Laws ch.612)
(1986 New York Laws ch.672)
(1987 New York Laws ch.511&512)
(1987 New York Laws ch.559&560)

(1988 New York Laws ch.70)

(1988 New York Laws ch.360)
(1990 New York Laws ch.294)

(1990 New York Laws ch.831)
(1993 New York Laws ch.608&609)

(1993 New York Laws ch.610&611)

Water Pollution is contained in ECL ch.512 Article 17. _
Management of Hazardous Waste from generation to disposal is in ECL ch.512 Article 27.

*Sources: Lasher, 1988: Robinson, 1992.
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The LTI Toxics model is formulated using amass balance equation for the water column and a mass balance equation

Appendix D

for the sediment layer. The two equations are solved simultaneously to yield the concentration of contaminant in

each compartment. The mass balance for a contaminant in the water column and is shown below as Equation 1.

dc
V,—=L=W.(t)- OC, ~k,V,C,—v,A F,C, -v,A, FC, +k,A,(F.C, - FC)+

v odt

and where:
1/Daw

z2pZ

b F,C
aw fa Z

a woa

: )Aw +v,A,F,C,
w

lake volume

total water column contaminant concentration

rate of contaminantloading

lake outflow

degradation rate constant

abiotic settling velocity

fraction of contaminanton abiotic solids

biotic settling velocity

fraction of contaminanton abiotic solids
sedimentwater diffusion coefficient

fraction of contaminantdissolved in sediment
total concentration of contaminantin sediment
fraction of contaminantdissolved in water column
atmospheric mass transport parameter

fugacity of the atmosphere

water column contaminant fugacity capacity
resuspension velocity of Contaminant from sediment
Area of depositionfor sediment layer

1/Dw +1/Da

kw Zw

kaZa

water transfer coefficient

0y

m3

g/m’

glyr

m*/yr

I/yr

m/yr

yg

m/yr

g

m*/yr

g/8

g/m’

g8
mole/(m“Pa) yr)
Pa
mole/(m’Pa)
m/yr

ml

* mole/(m*Pa yn)

mole/(m*Pa yn)
mole/(m’Pa yr)
m/yr
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ka = air transfer coefficient m/yr

Zw = 1/H mol/(m°pa)

Za = 1/RT) mol/(m>Pa)

H Henry’s constant for contaminant (Pa m*/mole)
R = ideal gas constant Pa m*/(mole °K)
T = air-water interface temperature °K

fa = Ca/za Pa

Ca atmaospheric concentration of contaminant mol/m’

The mass balance equationfor acontaminantin the sediment layer is:

dc
Vo= VA E.C 4,4, FC, + kA (FLC, - FuC,)-v.AC,F,, v, AF.C, @
where:
| = volume of sediment segment m’
F, = fraction dissolved in the sediment layer 88
F, = fraction of contaminant attached to particulates in o/g

The partitioning of a contaminantamong solids in the water column is decried by the following equations:

Fa = (PaSa)/(1 +PaSa +PbSb) 3
Fb =(PbSb)(1 *+PaSa +Pb Sb) @
Fd = 1/1 +PaSa +PbSb) ®
FatFb+FR =1 ©
Ct=Cat+ChtCd=FRaCrtFbCr+FdCt @)
where :
Pa = f.,Koc
Pb = f,,Koc
foca = percentorganic carbon for abiotic solids
foch = percent organic carbon for biotic solids
Koc = organic carbonequilibrium partitioning coefficient for a contaminant
Sa = abioticsuspended solids concentration g/m’
Sb = biotic suspendedsolids concentration g/m’
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The partitioning in the sediment layer is described by the following:

Fds = 1/(1 + Ps Css) )
Fps =Ps Css/(1 t Ps Css) ®
Ps = Kocs f,. (10)
where:

Ps = f,,Kocs

Css = solidsconcentration in the sediment g/m?

Joes = percentorganic carbon in sediments

Kocs = organic carbon equilibrium partitioning coefficient in sediments

Table D1. Parameters Used for Each Contaminant in LTI Model (taken from Rodgers et al 1988)

V., 1.67 x 102 m®
0 2.13 x 10" myr
Va 500 m/yr
vy 110 m/yr
ksl 0.01 m?/yr
A, 1,949 x 10" m?
A, 1.04x 10 m?
R 8.314 Pa m*/(mole °K)
T 25 K
V. 5.2x 10° m’
Sa 0.50 g/m’
Sh 0.15 g/m®
foca 0.04 —
focb 0.35 —
focs 0.04 —_
v, 0.000138 m/yr
v, 0.00125 m/yr
I C. 360000 | g/m®




The following equations were used to calculate contaminant-specific parameters. The water transfer coefficient, kw,

was calculated as ((rgra,1997):

32 1/4
- _ 11
kw (MW) K, an

where MW = the nolecullar weight of the contaminant and X, = the oxygen transfer coefficient which was taken to

be 1.6m/day. The gas transfer coefficient, ka, was calculated as (Chapra, 1997):

18 1/4
= — 2
ka 168( MW) U, 12)

where U,, is a representative wind speed for Lake Ontario which was assumed to be 2.3 m/s.  The organic carbon
partitioning coefficientwes calaulated using a formulation from Endicott (19%*¥***);
Log Koc =3.54 *+0.442 (Log Kow) 13)
Where Kow is the octanol-water partition coefficient for acontaminant. In agreementwith Rodgers etal. (1988), the
value of the organic carbon partition coefficient for the sediment layer was taken to be an order of magnitude less
than that calculeted fram Equation (13).

Half-life values for each of the contaminantswere taken fran Howard (1991) and Henry’s constants were
taken fion Mackay etal. (1992), Schwarzenbach et al. (1993), and franthe U.S_Department of Agriculture

Agricultural Research Service’s Pesticide Property databese.
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Appendix E

Table EB.95 Chlorinated Compounds on Pollutant Lists from the Clean Water Act, Clean Air Act, Great Lakes Initiative (GLI), and
International Joint Commission (1JC).

CWA =Clean Water Act

CAA =Clean Alr Act

BCC =Bioaccumulative Chemical of Concern from GLI
GLI Other = Other compounds of concern from GLI
IUC L I =Level | from JC

UC L IO =Level Ifrom 1JC List

LJC CP =Ceritical Pollutants from 1JC List

1,1,2 Trichloroethane X X X

1,1,2,2 Tetrachloroethane X X X

1,2 Dichlorobenzene X X

1,2 Dichloroethylene X

1,2 Dibromo 3 Chloropropane X

1,2,3,4 Tetrachlorobenzene X X X
1,2,3,5 Tetrachlorobenzene X X
1,2.4 Trichlorobenzene X X X

1,2,4,5 Tetrachlorobenzene X X

1,2-Trans-Dichloroethylene X

1,3 Dichlorobenzene X X

1,3 Dichloropropene X X

1,3,5 Trichlorobenzene X

1.4 Dichlorobenzene X X X X
2 Chloroacetophenone X

2,3,7,.8-TCDD X X X X X
2,4 Dichlorophenol X X

2,4.5 Trichlorophenol X

2.,4.6 Trichlorophenol X X

2.4-Dichlorophenoxyacetic Acid X

2-Chloroethyl Vinyl Ether X X
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i—Chlomnapthalené |

2-Chlorophenol

13,3 Dichlorobenzidine

4 Chlorophenyl Phenyl Ether

B Bl K

44'-DDE

4,4'-DDT

>

44' DDD

Aldrin

El tal Bl o

Allyl Chloride

Alpha-Endosulfan

Aniline

Benzotrichloride

Benzyl Chloride

4

Beta-Endosulfan

Bis (2 Chloroethoxy) Methane
Bis(2-Chloroisopropyl) Ether

Bis(Chloromethyl )Ether

Captan

Carbon Tetrachloride

Chloracetic Acid

Chloramben

Chlordane

Chlorine

Chlorobenzene

Chlorobezilate

Chloroform

Chloromethyl Methyl Ether

Chloroprene

ol Bl Bl bl ol Kol il Bl Ead Lol Kol Ko

Chloropyrifos

Dichlorobromomethane

Dichloroethyl Ether
(Bis(2 Chloroethyl) Ether)

Dichlorvos

Dieldrin

b3




Dimethyl Carbamoyl Chloride
Endosulfan

Endosulfan Sulfate

Endrin

Epichlorohydrin
1 Chloro 2,3 Epox ane
Ethyl Chlorde (Chloroethane)

Ethylene Dichloride
(1,2 Dichloroethane)

Ethylidene Dichloride
(1,1 Dichloroethane)

Heptachlor

>

»

Heptachlor Epoxide

bl Lol

Hexachlorobenzene

Hexachlorobutadiene

Hexachlorocyclohexane-Alpha

Hexachl clohexane-Beta

Hexachl clohexane-Delta

Hexachlorocyclohexane-Gamma
indanc)

Ll bl ol Kl Kol Ko

Lol ol Eak £ 8 Kol Lol

Ll bl Ll bl ol

Hexachlorocyclopentadiene

»d

Hexachloroethane

b

Hydochloric Acid

Methoxychlor

Methyl Chloride (Chloromethane

Methyl Chloroform
1,1,1 Trichloroethane)

Bl Bl Bl B K

Methylene Chioride
(Dichloromethane)

>

Mirex

Octachlorostyrene

P-Chloro-M-Cresol

PCBs

Pentachlorobenzene
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Pentachloronitrobenzene

Pentachlorophenol

Phosgene

Photomirex

Propylene Dichloride
(1,2 Dichloropropane)

Tetrachloroethylene
(Perchloroethylene)

Titanium Tetrachloride

Toxaphene

Trichloroethylene

Vinyl Chloride

Vinylidene Chloride
(1,1 Dichloroethylene)

4,4'-Methylenibis
(2-Chloroaniline)

2,3,7,8-TCDF

bS




Table E2. Air and Water Release Data from the New York State TRI and PCS and Niagara River Loading Data Sets for 95 Chlorinated
Compounds on Pollutant Lists.

TRI =New York State Toxic Release Inventory
PCS =New York State Permit Compliance System
Niagra R. =Niagara River Loading

#n/a = Chemical is not included in the data set for a given database

< detect =Measured concentrations were below the analytical detection limit

79005 #n/a 131.16 268.81 1,085.09 2,992.80
1,1,2,2 Tetrachloroethane 79345 #n/a 0.00 0.05 0.00 218.03 0.00 0.00
1,2 Dichlorobenzene 95501 355.95 0.00 0.45 23.97 19.48 1,908.62 2,354.78
1,2 Dichloroethylene 540590 #n/a 0.00 3.69 0.00 377.39 0.00 0.00
1,2 Dibromo 3 Chloropropane 96128 #n/a 0.00 #n/a 0.00 #n/a 0.00 0.00
1,2,3,4 Tetrachlorobenzene 634661 162.37 #n/a #n/a #n/a #n/a #n/a #n/a
1,2,3,5 Tetrachlorobenzene 634902 #n/a #n/a #n/a #m/a #n/a #in/a #n/a
1,2,4 Trichlorobenzene 120821 293.39 0.00 193.15 66.72 249.07 19.56 4,28
1,2,4,5 Tetrachlorobenzene 95943 #n/a #n/a #n/a #n/a #n/a #n/a #n/a
1,2-Trans-Dichloroethylene 156605 #n/a #n/a 773.24 #in/a 804.40 #n/a #n/a
1,3 Dichlorobenzene 541731 186.81 0.00 0.00 0.00 0.00 0.00 0.00
1,3 Dichloropropene 542756 #in/a 0.00 #m/a 0.00 #n/a 0.00 0.00
1,3,5 Trichlorobenzene 108703 20.26 #n/a #n/a #n/a #n/a #n/a #n/a
1.4 Dichlorobenzene 106467 544.71 0.00 0.11 0.00 30.51 0.00 0.00
2 Chloroacetophenone 532274 #n/a 0.00 #n/a 0.00 #n/a 0.00 0.00
2,3,7,8-TCDD 1746016 < detect #n/a #n/a #n/a #n/a #n/a #n/a
2.4 Dichlorophenol 120832 6.47 8.23 0.00 8.23 5.53 0.91 0.00
2.,4,5 Trichlorophenol 95954 4,11 0.00 0.00 0.00 0.21 0.00 0.00
24,6 Trichlorophenol 88062 231.99 0.00 0.00 0.00 0.10 0.00 0.00
2 4-Dichlorophenoxyacetic Acid 94757 #n/a 0.00 0.19 0.00 0.19 0.00 0.00
2-Chloroethy! Vinyl Ether 110758 #n/a #n/a 0.00 #n/a 1.13 #n/a #n/a
2-Chloronapthalene 494031 #n/a #n/a #n/a #m/a #n/a #n/a #n/a
2-Chlorophenol 95578 #n/a #n/a 0.00 #n/a 9.39 #n/a #n/a
3,3 Dichlorobenzidine 91941 #n/a 0.00 000 I 0.00 2.34 0.00 0.00
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4 Chlorophenyl Phenyl Ether 7005723 #n/a #n/a 0.00 #m/a 0.06 #n/a #n/a
4.4'-DDE 72559 10.19 #in/a 0.00 #n/a 0.00 #n/a #n/a
4,4'-DDT 50293 9.03 #n/a 0.01 #n/a 0.01 #n/a #n/a
4.4 DDD 72548 6.46 #n/a 0.01 #n/a 14.38 #n/a #n/a
Aldrin 309002 #n/a 0.00 0.11 0.11 0.00 0.00
Allyl Chloride 107051 #n/a 0.00 #n/a #n/a 243.81 82.07
Alpha-Endosulfan 959988 8.35 #n/a 2.52 2.52 #n/a #n/a
Aniline 62533 #n/a 2.53 #n/a 1,815.28 #n/a 3,996.66 11,680.94
Benzotrichloride 98077 #n/a 0.00 #n/a #n/a 1,019.67 23.90
Benzyl Chioride 100447 #n/a 0.00 #in/a #n/a 68.34 0.39
Beta-Endosuifan 33213659 1.32 #n/a 0.00 0.00 #n/a #n/a
Bis (2 Chloroethoxy) Methane 11911 in/a #n/a #in/a #nfa #n/a #n/a
Bis(2-Chloroisopropyl) Ether 108601 #n/a 0.00 #n/a 0.00 #n/a 0.00 0.00
Bis(Chloromethyl )Ether 542881 #n/a 0.00 #n/a 0.00 #n/a 0.00 0.00
Captan 133062 #n/a 0.00 #n/a 0.00 #n/a 0.00 1.04
Carbon Tetrachloride 56235 < detect 0.65 0.02 0.65 54.81 2,468.46 80546
Chloracetic Acid 79118 #n/a 0.00 #n/a 0.00 #n/a 351.98 8.74
Chloramben 133904 #n/a 0.00 #n/a 0.00 #n/a 0.00 0.00
Chlordane 57749 #n/a 0.00 #n/a 0.00 #in/a 0.00 0.00
Chlorine 7782505 #n/a 235.13 677,090.91 J| 7,051.90 | 4,233,789.19 7,353.29 63,319.86
Chlorobenzene 108907 nfa 045 3.74 | 39.64 194.86 502.97 2,145.04
Chlorobezilate 510156 #n/a 0.00 #n/a 0.00 #n/fa 0.00 0.00
Chloroform 67663 2,645.89 129.55 1,709.79 842.32 3,596.68 16,806.86 9,744.60
Chloromethyl Methyl Ether 107302 in/a 0.00 #n/a 0.00 #n/a 0.00 0.00
Chloroprene 126998 #n/a 0.00 #n/a i 0.00 #n/a 0.00 0.00
Chloropyrifos 2021882 #n/a #n/a #n/a #n/a #n/a #n/a #n/a
Dichlorobromomethane 75274 #n/a 0.00 157.25 0.00 859.90 0.00 0.00
Dichloroethyl Ether 111444 #n/a 0.00 27.20 0.00 21.27 0.00 0.00
(Bis(2 Chloroethyl) Ether)

Dichlorvos 62737 #n/a 0.00 #n/a 0.00 #n/a 0.00 0.00
Dieldrin 60571 60.44 #n/a 0.01 #in/a 0.01 #n/a #n/a
Dimethyl Carbamoyl Chloride 79447 #n/a 0.00 #n/a 0.00 #n/a 0.00 0.00
Endosulfan 115297 ﬂ #n/a 0.00 0.01 0.00 28.74 0.00 0.00
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Endosulfan Sulfate 1031078 #n/a #n/a #n/a #n/a #n/a #n/a #n/a
Endrin 72208 0.53 0.00 #n/a 0.00 #n/a 0.00 0.00
Epichlorohydrin 106898 #n/a 14.38 #n/a 14.38 #n/a 171.00 29.54
(1 Chloro 2,3 Epoxypropane)

Ethyl Chlorde (Chloroethane) 75003 #n/a 0.00 17.58 0.00 17.58 0.00 0.00
Ethylene Dichloride 107062 #n/a 697.61 2,350.50 698.65 2,350.52 1,920.80 3,684.00
(1,2 Dichloroethane)

Ethylidene Dichloride 75343 #n/a 0.00 568.27 0.00 570.40 0.00 0.00
(1,1 Dichloroethane)

Heptachlor 76448 | #n/a 0.00 0.00 0.00 0.01 0.00 0.00
Heptachlor Epoxide 1024573 24.58 #n/a 0.00 #n/a 0.00 #n/a #n/a
Hexachlorobenzene 118741 48.58 0.00 0.00 0.00 1.45 0.00 0.00
Hexachlorobutadiene 87683 | 3247 0.00 0.00 0.00 0.33 11.01 0.45
Hexachlorocyclohexane-Alpha 319846 389.13 #n/a 0.00 #n/a 0.00 #n/a #n/a
Hexachlorocyclohexane-Beta 319857 #n/a #n/a #n/a #n/a #n/a #n/a #n/a
Hexachlorocyclohexane-Delta #n/a #n/a #n/a #n/a #n/a #n/a #n/a
Hexachlorocyclohexane-Gamma 58899 120.57 0.00 0.00 0.00 0.00 0.00 0.00
(Lindane)

Hexachlorocyclopentadiene 77474 #n/a 0.00 0.00 2.59 0.43 365.97 30.38
Hexachloroethane 67721 #n/a 0.00 0.00 0.00 0.01 0.00 0.00
Hydochloric Acid 7647010 #n/a 327.82 #n/a 916.16 #n/a 46,692.16 2,016,508.35
Methoxychlor 72435 < detect 0.00 #n/a 0.00 #n/a 0.00 0.00
Methyl Chloride (Chloromethane) 74873 #n/a 0.00 0.03 380.22 0.03 8,161.47 6,198.83
Methyl Chloroform 71556 #n/a 235.78 596.87 291.09 625.77 819,279.84 1,375,329.86
(1,11 Trichloroethane) ]

Methylene Chloride 75092 10,800,173.83 | 3,829.87 6,404.15 d 3,868.08 6,404.15 1,168,674.51 2,679,739.91
(Dichloromethane)

Mirex 2385855 4.26 #n/a 000 019 #n/a #n/a
Octachlorostyrene #n/a #n/a #n/a #n/a #n/a #n/a #n/a
P-Chloro-M-Cresol 59507 #n/a #n/a 0.00 #nfa 0.00 #n/a #n/a
PCBs 1336363 404.51 0.00 2.74 0.00 10.94 0.00 0.00
Pentachlorobenzene 608935 I  55.99 #n/a 0.00 #n/a 0.00 #n/a #n/a
Pentachloronitrobenzene 82688 | #n/a 0.00 #n/a 0.00 #n/a 0.0 0.00
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Pentachlorophenol 87865 0.00 . 0.00
[Phosgene 75445 0.00 #n/a__J|  96.12 218.42
Photomirex #n/a #n/a #n/a #n/a
Propylene Dichloride 78875 1,891.39 2,142.27 1,891.39 2,142.27 35,042.50 121,774.31
(1,2 Dichloropropane)

Tetrachloroethylene 127184 66.85 881.13 281.57 1,529.83 292,766.76 360,473.67
(Perchloroethylene)

Titanium Tetrachloride 7550450 #n/a 0.00 #n/a 0.00 #n/a 7.64 1.55
Toxaphene 8001352 #n/a 0.00 #n/a 0.00 #n/a 0.00 0.00
Trichloroethylene 79016 #n/a 203.26 472,485.83 607,260.07
Vinyl Chloride 75014 #n/a 0.00 9,147.52 23,882.27
Vinylidene Chloride 75354 #n/a 15.74 161.03 58.10
(1,1 Dichloroethylene)

4,4'-Methylenibis 101144 #n/a 0.00 0.00 0.71
(2-Chloroaniliie) ]

2,3,7,8-TCDF [ 51207309 |  #n/a #n/a #n/a #n/a

b1
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