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INTRODUCTION

Since ancient times, humans have used chemicals as tools in the quest for improved quality of
life. Originally, useful chemicals were obtained as natural extracts, but with the understanding
of chemistry came the ability to synthesize specific chemicals for particular applications. Many
of these specifically produced chemicals contain chlorine molecules as part of their chemical
makeup. A chlorinated organic chemical is made up of atoms of carbon and hydrogen and
chlorine. In addition to being synthesized for specific applications, chlorinated organic chemicals

originate from natural sougces and are also by-products or end-products resulting from various

human activities mcludlﬂgpulp and paper production, incineration, manufacture of numerous
consumer products and dlsmt"ecuon of drinking water. Chlorine-containing chemicals are used
in the production of numerous cénsu 1er goods including pharmaceuticals, food additives, crop

protection agents, sunscreens, cosmeﬁ{l;sg plastics, adhesives, paints, varnish, antifreeze, spandex
and soft drink syrup, to name just a few.; /In addition, some alternative processes and chemicals
may be less environmentally friendly, or the potential hazards have not been sufficiently well
studied compared to those based on chloriné;kii\%' istry.

As the production of chemicals, including chlonnawd organic chemicals, has increased to
support the growing demands of society, so too have scxenufic knowledge and societal concern

about the possible effects of chemicals released into the é ;Xlronment Active field and
laboratory research into the biological effects of specific che

has suggested an association
between releases of large quantities of certain chemicals, reéumg in increases in their
concentrations in the environment, and adverse effects on wildlife. thnnaied chemicals
for which these associations have been observed represent a small subs% rthe entire universe
of chlorinated chemicals. This small group of chlorinated chemicals has peép gigics that result
in their ability to accumulate in the tissues of organisms as they are passed frontps :

up the food chain (2 process known as bioaccumulation). The combin - 3 f their
bicaccumulative properties and the quantities released into the environment resultsa

enough concentrations in animals at the top of food chains that adverse effects may OCCUr.
Numerous other chlorinated organic chemicals, that do not have these structurally and

functionally bicaccumulative properties, do not result in such effects in the environment. These
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observations show that the mere presence of chlorine on a molecule does not cause it to have
adverse effects in the environment. While there have been allegations that the bioaccumulative
chlorinated chemicals can cause adverse effects at very small concentrations (parts per trillion
and parts per billion in the environment), a detailed comprehensive review of the existing
scientific evidence regarding the potential of these and other chlorinated chemicals to affect the
environment or human health has not previously been undertaken. This study was conducted
in order to produce an interpretive evaluation of the potential adverse effects of chlorinated
chemicals on human health and the environment. This was achieved through the application of
sound scientific prmcxgl;&to the assessment of the vast amount of data existing on these
chemicals.

There are several thousand chlcﬁated organic chemicals, rendering it impossible to evaluate

f‘{ A

pest Ay

each one of them thoroughly, wnttnirthe scope and time frame of this work. However, many
have been studied in great detail througmamg of ammals in the laboratory, studying humans
and wildlife exposed to chemicals in the environment, and measuring their concentrations in
different media of the environment (e.g., air, wafer, soil, sediments, animals). Since it was not
practical nor feasible to assess the potential adwt:r.se effects of all chlorinated chemicals on
human health and the environment, it was necessary to select a group of chemicals that could
be studied. This selection process considered those chemicals which have been identified by
different agencies as concerns due to potential adverse efﬁact& &In addition, consideration was
given to the availability and completeness of information (ﬁ q\uch to base an assessment.
Finally, consideration was given to usefulness of the chemical as f’gﬁgml example from which
various scientific principles could be assessed for application m”"u?development of new
chemicals and products that would not be harmful to human health or J ginonmcnt

The chcmicals were chosen to include representatives of the major classes of chlegi organic
chemicals that could serve as surrogates for those not studied in detail. In i ing the

chemicals, the various types of product categories, in which chlorine is emplo “
considered. The chemicals of greatest concemn were selected from a list of 93 chlonnmed
chemicals identified by various agencies as potential concerns to the environment, including
human heaith (Table 1). By considering total quantities of use and the potential for the
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chemical to produce harmful effects, 46 chlorinated chemicals were selected for detailed
evaluation in the eight product categories (Table 2). The eight product categories cover a wide
spectrum of chlorine chemistry used by society and are as follows:

i) molecular chlorine,

i1) polychlorinated biphenyls (PCBs),

iii)  vinyl chloride/polyviny! chloride (VCM/PVC),

iv) chlorine disinfection of drinking water and waste water,
v) incineration,of chlorinated materials,

vi)  wood pu bimhmg

vii)  chlorinated orgﬁm solvents and

viii) the use of chlonnégm the development of pesticides.

For the first seven product categories, théia‘o,ssible harmful effects were evaluated, from past and
present uses of the chlorinated chemicals mcluded in each product category, and predictions of
future safe use patterns were made. In the 'aase of pestxmdes, the role of chlorine in pesticide
activity was assessed, and the need to assess each ehermcal individually was discussed, based
on its potential to cause hazardous effects relative 6" ns potential benefits.
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APPROACH TO THE SCIENTIFIC EVALUATION OF DATA

In order to evaluate the potential for a specific chemical to cause adverse effects on human
health or the environment, the following questions must be addressed:

° is there opportunity for exposure of humans or the environment to the chemical?
° can the chemical interact with biological systems in a manner consistent with known
biological principles?

° is there a scientific basis for concluding that specific adverse effects are associated with
exposure 1o the %@1"

o
po. m sufﬁciently high to be likely to cause adverse effects?

If the available information is sufﬁcmto answer these questions, then it is possible to evaluate
the potential for adverse effects caused %ﬁy environmental concentrations of specific chemicals.

In attempting to answer these questions foz’;tﬁa%represcntaﬁve chiorinated organic chemicals
chosen for the current study, a rigorous wlennﬁﬂpgroach was taken to the interpretation of the
published information. The amounts and types oi mformanon available varied among the
different chlorinated chemicals, with most falling into the followmg categories:

® laboratory studies using animals exposed to known concenmu of a single chemical
under controlled conditions for time periods ranging from day Jbexr lifetime;

L field studies to assess possible adverse effects in animals by compa@apuhnons with
or without known exposures to mixtures of chemicals (known as 'demiologiw.l
studies);

. studies to assess possible adverse effects in humans by comparing popula ith or
without exposures to mixtures of chemicals (known as epidemiological Stlldl&é

L studies of concentrations of specific chemicals in air, water, soil, sediment and blologlcal
tissues.
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In evaluating the available studies in these various categories, the scientific strengths and
weaknesses of the supporting information were assessed, as it affected the validity of the
conclusions. After reviewing numerous studies on each of the representative chlorinated organic
chemicals, conclusions regarding the potential for each of them to cause adverse effects were
made based on the overall weight-of-evidence. One of the most important outcomes of this type
of weight-of-evidence analysis is the establishment of sound cause-effect relationships. The mere
presence of a chemical in the environment in association with a particular adverse effect does
not necessarily mean the observed effect was caused by that chemical. In assessing the
plausibility of possible cause-effect relationships between chemicals and adverse health effects,

¢ were made:

the following considera
L does the adverse effect oecur more frequently in populations of humans and/or animals
known to be exposed to the, eltemwal"

° is the adverse effect more se:vere in humans and/or animals exposed to higher
concentrations?

o has the adverse effect been reported tobeassoc:ated with exposure to the chemical by
different investigators, in different piaces ei; different times"

. does the adverse effect occur only after exposure to the chemical has begun?

L does the adverse effect disappear or become less scvere when the chemical is removed
or concentrations are lowered?

e
4»,

L is the chemical likely to be able to cause the obser\feé effect according to known

biological principles?

®  have similar chemicals been associated with the adverse eﬁmf{@

Once having established the plausibility of a cause-effect relationship, the re & ‘ between

to determine the highest dose of a chemical that could be tolerated by humans
without causing adverse effects. As the earliest toxicologists knew, it is the dose that m s the
poison, with the most innocuous chemicals (such as water) capable of causing adverse effects
when consumed in excessive quantities, and the most hazardous chemicals (such as cyanide)

having no adverse effects when consumed in very small amounts. This determination of a no-

S

§668%B18BG (YA



CANIOX

effect or "safe” dose for each chemical is usually based on the resuits of controlled studies in
laboratory animals, in which low, medium and high doses were given every day for life. This
type of study, where the doses are known and only one chemical is given, provides a reliable
means of determining the safe dose for an animal (usually rats or mice). The “safe” dose for
humans was calculated either by the application of safety factors to the safe dose observed for
animals in laboratory studies (i.e., by dividing the safe dose for an animal by factors of 10, 100
or 1000, depending on the type of study, species tested, and severity and type of effect caused
at higher doses in animals), or by the use of theoretical dose-response models.
;ﬁ*

To evaluate the potenuﬁ gt adverse effects to occur from concentrations of chemicals in the
environment, the exposures mpected as a result of environmental concentrations are either
estimated using exposure modeis?'"/ measured directly in tissues of exposed populations. If the
estimated exposures (doses) are lowet than the "safe” dose, then no adverse health effects might
be expected. If the exposures exceeded :§he;7safe dose, there is the potential for adverse heaith
effects. This type of assessment was conducted for all the representative chemicals in each
product category, based on their rates of ‘m ease and measured concentrations in the
environment. In order to put the environmental coﬁéentxataons of chlorinated organic chemicals
associated with the product categories into pcmpecnveri:.the sources of such chemicals produced
through natural processes, independent of human actiir’itim, also were evaluated.

each product category:

. Determination of sources and amounts of the selected chlorinaté@®hemicals released to
the environment from human activities and natural processes.

L Estimation of typical exposures to various organisms, includinga”’ L , using
information on concentrations of the chemicals in air, water, soil and other 'unmental
media. _

. Assessment of the potential of the chemicals to cause harmful effects, and the us& 6f this
information to determine safe levels of exposure for each chemical.

9g68vaTABE QYA



CanTlox

L Assessment of the degree of concern or risk from the use of the chemical by comparing
the exposures from environmental media against the upper exposure limit of the
chemicals.

KEY FINDINGS FOR EACH PRODUCT CATEGORY

I CHLORINE

Sources of Chlorine

Sources of chlorine related® %/uman activities include the following:

° the manufacture of plas&éfé*and adhesives;

® the manufacture of chloﬁnife&/étganic chemicals;

® the manufacture of drugs, o

L the manufacture of various household gond! mcludmg deodoraats, cleaners and bleaches;

L use of chlorine for drinking and waste witer dl,smfecuon

The Environmental Protection Agency’s Toxics Release Immory estimated the total quantities
of chlorine released into the environment by human activities g%a United States to be between
35 and 36 million pounds per year over the period 1987-1990. TQ? 'ﬁapproxxmatcly one tenth
or less, of the annual production of chlorine from natural sources. %e released into the

environment rapidly reacts with water or water vapors to produce hy oric acid (HCI).
Y

Natural sources of chlorine include: \%

L] volcanic eruptions; 0

L the break-down of sea salt by ultra-violet light from the sun (known as photoly%

Volcanic eruptions have been estimated to contribute from 0.4 to 11 million tons of chlorine/year
(800 million to 22 billion pounds) on a global basis. The production of chlorine in the

7
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atmosphere by the photolysis of sea salt is believed, by Swedish scientists, to result in the
deposit about 1 to 23 pounds of chlorine per hectare of land each year on a global basis.

Cause-Effect Relationship

The potential for harmful effects to the environment from chlorine is associated with the
corrosivity of hydrochloric acid produced by the reaction of chlorine with water in the
environment or in the respiratory tissues of air breathing organisms. Evidence from studies with
laboratory animals and.

ym accidental human exposures have shown that sufficiently high

p&or hydrochloric acid can cause irritation to tissues at the site of
45 %,

contact with effects becommg“&ess severe at lower doses. At sufficiently low concentrations of
hydrochloric acid no adverse effe’gts occur.

%

concentrations of chlori

Evaluation of the Potential for Advel;?;iﬂffects from Chlorine

The conclusion of the interpretive review of ﬂm ailable information on chlorine is that, with
the exception of spills related to transportation andésc, and large accidental releases from point
sources, the concentrations of chlorine in the cnvxronment over the past two decades have been
below those expected to cause unwanted or harmful cffects on human health or the environment.

Recommendations

Continued efforts are required to make sure that spills and accidents*thagrelease chlorine to the

environment are minimized and those that occur are controlled as qui‘ﬁk%s possible. The
current trends in the adoption of best-available-technologies for systems t.hié
of chlorine to the environment must continue, to ensure that potential harmful-gf

ent the release

uses of chlorine are prevented in the future.
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I POLYCHLORINATED BIPHENYLS (PCBs)
Sources of PCBs

Historically, the largest use of PCBs was in the electrical industry, because their superior heat
absorbing capacity and electrical insulating properties provided greater safety (e.g., reduced fires
and explosions) compared to alternative materials. PCBs are no longer manufactured, but are
still in use in some closed systems. Until recently it was believed that there were no known
natural sources of PCBs;E, owever, PCBs, not related to any human activities, were identified
in ash from the 1980 vb"
formation from natural proc

eruption of Mt. St. Helens in Washington state, indicating their
ses independent of human activities. The quantities of PCBs

. '1:::', N . .
released to the environment frofi volcanic eruptions are unknown.
*‘;’ 2¥e

Physical and Chemical Properties of ECBS and Fate in the Environment

The term PCBs denotes a family of 209 chemiqals with chlorine attached at various places on
the molecule. Depending on the position and amomfht of chlorine, the different PCBs exhibit a
wide range of physical and chemical properties. For example the ability of the different PCBs
to dissolve in water ranges over 5.5 million-fold and t]:le potentlal for vapors to form in the air
ranges 100,000-fold among the different PCBs. The ablhtysgf ﬁgferent PCB:s to be stored in the
body fat of animals ranges over 10,000-fold, and becomes gﬁgﬁﬂ with increasing amounts of

chiorine on the molecule. Since the behavior of chemicals in the ‘€wigpnment is determined by

their physical and chemical properties, the differences in propertic¥-qfithe various PCBs are
reflected in their distribution, disappearance and movements in the envi:
the amount of chlorine contained in PCBs increases, their disappearance dwileg

environment becomes slower. Some forms of PCBs are stored in the fat of o :

Since elimination from biological tissues is very slow for some of these :
concentrations stored in fat gradually increase in organisms if their rate of exposure exceeds
their rate of elimination. This leads to the potential for adverse effects especially in predators
at the top of food chains, such as fish-eating birds and mammals.
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The combination of unrestricted use and of physical properties, which favor long range
atmospheric transport, bioaccumulation and slow breakdown of PCBs has resulted in their
widespread distribution in the environment, including remote areas such as the Arctic and
Antarctic. Due to their widespread occurrence, PCBs are found at low concentrations in tissues,
(such as fat, liver, blood and breast milk) of people with no known occupational or unique
environmental exposures. Concentrations of PCBs in various aquatic wildlife (e.g., fish and
fish-eating birds) are generally greater than those reported for humans, primarily because of the
characteristics of aquatic food chains and the less varied diets of aquatic wildlife (i.e., almost
all fish) compared to hu

The Cause-Effect Relationstilp

Laboratory studies on animals hav?e’*f:i'iﬁdjcated that PCBs have the potential to cause adverse
effects on reproduction and that extremegééscs of some PCBs can increase the incidence of liver
cancer in rats. These effects have been shown to be dose-related (i.e., they become less severe

and less prevalent at lower exposures). Thcre’is good evidence indicating that sufficiently low

exposures to PCBs do not cause adverse effects.y ;

Certain adverse effects, such as eggshell thinning in some specxes of Great Lakes fish-eating
birds and crossed bills in cormorants, increased in preva.leuge and severity as the concentrations
of PCBs and several other chemicals in the eavironment ﬁcmsed and have declined as
concentrations have declined. This consequent decline in envuom'é"&ml concentrations of PCBs
and the recovery of bird populations i is consistent with a cause-effect m%};aﬂonsmp between PCBs
and reproductive effects in fish-eating birds. It must be noted, howeé¥€rgpthat several other
chlormated and non-chlorinated chemicals were also present in these birds, ﬂ controls over
the release of these chemicals occurred during the same time period as the u%’ % were
regulated. Therefore, it is not possible, based on the field data available, to the
possible cause-effect relationships of such a mixture of chemicals. In addition, there 1sd

suggesting that loss of habitat caused by increasing urbanization and faulty industrial practxcm
occurring at the same time that concentrations of PCBs and other chemicals were increasing,

also played a role in the population declines observed in certain wildlife species during this time

10
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period. Because of the existence of these other influences on the reproductive health of wildlife
it is not possible to attribute the observed adverse effects in fish-eating birds solely to PCBs,

although the weight of evidence suggests that they have likely played a role in the observed
effects.

Evaluation of the Potential for Adverse Effects from PCBs

The conclusion of the assessment of PCBs is that environmental releases between their initial
introduction in the 1920%1'“11 cessation of manufacturing in the 1970s, were not appropriate
based on what is now kﬁw bout their behavior in the environment and the possible harmful
effects they may produce whentexposures are too great. These possible harmful effects of PCBs
alone are difficult to detcmune“ix the field, because wildlife are exposed at the same time to
mixtures of many different chemlcais However laboratory studies demonstrate that PCBs could
interfere with reproduction of wildlife m,t.ﬁe environment. The greatest concerns are for wildlife
species at the top of aquatic food chains (e.g., ﬁsh—wtmg birds and mammals). The information
now available, on the properties of PCBs and o mthc posswie harmful effects that can result from
chemicals with such properties if exposures axe great enough, shows that these types of

chemicals should not be used in ways that allow thexrf direct release into the environment.

Following controls over the use of PCBs in 1972, and banm;g of their production in 1978, the
quantities of PCBs released into the environment were redu&d Dunng the 1970s and early
1980s, substantial decreases were observed in the concentrations of"PﬁBs in the environment and
in organisms, including humans and aquatic wildlife. Cha.ngesim éﬁ production and use
practices of several other chlorinated chemicals (e.g., DDT, hexachlo Denzene, mirex) also
occurred during this same time period. Since the mid-1980s, the coucenu-i'}s@ng;f PCBS in the
environment have been decreasing more slowly compared to the decreases ?@a the 1970s
immediately following the restrictions in their use. A major factor responsible f@ slower
rates of decrease of environmental concentrations appears to be the continued rel S
from old electrical equipment still in service, from various PCBs storage facilities, and from
landfill sites. In addition, PCBs already in the environment are being transported around the
earth, primarily in the atmosphere. This transportation process continues to deposit PCBs into

11
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water bodies, where they can be accumulated by various organisms. Therefore, future rates of
decreases in concentrations of PCBs in the environment are expected to remain slow relative to
those observed historically.

Based on current knowledge about dose-response relationships for the possible harmful effects
of PCBs, mostly from laboratory studies, and from studies of buman populations historically
exposed to PCBs in the workplace, no harmful effects would occur from exposures of humans
to current environmental concentrations of PCBs. However, there is a greater likelihood for
harmful effects on certam,wﬁdhfc than humans, due to dietary habits and position in the food

chains. This greater ' '-:mty for harmful effects from PCBs is particularly pronounced in
species that eat almost exclus’ﬁely fish and other aquatic organisms. Concern about possible
harmful effects in such species fsﬁhndemtandably great in regions of the environment where the
concentrations of PCBs, together wrthothcr chemicals, are markedly elevated (e.g., various "hot
spots"). With the exception of these loeahzed "hot spots”, caused by historical point-source
releases of chemicals, any adverse effects on the environment expected from current
environmental concentrations of PCRBs should Be mmor Although PCBs were once considered
to be resistant to natural biological breakdown, thcm is now considerable laboratory and field
evidence to the contrary, although their breakdowm rate varies significantly depending on the
numbers and positions of chlorine on the PCBs. As the envmonmental concentrations of PCBs
and other bicaccumulative chemicals continue to decline, thmgh restrictions on environmental
release rates, through natural, physical and biological degradgtion processes, and through
continued burial via sedimentation, the degree of harmful cffect?wdomlizcd “hot spots” will
continue to decline. ‘ e g

Recommendations @
Chemicals having physical and chemical properties similar to those of certain PCB% h result
in their accumulation in the eavironment, should not be used in ways that lead@

uncontrolled release into the environment. The knowledge that these types of chemlcnls can be
widely distributed throughout the world and will degrade slowly, should govern the design and

12
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use of new chemicals so that the situation that occurred with PCBs and other bioaccumulative
chemicals is not repeated.

m VINYL CHLORIDE AND POLYVINYL CHLORIDE
Sources of Vinyl Chloride and Polyvinyl Chloride

Vinyl chloride and polyvinyl chloride are products of the plastics industry. Vinyl chloride, as
it is, is not used in co ercml products, but is the starting product for the production of
polyvinyl chloride (PV . “&VC (called polymers) is made by linking a large number of vinyl
chloride units together to fom’k’a long chain of linked molecules. PVC is a solid material with
great stability in the cnvu'onmenég‘ Its most recognized use is in PVC pipe, used in many
drainage and plumbing apphcancms”; %Undet good manufacturing procedures, the residual
concentration of vinyl chloride in modqgﬂ,‘VC products is below the lower limit of analytical
detection limits.

Vinyl chloride can be released to the atmosphereis ;vapor, and it rapidly degrades by reactions
with ultraviolet light. It does not accumulate througﬁ' food chains and ultimately is completely
broken down by biological systems. Vinyl chloride molecules are reactive and readily join

7
%,
EG

together in the presence of oxygen, sunlight or heat to fom;'l gable PVC.
RS

No information was available on the air concentrations of vinyl chl@uﬁh}at locations remote from

production/manufacturing facilities. However, based on the concesitray

facilities and the rapid rate at which it is destroyed in ambient air, the‘ﬁentmuons in air in

remote locations would be expected to be very small, and not even mea§éa with current

techniques. }

N

The Cause-Effect Relationship @

s reported near such

Laboratory studies using animals have demonstrated that high dose, long-term exposure to vinyl

chloride can result in the development of liver cancer. In addition, exposures of humans to

13
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unacceptably high concentrations of vinyl chloride in some workplaces prior to the 1970s are
believed to have resulted in increases in an unusual liver cancer (called angiosarcoma) in
workers. Intermediate break-down products formed during the degradation of vinyl chloride are
reactive and bind to genetic material (DNA) in cells. The reactions of these reactive
intermediates with DNA are believed to be responsible for the cancer-producing activity of vinyl

chloride.

Through changes in technology, the air concentrations of vinyl chloride in workplaces in the
1980s were reduced about 10 000- to 100,000-fold compared to the pre-1970 values. Lower
concentrations in the workpyqe, combined with protective equipment used by workers, virtually
eliminated risks of liver canceﬁffrom occupational exposures associated with the use of vinyl

chloride.

Evaluation of the Potential for Adveg.gé-Effects from Vinyl Chloride and PYC

No harmful effects to human health or the geneml environment occur from PVC itself. The
major concern regarding PVC is the possible exposu'te of workers to PVC dust arising from the
use of PVC materials in manufacturing processes, and_possxble products (e.g., vinyl chloride
monomer) arising during its production. Through modiﬁcations in the manufacturing processes,
the concentrations in the workplace have been reduced to nmr analyucal detection limits (about
5 parts per billion) and are not associated with adverse effect# owihumans or the environment.

Recommendations

the environment would occur. Continued care is required to ensure that spills and a
releases of vinyl chloride are minimized, and if accidents occur, that the resulting releases are

controlled to prevent harmful effects to human health or the environment.

14
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v CHLORINE DISINFECTION OF DRINKING WATER AND WASTE WATER
Production of Chlorinated Chemicals Through Disinfection with Chlorine

Chlorine is used in the disinfection of drinking and waste water in order to prevent the spread
of waterborne diseases such as typhoid and cholera, diseases which used to claim the lives of
millions of people in Western society prior to the development of water treatment techniques.
Several chlorinated chemicals are produced as unwanted by-products of the chlorine disinfection
process, and low concent
chlorine-disinfected tap i exposed to low concentrations of these chemicals. These are not
uniquely man-made chemxcalg&”AMost are also produced in significant amounts through natural
processes, and exposure to humags and the environment would occur to some degree even if

ions of these remain in the finished water. Everyone consuming

they were not found in treated druﬂung and waste water. In addition, improvements in the
techniques of disinfection of drinking;’f%ﬁrater with chlorine can substantially reduce the
concentrations of these unwanted by-products in the finished water.

The Cause-Effect Relationship

The most significant chlorinated chemicals found in water disinfected with chlorine were
evaluated in terms of their potential for causing adverse eﬁects For all these chemicals,

substantial amounts of information were available allowmg‘%hﬁactenzanon of the types of
effects they could cause and of the doses required to cause the efﬁ&.a Doses were determined
for each of the chemicals that would be expected to result in no oc&ti?me of adverse effects
on humans or the environment. b A

Evaluation of the Potential for Adverse Effects from Chlorinated Ch
During Disinfection with Chlorine

The majority of the chlorinated chemicals studied in drinking water are present in tap water at
concentrations far less than the concentration at which adverse effects would be expected. Two

types of chlorinated organic chemicals (chlorinated ketones and nitrogen compounds) could not
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be rigorously evaluated due to inadequacies in the toxicological data base; however, the very low
concentrations (parts per billion) of these were considered not likely to be associated with
adverse health effects. Two types of inorganic chemicals (chlorite and chlorate) have been
detected in some drinking water samples at concentrations exceeding those recommended as
allowable. This exceedance of the allowable concentration in some cases may not be significant
in terms of potential adverse health effects, because of the highly conservative procedures
followed in establishing the recommended maximum concentrations. Overall it can be concluded

that disinfection of drinking water using chlorine results in the production of a safe water supply.

The concentrations of c!ﬂn;jnaxed organic chemicals in rivers, lakes or streams receiving waste
water disinfected with chlori

“were below those that would be associated with adverse health

e
// 2%

effects on aquatic organisms. "‘fm some cases the concentrations of one type of chemical

{chlorinated phenols) exceeded surf’aae water guidelines in the effluent, prior to entry into the
receiving water. These occurrences were.pﬁmanly historical and surface water quality guidelines
were not exceeded once the effluent was dduted into the receiving water. Another group of
chiorinated chemicals (chlorinated dioxins an& "fumns) can occur at concentrations in waste
waters (primarily from sewage treatment plants) that are high enough to warrant some concern.

This concern stems from the potential for these compounds to bioaccumulate through the aquatic
food chain. The chlorinated phenols and chlorinated ciioxins and furans may have been present

roduced as a result of chlorination,

Evaluation of Alternative Methods of Water Disinfection

There are a number of other processes which can be used in the disinfection of drmkmg water

and waste water, each of which was evaluated for suitability in terms of the following criteria:

16
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L production of chemicals at concentrations not associated with adverse effects
L the availability of information on the types and quantities of various by-products from
alternative water disinfection processes, and of information required to assess their
potential harmful effects
° ability to effectively destroy bacteria, viruses and parasites in water
L retention of disinfection capability throughout the water distribution and storage system
® improve the taste, smell, clarity and color of the water after treatment
Disinfection using chlonﬁmeets all these criteria, while the other methods of disinfection meet
only some of them. In n%ﬂ@gases the available information required to assess alternative
disinfection technologies is mcornplpte particularly regarding the identification and quantification

the use of uitraviolet light for water disinfection is the
lack of residual disinfection capac1ty oi?’t;ide the water treatment plant.

of by-products. A major deﬁc:eucy;

e

The overall conclusion from the current assessment is that disinfection of drinking water and

waste water by chlorination remains the metho&oi chon:e

Recommendations

L The scientific basis for the establishment of the maxm;um allowable concentration of
chlorite and chlorate should be more rigorously defmed,% ,

. The maximum concentration of chlorate and chlorite in ﬁnﬁ?f&l drinking water should
be reduced, through adjustments and refinements of the dlsmf%on process.

] Continued vigilance needs to be employed in the control of the waifg water treatment
process to ensure that the concentrations of chlorinated phenols do%ao exceed surface
water guidelines. 5%

. The source of chlorinated dioxins and furans in treated waste waters Bee
established, and a detailed risk assessment, incorporating analysis of the adf
chain, needs to be conducted to ensure that concentrations are below those thatg#buld
cause environmental concerns.

17
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v INCINERATION OF CHLORINATED MATERIALS

Production of Chlorinated Chemicals Through Incineration

Chlorinated chemicals can be emitted from incinerators as a result of incomplete burning of
materials fed into the incinerator, or through chemical reactions occurring in the incinerator
stack. Numerous chlorinated chemicals have been detected in emissions from incinerator stacks.
Most of these are not uniquely man-made chemicals but are also produced in significant amounts

through natural processe pameuiarly those involving high temperatures such as volcanic

eruptions and forest ﬁre&ﬁﬁnman and environmental exposure to these chlorinated chemicals
would occur even if mcmer;'ﬁ‘on technologies were not used, and the available information
demonstrates that insignificant mﬁﬁous of such chemicals arise from a properly operated, best-

available-technology incinerator.

The Cause-Effect Relationship

The most significant chlorinated chemicals foundm incinerator emissions were evaluated in
terms of their potential for caus_ing adverse effects. For most of these chemicals a substantial
amount of information was available to allow chamctérizatio_n of the possible effects they may
cause and the doses required to cause the effects. For eacit:g%ifthe chemicals, upper dose limits
were developed that would not be expected to result in the amence of adverse effects on

humans or the environment.

’*”*f-z’ é‘}
Evaluation of the Potential for Adverse Effects from Chlorinatec Chemicals Produced
During Incineration % @

The potential for adverse effects from chlorinated chemicals produced through inci@ou was
evaluated through the assessment of an actual facility employing the best available w@ygy

18
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The steps taken in conducting this analysis included the following:
® prediction of concentrations of representative chemicals in air, water, soil and wildlife
resuiting from the incinerator emissions;
e prediction of exposure to humans and wildlife resulting from these environmental
concentrations;
. comparison of expected exposure from the incinerator emissions with the maximum safe

exposure limits for each chemical.

#é:chlorinated organic chemicals from the case study incinerator were
substantially lower thanim&mmumum safe exposures, indicating that no adverse effects on
human health or the envu'onment would be expected. In addition, the predicted exposures to the

' :?apf magnitude) less than those associated with exposures
from ambient backgrouand sources, {’mczfépcndent of the incinerator. Although the amounts of
chemicals emitted from an incinerator am”dependent on a number of factors related to the design
and operating conditions of the facility, the case study facility is considered representative of a
modemn day incinerator employing best avmlaﬁh technology Emission rates of chlorinated
chemicals from any such facility would be very low and not associated with any adverse effects.

Recommendations

Outdated incinerator facilities should be upgraded or replaced lb’»egsure that the best available
technology is being employed. New facilities should be constructed ﬁ’%g only the best available
technology in order to ensure minimal concentrations of chemicals f sions. Operating
incinerators should be monitored to ensure they are operating properly. a@
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VI WOOD PULP BLEACHING

Production of Chlorinated Chemicals Through Wood Pulp Bleaching

In order to manufacture high quality white paper, the wood pulp must be bleached. Historically,
the only method of bleaching pulp was to use gaseous chlorine. This resulted in the formation
of a number of chlorinated organic chemicals as the chlorine reacted with other chemicals used
in the process and with chemicals from the wood itself. Most of these chemicals are not uniquely

man-made chemicals, an‘d‘ nany are produced in significant amounts through natural processes

independent of wood pul mductxon All the classes of chlorinated organic chemicals produced
from pulp bleaching are 'retﬁesented by naturally occurring chemicals. Therefore, low

"'z'f':aie'the same as or similar to those produced by pulp mills
would be encountered by orgamsms 'utvathe environment, even if chlorine was not used in the

pulping process.

concentrations of chemicals

Improvements in wood pulp bleaching technolcgy and the development of new processes have
led to the ability to whiten wood pulp using forms of thlorine other than gaseous chlorine. These

modem processes result in the production of very Iow...level chlorinated organic chemicals.

S
7,

The Cause-Effect Relationship Y

@0

Biological effects of pulp mill effluents can be evaluated in two ‘Wam
% %
s,

® toxicity testing of effluent in the form that it is discharged fror xm]l

L evaluation of toxicity of individual chemicals present in mill efﬂuééﬁtﬂ

Effluents from pulp mills using molecular chlorine are generally toxic to fish .Aj
containing undiluted effluent. Since there are numerous chlorinated and non ot
chemicals present in the effluent, it is not possible to determine from this type of study ;
particular chemical or mixture of chemicals is responsible for the toxicity of the effluent.

20

9168487888 U



CANIOX

In field studies, adverse effects have been observed in fish downstream from some pulp mills.
Recent studies have indicated that once the mills stop using chlorine in the bleaching process,
some adverse effects on the fish continue to be observed. This suggests that non-chlorinated
chemicals, and/or the disruption of habitat are at least partially responsible for the observed
effects. Effluents from pulp mills using the best available technology are not lethal to fish, and
in fact fish can survive without evidence of adverse effects when exposed for four days to
undiluted effluents from such mills.

Individual chlorinated cl:)%lcals representative of the major classes of these chemicals were
evaluated in order to defegpfine whether any particular chemicals were present at high enough
concentrations to cause advers‘fé%ffects (i.e., growth and reproduction effects) in fish downstream
from pulp mills. Potential advet’s‘é effects on human heaith were evaluated on the basis of

Y i
consumption of fish living downstieam: from pulp mills. This evaluation was based on mills

using chlorine bleach or gaseous chloﬁqg;‘éii; the bleaching process, since very small amounts of
chlorinated chemicals are produced by mills using modern methods.

%

For most of the representative chemicals, concexitx;a&ons measured in rivers downstream of pulp
mills are below those that could be associated with adverse effects. For two classes of chemicals
insufficient data were available to allow a rigorous assessment to be conducted (chlorinated fatty

and resin acids and chlorinated ketones).

There was only one group of chemicals for which concentrations mﬁwﬂer gave cause for concern
(chlorinated dioxins and furans). The concern regarding the chlorinﬁéﬂéﬁaxins and furans stems
from the facts that they can cause adverse effects on reproduction and ﬁighvey bioaccumulate
in the aquatic food chain. Since the potential effects of these chemicals aﬁ& y site and mill
specific, the assessment was based on a specific case study. Concentmtio%’iﬁp hiorinated
dioxins and furans in fish were measured downstream from a mill that used gaseo

the bleaching agent. This mill is remotely located, and fish living downstream are pédl
from migrating by a dam on the river. These characteristics minimized the potential i
of factors unrelated to the pulp mill. The concentrations of chlorinated dioxins and furans in fish

caught downstream were below those that would be associated with adverse effects in fish,
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although consumption of the fish by fish-cating mammals and birds such as otters and osprey
could possibly result in accumulation in these species of enough chemical to adversely affect
reproduction. Consumption of these fish by humans would not be expected to result in the
accumulation of enough chemical to cause adverse effects.

In pulp mills not using gaseous chlorine for whitening pulp, chlorinated dioxins and furans
cannot be detected in effluent. If it is assumed that concentrations of these chemical do exist at
concentrations at the detection limit (10 parts per quadrillion), the resulting concentration in fish
would not be expected to, ult in adverse effects in any species, including predators high on
the food chain such as ottgya.nd osprey. Similarly, no adverse effects would be expected from

the other chlorinated chen:uc%‘m the effluent from mills employing alternative methods for

whitening pulp.

Recommendations

Pulp mills should use best available thologwfm producmg and bleaching wood pulp so as to
avoid the use of chlorine blmch or gaseous chlonne and thereby reduce or eliminate the
discharge of chlorinated organic chemicals, parncularly chlorinated dioxins and furans, to the
aquatic environment. Research efforts should continue to focus on elucidating the factors or
non-chlorinated chemical(s) responsible for the effects obsérvied in fish populations near pulp
mills. :

VII CHLORINATED ORGANIC SOLVENTS

Sources of Chlorinated Organic Solvents

processes. Chlorinated organic solvents are generally small molecules that are derivativgdhf low
molecular weight hydrocarbons. These chemicals include compounds such as chloroform,
carbon tetrachloride, dichloromethane (methylene chloride), dichloroethane, and di-, tri-, and
tetrachloroethylene. Chlorobenzenes are also widely used as solvents in the chemical industry.
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During use, chlorinated solvents would be released into the workplace and the local environment
surrounding production and manufacturing facilities. The implementation of more stringent
effluent and emission criteria and improvements in operating technologies, based on a general
improvement in the scientific understanding of the behavior and potential effects of chemicals
on the environment, have resulted in decreased total quantities of chlorinated organic solvents
released to the environment in the past decade. However, some environmental releases from
these point sources still remain, even though they have become fewer with time and are within
recommended limits. The chemicals from these point-source releases continue to disperse into
the environment and con

ibute to the general ambient concentrations of these chemicals. Most

of the chlorinated o gemxcals used as solvents are also released into the environment as

products of incomplete combuslfen (PICs), chiorine bl&chmg of paper pulp), and as products

&

of a number of natural processes mtfépendent of human activities.

The Cause-Effect Relationship

The most significant chlorinated chemicals wtuch are used as solvents, such as carbon
tetrachloride, chloroform, the chloroethylenes andﬂ:e chlorobenzenes, were evaluated with
respect to their potential for causing adverse effects. For all these chemicals, substantial
amouuts of information were available. As a result, a detuled charactenzanon of the types of
,mpleted for each chemical.
Doses were determined for each of the chemicals that would’%@expected to result in no

effects caused and of the doses required to cause the effects
occurrence of adverse effects on humans or the environment. % f

As a rule, the chlorinated solvents are of a relatively low order of toxxcﬁé%the liver and
kidney generally bcmg the main organs affected in humans and/or animals rece

doses tested or to the specific physiology of the test animals. As a result, for some’ f the
chlorinated organic solvents, the observation of tumors in certain animal studies is not likely to
be relevant to degrees of exposure experienced by humans from the environment.
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Evaluation of the Potential for Adverse Effects from Chlorinated Organic Solvents

The evaluation of the potential adverse effects of chlorinated solvents on human health and the
environment was based on exposures to ambient concentrations of the chemicals. It is not
possible to conduct a general assessment of potential adverse effects that may be associated with
point source releases because such assessments would be specific to the site, workers and

processes involved.

With the exception of certgi
and carbon tetrachloride’

low molecuiar weight chlorinated chemicals such as chloroform

,,W and environmental exposures to chlorinated organic solvents
"’//’; 5;‘/

from general ambient sources*would be substantially below exposure limits considered to be
protective of human heaith antﬁ%e environment. In the case of chloroform and carbon
tetrachloride, exposures to the é@@ge ambient environmental concentrations would be
substantially below the exposure lin;;jﬁ»:ziconsidered protective of human health and the

environment. However, at the maximum ambient environmental concentrations reported

historically at certain locations in specific urbantcryiters, the recommended exposure limits would
be exceeded by a small margin. This does net %ean that adverse health effects would be
associated with exposures to the maximum ambient ;ér:f;ironmental concentration since there are
substantial margins of safety between the exposure Iumts and exposures that could produce
observable adverse health effects. 4

e

et

]

T
%

Z

The releases of solvents produced by human usage to the envu'onﬂ;n% particularly chloroform
and carbon tetrachloride, have decreased over time, with increased usig% closed, non-emissive
systems. In the case of chloroform, historical data on drinking water 'E&:cggﬁmﬁons indicated
that the procedures used for the disinfection of water supplies with chlor%ég%;e resulting in
elevated levels of chloroform in the finished water; however data from sy%eb}-sing best-
available-technologies for the disinfection of drinking water using chlorine ;@; qnstrate
substantially lower concentrations of chloroform in the finished water (e. 2., approaching’§{)-fold
lower concentrations). Therefore, the contributions of human activities to the concentri&ons of

chlorinated organic solvents in the environment will continue to decline in the future with the
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increased use of improved technology. These declines would be coincident with decreasing
human exposures and decreasing potential for the induction of adverse effects.

Recommendations

Efforts should continue to be directed toward reducing environmental releases of chlorinated
organic solvents through the implementation of improved technologies (e.g., closed-systems,
non-emissive procedures). Occupational exposures should continue to be monitored and best
available technologies shou _ld be employed to continue to reduce human and environmental
i ogamc solvents.

vl THE USE OF CHIDRﬂgE IN THE DEVELOPMENT OF PESTICIDES

Many pesticides contain chlorine and ma;ydo not. The biological activity of pesticides does not
correlate with the presence or absence of chlorine on the molecule. Non-chlorinated pesticides
can be more toxic than chlorinated pesticides’l‘gfég!pesticides are produced naturally by plants,
and some of these contain chlorine, indicating that chlorinated pesticide were produced in nature
before the advent of synthetic pesticides. Non—chloﬁii’ated pesticides produced by plants can
induce at lower doses the same adverse effects than.. certain of the more publicized synthetic
chlorinated organic pesticides. *

While evaluating the potential for a pesticide to cause adverse effé%;;c_gn non-target organisms,
the potential benefits associated with the use of the chemical must be%%ered The chlorinated
pesticide DDT provides a good example of a case in which the beneﬁtéﬂdi‘gg?been ignored and
the reasons for its widespread use forgotten in the wake of concem ov tial adverse
reproductive effects in birds. DDT is highly effective against dxswsc-can*y&ly insects, is
significantly less likely to cause poisoning in humans or other mammals tha@emaﬁve
chemicals, and is cheap and easy to produce. At the time of its most widespread use, difffug the
1940s and 1950s, scientists, industry and end-users were unaware of its poteatial to
bioaccumulate through the food chain. It is estimated that the death from malaria of over one
billion humans and countless wild animals are prevented each year due to the World Health
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Organization's mosquito control program using DDT, which still operates in many tropical
countries. The use of DDT in Europe immediately after the second world war is believed to have
prevented the deaths from disease of as many people as died from the war itself. It is easy to
understand how DDT came into favor and widespread use, when the benefits were known and
the potential for adverse effects on the environment was not clearly understood. Presently, DDT
and other similar pesticides that bioaccumulate and have been associated with adverse effects on
reproduction on fish eating birds, are banned from use in most countries, except in those
threatened with malaria outbreaks.

The knowledge that ce%;stmcmms of chemicals resuit in undesirable properties, such as
toxicity to non-target organisior bioaccumulation potential, has led to the ability to specifically
design pesticides which do not methese faults. New pesticides are more specific in their action
against pests and may be rapidly &{cgraded in the environment. Some contain chlorine and some
do not. Some are made using chlorine gthe production process without containing chlorine in
the final product. Because of their specificity and potency against target pests, the amounts used
tend to be much smaller, thus reducing the a]rcady vlow risk of adverse environmental impacts.

Recommendations

The evaluation of the potential for pesticides to cause adierse effects shouid continue to
incorporate an assessment of the potential benefits as well as iﬁe; ' fdsks associated with their use,
as is now the approach of regulatory agencies in most countries. %ﬂuﬁom should be based
on scientific data, not on whether or not a pesticide contains chl%n/@?} The development of
=
highly specific pesticides, that are rapidly broken down in the envimnm’@ and need to be used
%, i

only in small quantities should be encouraged. %‘?ﬁ%
) 2% %
CONCLUSIONS ' Q

Chlorinated chemicals are produced by natural processes and are ubiquitous in the environment.
This provides evidence that organisms and ecosystems have evolved means of surviving in the

presence of low concentrations of these types of chemicals. It is therefore expected that low
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concentrations of similar chemicals produced by human activities would not cause adverse
effects. The results of the current study support this contention and indicate, with the exception
of a few bioaccumulative chemicals present at excessive concentrations in localized areas, that

chlorinated chemicals do not pose a threat to humans or the environment.

Those chlorinated chemicals that have been associated with adverse effects in the environment
are all from one subset of the universe of chlorinated chemicals, those that have the ability to
bioaccumulate through the food chains because of slow rate of excretion and breakdown in
of chemicals have been banned, or their use has been severely

le decreases in their concentrations in the environment over the

biological systems. These

also be directed toward the mgmﬁmof habitat loss in the slow recovery of some species.
Known "hot-spots”, where the conceﬂ;xaﬁons of these chemicals are substantially elevated
compared to the general environment, requue mnnued atteation to reduce release rates from
point sources to the environment and to mvesugate pass1ble remediation procedures if warranted.

In addition, the knowledge gained on the properties and characteristics of chemicals that have
been implicated in various environmental and human health problems must be used in the design

and development of new products and processes to avoid"'i;%aogcuﬂence of such problems in

the future.

7
Other chlorinated chemicals, which do not bioaccumulate thmugh hains and are readily
degraded in the environment, have not been associated with adverse e : _tconcentranons at

which they are found in the environment. Continued improvements in techné

from chlorinated organic chemicals.
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Table 1 Preliminary List of Chemicals of Concem Per Product Category

CHEMICAL GROUP

PRODUCT CATEGORY

Chemical Drinking Waste Water Solvents Incineration

‘Water

PVCIVCeM PCBs

Chiorinated Alkanes
{Continued)

Chlorinated Alkenes

PVC

A}

Dibromachloropropane L

1,2-Dichloropropane

1,2-Dibromo-3-chloro-propane

Dichloroethylene
1,1-Dichloroethylene
1,2-Dichloroethylene (Cis)
1-2,Dichloroethylone (Trans)
Trichloroethylene

Tetrachlorosthylene

1,3-Dichloropropene (Cis)
Pentachioropropene

Pontachlorobutadiene W
N S5

Hexachlorobutadiens &

vs;\_‘;'ﬁ\t A

Hexachloracycl gliens

H;é%?‘ iene

%ﬁg oride
Q&Q Polyviny! Chloride
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Table 1

Preliminary List of Chemicals of Concern Per Product Category

CHEMICAL GROUP

PRODUCT CATEGORY

Chemical Drinking Waste Water Solvents Incineration Pulp PVC/VCM PCBs
Water &

Paper

Chlorinated Inorgamnics

Chlorinated Alkanes

"%&E%z ;icblmodhcm

HCl
Chlerits

Dichloromethane
Chloroform
Carbon Tetrachloride
Chloromethane
Bromodichloromethane ‘s
Chlorodibromomethans [ ]
Trichlorodihydroxyethane . L L
)
®

Chloroethane
Dichloroethans

1,1,2,2-Tetrachloroethane
Bromodichloroethane
Hexachlorosthans
Pesntachloroethens
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Table 1

Preliminary List of Chemicals of Concern Per Product Category

CHEMICAL GROUP

PRODUCT CATEGORY

Chemical Drinking Waste Water  Solvents Incineration Mulp PYC/VCM PCBs

Water &
Paper

Chlorinated Acids

Chlorinated Ketones

Chlorinated Benzenes

&

N

Monochloroacetic Acid [ ]

Trichloroacetic Acid L

Trichlorcacetons

._.a.sav_onﬂ-osoao

1, _.Umn___og-.c_u-aoi ®
1,1,1-Trichloropropanons [

Dichlorocyclopentene-1,2-dione
{various isomers)

u9~o$+_n_a~._aaa§<~_. oA
5-hydroxy-2(SH)-furanone e

chM¥obeazens

4-Trichlorobenzene ] ®
Peatachlorobenzene [
Hexachlorobenzene ] ®

XOINV?)

Dichlorotoluene ]
2-Chloroethylbenzene [ ]
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Table 1 Preliminary List of Chemicals of Concern Per Product Category

CHEMICAL GROUP PRODUCT CATEGORY

Chemical Drinking Waste Water Solvents Incineration Pulp PVCIVCM PCBs
Wiater &
Paper

Chlorinated Phenols, Catechols, Gusiscels
2-Chlorophenol . .
2,4-Dichlorophenol ° .
2,6-Dichlorophenol

2,4,5-Trichlorophenol

2,4,6-Trichlorophenol ® [ J
2,3,4,5-Tetrachlorophenal

2,3,4,6-Tetrachiorophenol .

Pentachlorophenol

Tetrachlorophenol
Dichlorocatechol

Tetrachlorocatachol
Trichlorocatechol

3,4,5-Trichiorocatechol
4,S—Dicblomgm%'§eo(:i

Dichio ol (oder isomers)
sl opedifo aiacol

o hlorodihydroconifery]
Alcobol

® ¢ & & & & & o & o O O 0 o

Chlorovanillin

Trichlorovanillylaleohot

XOINVD)

Trichlorcacetosyringone [
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Table 1 Preliminary List of Chemicals of Concern Per Product Category

CHEMICAL GROUP PRODUCT CATEGORY

Chemical Drinking Waste Water Solvents Incineration Pulp PVC/VCM PCBs
Water &
Paper

Dichloro-3,4-dihydroxy- [ ]
propiophenons

Chlorinated Nitrogenous Compounds
Dichloroacetonitrils . ™
Nitrochloroform ® ®
Chlorinated Aldehydes
Trichloroethanal ° ™

Chloropropenal
Chloromethoxydibenzaldehyde

Chloralhydrate [ ]
Chlorinated PCDDs, PCDFs

2,3,7,8-T,CDD
1,2,3,7,8-P,CDD
1,2,3,4,7,8-H,CDD

1,2,3,4,8,9-H,CDD, ;
"’ B
oo ’*\

123678.&
7:-1'.ct>l=
Q&s 2,3,4,7,8-P,CDF
& 1,2,3,7,8-P,CDF
%\ 1,2,3,4,7,8- HCDF

1,2,3,7,8,9-H,CDF

®
®
¢
L
L ]
e
e
®
®
®
®
L

® ® ¢ o & 6 o & & & o @
XOINV?)

32
(E68vDIADY QUA



YRD 0062848933

Table 1 Preliminary List of Chemicals of Concern Per Product Category
CHEMICAL GROUP PRODUCT CATEGORY
Chemical Drinking Waste Water Solvents Incineration Pulp PVC/VCM PCBs
Water &
Paper
1.2.3,6,7,8-H,CDF ) ® ® ° ®
2,3,4,6,7,8-H,CDF o ° ) e
Chlorinated PCDDs, PCDFs 1,2,3,4,6,7,8-H,CDF ) ® ® ®
(Contigued)
1,2,3,4,7,8,9-H,CDF ® °® [ ®
©0,CDF ® ® ° e
PCBs o
PCRs N )
Chlorinated Fatty Acids Dichlorostearic Acid i ®
Chlorinated Resin Acids Chlorodehydroabietic acid ' ®
Dichlorodehydroabietic acid . [
Chlorinated Amines 3,3"-Dichlorobenzidine S °
4,4"-methylenc-bis-(2-chloroanilips) . '
Chlorinsted Ethers Bis(-chloroethyDether ‘ °
Chlorinated Sulfones and
Thiophenes X
Chioro-2-ghidienté Acid ®
";zdg&‘o?:ﬁutboxylic Acid ®
&\}W lﬁﬁomdim&ylmlfom ®
ﬁ 93 p) 49 “ 27 54 20 18
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Table 2 Representative Priority Chemicals Assessed in Stand-Alone Documents
CHEMICAL PRODUCT CATEGORY
GROUP
Chemical Chilorine Drinking Waste Water Solvents Incineration Pulp & PVC/IVCM PCBs
Water Paper
Chlorinated lnorganics
cL .
C10, .
HCI -
Chlorate L
Chlorite .
Chlorinated Alkanes*
Chloroform L] L]
Carbon Tetrachloride

Dichloromethane

1, 1-Dichloroethane
1,2-Dichloroethane
Dichloromethane

1,1, 1-Trichloroethane

Chlorinated Alkenes®

Trichloroethylene

a . N a
- e
.
n a n
n »
m
" .
-
.
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Table 2 Representative Priority Chemicals Assessed in Stand-Alone Documents
CHEMICAL PRODUCT CATEGORY
GROUP
Chemical Chiorine Drinking Waste Water Solvents Incineration Pulp & PYC/VCM PCBs
Water Paper
Chlorinated Ketones*
Trichlorcacetone -
Tetrachloroacetone L]
1,1-Dichloropropanone [} ]
1,1,1-Trichloropropanone [ ] "
Dichlorocyclopentene-1,2- n
dione
3-Chloro-4-[dichloromethyl]- » ] n
S-hydroxy-2(5H)-furanone
Chlorinated Benzenes'
Hexachlorobenzene [ ] ]
Dichlorobenzene ] ']
1,4-Dichforobenzene
1,4-dichlorobenzene L] L]
1.2,4-Trichlorobenzene ] [ ] n
Chlorinated Phenols, Catechols, Guaiacols*
Pentachlorophencl L] ] [ ] ]
] [ ]
[ ] [ n ]
[
[
Chlorinated Nitrg
\:Dichloroacetonitile " .
Nitrochloroform ] [
35
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Table 2 Representative Priority Chemicals Assessed in Stand-Alone Documents
CHEMICAL PRODUCT CATEGORY
GROUP
Chemical Chlorine Drinking Waste Water Solvents Incineration Pulp & PVC/VCM PCBs
Water Paper

Chlorinated Aldehydes*

Trichloroethanal ] (]
Chlorsihydrate L]
PCDDs/PCDFs™ n [ ]
PCBs* [ ]
Chiorinated Fatty Acids*
Dichlorostearic acid ]
Chlorinated Resin Acids*
Chlorodehydroabietic acid ]
Dichlorodehydroabietic acid [ ]
Chlorinated Sulfones and Thiopbhenes
1,1-Dichlorodimethylwifone R .

* Environmental effects to be discussed for the group of chlorinated chemicals in the preliminary list (see Table 1-1).
* Human and mammalian toxicity data to be discussed.for the chemical group.
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Dear Dr. Willes:

Attached are my comments on the plain language document. If you have any question,

Dr. Robert Willes
CanTox, Inc.
416-542-1011

2 (including this page)

Dave Penney
Vista Chemical Company
512-331-2387
512-331-2468

July 26, 1993

Plain Language Document

please do not hesitate to call me.

Sincerely,

Dave Penney

CC: Mr. Art Dungan, The Chlorine Institute
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harmful effects from the uses of chlorine gas are avoided in the future. The supporting evidence
for these conclusions regarding possible harmful effects of chlorine are presented in detail in the
product category document entitled "Interpretive Review of the Potential Adverse Effects of
Chlorinated Organic Chemicals on Human Heaith and the Environment - Chlorine” (Chlorine
Institute, 1993b).

6.0 VINYL CHLORIDE (VCM) AND POLYVINYLCHLORIDE (PVC)

Polyvinylchloride is a made by linking a large number of VCM units together to form a polymer
(a molecular chain). P\%fC solid material with great stability in the environment. One of
the historical concerns about fig-presence of non-polymerized VCM in PVC products has been
largely addressed by modified?
manufacturing procedures, the res1duallconcenmnon of VCM in modern PVC products is below
analytical detection limits (about 1 part per m-l-lhen)

”%anufactunng and production techniques. Under good

Vinyl chloride monomer (VCM) is released ‘wme atmosphete as a vapor. It is reactive, and

readily joins together (polymerizes) in the prese 'nf oxygen, sunlight or heat to form PVC.

e

Vinyl chloride monomer rapidly degrades in the enwronment by reactions with ultraviolet light.

It coes not accumulate through food chams, and uInmate!y 1s degraded to carbon dloxnze ;‘md
; mastedoo I8 RA
water by biological systems. Intermediate bfw formed during the dﬁgﬁdoaaea

Ths reactions of these reactive

of VCM are reactive, and bind to genetic material in cells

intermediates are believed to be responsibie for the mncer-producmg-acuvxty of VCM.

- e
The conclusion of the assessment of PVC ffe that no harmful effects W«human health or thz

general environment occur from PVC itself. T}algg;er concem rega.rdmg PVngs the
exposure of workers to PVC dusts arising from the use of PVC materials i m manufactunng

processes, Caln.‘c‘i“z)os&blc products arising during its producuon "[“-J% liritine 3
@‘ONA el and Aa‘du-ﬁ G\- el mwﬂ

Nteendlt 4% woda Covdtrdns .

Prior to the 1970s, the air concentrations of VCM were too great in some workplaces where it

was produced or used to manufacturing (in the range of 100 to 1000 parts per million).

Exposures to such air concentrations of VCM are believed to have caused increases in liver
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cancer in workers. Through changes in technology, the air concentrations of VCM in workplaces
in the 1980s were reduced about 10,000- to 100,000-fold compared to the pre-1970 values.
These lesser air concentrations of VCM in the workplace, combined with protective equipment
used by workers, virtually eliminate risks of liver cancer from occupational exposures.

No information was available on the air concentrations of VCM at locations remote from
production/manufacturing facilities. However, based on the concentrations reported near such
facilities and the rapid rate at which VCM is destroyed in ambient air, the air concentrations of
VCM in remote lmtionsﬁyzould be expected to be very small, and not measurable with current

i "ons from the amounts of VCM exposure required to increase liver
cancer in workers, and the u! ‘ ‘of this information to predict cancer rates that could occur at the
vary small air concentrations of AVCM in remote locations (assumed to be equal to the limits of
analytical measurement of about 5 ipaﬂ.:s'pu;-.r billion), no measurable harmful effects to the health
of the general public would be expected l‘ﬂ occur from VCM in the general environment.

The use of production and manufacturing technologles that eliminate releases to the environment
will ensure that air concentrations of VCM remam at current undetectable values, and that no
harmful effects on human health or the env1ronmentwon.ﬁd be expected from VCM. Continued
care is required to ensure that spills and accidental releases of VCM are minimized, and, if
accidents occur, the resulting releases of VCM are controlied to ensure that no harmful effects
to human health or the environment occur. The supporting ev:dence for these conclusions are
presented in the product category document entitled "Interpretn'e Rev:ew of the Potential
Adverse Effects of Chlorinated Organic Chemicals on Human Health:;gpd the Environment -
Polyvinylchloride and Vinyl Chloride Monomer -" (Chlorine Institute,i(i-gi’:c).

7.0 POLYCHLORINATED BIPHENYLS (PCBs)

Historically, the largest use of PCBs was in the electrical industry, where they e |
because their greater heat absorbing capacity and electrical insulating properties pmvided':g"'{'r:éatcr

safety compared to alternative materials. Until recently it was believed that there were no
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known natural sources of PCBs; however, PCBs, not related to any human activities, were

identified in ash from the 1980 volcanic eruption of Mt. St. Helens in Washington state.

Commercial PCBs are mixtures of chlorinated biphenyls (two phenol units joined together) with
varying percentages of chlorine by weight. For example, the PCBs mixtures denoted as Aroclor
1242, 1254 and 1260 are 42%, 54% and 60% chlorine by weight, respectively. Chemically,
the term PCBs denotes a family of 209 chemicals with chlorine added in different positions on
the biphenyl unit. Depending on the position and amount of chlorine, the different PCBs exhibit
a wide range of physica]_‘?rayg@d chemical properties. For example, water solubilities range over
5.5 million-fold, vapor E:«“ressures over 100,000-fold, both decreasing with increasing amounts

of chlorine on the PCBs moIecuv!e Their lipid solubilities range over 10,000-fold, and increase
with the amount of chlorine on ‘_ PCBs. Since the behavior of chemicals in the environment
is determined by their physical and 4em1ca1 properties, the differences in properties of the
various PCBs are reflected in their dlstnbnuon, destruction and movements in the environment.
Generally, as the amount of chlorine contained in PCBs increases, their destruction in the
environment is slower, resulting in increased envamnmental pérsistence of the PCBs with greater

amounts of chlorine.

PCBs can be destroyed by ultra-violet light in the atfnosphere and at water surfaces, and the
speed of this destruction increases as the amount of chlonne on the molecule increases. The

speed of destruction by bacteria, fungi and animals, on the other hand is slower for the PCBs

with greater amounts of chlorine. The position of the ch]onne on the PCBs molecules also
affects their speed of destruction, particularly by biological systems: PCBs with so-called co-
planar structures are destroyed much more slowly than the non-planar cengeners, consequently
the co-planar PCBs are present at greater concentrations than non-planar PGBs ln ammals at the

top of food chains (for example, polar bears, seals and certain fish-eating bnrds),_f

The combination of unrestricted use and the physical and chemical properties of PCES have
resulted in their widespread distribution in the environment, including remote areas suchi‘as the
arctic and antarctic. Due to their widespread occurrence, PCBs are found in human tissues, such

as fat, liver, blood and breast milk, of people with no known occupational or unique
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environmental exposures. The concentrations of PCBs in various aquatic wildlife (e.g., fish and
fish-eating birds) are generally greater than those reported for humans, primarily because of the
biomagnification of PCBs in aquatic food chains, and the resulting higher exposures of aquatic
wildlife compared to humans.

The conclusions of the assessment of PCBs are that their uses, from initial introduction in the
1920s until the 1970s, were not appropriate based on what is now known about their behavior
in the environment and the harmful effects they can possibly produce when exposures are too
great. These possible harm ,1 effects of PCBs alone are difficult to determined because wildlife
are exposed at the same g;e,m mixtures of many different chemicals. However, laboratory
studies demonstrate the PCBsqé’could interfer with reproduction of wildlife in the environment.

The greatest concerns are for wxﬁﬁfe species at the top of the food chain (e.g., fish-eating birds
and mammals). The information ﬁwﬁvaﬂable on the properties of PCBs and the possible
harmful effects that can result from chameals with such properties if exposures are great
enough, shows that these types of chemicals should not be used in ways that allowed their direct

releases into the environment.

Following controls over the use of PCBs in 1972, an ning of their production in 1978, the

quantities of PCBs released into the environment was reduced During the 1970s and early
1980s, substantial decreases were observed in the concentra %ns of PCBs in the environment,

and in organisms, including humans and aquatic wildlife. Change.s in the production and use
practices of several other chlorinated chemicals (e.g., DDT, hexachlorobenzzne, mirex) also
occurred during this same time period. Since these changes in env1ronment.al concentrations of

PCBs and several other chlorinated orgamc chemicals with SImlla:r é perties to PCBs,

recoveries of the reproduction of some fish-eating bird populations have been:0bserved, although

the recovery process is still incomplete.

Since the mid-1908s, the concentrations of PCBs in the environment are decreasing m )
compared to the decreases seen in the 1970s immediately following the restrictions in théir use.
A major factor responsible for the slower rates of decrease of environmental concentrations

appears to be the continued releases of PCBs from old electrical equipment still in service, and
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from various PCBs storage facilities. In addition, PCBs already in the environment are being
transported, primarily in the atmosphere, around the earth. This transportation process continues
to deposit PCBs into water bodies, where they can be accumulated by various organisms.
Therefore, future rates of decreases in current concentrations of PCBs in the environment are

expected to be slow relative to those observed historically.

Based on what is known, mostly from laboratory studies, about dose-response relationships for
the possible harmful effects of PCBs, and from studies of human populations historically exposed

to PCBs in their workplaccs no harmful effects should occur from exposures of humans to

current environmental conceatramns to PCBs. However, there is a greater potential for harmful
effects on wildlife than hum sg‘pameularly for those species at higher levels of the food chain
because of the potential for greate?‘ g.xposures This greater possibility for harmful effects from
PCBs is particularly pronounced 1m§pecxes with diets that are virtually 100% fish and other

water-dwelling organisms. The concem/ about possible harmful effects in such species is

particularly great in regions of the envu-onment where the concentrations of PCBs, together with

other chemicals, are markedly elevated (e. g .V _4'ous "hot spots"). However, except in such
regions of localized "hot spots” caused by hlstoncal pomt-sourcc releases of chemicals, any
adverse effects on the environment expected from curre.nt environmental concentrations of PCBs
should be minor. If PCBs are responsible for the harmful effects reported in wildlife in the "hot

spots”, the degree of the harmful effects should contmue vto decrease in the future as the

environmental concentrations of PCBs continue to decline throug:_" natural physical and biological

degradation processes, and continued burial through sedimentatior..

undesirable chemical, physical and biological properties. The supporting evidence foF these

conclusions regarding possible harmful effects of PCBs are presented in detail in the i:roduct
category document entitled "Interpretive Review of the Potential Adverse Effects of Chlorinated
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Organic Chemicals on Human Health and the Environment - Polychlorinated Biphenyls”
(Chlorine Institute, 1993d).
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cancer in workers. Through changes in technology, the air concentrations of VCM in workplaces
in the 1980s were reduced about 10,000- to 100,000-fold compared to the pre-1970 values.
These lesser air concentrations of VCM in the workplace, combined with protective equipment
used by workers, virtually eliminate risks of liver cancer from occupational exposures.

No information was available on the air concentrations of VCM at locations remote from
production/manufacturing facilities. However, based on the concentrations reported near such
facilities and the rapid rate at which VCM is destroyed in ambient air, the air concentrations of
VCM in remote locations

uld be expected to be very small, and not measurable with current

techniques. Based on pré’dxcﬁons from the amounts of VCM exposure required to increase liver

cancer in workers, and the use‘fof this information to predict cancer rates that could occur at the
vary small air concentrations of: »VC:M in remote locations (assumed to be equal to the limits of

analytical measurement of about 5 pa:ts per billion), no measurable harmful effects to the health
of the general public would be expectedoccur from VCM in the general environment.

The use of production and manufacturing techncloyes that eliminate releases to the environment
will ensure that air concentrations of VCM remam at current undetectable values, and that no
harmful effects on human health or the env1ronrnentwmﬂd be expected from VCM. Continued
care is required to ensure that spills and accidental releases of VCM are minimized, and, if
accidents occur, the resulting releases of VCM are controlled to ensure that no harmful effects

to human health or the environment occur. The supporting ev:dence for these conclusions are

presented in the product category document entitled "Interprem/e Rev1ew of the Potential
Adverse Effects of Chlorinated Organic Chemicals on Human Healtb and the Environment -
Polyvinylchloride and Vinyl Chloride Monomer -* (Chlorine Institute, l993c)

7.0 POLYCHLORINATED BIPHENYLS (PCBs)

Historically, the largest use of PCBs was in the electrical industry, where they were used
because their greater heat absorbing capacity and electrical insulating properties provided greater

safety compared to alternative materials. Until recently it was believed that there were no
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harmful effects from the uses of chlorine gas are avoided in the future. The supporting evidence
for these conclusions regarding possible harmful effects of chlorine are presented in detail in the
product category document entitled "Interpretive Review of the Potential Adverse Effects of
Chlorinated Organic Chemicals on Human Health and the Environment - Chlorine” (Chlorine
Institute, 1993b).

6.0 VINYL CHLORIDE (VCM) AND POLYVINYLCHLORIDE (PVC)

Polyvinylchloride is a made by linking a large number of VCM units together to form a polymer
(a molecular chain).
the historical concerns about

largely addressed by modlﬁéd‘»”/{ ;/anufactunng and production techniques. Under good

solid material with great stability in the environment. One of

& presence of non-polymerized VCM in PVC products has been

manufacturing procedures, the resxaﬁai ”concentrauon of VCM in modem PVC products is below
analytical detection limits (about 1 part,,gpt,;_mﬂhon)

Vinyl chloride monomer (VCM) is released tome atmosphete as a vapor. It is reactive, and

readily joins together (polymerizes) in the presegéeg&)f oxygen, sunlight or heat to form PVC.
Vinyl chloride monomer rapidly degrades in the enwronmcnt by reactions with ultraviolet light.
It coes not accumulate through food chains, and ulnmately is degraded to carbon dioxide and
water by biological systems. Intermediate bfeaéi-dmﬁemis formed during the dagradasien
of VCM are reactive, and bind to genetic material in cells" ﬁg;r&cﬁons of these reactive

intermediates are believed to be responsible for the cancer-prodﬁﬁi{g;%ctivity of VCM.
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exposure of workers to PVC dusts arising from the use of PVC matenals 1 _qpufactun'ng

processes, and possible products arising during its production.
Prior to the 1970s, the air concentrations of VCM were too great in some workplaces w‘herc it
was produced or used to manufacturing (in the range of 100 to 1000 parts per million).

Exposures to such air concentrations of VCM are believed to have caused increases in liver
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1.0 INTRODUCTION

During the past 10 to 20 years, people have become aware that concentrations and numbers of
chemicals in the environment have increased and in some areas the concentrations have been
sufficient to cause adverse effects in wildlife. Recent attention has been directed toward
chlorinated chemicals, since the most infamous of the chemicals studied (i.e., PCBs, DDT)
contain chlorine. Although actions have been taken to limit the release of chemicals such as
PCBs and DDT into the environment, several years are required before their concentrations will
fall to acceptably low ftf;or!centrations. For example, polychlorinated biphenyls (PCBs),
(discussed in detail later;. svex
Because of their physical, chet ical and biological properties, and the way in which they were

y found to persist in and spread throughout the environment.

used, PCBs accumulated in ar{lmaIs at the top of ecosystem food chains (e.g., fish-eating birds
and mammals) and, in some cases *”eresures were sufficient to cause harmful effects in these
animals. When the harmful effects of PCBs in the environment became known, the use of PCBs
was restricted to closed systems (in 1972) and the production of PCBs was stopped in 1978.
They still are found, however, in older electf-iéafi*ﬁequipmcnt that has not yet been taken out of
service.

The above information on chemicals like PCBs, has raxsed concerns that all chlorinated
chemicals may behave in similar ways to PCBs. Howevet‘ We now know that this is not the
case. Each chemical possess a unique set of characteristics that.can be used to predict how it

behaves in the environment and interacts with biological systeﬁ1§’:"' In addition, chlorine and

chlorinated chemicals are widely used by modern society withouf*:kx;bwn substitutes, or for
which the toxic effects of the substitute have not been fully elucldaWIhus ensuring that

harmful environmental effects will not occur cannot be achieved by ehmmaﬁng the production

products that have clear benefits to society. For example, chlorinated chemicals afe essential
to the manufacture of plastics (e.g., polyvinylchloride), paper products, drugs fé{ }lihanng
diseases, and disinfectants in hospitals and the home. Chlorine is one of the chemicals ﬁfed in
the manufacture of some pesticides that are important in the control of disease-bearing insects

and insects and weeds that can reduce agricultural production. Chlorine itself is used as a
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