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H ex a ch l o ro bu t a d i e n e, or HCBD, has never been
c o m m e rc i a l ly produced in Canada. Fo rm e rly, t h e
substance was imported into Canada for use as a
s o l ve n t , but it is no longer import e d. Th e re are
n o n at u ral sources of HCBD in the env i ro n m e n t .
C u rrent Canadian sources are minor but potentially
nu m e rous and include possible releases in landfi l l
l e a ch at e s , releases during refuse combustion and
releases as a by - p roduct in the production of some
ch l o ri n ated chemicals. Until re c e n t ly, the most
s i g n i ficant point source of HCBD in Canada
ap p e a red to be the Cole Dra i n , wh i ch disch a rge s
into the St. Clair River at Sarn i a , O n t a ri o , a n d
i n cludes outfalls from an industrial landfill and a
few seve ral industrial companies. Since 1998, t h e
d i s ch a rge from the Cole Drain has been pra c t i c a l ly
e l i m i n at e d. The inadve rtent production and use of
HCBD in the United States are other p o t e n t i a l
s o u rces of HCBD to the Canadian env i ro n m e n t
v i a l o n g - ra n ge t ra n s p o rt through the at m o s p h e re or
t ra n s b o u n d a ry movement in shared water systems.

When released into the env i ro n m e n t ,
HCBD partitions somewh at to air, s o i l , water and
s e d i m e n t s , but tends to remain mostly in the
c o m p a rtment to wh i ch it was re l e a s e d. HCBD is
s l ow ly re m oved from the at m o s p h e re by
p h o t o ox i d at i o n , with an estimated half-life of up to
t h ree ye a rs. Evidence for long-ra n ge tra n s p o rt of
HCBD ex i s t s , as the substance has been detected in
samples taken from va rious sediment depths in
G re at Slave Lake. HCBD biodegrades slow ly in
a e robic wat e r, with an estimated half-life of up to a
ye a r, but it would persist considerably longer under
a n a e robic conditions. HCBD accumu l ates in the
tissues of fre s h water orga n i s m s , with a maximu m
rep o rted bioconcentration factor of 19 000, but it is
q u i t e e a s i ly metab o l i zed and there fo re does not
b i o m agnify through food chains. Ava i l abl e
d at a i n d i c ate that HCBD meets the cri t e ria fo r
p e rsistence and bioaccumu l ation according to the
Pe rsistence and Bioaccumu l ation Reg u l ations of
the Canadian Env i ronmental Protection A c t , 1 9 9 9
( C E PA 1999).

HCBD has been detected in Canadian
s u r face wat e rs , s e d i m e n t s , a q u atic organisms and,
o c c a s i o n a l ly, a i r.

Acute and ch ronic toxicity data are
ava i l able for pelagic aquatic orga n i s m s , but no
i n fo rm ation is ava i l able on the toxicity of HCBD
t o benthic orga n i s m s .

C o n c e n t rations of HCBD in Canadian
s u r face water are lower than the adve rse effe c t s
t h resholds predicted for sensitive pelagic aquat i c
o rganisms. Concentrations of HCBD in the
sediment of highly contaminated sections of
t h e S t . Clair River are high enough that sensitive
benthic organisms could ex p e rience adve rs e
e ffe c t s because of their inability to move to
l e s s c o n t a m i n ated are a s .

HCBD is not like ly to contri bu t e
s i g n i fi c a n t ly to gro u n d - l evel ozone fo rm at i o n ,
bu t i t does have the potential to contri bu t e
s o m ewh at to depletion of strat o s p h e ric ozone and
to cl i m ate ch a n ge. The magnitude of these effe c t s
would depend upon the concentration of HCBD in
the at m o s p h e re; in recent ye a rs , the concentrat i o n
of HCBD in Canadian air has been ve ry low.

Ava i l able data upon wh i ch to base
e s t i m ates of population ex p o s u re to HCBD in
Canada are ex t re m e ly limited; howeve r, fo o d
a n d, p o s s i bly, air appear to be the major ro u t e s
o f ex p o s u re. Based on results of studies conducted
i n ex p e rimental animals, the kidney ap p e a rs to
b e the target organ of HCBD-induced tox i c i t y.
K i d n ey tumours have also been observed in rat s
fo l l owing long-term ex p o s u re to HCBD, but only
at doses associated with non-neoplastic re n a l
e ffects. The estimated ave rage daily intake by the
ge n e ral population in Canada from env i ro n m e n t a l
s o u rces is less than a To l e rable Intake derived on
the basis of a bench m a rk dose or effect levels fo r
non-neoplastic renal effects. A To l e rable Intake is 
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the level of intake to wh i ch it is believed a pers o n
m ay be exposed daily over a lifetime without
d e l e t e rious effe c t .

Based on ava i l able dat a , it is concl u d e d
t h at hex a ch l o ro butadiene is entering the
e nv i ronment in a quantity or concentrat i o n
o r under conditions that have or may have an
i m m e d i ate or long-term harmful effect on the
e nv i ronment or its biological dive rs i t y. It is
c o n cluded that hex a ch l o ro butadiene is not
e n t e ring the env i ronment in Canada, in a
quantity or concentration or under conditions
t h at constitute or may constitute a danger to
t h e e nv i ronment on wh i ch life depends; or that
constitute or may constitute a danger in Canada
to human life or health. Th e re fo re,
h ex a ch l o ro butadiene is considered to be “ t ox i c ”
as defined in Section 64 of the C a n a d i a n
E nv i ronmental Protection A c t , 1999 ( C E PA
1999). Because HCBD meets the cri t e ria fo r
p e rsistence and bioaccumu l ation accord i n g
t o the Pe rsistence and Bioaccumu l at i o n
R eg u l ations of CEPA 1999 and is present in the
e nv i ronment as a result of human activ i t y, a n d
is not a nat u ra l ly occurring ra d i o nu clide or a
n at u ra l ly occurring inorganic substance, t h e
substance will be pro p o s e d, under Subsection
7 7 ( 4 ) , as a candidate for virtual eliminat i o n
under Subsection 65(3). 

It is recommended that releases of
HCBD as a by-product in the production of other
chlorinated chemicals, such as vinyl chloride,
allyl chloride and epichlorohydrin, be identified
and that measures to reduce these releases be
investigated.

HCBD releases during refuse combustion
were identified. Preliminary information indicates
that combustion sources of HCBD are similar to
those of dioxins, furans and hexachlorobenzene.

It is recommended that measures to
reduce emissions of HCBD sources complement
initiatives currently under way to address dioxins,
furans and hexachlorobenzene.

Since HCBD is persistent,
bioaccumulative, has the potential to harm benthic
species and not currently used in commerce in
Canada, options to prevent its reintroduction into
the Canadian market should be explored.

One potential source of HCBD in
Canada identified in the current assessment is
transboundary movement from foreign sources.
It is recommended, therefore, that the significance
of this source be considered in the context of
international programs addressing long-range
transport of transboundary pollutants.
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The Canadian Environmental Protection Act,
1999 (CEPA 1999) requires the federal Ministers
of the Environment and of Health to prepare and
publish a Priority Substances List (PSL) that
identifies substances, including chemicals, groups
of chemicals, effluents and wastes, that may be
harmful to the environment or constitute a danger
to human health. The Act also requires both
Ministers to assess these substances and
determine whether they are “toxic” or are capable
of becoming “toxic” as defined in Section 64 of
the Act, which states:

...a substance is toxic if it is entering or may enter the 
environment in a quantity or concentration or 
under conditions that

(a) have or may have an immediate or long-term
harmful effect on the environment or its 
biological diversity;

(b) constitute or may constitute a danger to the 
environment on which life depends; or

(c) constitute or may constitute a danger in Canada 
to human life or health.

Substances that are assessed as “toxic”
as defined under Section 64 may be placed on
Schedule I of the Act and considered for possible
risk management measures, such as regulations,
guidelines, pollution prevention plans or codes of
practice to control any aspect of their life cycle,
from the research and development stage through
manufacture, use, storage, transport and ultimate
disposal. Substances on Schedule I that are
persistent and bioaccumulative in accordance with
the Persistence and Bioaccumulation Regulations
of CEPA 1999, are present in the environment
primarily as a result of human activity and are not
naturally occurring radionuclides or naturally
occurring inorganic substances must be proposed,
under Subsection 77(4), for the implementation of
virtual elimination under Subsection 65(3).

Based on initial screening of readily
accessible information, the rationale for assessing
hexachlorobutadiene (HCBD) provided by the
Ministers’ Expert Advisory Panel on the Second

Priority Substances List (Ministers’ Expert
Advisory Panel, 1995) was as follows:

HCBD is used as a solvent for elastomers, as a heat
transfer liquid, in transformer and hydraulic fluids,
and as a wash for removing volatile organic
chemicals from organic streams. HCBD has been
found in refuse combustion emissions and in process
effluents from various industrial sectors. HCBD is
highly persistent and bioaccumulative, and appears to
meet the criteria of the recently adopted federal
policy on toxic substances management. It is
moderately to highly toxic to aquatic organisms.
HCBD is carcinogenic and genotoxic in experimental
animals. Potential intakes from food, based on early
studies from other countries, may be close to levels
that produce effects in animal studies. An assessment
of the presence of HCBD in the Canadian
environment is required to evaluate its potential
impact on ecosystems and human health. The Panel is
of the opinion that this substance should be assessed
as quickly as possible .

Descriptions of the approaches to
assessment of the effects of Priority Substances
on the environment and human health are
available in published companion documents.
The document entitled “Environmental
Assessments of Priority Substances under the
Canadian Environmental Protection Act.
Guidance Manual Version 1.0 — March 1997”
(Environment Canada, 1997a) has been published
to provide guidance for conducting environmental
assessments of Priority Substances in Canada.
This document may be purchased from:

Environmental Protection Publications
Environmental Technology Advancement

Directorate
Environment Canada
Ottawa, Ontario
K1A 0H3

It is also available on the Commercial
Chemicals Evaluation Branch web site at
www.ec.gc.ca/cceb1/eng/psap.htm under the 
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heading “Technical Guidance Manual.” It should
be noted that the approach outlined therein has
evolved to incorporate recent developments in risk
assessment methodology, which will be addressed
in future releases of the guidance manual for
environmental assessments of Priority Substances.

The approach to assessment of effects
on human health is outlined in the following
publication of the Environmental Health
Directorate of Health Canada: “Canadian
Environmental Protection Act — Human Health
Risk Assessment for Priority Substances” (Health
Canada, 1994), copies of which are available
from:

Environmental Health Centre
Room 104
Health Canada
Tunney’s Pasture
Ottawa, Ontario
K1A 0L2

or on the Environmental Health Directorate
publications web site (www.hc-sc.gc.ca/ehp/
ehd/catalogue/bch.htm). The approach is also
described in an article published in the Journal
of Environmental Science and Health —
Environmental Carcinogenesis & Ecotoxicology
Reviews (Meek et al., 1994). It should be noted
that the approach outlined therein has evolved
to incorporate recent developments in risk
assessment methodology, which are described
on the Environmental Substances Division
web site (www.hc-sc.gc.ca/ehp/ehd/
bch/env_contaminants/psap/psap.htm) and
which will be addressed in future releases
of the approach paper for the assessment
of effects on human health. 

The search strategies employed in the
identification of data relevant to assessment of
potential effects on the environment (prior to
November 1997) and human health (prior to
December 1996 for toxicity information) are
presented in Appendix A. Review articles were
consulted where appropriate. However, all
original studies that form the basis for
determining whether HCBD is “toxic” under

CEPA 1999 have been critically evaluated by staff
of Environment Canada (entry and environmental
exposure and effects) and Health Canada (human
exposure and effects on human health).

The environmental sections of this
Assessment Report were produced by K. Taylor,
Environment Canada, based on a report
entitled “Canadian Environmental Protection
Act Environmental Assessment for
Hexachlorobutadiene,” which was prepared for
Environment Canada under contract by P.Y. Caux
and D. Moore, The Cadmus Group Inc., Ottawa,
Ontario. This report was peer reviewed by:

K. Kaiser, National Water Research
Institute, Environment Canada

P. Kauss, Ontario Ministry of
Environment and Energy

L. McCarty, L.S. McCarty Scientific
Research & Consulting

The health-related sections of this
Assessment Report and supporting documentation
were prepared by the following staff of Health
Canada:

R. Beauchamp
K. Hughes
B. Idris
M.E. Meek

Sections of the Assessment Report and supporting
documentation on genotoxicity were reviewed
by D. Blakey of the Environmental Health
Directorate of Health Canada. Sections related
to evaluation of the effects on human health
were externally reviewed by staff of BIBRA
International and a peer review panel convened
by Toxicology Excellence in Risk Assessment
(TERA), composed of:

J. Christopher, California Environmental
Protection Agency

M. Dourson, TERA
M. Friedman, Cytec Industries, Inc.
M. Gargas, ChemRisk Division of

MacLaren/Hart
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P. McGinnis, Syracuse Research
Corporation

E. Ohanian, U.S. Environmental
Protection Agency

J. Reid, University of Cincinnati

The health-related sections of the
Assessment Report were reviewed and approved
by the Health Protection Branch Risk
Management meeting of Health Canada.

The entire Assessment Report was
reviewed and approved by the Environment
Canada/Health Canada CEPA Management
Committee.

A draft of the Assessment Report was
made available for a 60-day public comment
period (July 1 to August 30, 2000) (Environment
Canada and Health Canada, 2000). Following
consideration of comments received, the
Assessment Report was revised as appropriate.
A summary of the comments and responses is
available on the Internet at:

www.ec.gc.ca/cceb1/eng/final/index_e.html

The text of the Assessment Report has
been structured to address environmental effects
initially (relevant to determination of “toxic”
under Paragraphs 64(a) and (b)), followed by
effects on human health (relevant to determination
of “toxic” under Paragraph 64(c)).

Copies of this Assessment Report are
available upon request from:

Inquiry Centre
Environment Canada
Main Floor, Place Vincent Massey
351 St. Joseph Blvd.
Hull, Quebec
K1A 0H3

or on the Internet at:

www.ec.gc.ca/cceb1/eng/final/index_e.html

Unpublished supporting documentation,
which presents additional information, is available
upon request from:

Commercial Chemicals Evaluation
Branch

Environment Canada
14th Floor, Place Vincent Massey
351 St. Joseph Blvd.
Hull, Quebec
K1A 0H3

or

Environmental Health Centre
Room 104
Health Canada
Tunney’s Pasture
Ottawa, Ontario 
K1A 0L2
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2.1 Identity and physical/chemical
properties

Hexachlorobutadiene (CAS registry number 
87-68-3), referred to hereafter as HCBD, has the
empirical molecular formula C4Cl6, the structural
formula shown in Figure 1 and a molecular
weight of 260.76 g/mol. HCBD is a colourless
liquid with a water solubility of 3.20 mg/L at
25°C (Gradiski et al., 1975), a log Kow of 4.90
(Chiou, 1985), a vapour pressure of 20 Pa at 20°C
(Pearson and McConnell, 1975) and a Henry’s
law constant of 1044 Pa·m3/mol (Shen, 1982).
Synonyms for HCBD include 1,1,2,3,4,4-
hexachloro-1,3-butadiene, hexachloro-1,3-
butadiene, perchlorobutadiene and perchloro-1,3-
butadiene. Additional information on physical
and chemical properties of HCBD is presented
in Environment Canada (1999). 

FIGURE 1 Structure of HCBD

2.2 Entry characterization

2.2.1 Production, importation and use

HCBD has never been commercially produced in
Canada. It is produced as a by-product during the
production of certain chlorinated chemicals, such
as tetrachloroethylene, trichloroethylene, vinyl
chloride, allyl chloride, epichlorohydrin and
carbon tetrachloride (U.S. EPA, 1980; Kusz et al.,
1984; Choudhary, 1995).

In the past, HCBD was imported into
Canada for use as a solvent (Environment Canada,
1979), but it is no longer imported or used
(Environment Canada, 1997c). In addition, HCBD
was not included on the National Pollutant
Release Inventory (NPRI, 1994).

HCBD was used as a solvent for C4

and higher hydrocarbons and elastomers, as
a hydraulic fluid, as a heat transfer liquid in
transformers and as a chemical intermediate in the
production of chlorofluorocarbons and lubricants
(U.S. EPA, 1980; Manahan, 1992). It was also
used to recover chlorine-containing gas in
chlorine plants, in gyroscopes and in insulating
fluids, and it had widespread application as a
fumigant for treating grapes against Phylloxera
in the former Soviet Union, France, Italy, Greece,
Spain and Argentina (IARC, 1979; IPCS, 1994).
Recent information on the use of HCBD is not
available (IPCS, 1994).

2.2.2 Sources and releases 

2.2.2.1 Natural sources

There are no natural sources of HCBD in the
environment.

2.2.2.2 Anthropogenic sources

In the 1970s, formation of HCBD as a waste 
by-product was estimated to be 1.5% of total
tetrachloroethylene production (Brown et al.,
1975). Some of this waste was emitted to the
aquatic environment in industrial effluents and
to air from stacks. Since the closing of the two
tetrachloroethylene plants in Canada in 1985 and
1992, there have been no major point sources of
HCBD. Current Canadian sources are minor but
potentially numerous. They include possible 
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releases in landfill leachates, releases during
refuse combustion and releases as a by-product
in the production of other chlorinated chemicals,
such as vinyl chloride, allyl chloride and
epichlorohydrin.

Based on 12-month average
concentrations, HCBD was detected (detection
limit 10 ng/L) in 4 of 26 effluent streams from
organic chemical manufacturing plants in Ontario
and in 9 of 74 final discharge streams monitored
between 1989 and 1991. Estimated loadings at
these sites ranged from <1 to 9 g/day; the total
loading from this sector was estimated to be
20 g/day (OME, 1992). Until recently, the most
significant point source of HCBD in Canada
appeared to be the Cole Drain, which discharges
into the St. Clair River at Sarnia, Ontario, and
includes outfalls from an industrial landfill and a
few industrial companies. Loadings from the Cole
Drain appear to have decreased from 140 g/day
in 1985 (OME, 1991) to 30 g/day in 1995 (Kauss,
1996). In a survey of the Cole Drain final mixing
chamber discharge in 1995, a maximum
concentration of 0.9 µg HCBD/L was detected
(Kauss, 1996). Since 1998, the discharge from the
Cole Drain has been practically eliminated as a
result of remediation activities. The industrial
landfill that was the primary source of HCBD in
the Cole Drain was completely remediated and
decommissioned, and the bed of the Cole Drain
itself was remediated and restored in 1998
(Sarnia_Lambton Environmental Association,
2000; Scott Munroe 2000).

The inadvertent production and use of
HCBD in the United States are other potential
sources of HCBD to the Canadian environment
through atmospheric long-range transport or
transboundary movement in shared water systems.
Evidence for long-range transport of HCBD was
provided by Mudroch et al. (1992), who found
that HCBD was present at concentrations ranging
from 0.01 to 0.23 ng/g at various sediment depths
in samples taken from Great Slave Lake in 1987.
According to the United States Toxic Release
Inventory, 2 tonnes of HCBD were released to the
environment in the United States in 1995; 75% of

this total was to the air, 15% to water and 10% to
underground injection (Toxic Release Inventory,
1997). The load to the atmosphere, however, does
not include all possible releases from every type
of industrial facility (ATSDR, 1994).

2.3 Exposure characterization 

2.3.1 Environmental fate

2.3.1.1 Air 

In air, HCBD persists until it is either degraded
photochemically or adsorbed to particulate
matter and deposited to water or soil. Estimates
of its half-life in air based on photochemical
degradation through reactions with hydroxyl
radicals and ozone range from 60 days (ATSDR,
1994) to three years (Howard et al., 1991).

Class and Ballschmiter (1987) calculated
that HCBD would have a tropospheric half-life of
840 days in the northern hemisphere and 290 days
in the southern hemisphere, based on a hydroxyl
radical rate constant of 2 × 10–14 cm3/molecule
per second and a hydroxyl radical concentration
of 7 × 105 molecules/cm3 in the north and
17 × 105 molecules/cm3 in the south.

These data indicate that HCBD meets
the criteria for persistence in air (half-life ≥2
days) in accordance with the Persistence and
Bioaccumulation Regulations of CEPA 1999.

2.3.1.2 Water 

HCBD was completely degraded by wastewater
microbiota within seven days of exposure
under aerobic conditions (Tabak et al., 1981).
Degradation of HCBD is very slow under
anaerobic conditions (Johnson and Young, 1983;
Govind et al., 1991; Howard, 1991). The half-life
of HCBD in water is proportional to the amount
of organic matter in the aqueous media; in natural
waters, the half-life is estimated to be 4–52 weeks
(Howard et al., 1991).
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2 . 3 . 1 . 3 Sediments 

Sediments are a sink for HCBD released to wat e r.
In sediments with high organic content, t h e
compound is not expected to persist; howeve r,
m e a s u red values for the half-life in sediment
a re not ava i l abl e. HCBD will eve n t u a l ly be
b i o d egraded in aerobic sediments.

2 . 3 . 1 . 4 S o i l s

The half-life of HCBD in soil depends upon the
ch e m i c a l , p hysical and biological heteroge n e i t y
o f the soil and cl i m atic conditions. Howa rd e t a l .
(1991) estimated the half-life to be 4–26 we e k s ,
based on aerobic biodegra d ation rates; these
a u t h o rs suggested that HCBD may not biodegra d e
in anaerobic zones of soil and that evap o rat i o n
would be a significant tra n s p o rt mechanism fro m
soil surfaces. In a dune infi l t ration study in the
N e t h e rl a n d s , HCBD was found to be mobile in
s a n dy soils, with an ave rage residence time of 100
d ays and little biodegra d ation (Howa rd, 1 9 9 1 ) .

Fragiadakis e t a l . (1979) ex a m i n e d
residues of ra d i o - l abelled HCBD in soil–plant
systems and observed that 4% of the ori gi n a l
ra d i o a c t ivity was bound in non-ex t ra c t able re s i d u e s
in the top 50 cm of soil after two ye a rs , s u gge s t ive
of potential long-term accumu l ation. Th e
remaining 96% of the ori ginal ra d i o a c t ivity wa s
unaccounted for and was believed to have
vo l at i l i ze d.

2 . 3 . 1 . 5 Biota 

HCBD partitions pre fe re n t i a l ly into lipid phases.
Although HCBD accumu l ates in the tissues of
f re s h water aquatic inve rt eb rates and fi s h , it does
not biomagnify through food chains because of its
fast dep u ration rate (Env i ronment Canada, 1 9 8 3 ) .
HCBD tends to be pre fe re n t i a l ly accumu l ated in
the live rs of fish. The bioconcentration fa c t o rs
(BCFs) in mu s cle and liver we re 700 and 10 0 0 0 ,
re s p e c t ive ly, in dab, Limanda limanda ( Pe a rs o n
and McConnell, 1975). HCBD was eliminat e d
f rom the tissues of go l d fish (C a rassius aurat u s)
with a half-life of 6.3 days (Leeuwa n g h
e t a l ., 1 9 7 5 ) .

BCFs ranging from 1 to 19 000 on a
whole-body basis have been reported for HCBD
in the literature. The highest BCF reported was
determined in rainbow trout (Oncorhynchus
mykiss) in a field study (Oliver and Niimi, 1983).
This wide range can be explained in part by
species differences in metabolism or differences
in exposure concentrations (ATSDR, 1994). It
takes longer for equilibrium to be reached in fish
at lower exposure concentrations than at higher
levels (69 days at 0.1 ng/L versus 7 days at
3.4 ng/L) (Oliver and Niimi, 1983). BCFs were
more than two-fold greater at the higher exposure
levels than at the lower concentrations, indicating
that rates of detoxification and elimination by fish
are concentration dependent. 

HCBD also bioconcentrates in aquatic
invertebrates, but to a somewhat lesser degree
than in fish, with a maximum reported BCF of
2000 for the mussel, Mytilus edulis (Pearson and
McConnell, 1975). Contamination of water by
HCBD led to uptake of the substance by caged
mussels in the St. Clair River (Kauss and Hamdy,
1985; OME/MDNR, 1991).

HCBD does not appear to bioaccumulate
in plants. In a field study with radio-labelled
HCBD, no significant degree of accumulation
occurred in roots, leaves or stems of potato or
carrot plants (Fragiadakis et al., 1979).

The available data for fish indicate that
HCBD meets the criteria for bioaccumulation
(BCF ≥5000) in accordance with the Persistence
and Bioaccumulation Regulations of CEPA 1999.

2.3.1.6 Environmental partitioning

The distri bution of HCBD in the env i ronment wa s
estimated using EQC Level III, a steady-state,
non-equilibrium fugacity model (DMER and
AEL, 1996). The results of the modelling show
that HCBD tends to remain in the environmental
compartment into which it is released. If HCBD is
emitted into air, more than 98% would be found
in the air, about 1% in soil and less than 1% in
water and sediments. If released to soil, about
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99% would be found in the soil and about 1%
in air. If released to water, about 70% would be
found in the water, about 15% in each of air and
sediments and less than 1% in soil. Values for
input parameters were as follows: molecular
weight, 260.76 g/mol; vapour pressure, 20 Pa;
water solubility, 3.20 mg/L; log Kow, 4.90; Henry’s
law constant, 1044 Pa·m3/mol; half-life in air,
1700 hours; half-life in water, 550 hours; half-life
in soil, 550 hours; and half-life in sediment, 550
hours. Justification for the selection of these input
parameters is presented in DMER and AEL
(1996). Modelling was based on an assumed
default emission rate of 1000 kg/hour into a
region of 100 000 km2, which includes a surface
water area (20 m deep) of 10 000 km2. The height
of the atmosphere was assumed to be 1000 m.
Sediments and soils were assumed to have an
organic carbon content of 4% and 2% and a depth
of 1 cm and 10 cm, respectively. The estimated
percent distribution predicted by this model is not
affected by the assumed emission rate.

The predicted distributions suggest that
little intermedia transport will occur when HCBD
is discharged to air or soil. By comparison,
disposal to water has the potential for significant
transport of HCBD to the air and sediment
compartments. 

2.3.2 Environmental concentrations 

The closure of tetrachloroethylene production
plants, changes in industrial processes and
improvements in waste treatment processes,
including improvements in containment facilities
and spill prevention, have resulted in greatly
reduced loadings of HCBD in the Canadian
environment since the early 1980s; HCBD has
only rarely been detected in recent monitoring
programs in areas removed from former sources.

2.3.2.1 Air 

HCBD was detected (detection limit 0.1 µg/m3)
in only 153 of 9231 samples (i.e., less than 2%)
of outdoor air from 46 sites across Canada

surveyed from 1989 to early 1997. It has not
been detected at any of these sites since 1994.
The maximum concentration measured was about
4 µg/m3 in Windsor in 1992. Mean concentrations
at each site, calculated by assuming a
concentration of one-half the detection limit of
0.1 µg/m3 in those samples that did not contain
detectable levels of HCBD, ranged from 0.05
to 0.07 µg/m3 (Dann, 1997).

No data on levels of HCBD in indoor air
in Canada or in “uncontaminated” areas in other
countries were identified.

2.3.2.2 Drinking water 

HCBD has not been detected in drinking water
(detection limits ranging from 0.7 pg/L to 5 µg/L)
in most provincial monitoring programs in
Canada (Environment Ontario, 1987; Kendall,
1990; Jobb et al., 1993; Alberta Environmental
Protection, 1996; Riopel, 1996; Zanette, 1996). It
was detected (detection limit 1 ng/L) in only 5 of
2994 samples of treated drinking water from 143
sites across Ontario surveyed in 1991–1995; the
maximum concentration measured was 6 ng/L in
Port Dover (OMEE, 1996).

2.3.2.3 Surface water

The highest rep o rted concentration of HCBD in
Canadian surface wat e rs was 1.3 µ g / L , wh i ch
wa s m e a s u red in the St. Clair River in 1984
( O M E / M D N R , 1991); levels have decre a s e d
s u b s t a n t i a l ly (i.e. , 5 0 0 - fold) since 1984, b a s e d
o n a measurement of 0.0027 µg/L dow n s t re a m
f rom the Cole Drain in 1994, the highest
c o n c e n t ration rep o rted that year (Kauss, 1 9 9 6 ) .
Since 1990, c o n c e n t rations of HCBD in surfa c e
water from southern Ontario have ge n e ra l ly been
less than 0.001 µg/L (Env i ronment Canada e t a l .,
1995; L’ I t a l i e n , 1996). A maximum concentrat i o n
of 24 µg/g dry weight was measured in
s u s p e n d e d sediments from the St. Clair River in
1985 (Oliver and Kaiser, 1986); in 1989, t h e
h i g h e s t l evel detected was 0.01 µg/g dry
we i g h t ( C h a n , 1 9 9 3 ) .
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2.3.2.4 Sediments 

The maximum level of HCBD in sediment in the
St. Clair River, near Sarnia, Ontario, where the
greatest contamination by HCBD in Canada has
reportedly occurred, prior to 1986 was 430 µg/g
dry weight (lowest reported concentration of
0.0001 µg/g dry weight); it was detected
(detection limit not specified) in 59 of 65
sampling sites in 1985 (Oliver and Pugsley, 1986).
The highest concentration measured in recent
years was 310 µg/g dry weight, downstream from
the Cole Drain at a depth of 5–15 cm in 1994; in
this survey, HCBD was detected (detection limit
0.001 µg/g dry weight) in 148 of 153 samples
(Farara and Burt, 1997; Kauss, 1997). In the top
5 cm of sediment in a 2-km stretch of the St. Clair
River in an industrialized zone in 1994,
concentrations of HCBD ranged from <0.001 to
243 µg/g dry weight (detectable in 37 of 39
samples; detection limit 0.001 µg/g dry weight),
with a geometric mean of 0.64 µg/g dry weight
(Bedard and Petro, 1997). In these samples, the
99th-, 95th- and 90th-percentile values were 194,
60.9 and 18.7 µg/g dry weight, respectively, while
the median was 0.9 µg/g dry weight.

2.3.2.5 Soils 

In the only identified relevant survey in Canada,
HCBD was not detected (detection limit 0.05 µg/g
dry weight) in 24 samples of agricultural soils
from across the country or in 6 samples from
areas that had repeatedly received heavy
applications of pesticides (Webber and Wang,
1995).

2.3.2.6 Biota 

No recent data on HCBD concentrations in biota
have been identified. Levels in rainbow trout
collected from Lake Ontario in 1981 ranged from
0.06 to 0.3 ng/g (mean 0.2 ng/g) (Oliver and
Niimi, 1983). Levels of up to 10 ng/g have been
detected in composite samples of coho salmon
(Oncorhynchus kisutch) collected from the Great

Lakes in 1980 (Clark et al., 1984). The maximum
concentration of HCBD in caged mussels, Elliptio
complanata following three weeks of exposure on
the sediment surface near three industrial areas of
the St. Clair River was 36 ng/g wet weight (Kauss
and Hamdy, 1985; OME/MDNR, 1991; Kauss,
1997).

2.3.2.7 Food 

Data on levels of HCBD in foodstuffs (in addition
to those discussed in Section 2.3.2.6) are limited
primarily to earlier studies conducted in other
countries. Concentrations of HCBD in beverages,
bread, butter, cheese, eggs, fruits, meats, milk,
oils and potatoes ranging from non-detectable to
3.7 µg/kg (grapes) were reported in the United
Kingdom (McConnell et al., 1975), while in
Germany, concentrations of HCBD in chicken,
eggs, fish, margarine, meat and milk ranged from
non-detectable to 42 µg/kg (egg yolk) (Kotzias
et al., 1975) (detection limits were not specified
in either report). HCBD was not detected in
samples of eggs or vegetables and was detected in
only 1 of 20 samples of milk produced or grown
in the vicinity of organic chemical manufacturing
plants in the United States (detection limits of 5
or 40 µg/kg) (Yip, 1976). In a survey of breast
milk of women from five regions of Canada,
HCBD was not detected in any of 210 samples
analysed (detection limit 1.2 µg/L) (Mes et al.,
1986).

2.3.2.8 Multimedia exposure study

In a recent pilot multimedia exposure study,
samples of personal air, tap water, beverages and
food from 44 households in the Toronto area
were analysed for HCBD. None of the samples
contained detectable amounts of HCBD, although
the detection limits in this study were generally
higher than those reported in other studies
discussed above (i.e., 0.64 µg/m3 for air, 2 µg/L
for water and 0.09–0.9 µg/kg for food and
beverages), and the analytical recovery of
HCBD was not determined (Zhu, 1997).
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2.4 Effects characterization 

2.4.1 Ecotoxicology

2.4.1.1 Pelagic organisms

HCBD preferentially accumulates in the livers
of fish (Pearson and McConnell, 1975). Once
in the liver, it can be biotransformed into polar
metabolites that will reach the kidneys via the bile
and could become nephrotoxic in fish (Anders
and Jakobson, 1985; Yang, 1988; IPCS, 1994).

The available data on toxicity for
sensitive receptors indicate that chronic effects
occur at concentrations an order of magnitude
below those causing acute effects. In most cases,
freshwater fish and marine crustacea are more
sensitive than their marine and freshwater
counterparts, respectively.

The lowest available chronic value was
a 28-day Lowest-Observed-Effect Concentration
(LOEC) of 13 µg/L reported for the fathead
minnow (Pimephales promelas), based on survival
and growth (Benoit et al., 1982). No chronic
data on toxicity were identified for aquatic
invertebrates. The lowest identified acute value
was a 96-hour LC50 of 32 µg/L for the marine
mysid shrimp, Mysidopsis bahia (U.S. EPA,
1980). For fish, the lowest identified acute value
was a 96-hour LC50 of 90 µg/L for the goldfish
(Leeuwangh et al., 1975). In other studies, acute
toxicity was reported only at concentrations of
HCBD above 100 µg/L (Pearson and McConnell,
1975; Laseter et al., 1976; Dow Chemical Co.,
1978; Juhnke and Lüdemann, 1978; Laska et al.,
1978; Slooff, 1979; U.S. EPA, 1980; Walbridge
et al., 1983; Geiger et al., 1985; Mayer and
Ellersieck, 1986; Roederer et al., 1989). The most
sensitive freshwater invertebrate identified was the
aquatic sowbug, Asellus aquaticus, with a 96-hour
LC50 of 130 µg/L (Leeuwangh et al., 1975).
Bacteria and plants are less sensitive to HCBD
than fish or invertebrates (Knie et al., 1983).

2.4.1.2 Benthic organisms 

There were no acute or chronic toxicity studies
using benthic organisms identified for HCBD.
In the absence of such data, the water–sediment
Equilibrium Partitioning approach can be used
to estimate a Critical Toxicity Value (CTV) for
HCBD for benthic organisms. The principle
behind this approach is that sediment organic
carbon is the main factor influencing partitioning
of non-polar organic compounds into sediments
(Di Toro et al., 1991). For HCBD, the CTV for
the most sensitive freshwater pelagic invertebrate
multiplied by the organic carbon/water partition
coefficient (Koc) and the organic content of the
sediment (foc) can be used to estimate a CTV for
benthic organisms using the equation:

CTVbenthic = foc × Koc × CTVpelagic

where:
• foc is 0.02, based on the mean organic carbon

content for all surficial sediment samples
from the St. Clair River in 1994, expressed
on a dry-weight basis (Kauss, 1997),

• Koc is 80 000 L/kg, based on the log Koc of
4.90 (Oliver and Kaiser, 1986) for HCBD,
and

• CTVpelagic is 13 µg/L, the 28-day LOEC for
fathead minnow (Benoit et al., 1982).

Therefore:

CTVbenthic = 0.02 × 80 000 L/kg × 13 µg/L

= 20 800 µg/kg dry weight

= 20.8 µg/g dry weight

The CTV for HCBD for benthic organisms is
therefore estimated to be 20.8 µg/g dry weight.

2.4.2 Abiotic atmospheric effects 

Class and Ballschmiter (1987) calculated that
HCBD would have a tropospheric half-life of 840
days in the northern hemisphere and 290 days in
the southern hemisphere. These half-lives are
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sufficiently long to allow HCBD to reach the
stratosphere and react with the ozone present
there (Bunce, 1996).

Worst-case calculations were made to
determine if HCBD has the potential to contribute
to depletion of stratospheric ozone, ground-level
ozone formation or climate change (Bunce, 1996). 

The Ozone Depletion Potential (ODP)
was calculated to be 0.07 (relative to the reference
compound CFC-11, which has an ODP of 1),
based on the following formula:

ODP = (tHCBD /tCFC-11) × (MCFC-11 /MHCBD) ×
([nCl + αnBr ]/3)

where:
• tHCBD is the atmospheric lifetime of

HCBD (4.2 years),
• tCFC-11 is the atmospheric lifetime

of CFC 11 (60 years),
• MCFC-11 is the molecular weight of CFC-11

(137.5 g/mol),
• MHCBD is the molecular weight of HCBD

(260.8 g/mol),
• nCl is the number of chlorine atoms in the

HCBD molecule (6),
• nBr is the number of bromine atoms in the

HCBD molecule (0), and
• α is a measure of the effectiveness of bromine

in ozone depletion with respect to chlorine.

The Photochemical Ozone Creation
Potential (POCP) was estimated to be 0.01
(relative to the value of an equal mass of the
reference compound ethene, which has a POCP of
100), based on the following formula:

POCP = (kHCBD /kethene) × (Methene /MHCBD) × 100

where:
• kHCBD is the rate constant for the reaction of

HCBD with OH radicals (9.5 × 10–15 cm3/mol
per second),

• kethene is the rate constant for the reaction of
ethene with OH radicals (8.5 × 10–12 cm3/mol
per second),

• Methene is the molecular weight of ethene
(28.1 g/mol), and

• MHCBD is the molecular weight of HCBD
(260.8 g/mol).

The Global Warming Potential (GWP)
was calculated to be 0.037 (relative to the
reference compound CFC-11, which has a GWP
of 1), based on the following formula:

GWP = (tHCBD /tCFC-11) × (MCFC-11 /MHCBD) ×
(SHCBD /SCFC-11)

where:
• tHCBD is the atmospheric lifetime of HCBD

(4.2 years),
• tCFC-11 is the atmospheric lifetime of CFC-11

(60 years),
• MCFC–11 is the molecular weight of CFC-11

(137.5 g/mol),
• MHCBD is the molecular weight of HCBD

(260.8 g/mol),
• SHCBD is the infrared absorption strength of

HCBD (2389/cm2 per atmosphere, default),
and

• SCFC-11 is the infrared absorption strength of
CFC-11 (2389/cm2 per atmosphere).

These figures imply that HCBD is not
likely to contribute significantly to ground-level
ozone formation, but it does have the potential to
contribute somewhat to depletion of stratospheric
ozone and to climate change.

2.4.3 Experimental animals and in vitro

2.4.3.1 Acute toxicity 

HCBD is moderately acutely toxic, with LD50s of
65–116 mg/kg-bw in mice, 200–580 mg/kg-bw in
rats and 90 mg/kg-bw in guinea pigs (Murzakaev,
1963; Gulko et al., 1964; Gradiski et al., 1975;
Kociba et al., 1977a, 1977b). Birner et al. (1995)
observed necrosis of the pars recta of the
proximal renal tubules in Wistar rats administered
a single dose of 200 mg/kg-bw; renal tubular
necrosis was also induced in laboratory animals
exposed to single doses of several metabolites
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of HCBD (Lock and Ishmael, 1979; Jaffe et al.,
1983; Lock et al., 1984; Nash et al., 1984).

2.4.3.2 Short-term and subchronic toxicity 

Although the database is limited, in available
short-term and subchronic studies in rats and
mice, the renal proximal tubules appear to be
the principal site of injury at the lowest doses
that cause effects following oral or inhalation
exposure. Although decreases in body weight
gain were sometimes also observed at the lowest
exposure levels at which effects were observed,
these decreases were generally associated with
reduced food consumption.

Increased relative kidney weight and
histopathological changes, including degeneration
of the proximal tubular epithelial cells, necrosis
and regeneration, and alterations in biochemical
parameters in the blood and urine (consistent with
renal damage) were reported in short-term studies
in Wistar or Sprague-Dawley rats exposed to
HCBD in the diet or by gavage for 2–4 weeks at
doses as low as 2.5 mg/kg-bw per day (Kociba
et al., 1971; Harleman and Seinen, 1979; Stott
et al., 1981; Jonker et al., 1993). Jonker et al.
(1993) observed female rats to be more sensitive
to the nephrotoxic effects than male rats, as
histopathological changes in the kidney occurred
in females at 100 and 400 ppm in the diet
(approximately equivalent to doses of 5 and
20 mg/kg-bw per day, respectively) and in males
only at 400 ppm, although effects on kidney
weight and biochemical parameters were noted
in both sexes at 100 ppm and above. In the only
identified short-term study in mice, there was a
dose-related increase in severity of renal toxicity,
characterized by pale kidney cortices and necrosis
of the cortex and/or outer medulla, in male and
female B6C3F1 mice administered concentrations
of HCBD equivalent to doses as low as 3 mg/kg-
bw per day in the diet for two weeks (Yang et al.,
1989; NTP, 1991).

In a subchronic study in which groups
of 10 male or female Wistar-derived rats were
administered doses of 0, 0.4, 1.0, 2.5, 6.3 or
15.6 mg HCBD/kg-bw per day in arachid oil by

gavage for 13 weeks, there was a dose-related
increase in relative kidney weight, which was
significant in females at the two highest doses
and at all doses in males. Histopathological
changes in the kidney, consisting of large,
prominent hyperchromatic nuclei and focal
necrosis of epithelial cells and nuclear detritus,
were observed in the renal proximal tubules in
females at 2.5 mg/kg-bw per day and above and
in males at 6.3 mg/kg-bw per day and above.
There were also dose-related decreases in urine
osmolarity (indicative of compromised urine-
concentrating ability of the kidneys), which were
significant in females at 2.5 mg/kg-bw per day
and above and in males at the highest dose only
(Harleman and Seinen, 1979). The Lowest-
Observed-Adverse-Effect Levels (LOAELs),
based on renal effects, are considered to be 2.5
and 6.3 mg/kg-bw per day in females and males,
respectively, with No-Observed-Adverse-Effect
Levels (NOAELs) of 1.0 and 2.5 mg/kg-bw
per day in females and males, respectively
(the authors presented these latter values as
“no effect levels”).

Effects on the kidney were also observed
in groups of 10–34 male or female Sprague-
Dawley rats administered doses of 0, 0.2, 2.0
or 20 mg HCBD/kg-bw per day in the diet for
approximately 148 days. The kidneys of only
five animals per group were examined
histopathologically. The relative weight of the
kidney was significantly increased in both sexes
at 20 mg/kg-bw per day, whereas the kidneys in
males administered the two highest doses were
“roughened” and mottled in appearance. There
was minimal or moderate renal tubular dilation
and hypertrophy with foci of renal tubular
epithelial degeneration and regeneration in four
of five male or female rats in the high-dose group;
these lesions also occurred in one female at
2.0 mg/kg-bw per day. Renal changes that are
characteristic of this strain of rats occurred in all
dose groups, but with greater severity at 2.0 and
20 mg/kg-bw per day (Schwetz et al., 1977). The
No-Observed-Effect Level (NOEL) and Lowest-
Observed-Effect Level (LOEL) for effects on the
kidney are considered to be 0.2 and 2.0 mg/kg-bw
per day, respectively. (Note: The latter value was



not considered a LOAEL because of the lack of
statistical significance of the observed effects.)

In the only subchronic study in mice,
diets containing 0, 1, 3, 10, 30 or 100 ppm HCBD
(which the authors calculated to be equivalent to
doses of 0, 0.1, 0.4, 1.5, 4.9 and 16.8 mg/kg-bw
per day for males and 0, 0.2, 0.5, 1.8, 4.5 and
19.2 mg/kg-bw per day for females) were
administered to groups of 10 B6C3F 1 mice
of each sex for 13 weeks. Dose-related reductions
in relative and/or absolute kidney weights were
reported; these reductions were significant in
males in the three highest dose groups and in
females in the two highest dose groups. The
incidence and seve rity of renal tubular ep i t h e l i a l
regeneration, characterized by increased
basophilia of the tubular cell cytoplasm,
occasional mitosis and an increased number of
nuclei, increased in an exposure-related manner
(0/10, 1/10, 9/10, 10/10, 10/10 and 10/10
[females] and 0/10, 0/10, 0/10, 0/9, 10/10 and
10/10 [males] at 0, 1, 3, 10, 30 and 100 ppm,
respectively). Females appeared to be more
sensitive than males, as the incidence of this
lesion was significantly increased at 3 ppm and
above in females and at 30 ppm and above
in males; renal tubular regeneration was also
observed in 1 of 10 female mice exposed to
1 ppm. (The lesion in this mouse was assigned
a severity score of 2; Elwell, 1993.) Unlike the
observation of renal necrosis in the short-term
study, only regenerative changes were observed
in this study, which the authors suggested was
indicative of adaptation and compensation by the
kidney tubular epithelium for cell loss. Based on
the histopathological effects in the kidney, the
authors considered the NOAEL in male mice to
be 1.5 mg/kg-bw per day; a no-effect level for
female mice was not presented by the authors,
as renal tubular regeneration was observed in
all dose groups (Yang et al., 1989; NTP, 1991).
Therefore, because of the lack of statistical
significance of the response in the female mice
in the lowest dose group (for which data on the
incidence of this lesion in historical controls at the
National Toxicology Program were not available
for comparison) and the severity of the renal
tubular regeneration in the one mouse in this

dose group, as well as the lack of data on food
consumption for individual animals (i.e., it is
unclear whether this effect may have been a
function of increased food consumption),
0.2 mg/kg-bw per day is considered to be the
LOEL for renal toxicity in females in this study.

In the only short-term or subchronic
study identified in which animals were exposed
to HCBD by inhalation, renal proximal tubular
degeneration and adrenal cortical degeneration
were noted in groups of four male or female
Alderley Park SPF rats exposed to 25 ppm
(267 mg/m3) HCBD and above for up to 15 days.
Renal toxicity was not observed at lower
concentrations (5 ppm [53 mg/m3] or 10 ppm
[107 mg/m3]) (Gage, 1970).

2.4.3.3 Chronic toxicity and carcinogenicity

The identified information on the chronic toxicity
and carcinogenicity of HCBD is extremely
limited. In the only long-term study identified,
groups of 39 or 40 (90 in controls) male and
female Sprague-Dawley rats were administered
doses of 0, 0.2, 2.0 or 20 mg HCBD/kg-bw per
day in the diet for two years. Mortality was
significantly increased in males in the 20 mg/kg-
bw per day group during the last two months of
the study. Body weight gain was significantly
decreased and absolute and relative kidney
weights were significantly increased in both sexes
at this dose. There were significant increases in
urinary coproporphyrin in males and females
at 20 mg/kg-bw per day and in females at
2.0 mg/kg-bw per day; however, other urinary
biochemical parameters were not altered.
Histopathological changes, including multifocal
or disseminated hyperplasia and focal
adenomatous proliferation of the renal tubular
epithelium, were observed in rats exposed to
the highest dose and “possibly” at 2.0 mg/kg-bw
per day, with females being more sensitive than
males (incidence and statistical significance
not specified). The incidence of renal tumours
(adenomas, adenocarcinomas and carcinomas,
combined) was significantly increased in rats of
both sexes administered 20 mg/kg-bw per day
(males: 1/90 [1.1%], 0/40 [0%], 0/40 [0%] and
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9/39 [23.1%] at 0, 0.2, 2.0 and 20 mg/kg-bw per
day, respectively; females: 0/90 [0%], 0/40 [0%],
0/40 [0%] and 6/40 [15.0%] at 0, 0.2, 2.0 and
20 mg/kg-bw per day, respectively). There
were no significant increases in the incidence of
tumours at other sites. The authors concluded
that HCBD induced renal tumours only at a dose
level greater than that which caused observable
non-neoplastic injury (Kociba et al., 1977a). The
NOEL for non-neoplastic kidney damage was
considered to be 0.2 mg/kg-bw per day, with a
LO(A)EL of 2.0 mg/kg-bw per day. (It is not
possible to determine whether the effects at this
dose were adverse on the basis of information
presented in the published account of the study.)

Additional limited screening bioassays
contribute little to the assessment of the potential
carcinogenicity of HCBD. HCBD did not induce
local or distant tumours following chronic
dermal application or short-term intraperitoneal
administration in sensitive strains of mice (Theiss
et al., 1977; Van Duuren et al., 1979), although
the extent of histopathological examination was
limited in these studies; nor did HCBD initiate
the induction of skin papillomas in mice in a
long-term initiation-promotion assay (Van Duuren
et al., 1979).

2.4.3.4 Genotoxicity 

Although the results of available studies are not
completely consistent, there is some limited
evidence that HCBD is genotoxic under certain
conditions. The results of early standard Ames
tests were negative in both the presence and
absence of liver S-9 metabolic activation (De
Meester et al., 1980; Stott et al., 1981; Haworth
et al., 1983; Reichert et al., 1983). However,
HCBD induced gene mutations in Salmonella
typhimurium in the presence of liver S-9 mix with
enhanced protein content (Reichert et al., 1984)
and in the presence of liver microsomes and
glutathione (GSH), with a greater response with
both liver and kidney microsomes and GSH
(Vamvakas et al., 1988). Positive results were also
obtained for the Ara test in Salmonella, only in
the absence of liver S-9 metabolic activation
(Roldán-Arjona et al., 1991). HCBD induced

sister chromatid exchanges in Chinese hamster
ovary cells (with and without S-9), but not
chromosomal aberrations (Galloway et al., 1987);
chromosomal aberrations were also not induced
in peripheral human lymphocytes, although
the exposure levels tested were much lower
(German, 1988).

One author reported the induction of
chromosomal aberrations in the bone marrow of
mice exposed to HCBD orally (≥2 mg/kg-bw)
or by inhalation (10 mg/m3) (German, 1988),
whereas negative results have been reported
in other studies in rats exposed to greater
concentrations or doses (Schwetz et al., 1977;
NIOSH, 1981). Increased DNA synthesis and
minor amounts of DNA alkylation were observed
in the kidney of rats administered single or
repeated oral doses of 20 mg HCBD/kg-bw
(Stott et al., 1981). In addition, there was
significant covalent binding to mitochondrial
DNA in the kidney of mice orally exposed to
30 mg HCBD/kg-bw (Schrenk and Dekant, 1989).

Several of the metabolites of HCBD
have been mutagenic in Salmonella. The cysteine
conjugate, which appears to be the most potent
of the metabolites tested, is likely cleaved by
bacterial β-lyase to mutagenic intermediates
(Dekant et al., 1986). The mutagenic activity of
the S-conjugate is enhanced by the presence of
rat renal microsomes and mitochondria, which
exhibit high γ-glutamyl transpeptidase activity
(Vamvakas et al., 1988). Similarly, the
mercapturic acid metabolite was mutagenic only
in the presence of metabolic activation, which
would provide N-deacetylase (Wild et al., 1986),
whereas the bis-conjugates were not active under
any conditions (Vamvakas et al., 1988).

2.4.3.5 Reproductive and developmental
toxicity 

Subchronic or chronic oral administration of up
to 20 mg HCBD/kg-bw per day did not induce
histopathological changes in the testes or ovaries
or effects on estrous cycle or sperm parameters
in B6C3F1 mice or Sprague-Dawley rats (Kociba
et al., 1977a; NTP, 1991). In developmental
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studies, effects on body weight and
histopathological changes in the kidney were
observed in fetuses of rats (Sprague-Dawley,
Wistar and CD strains) exposed to oral doses
or airborne concentrations of HCBD that also
induced decreased body weight gain and/or
renal effects in the dams (Schwetz et al., 1977;
Harleman and Seinen, 1979; Hardin et al., 1981;
Saillenfait et al., 1989; NTP, 1990).

2.4.3.6 Neurological effects and effects on the
immune system 

Although data are limited, results of available
short-term, subchronic and chronic studies in
rodents do not indicate that neurological effects
or effects on the immune system are critical
endpoints associated with exposure to HCBD; that
is, such effects were not observed at doses lower
than those that induced effects on the kidney
(Kociba et al., 1977a; Harleman and Seinen,
1979; Yang et al., 1989; NTP, 1991). However,
no studies on the effects of HCBD on the function
of the immune system were identified.

2.4.3.7 Toxicokinetics and mechanism of action 

The site-specific renal toxicity of HCBD is
closely correlated with the accumulation of active
metabolites in the pars recta of the proximal
tubule. HCBD is initially conjugated with GSH
in the liver to form sulphur conjugates, which are
hydrolysed in the bile duct, intestine and kidney.
These S-cysteine conjugates and their mercapturic
acid derivatives (formed by N-acetylation)
are concentrated in the kidney, where the
pentachloro-sulphur conjugate is subsequently
cleaved by renal β-lyase (which is localized in
the pars recta) to reactive thiol metabolites, which
may covalently bind to cellular macromolecules
(causing cytotoxicity) and/or bind to DNA to

induce mutation. (Note: Although metabolism
of HCBD may be qualitatively similar in
experimental animals and in humans, some very
limited data indicate that the activity of β-lyase
in the kidney of humans may be several-fold less
than that in the kidney of rats [McCarthy et al.,
1992; Lock, 1994].) In addition, sulphoxidation
of one of the mercapturic acid derivatives to
electrophilic metabolites has been recently
demonstrated in rats exposed to HCBD in vivo
and in human liver microsomes (Birner et al.,
1995).

Although it is known that these
electrophilic metabolites induce damage in
renal tubular epithelial cells and mutations in
Salmonella and bind to DNA, it has not been
firmly established whether the initial step in
kidney tumour formation is a result of genetic
damage or epigenetic events (possibly in the
mitochondria) (Stott et al., 1981; Schrenk and
Dekant, 1989; Dekant et al., 1990; Henschler and
Dekant, 1990). Unlike the mechanism of action
associated with other halogenated hydrocarbons,
accumulation of α2µ-globulin and hyaline droplet
formation are not involved in the formation of
renal tumours induced by HCBD.

2.4.4 Humans 

The limited identified studies in humans, which
include a cross-sectional study on liver function
and a survey of the frequency of chromosomal
aberrations in exposed workers (German, 1986;
Driscoll et al., 1992), are inadequate to contribute
meaningfully to evaluation of the toxicity of
HCBD.
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3.1 CEPA 1999 64(a): Environment

The environmental risk assessment of a PSL
substance is based on the procedures outlined
in Environment Canada (1997a). Analysis of
exposure pathways and subsequent identification
of sensitive receptors are used to select
environmental assessment endpoints (e.g., adverse
reproductive effects on sensitive fish species in a
community). For each endpoint, a conservative
Estimated Exposure Value (EEV) is selected
and an Estimated No-Effects Value (ENEV) is
determined by dividing a Critical Toxicity Value
(CTV) by an application factor. A conservative
(or hyperconservative) quotient (EEV/ENEV) is
calculated for each of the assessment endpoints
in order to determine whether there is potential
ecological risk in Canada. If these quotients
are less than one, it can be concluded that
the substance poses no significant risk to
the environment, and the risk assessment is
completed. If, however, the quotient is greater
than one for a particular assessment endpoint,
then the risk assessment for that endpoint
proceeds to an analysis where more realistic
assumptions are used and the probability and
magnitude of effects are considered. This latter
approach involves a more thorough consideration
of sources of variability and uncertainty in the
risk analysis.

There are special concerns about
persistent and bioaccumulative substances.
Persistent substances can remain bioavailable for
long periods of time, increasing the probability
and the duration of potential exposure. Even
extremely low concentrations of persistent and
bioaccumulative substances can have adverse
effects on organisms that are continually exposed
to them over long periods of time. Substances
that are subject to long-range transport are of
particular concern because cold regions, such as
the Canadian Arctic, can act as a sink for such
contaminants. Because of these concerns,

environmental assessments of persistent and
bioaccumulative substances are more conservative
than those for other substances. Persistent and
bioaccumulative substances may be determined
to be toxic if they have the potential to harm the
environment or its biological diversity, even if
this is known to occur only within limited
geographical areas within Canada.

3.1.1 Assessment endpoints 

Current Canadian sources of HCBD are minor
but potentially numerous. They include possible
releases in landfill leachates, releases during
refuse combustion and releases as a by-product
in the production of other chlorinated chemicals.
The most significant point source of HCBD in
Canada appears to have been the Cole Drain,
which discharges into the St. Clair River at
Sarnia, Ontario. Recent remediation activities
have practically eliminated discharges from this
source, but benthic organisms are still exposed to
HCBD from prior emissions from the drain. There
is no indication that biota in Canadian marine
systems are exposed to HCBD. Concentrations of
HCBD in air and soil in Canada are generally low.
The assessment endpoints for the environmental
assessment of HCBD are normal growth and
reproduction in populations of freshwater pelagic
and benthic organisms in Canada.

3.1.2 Environmental risk characterization 

3.1.2.1 Pelagic organisms 

Concentrations of HCBD in St. Clair River water
have declined considerably since the mid-1980s.
The conservative EEV for pelagic organisms is
0.0027 µg/L, the highest reported concentration of
HCBD in the St. Clair River in 1994.

The most sensitive freshwater species
reported is the fathead minnow, with a 28-day
LOEC of 13 µg/L, based on survival and growth.
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This value, 13 µg/L, is the conservative CTV for
pelagic organisms. Dividing this CTV by a factor
of 100 to account for uncertainty surrounding
laboratory to field extrapolation and inter- and
intraspecies differences in sensitivity gives an
ENEV of 0.13 µg/L.

The conservative quotient is calculated by
dividing the EEV of 0.0027 µg/L by the ENEV, as
follows:

Quotient = EEV
ENEV

= 0.0027 µg/L
0.13 µg/L

= 0.02

Because the conservative quotient is
less than 1, this substance is unlikely to cause
a harmful effect on populations of pelagic
organisms in the ambient aquatic environment.

This quotient would be lower for
freshwater invertebrates, since they appear to be
somewhat less sensitive than fish to HCBD. The
application factor of 100 used for deriving the
ENEV is conservative, as the CTV was based on
a 28-day LOEC, rather than a 96-hour LC50.

The risk quotient for pelagic organisms is
presented in Table 1. 

3.1.2.2 Benthic organisms 

The conservative EEV for benthic organisms
is 243 µg/g dry weight, the highest reported
concentration of HCBD in the top 5 cm of
sediment in a 2-km stretch of the St. Clair River
in an industrialized zone near Sarnia, Ontario,
in 1994.

The CTV for benthic organisms is
20.8 µg/g dry weight, estimated using the
Equilibrium Partitioning approach as presented in
Section 2.4.1.2. Dividing this CTV by a factor of
100 to account for the uncertainty surrounding the
extrapolation from laboratory to field conditions
and interspecies and intraspecies variations in
sensitivity gives an ENEV of 0.21 µg/g dry
weight.

The conservative quotient is calculated by
dividing the EEV of 243 µg/g by the ENEV, as
follows:

Quotient = EEV
ENEV

= 243 µg/g
0.21 µg/g

= 1157

Since the conservative quotient is more
than 1, it is necessary to consider further the
exposure of benthic biota to HCBD in the
St. Clair River.
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TABLE 1 Risk quotient for pelagic organisms

Parameter Value
EEV 0.0027 µg/L
CTV 13 µg/L
Application factor 100
ENEV 0.13 µg/L
Quotient (EEV/ENEV) 0.02



The cumulative density function for
HCBD in St. Clair River sediments, at a depth of
0–5 cm, is shown in Figure 2. As stated in Section
2.3.2.4, the 99th-, 95th- and 90th-percentile
values are 194, 60.9 and 18.7 µg/g dry weight,
respectively, while the median is 0.9 µg/g dry
weight. 

Risk quotients for benthic orga n i s m s
at va rious ex p o s u re levels in St. Clair Rive r
sediments are presented in Table 2. The ENEV
i n this table is the same as that used in the
c o n s e rvat ive risk assessment, 0 . 2 1 µg/g dry we i g h t .

As indicated in Table 2, a quotient
exceeding 1 occurs fre q u e n t ly in the sediments in
the St. Clair River near Sarn i a , O n t a rio. In fa c t , t h e
c o n c e n t ration of HCBD in sediments in this are a
equalled or exceeded the ENEV of 0.21 µg/g dry
weight at 29 of 39 sample stations. Benthic
o rganisms in highly contaminated locations within
this 2-km stre t ch of the St. Clair River could
ex p e rience adve rse effects because of their inab i l i t y
to move to less contaminated are a s .

The sediment in this section of the St. C l a i r
R iver contains a wide va riety of organic and
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TABLE 2 Summary of risk quotients for freshwater benthic organisms

EEV Descriptor CTV Application ENEV Quotient
(µg/g dry (µg/g) factor (µg/g) (EEV/ENEV)
weight)

243 Maximum reported 20.8 100 0.21 1157
concentration, 1994

194 99th percentile, 1994 20.8 100 0.21 924
60.9 95th percentile, 1994 20.8 100 0.21 290
18.7 90th percentile, 1994 20.8 100 0.21 89
0.9 Median, 1994 20.8 100 0.21 4.3

FIGURE 2 Cumulative density function for HCBD in St. Clair River sediments (0–5 cm)



i n o rganic contaminants, i n cluding merc u ry,
p o ly ch l o ri n ated bipheny l s , p o ly ch l o ri n ated aro m at i c
hy d ro c a r b o n s , p e t roleum hy d rocarbons and
hexachlorobenzene, along with HCBD (Bedard
and Petro, 1997). Whole-sediment toxicity tests
were conducted on three species — the mayfly,
Hexagenia limbata (21-day mortality and growth),
the midge, Chironomus tentans (10-day mortality
and growth), and the fathead minnow (21-day
mortality) — using sediment samples taken from
the most contaminated area. Significant
correlations were found between lethality and
HCBD concentration. HCBD bulk sediment
concentrations explained 94% of the variation
in midge mortality and 54% of the variation in
mayfly mortality (Bedard and Petro, 1997).
These results support the conclusion that benthic
organisms in the most contaminated part of the
St. Clair River can be harmed by HCBD
in the sediments. 

Because HCBD is pers i s t e n t , with a 
h a l f - l i fe in air ra n ging from 60 days to 3 ye a rs
a n d with a potential for long-ra n ge tra n s p o rt , a s
s u p p o rted by measurements in Gre at Slave
L a ke s e d i m e n t s , and because the substance
b i o a c c u mu l at e s , with a BCF ra n ging up to 19 0 0 0 , a
p ro b abilistic risk assessment will not be perfo rm e d.
HCBD is still released to the env i ronment in many
s i t e s , with concentrations in effluents up to 0.9 µ g / L ,
c o m p a red with a pelagic ENEV of 0.13 µ g / L .

3 . 1 . 2 . 3 S o u rces of uncert a i n t y

Th e re are seve ral sources of uncertainty associat e d
with the env i ronmental assessment of H C B D. Th e re
we re no acute or ch ronic toxicity studies using
benthic organisms identified for HCBD. Effects on
benthic organisms we re there fo re estimated using
the Equilibrium Pa rtitioning ap p ro a ch. Th i s
ap p ro a ch is based on the assumption that sediment
i n t e rstitial wat e r is the pri m a ry route of ex p o s u re of
benthic organisms to HCBD, t h at continu o u s
e q u i l i b rium ex ch a n ge between sediment solids and
i n t e rstitial water occurs , and that distri bution of
HCBD between these two phases can be estimat e d
using the organic carbon/water partition coeffi c i e n t
of the substance and the organic carbon content
o f the sediment. Benthic organisms in highly

c o n t a m i n ated areas of the St. Clair River at Sarn i a ,
O n t a ri o , m ay be adve rs e ly affected by HCBD, bu t
the exact spatial extent of this area cannot be
d e t e rmined from existing dat a , b e c a u s e
c o n c e n t rations of the substance ab ove the ENEV of
0 . 2 1 µg/g dry weight occurred at the sampling sites
l o c ated fa rthest dow n s t ream. Concentrations of
HCBD in sediments dow n s t ream from the source of
c o n t a m i n ation have been slow ly declining since the
m i d - 1 9 8 0 s .

3 . 1 . 2 . 4 C o n cl u s i o n

The ava i l able info rm ation there fo re indicat e s
t h at HCBD poses little or no risk to pelagic aquat i c
o rganisms in Canada. HCBD poses a risk to benthic
o rganisms in the most contaminated portions of the
St. Clair Rive r.

3 . 2 C E PA 1999 64(b): E nv i ro n m e n t
upon wh i ch life dep e n d s

Wo rst-case calculations we re made to determ i n e
i f HCBD has the potential to contri bute to dep l e t i o n
of strat o s p h e ric ozo n e, gro u n d - l evel ozo n e
fo rm ation or cl i m ate ch a n ge. The Ozone Dep l e t i o n
Potential (ODP) was calculated to be 0.07, t h e
POCP was estimated to be 0.01 and the GWP wa s
c a l c u l ated to be 0.037. These fi g u res imply that
HCBD is not like ly to contri bute signifi c a n t ly to
gro u n d - l evel ozone fo rm at i o n , bu t it does have the
potential to contri bute to depletion of strat o s p h e ri c
o zone and to cl i m ate ch a n ge. Some substances
c u rre n t ly subject to the Montreal Protocol have ODP
values similar to the one calculated for HCBD;
h oweve r, t h e re is ge n e ral agreement that at t h e s e
ODP va l u e s , substances should not be automat i c a l ly
subject to c o n t rols. Other cri t e ri a , s u ch as quantities
e m i t t e d, also have to be taken into considerat i o n .
The concentration of HCBD in the Canadian
at m o s p h e re is low; estimates of its half-life in
a i r based on photochemical degra d ation thro u g h
reactions with hy d roxyl radicals and ozone ra n ge
f rom 60 days to three ye a rs .
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Canadian sources of HCBD should
n o t c o n t ri bute signifi c a n t ly to depletion of
s t rat o s p h e ric ozone or to cl i m ate ch a n ge. HCBD is
not produced or imported in Canada. Main
Canadian sources are from combustion and as a by -
p roduct in the production of some ch l o ri n at e d
chemicals. Under the Montreal Pro t o c o l , t h e s e
s o u rces (incidentally produced substances) are not
subject to contro l s .

A c c o rding to the U. S. Toxic Release
I nve n t o ry, 2 tonnes of HCBD we re released to the
e nv i ronment in the United S t ates in 1995; 75% of
this total was to the air (Tox i c Release Inve n t o ry,
1997). The load to the at m o s p h e re, h oweve r, d o e s
not include all possible releases from eve ry type of
i n d u s t rial facility (AT S D R , 1994). HCBD is also on
the high production volume list of the Orga n i s at i o n
for Economic Co-operation and Deve l o p m e n t
( O E C D ) , wh i ch means that it is produced in ex c e s s
of 10 000 tonnes per ye a r in at least one OECD
c o u n t ry (SIDS Manu a l , 1994). Limited info rm at i o n
on quantities, c o n c e n t rations or conditions of
fo reign sources of HCBD prevents us from re a ch i n g
an ove rall conclusion on the danger to the
e nv i ronment on wh i ch life dep e n d s .

3.3 CEPA 1999 64(c): Human health 

3.3.1 Estimated population exposure

Available data on levels of HCBD in
environmental media in Canada upon which
estimates of population exposure may be based
are quite limited. Point estimates of average daily
HCBD intake (on a body weight basis), based on
the data on levels of HCBD in ambient air,
drinking water and food summarized in Section
2.3.2 and reference values for body weight,
inhalation volume and amounts of drinking water
and food consumed daily, are presented for five
age groups in Table 3. 1 Based on these estimates,

intake may range from 0.01 to 0.2 µg/kg-bw
per day. However, it should be noted that these
estimates are based on very few samples of only
a small number of foodstuffs in early studies in
other countries or primarily on limits of detection
(or one-half the detection limit for air) in
monitoring surveys in which HCBD was only
rarely detected in other media. They are presented
primarily, therefore, for the purpose of identifying
the potential relative contribution of these media
to overall population exposure.

If estimates were based on the limit of
detection for food and beverages in the limited
pilot multimedia study in Toronto in which
HCBD was not detected, estimated intakes would
be similar to values at the upper end of the range
presented in Table 3.

Based on the values derived by either
ap p ro a ch , food (or food and beve rages) is like ly
the principal source of ex p o s u re, although ambient
air may also contri bute significant amounts in
some areas; drinking water contri butes neg l i gi bly
to ove rall intake of HCBD. This is consistent
w i t h ap p o rtionment predicted on the basis
o f p hy s i c a l / chemical pro p e rties or fuga c i t y
m o d e l l i n g, although the latter was not helpful
i n f u rther re finement of estimation of ex p o s u re
because of a lack of quantitat ive data on emissions
of HCBD into the Canadian env i ronment. 

In order to examine the distribution
of population exposure to HCBD in Canada,
probabilistic estimates were also derived for each
of the five age groups, based on information on
the distribution of body weights and inhalation
volumes, as well as data from the national survey
of concentrations of HCBD in ambient air. Data
were inadequate to derive probabilistic exposure
estimates for other media (i.e., drinking water
or food). Estimates of mean, median and 95th-
percentile intakes are included in Table 4, along
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1 The exposure assessment for HCBD was completed prior to the characterization of intake values for six age groups, which
is the approach that will be adopted for the remainder of the substances on the second Priority Substances List (PSL2).
However, to the extent possible, recent information relevant to the development of intakes for six age groups for PSL2
substances has been taken into account as described in Appendix C of the supporting documentation for the health-related
sections.
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with the point estimates derived in Table 3 for
comparison. For example, the 95th-percentile
estimates of intake from air range from 0.03 to
0.09 µg/kg-bw per day, compared with point
estimates of 0.01–0.05 µg/kg-bw per day.

3.3.2 Hazard characterization 

Because of the inadequacy of data in humans,
hazard characterization and dose–response

analysis for HCBD are based on studies in
experimental animals.

In acute, short-term, subchronic and
chronic studies in rats and mice exposed to
HCBD via ingestion or inhalat i o n , e ffects in
t h e p a rs recta of the proximal tubules of the
k i d n eys (including increased organ weights and
b i o chemical and histopat h o l ogical evidence of
d ege n e ration) consistently occur at the lowest dose

TABLE 3 Estimated exposure of the general population to HCBD

Medium Estimated intake (µg/kg-bw per day)
0–0.5 years 1 0.5–4 years 2 5–11 years 3 12–19 years 4 20–70 years 5

Air 6 <0.02–0.02 0.04–0.05 0.03–0.04 0.01–0.02 0.01–0.02
Drinking water 7 <0.0001 <0.000 06 <0.000 03 <0.000 02 <0.000 02
Food 8 0.03–0.07 9 0.004–0.1 0.001–0.05 0.0009–0.03 0.001–0.03
Total 0.05–0.09 0.04–0.2 0.03–0.09 0.01–0.05 0.01–0.05

1 Assumed to weigh 7 kg, to drink 0.75 L of water per day (Health Canada, 1994) and to breathe 2.1 m3 of air per day.
2 Assumed to weigh 13 kg , to drink 0.8 L of water per day (Health Canada, 1994) and to breathe 9.3 m3 of air per day.
3 Assumed to weigh 27 kg, to drink 0.9 L of water per day (Health Canada, 1994) and to breathe 14.5 m3 of air per day.
4 Assumed to weigh 57 kg, to drink 1.3 L of water per day (Health Canada, 1994) and to breathe 15.8 m3 of air per day.
5 Assumed to weigh 70 kg , to drink 1.5 L of water per day (Health Canada, 1994) and to breathe 15.8 m3 of air per day.
6 Based on the range of mean concentrations of HCBD in ambient air in 46 locations across Canada of 0.05–0.07 µg/m3 (Dann,

1997). HCBD was not detected in 98% of these ambient air samples. A concentration of 0.05 µg/m3 (which is one-half the
limit of detection of 0.1 µg/m3) was assumed for the samples in which HCBD was not detected. As no adequate data were
identified on levels of HCBD in indoor air, it is assumed that the concentr ations of HCBD in indoor and outdoor air are
similar.

7 Based on the assumption that HCBD is present at concentrations less than the detection limit of 0.001 µg/L reported in the
largest of the available surveys of drinking water supplies in Canada (Graham, 1993).

8 Based on concentrations of HCBD reported for various foodstuffs in the United States (Yip, 1976), the United Kingdom
(McConnell et al., 1975) and Germany (Kotzias et al., 1975), limited data on levels in fish caught in Canada (Fox et al., 1983;
Oliver and Niimi, 1983), the United States (Oliver and Nicol, 1982; Clark et al., 1984; Malins et al., 1985) and the
Netherlands (Goldbach et al., 1976) and average daily food consumption patterns per age group (Health Canada, 1994). In
all other food types, minimum concentrations are assumed to be zero. In 8 of the 14 food types on which estimates are based,
minimum values are considered to be zero (whole milk, butter, eggs, fish [marine], cabbage, beans, cucumbers and
margarine); in the remainder (evaporated milk, fish [freshwater], tomatoes, grapes, vegetable oil and alcoholic drinks),
minimum values were the lowest measured or the single concentration reported. In 10 of the 14 food types on which estimates
are based, maximum values are either the highest reported concentration (for 5 of the food types — whole milk, butter, eggs,
fish [marine] and margarine) or the single concentration reported (for 5 of the food types — evaporated milk, tomatoes,
grapes, vegetable oil and alcoholic drinks). A maximum concentration equivalent to the limit of detection (5 µg/kg) was
assumed for 3 food types (vegetables) based on the analyses of Yip (1976). A maximum concentration (10 µg/kg) in
freshwater fish obtained from non-source-dominated areas of North America was assumed (Clark et al., 1984). Data from
freshwater fish samples collected in source-dominated areas in countries other than Canada were not considered relevant.

9 Based on the assumption that infants were exclusively fed prepared foodstuff. If it is assumed that infants are exclusively
breast-fed and consume an average of 0.75 L/day (Health Canada, 1994) and that HCBD is present in breast milk at the
detection limit of 1.2 µg/L reported for Canadian women (Mes et al., 1986), the average daily intake by ingestion is
<0.13 µg/kg-bw per day.

Note: Insufficient data were available with which to estimate intake from soil.



or concentration that caused effects (Ko c i b a et al.,
1 9 7 1 , 1977a; Sch wetz et al., 1977; Harleman and
S e i n e n , 1979; Stott et al., 1981; Yang et al., 1 9 8 9 ;
N T P, 1991; Jo n ker et al., 1993; Birner et al., 1 9 9 5 ) .

There was also an increased incidence
of renal tubular tumours in male and female
Sprague-Dawley rats administered the highest
dose of HCBD in the diet for two years;
nephrotoxicity in the form of hyperplasia and
adenomatous proliferation in the renal tubular
epithelium was also observed at this as well as
a lower dose (Kociba et al., 1977a). Unlike the
mechanism of action associated with other
halogenated hydrocarbons, accumulation of α2µ-
globulin and hyaline droplet formation are not
involved in the formation of renal tumours
induced by HCBD.

The weight of available evidence
indicates that HCBD is genotoxic in the presence

of appropriate metabolic activation systems
(Reichert et al., 1984; Vamvakas et al., 1988).
This is consistent with the increased incidence of
renal tumours observed in rats in vivo, binding of
HCBD metabolites to kidney mitochondrial DNA
in mice and small amounts of DNA alkylation in
the kidney of rats (Stott et al., 1981; Schrenk and
Dekant, 1989). 

Both genotoxic and non-genotoxic steps
may be involved in the induction of tumours by
HCBD, although the critical rate-limiting step
has not been identified. However, based on
observations in the single adequate carcinogenesis
bioassay, tumours occur only at doses greater than
those that induce non-neoplastic effects in the
kidney. These degenerative effects and resulting
regeneration are likely requisite in the induction
of tumours and are considered, therefore, to be
the critical endpoint. The renal toxicity of HCBD
is closely correlated with the site specificity of
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TABLE 4 Point versus probabilistic estimates of exposure to HCBD via inhalation

Approach Parameter Estimated intake by inhalation 1 (µg/kg-bw per day)
estimated 0–0.5 years 2 0.5–4 years 3 5–11 years 4 12–19 years 5 20–70 years 6

Point estimate Average daily 0.02 0.04–0.05 0.03–0.04 0.01–0.02 0.01–0.02
intake

Probabilistic Median intake 0.01 0.03 0.03 0.01 0.01
Probabilistic Mean intake 0.02 0.04 0.03 0.02 0.01
Probabilistic 95th-percentile 0.04 0.09 0.06 0.03 0.03

intake

1 Point estimates are based on the range of mean concentrations of HCBD in ambient air in 46 locations across Canada
of 0.05–0.07 µg/m3 (Dann, 1997). HCBD was not detected in 98% of the 9231 ambient air samples. A concentration of
0.05 µg/m3 (which is one-half the limit of detection of 0.1 µg/m3) was assumed for the samples in which HCBD was not
detected. Probabilistic estimates are based on Monte Carlo simulations with random sampling of HCBD concentrations
from the distribution of reported concentrations in 9231 samples. All HCBD concentrations between 0 and 0.1 µg/m3

(i.e., the limit of detection) are assumed to occur with the same probability (i.e., a uniform distribution of
concentrations below the limit of detection is assumed). HCBD concentrations greater than 0.1 µg/m3 are sampled at
the relative frequencies with which they occur among the 9231 samples. As no adequate data were identified on levels
of HCBD in indoor air, it is assumed that the concentrations of HCBD in indoor and outdoor air are similar.

2 Assumed to weigh 7 kg, to drink 0.75 L of water per day (Health Canada, 1994) and to breathe 2.1 m3 of air per day.
3 Assumed to weigh 13 kg, to drink 0.8 L of water per day (Health Canada, 1994) and to breathe 9.3 m3 of air per day.
4 Assumed to weigh 27 kg, to drink 0.9 L of water per day (Health Canada, 1994) and to breathe 14.5 m3 of air per day.
5 Assumed to weigh 57 kg, to drink 1.3 L of water per day (Health Canada, 1994) and to breathe 15.8 m3 of air per day.
6 Assumed to weigh 70 kg, to drink 1.5 L of water per day (Health Canada, 1994) and to breathe 15.8 m3 of air per day.
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TABLE 5 Critical studies and effect levels for renal toxicity in experimental animals exposed to HCBD via
ingestion 

Species Protocol Effects at Effect levels Comments Reference 
LO(A)EL

Wistar rats (5 m a l e s
and 5 females per
gro u p )

Wistar rat s
( 1 0 males and 10
females per gro u p )

S p rag u e - D aw l ey
rats (10–12 males
and 20–24 fe m a l e s
per group; 17 male
and 34 fe m a l e
c o n t ro l s )

S p rag u e - D aw l ey
rats (39–49 males
and 40 females per
group; 90 male and
90 female contro l s )

B 6 C 3 F1 m i c e
( 1 0 males and 10
females per gro u p )

R ats we re ex p o s e d
to doses of 0, 1 . 2 5 ,
5 or 20 mg/kg-bw
per day in the diet
for 4 we e k s

R ats we re ex p o s e d
to doses of 0, 0 . 4 ,
1 . 0 , 2 . 5 , 6.3 or 15.6
mg/kg-bw per day
by gavage for 13
we e k s

R ats we re ex p o s e d
to doses of 0, 0 . 2 ,
2.0 or 20 mg/kg-bw
per day in the diet
for about 5 months

R ats we re ex p o s e d
to doses of 0, 0 . 2 ,
2.0 or 20 mg/kg-bw
per day in the diet
for 2 ye a rs

Mice we re ex p o s e d
to doses of 0, 0 . 1 ,
0 . 4 , 1 . 5 , 4.9 or 16.8
(males) or 0, 0 . 2 ,
0 . 5 , 1 . 8 , 4.5 or 19.2
( females) mg/kg-bw
per day in the diet
for 13 we e k s

D e c reased body
weight and fo o d
c o n s u m p t i o n ;
i n c reased re l at ive
k i d n ey we i g h t ;
d e c reased re l at ive
weight of adre n a l s ;
e ffects on uri n a ry
and bioch e m i c a l
p a ra m e t e rs ;
h i s t o p at h o l ogi c a l
e ffects in kidney

E ffects on uri n a ry
p a ra m e t e rs ;
h i s t o p at h o l ogi c a l
e ffects in kidney

G ross and
h i s t o p at h o l ogi c a l
ch a n ges in kidney

E ffects on uri n a ry
b i o ch e m i c a l
p a ra m e t e rs ;
h i s t o p at h o l ogi c a l
e ffects in kidney

H i s t o p at h o l ogi c a l
e ffects in kidney

N OAEL (females) =
1.25 mg/kg-bw per
d ay
L OAEL (females) =
5 mg/kg-bw per d ay
N OAEL (males) =
1.25 mg/kg-bw
p e r d ay
LOEL (males) =
5 mg/kg-bw per d ay

NOEL (females) =
1.0 mg/kg-bw
p e r d ay
L OAEL (females) =
2.5 mg/kg-bw
p e r d ay
NOEL (males) =
2.5 mg/kg-bw
p e r d ay
L OAEL (males) =
6.3 mg/kg-bw
p e r d ay

NOEL = 
0 . 2 m g / k g - b w
p e r d ay
LOEL = 
2 . 0 m g / k g - b w
p e r d ay

NOEL = 
0 . 2 m g / k g - b w
p e r d ay
LO(A)EL =
2 . 0 m g / k g - b w
p e r d ay

LOEL (females) =
0 . 2 m g / k g - b w
p e r d ay
N OAEL (males) =
1 . 5 m g / k g - b w
p e r d ay

Small number of
animals per gro u p

Small number of
animals per gro u p ;
l a rge number of
dose groups with
good spacing
b e t ween dose leve l s

Small number of
animals per gro u p

Good study
protocol, except for
dose spacing;
description of non-
neoplastic effects
incomplete

Small number of
animals per gro u p ;
l a rge number of
ex p o s u re gro u p s
with good dose
s p a c i n g

Jo n ker et al., 1 9 9 3

H a rleman and
S e i n e n , 1 9 7 9

S ch wetz et al., 1 9 7 7

Kociba et al., 1 9 7 7 a

Yang et al., 1 9 8 9 ;
N T P, 1 9 9 1



accumulation of active metabolites, and there
is some (albeit limited) evidence that extent of
activation may be less in humans than in rats
(e.g., cleavage of the cysteine conjugate by renal
β-lyase) (Lock, 1994).

Based on limited data, reproductive and
developmental effects and neurotoxicity are not
considered to be critical endpoints for HCBD,
since effects have been observed only at doses
greater than those associated with renal toxicity.
Data on effects of HCBD on immunological
function have not been identified.

3.3.3 Dose–response analyses 

Since non-neoplastic renal effects observed in
experimental animals are considered critical and
since available data are sufficient, a Tolerable
Intake (TI) is derived on the basis of a benchmark
dose (BMD) divided by an uncertainty factor.
This value is compared with that which might be
based on a No-Observed-(Adverse)-Effect-Level
(NO[A]EL) for this endpoint, which draws on
data from additional studies. 

In the available short-term, subchronic
and chronic studies, the kidney has consistently
been observed to be the most sensitive target
organ, with similar effect levels noted in the
critical studies (Table 5). In the only identified
long-term study in which animals were
exposed via ingestion (Kociba et al., 1977a),
an increased incidence of renal tubular
hyperplasia/proliferation and an increase
in levels of renal coproporphyrin were observed
in Sprague-Dawley rats administered 2.0 mg
HCBD/kg-bw per day (considered to be the
LO[A]EL) or more; renal tubular neoplasms
were observed at the highest dose of 20 mg/kg-bw
per day. The NOEL was considered to be
0.2 mg/kg-bw per day. Similarly, the LOEL and
NOEL for renal toxicity (renal tubular dilation
and hypertrophy with foci of renal tubular
epithelial degeneration and regeneration) in a
subchronic study in the same strain of rats (i.e.,
Sprague-Dawley) were also 2.0 and 0.2 mg/kg-bw
per day, respectively (Schwetz et al., 1977). Renal
tubular regeneration (of a severity greater than

would be expected, based on comparison with
data for the next dose group) also occurred in 1 of
10 mice at the lowest dose tested in a subchronic
study in B6C3F1 mice, 0.2 mg/kg-bw per day
(Yang et al., 1989; NTP, 1991), which is
considered to be the LOEL. In two of these
studies (Harleman and Seinen, 1979; Jonker et al.,
1993), decreases in body weight (generally
associated with reduced food consumption) were
also observed at the LOAEL for renal toxicity.

Sufficient information to permit
modelling of the dose–response curve for
development of a BMD for renal toxicity was
presented in few of these studies. The endpoint
that is most amenable to derivation of a BMD is
the renal tubular regeneration observed in the 
13-week study in B6C3F1 mice (Yang et al., 1989;
NTP, 1991), in which the incidence of this lesion
is presented for each dose group. Using the
THRESH program, which fits a polynomial
model to the data, the BMD05 (the dose associated
with a 5% increase in the incidence of renal
tubular regeneration) for female mice (which were
observed to be more sensitive than males) was
160 µg/kg-bw per day ( 2 = 0, df = 0, p = 1.0).
The 95% lower confidence limit on this value
(BMDL05) is 34 µg/kg-bw per day. BMDs
calculated for other endpoints in the available
subchronic and chronic studies, although based
on very limited data in some cases, were greater
than those for renal tubular regeneration in female
mice presented here.

A TI has been developed on the basis of
the BMDL05 for renal tubular regeneration in mice
as follows:

TI = 34 µg/kg-bw per day
100

= 0.34 µg/kg-bw per day

where:
• (34) µg/kg-bw per day is the 95% lower

confidence limit of the dose estimated to be
associated with a 5% increase in renal tubular
regeneration in mice administered HCBD for
13 weeks (Yang et al., 1989; NTP, 1991), and
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• 1002 is the uncertainty factor (¥10 for
interspecies variation and ¥10 for intraspecies
variation; the default values are applied since
limited available data on pharmacokinetics
and pharmacodynamics in the experimental
species and humans are considered
insufficient to derive more appropriate values,
although the 10-fold factor for interspecies
variation is slightly less than a value that
would be developed on the basis of the
surface area to body weight correction for
this species).

This TI is protective, based on
consideration of the NOEL for renal toxicity of
0.2 mg/kg-bw per day observed in the chronic
study in rats (Kociba et al., 1977a) and supported
by the results of the subchronic studies in rats and
mice in which a NOEL and LOEL, respectively,
of the same value were observed (Schwetz et al.,
1977; Yang et al., 1989; NTP, 1991). Although the
variation between doses in the study by Kociba et
al. (1977a) was large (i.e., 10-fold), it was less in
the investigation in mice (i.e., 3-fold). Based on
application of the same uncertainty factor applied
in the derivation of the TI above (i.e., 100) to the
NOEL of 0.2 mg/kg-bw per day, the resulting
value is greater than 0.34 µg/kg-bw per day
(i.e., 2 µg/kg-bw per day).

Available data on the effects associated
with inhalation of HCBD are much more limited
than those for ingestion. The only relevant studies
identified include a short-term study in which
renal toxicity was observed in rats exposed to
concentrations of 25 ppm (267 mg/m3) HCBD
and above for up to 15 days (NOEL = 5 ppm or
53 mg/m3) (Gage, 1970) and a developmental
study in which reductions in maternal weight
gain were observed in rats exposed to 5 ppm
(53 mg/m3) and above (Saillenfait et al., 1989).
(Interpretation of this latter observation is
complicated by the absence of an exposure–
response relationship and the lack of presentation

of data on food consumption.) Both of these
studies are considered to be inadequate to serve as
a basis for derivation of a Tolerable Concentration
(TC) in air. If derived on the basis of the limited
existing data, however, such values would, in any
case, be greater than that developed above for
ingestion, derivation of a TC although, it is
noteworthy that renal toxicity was the critical
effect in the limited short-term inhalation study
in rats.

3.3.4 Human health risk characterization 

Based on the point estimates of exposure for the
various age groups derived from limited available
monitoring data, highly uncertain average total
daily intakes of HCBD from air, food and
drinking water range from 0.01 to 0.2 µg/kg-bw
per day. “Reasonable worst-case” estimates also
fall within this range. These estimates are based,
for the likely principal medium of exposure,
primarily on monitoring data for a small number
of foodstuffs for which there is considerable
uncertainty about the extent of representation of
current exposure of the Canadian public. Some of
these data were obtained from industrial areas of
other countries at a time when releases of HCBD
into the ambient environment were likely much
greater than current releases. This is offset to
some extent by assumed zero exposure from
foodstuffs for which data on concentrations were
not available. Moreover, although levels of
HCBD in ambient air in Canada have been well
characterized in a national survey, it should be
noted that estimated intake in this medium is
based on half detection limits in the vast majority
of samples (>98%) in which HCBD was not
detected. In view of these limitations, it is
reassuring that the maximum value for estimated
average total daily intake and reasonable worst-
case estimates (i.e., estimates based on the pilot
multimedia study in Toronto in which HCBD was
not detected in any medium) of 0.2 µg/kg-bw per
day, although also uncertain, is still less than the TI
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the lowest dose group (not statistically significant); inadequate data were available to determine whether this response may
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of 0.34 µg/kg-bw per day calculated from the 95%
l ower confidence limit of the BMD for effects in the
k i d n ey in subch ro n i c a l ly exposed mice. It should be
f u rther noted that this TI is considered conservat ive,
based on a value that might be derived on the basis
of a NOEL for renal toxicity in rats exposed to
HCBD for two ye a rs. 

Th e re fo re, on the basis of comparison of
e s t i m ates of ex p o s u re and the TI (i.e. , i n t a kes to
wh i ch it is believed that a person may be ex p o s e d
d a i ly over a lifetime without deleterious effe c t s ) , i t
has been concluded that HCBD is not present in the
e nv i ronment in quantities or under conditions that
m ay constitute a danger in Canada to human life or
h e a l t h .

3 . 3 . 5 U n c e rtainties and degree of confi d e n c e
in human health risk ch a ra c t e ri z ation 

Th e re is a high degree of uncertainty inherent in t h e
e s t i m ates of intake of HCBD in fo o d, t h e l i ke ly
p rincipal medium of ex p o s u re, because of the
limited number of fo o d s t u ffs fo r wh i ch monitori n g
d ata are ava i l able and the fa c t t h at those data that
a re ava i l able we re often acquired in early surveys in
other countries. Th e re is also c o n s i d e rabl e
u n c e rtainty in the re a s o n able wo rst-case estimat e s
for food due to the lack of d e t e rm i n ation of
a n a lytical re c ove ry in the multimedia study.

Although confidence in the estimat e s
o f i n t a ke in air is gre at e r, since levels of HCBD
i n ambient air in Canada have been we l l
ch a ra c t e ri zed in a national survey, a degre e
o f u n c e rtainty is introduced by the assumption
o f half detection limits in the vast majority of
samples in wh i ch HCBD was not detected. Th i s
d egree of uncertainty has been ch a ra c t e ri ze d
q u a n t i t at ive ly by calculating intakes also on
t h e basis of the assumption of ze ro or detection
l i m i t for measurements below the detection limit i n
the national survey. Maximum values fo r e s t i m at e d
ave rage intakes from air would be ap p rox i m at e ly
o n e - t h i rd of those presented based on an assumption
of ze ro for non-detectable concentrations and twice
those presented based on the assumption of
detection limit for these samples.

H oweve r, t h e re is a high degree of cert a i n t y
t h at drinking water contri butes only neg l i gi bl e
amounts of HCBD to ove rall ex p o s u re, based on the
number of large, s e n s i t ive inve s t i gations. 

The only route for wh i ch pro b ab i l i s t i c
e s t i m ates of ex p o s u re could be derived wa s
i n h a l ation via ambient air. Based on these estimat e s ,
i n t a ke of HCBD by 95% of the age group with the
gre atest intake per unit of body weight (i.e. , 0 . 5 – 4
year olds) is about twice the ( u n c e rtain) point
e s t i m ate for intake via inhalation (i.e. , 0 . 0 9 µ g / k g -
bw per day ve rsus 0.04–0.05 µg/kg-bw per day ) .

In add i t i o n , f u gacity modelling was not
helpful in re finement of estimation of ex p o s u re due
to the lack of quantitat ive data on emissions of
HCBD into the Canadian env i ro n m e n t .

The ove rall degree of confidence in the
p o p u l ation ex p o s u re estimates is, t h e re fo re, l ow,
p ri m a ri ly as a result of the paucity of curre n t ,
rep re s e n t at ive monitoring data for the like ly
p rincipal medium of ex p o s u re of the ge n e ra l
p o p u l ation in Canada (fo o d ) .

The degree of confidence in the
d at ab a s e o n t oxicity that serves as the basis
fo r d evelopment of the TI is moderate to high.
Although ep i d e m i o l ogical data in humans are
i n a d e q u at e, t h e re is consistent evidence from a w i d e
ra n ge of acute, s h o rt - t e rm , s u b ch ronic and ch ro n i c
studies in rats and mice that critical effects are those
t h at occur in the pars recta of the renal prox i m a l
t u bu l e s , although data on rep ro d u c t ive effects are
s o m ewh at limited, and info rm ation on effects on
i m mu n o l ogical function has not been identifi e d.
M o re ove r, the ra n ge of lowe s t - e ffect levels at wh i ch
d ege n e rat ive renal ch a n ges have been observed in
l o n g - t e rm studies (subch ronic and ch ronic) is small,
and ava i l able data are sufficient to develop a BMD
and associated lower 95% confidence interval fo r
s u ch effects. Although there is some uncert a i n t y
about the mode of induction of tumours by HCBD
o b s e rved in a single study, t h e re is re a s o n abl e
a s s u rance that tumours occur only in the
p re s e n c e o f d ege n e rat ive renal ch a n ge s .

PSL ASSESSMENT REPORT — HEXACHLOROBUTADIENE 29



PSL ASSESSMENT REPORT — HEXACHLOROBUTADIENE30

3 . 4 C o n clusions 

C E PA 1999 64(a): Based on ava i l able dat a , it has
been concluded that HCBD is
e n t e ring the env i ronment in a
quantity or concentration or
under conditions that have
a n i m m e d i ate or long-term
h a rmful effect on the
e nv i ronment or its biologi c a l
d ive rs i t y. Th e re fo re, HCBD is
c o n s i d e red to be “ t ox i c ” a s
d e fined under Pa ragraph 64(a)
of CEPA 1999.

C E PA 1999 64(b): Based on ava i l able dat a , it has
been concluded that HCBD is
not entering the env i ro n m e n t ,
i n Canada in a quantity
o r c o n c e n t ration or under
conditions that constitute a
d a n ger to the env i ronment on
wh i ch life depends. Th e re fo re,
HCBD is not considered to
b e “ t ox i c ” as defined under
Pa ragraph 64(b) of CEPA 1999.

C E PA 1999 64(c): Based on ava i l able dat a ,
i t h a s been concluded that
HCBD is not entering the
e nv i ronment in a quantity or
c o n c e n t ration or under
conditions that constitute or
m ay constitute a dange r
i n Canada to human life or
health. Th e re fo re, HCBD is
n o t c o n s i d e red to be “ t ox i c ”
a s d e fined under Pa ragrap h
64(c) of CEPA 1999.

O ve rall 
c o n cl u s i o n : Based on critical assessment

o f re l evant info rm at i o n , H C B D
is considered to be “ t ox i c ”
a s d e fined in Section 64 of
C E PA 1999.

3 . 5 C o n s i d e rations for fo l l ow - u p
( f u rther action) 

P u rsuant to Subsection 77(4), because HCBD is
c o n s i d e red to be toxic under the A c t a n d m e e t s
t h e c ri t e ria for persistence and bioaccumu l at i o n
i n a c c o rdance with the Pe rsistence and
B i o a c c u mu l ation Reg u l at i o n s , is present in the
e nv i ronment pri m a ri ly as a result of human
a c t iv i t y, and is not a nat u ra l ly occurring ra d i o nu cl i d e
or a nat u ra l ly occurring inorganic substance,
i m p l e m e n t ation of virtual elimination  of
H C B D under Subsection 65(3) is being pro p o s e d. 

It is recommended that releases of
H C B D as a by - p roduct in the production of other
ch l o ri n ated ch e m i c a l s , s u ch as vinyl ch l o ri d e, a l ly l
ch l o ride and ep i ch l o ro hy d ri n , be identified and that
m e a s u res to reduce these releases be inve s t i gat e d. 

HCBD releases during refuse combu s t i o n
we re identifi e d. Pre l i m i n a ry info rm at i o n
i n d i c at e s t h at sources of HCBD from combu s t i o n
a re similar to those of diox i n s , f u rans and
h ex a ch l o ro b e n ze n e. It is recommended that
m e a s u res to reduce emissions of HCBD fro m
c o m bustion sources complement initiat ives curre n t ly
under way to add ress diox i n s , f u ra n s
a n d h ex a ch l o ro b e n ze n e.

Since HCBD is pers i s t e n t , b i o a c c u mu l at ive
has the potential to harm , b e n t h i c species at low
l evels of ex p o s u re and not curre n t ly used in
c o m m e rce in Canada, options to p revent its
re i n t roduction into the Canadian market should
b e ex p l o re d.

One potential source of HCBD in
Canada identified in the current assessment is
transboundary movement from foreign sources.
It is recommended, therefore, that the significance
of this source be considered in the context of
international programs addressing long-range
transport of transboundary pollutants.
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E nv i ronmental assessment

R e l evant data we re identified from existing rev i ew
d o c u m e n t s , p u blished re fe rence texts and on-line
s e a rches conducted between Ja nu a ry and Ap ri l
1996. The dat abases searched included the
fo l l ow i n g : A S FA (Aquatic Sciences and Fi s h e ri e s
A b s t ra c t s , C a m b ri d ge Scientific A b s t ra c t s ) , B I O S I S
(Biosciences Info rm ation Serv i c e s ) , C A B
( C o m m o n wealth A gri c u l t u re Bure a u x ) , C E S A R S
(Chemical Eva l u ation Search and Retri eval System,
O n t a rio Ministry of the Env i ronment and M i ch i ga n
D ep a rtment of Nat u ral Resourc e s ) , C H R I S
(Chemical Hazard Release Info rm ation System),
C u rrent Contents (Institute for Scientifi c
I n fo rm at i o n ) , ELIAS (Env i ronmental Libra ry
I n t egrated Au t o m ated System, E nv i ronment Canada
L i b ra ry ) , E nv i roline (R.R. Bow ker Publishing Co.),
E nv i ronmental A b s t ra c t s , E nv i ro n m e n t a l
B i bl i ograp hy (Env i ronmental Studies Institute,
I n t e rn ational A c a d e my at Santa Barbara ) , G E O R E F
(Geo Refe rence Info rm ation System, A m e ri c a n
G e o l ogical Institute), HSDB (Hazardous Substances
D ata Bank, U. S. National Libra ry of Medicine), L i fe
Sciences (Cambri d ge Scientific A b s t ra c t s ) , N T I S
( N ational Te chnical Info rm ation Serv i c e, U. S.
D ep a rtment of Commerc e ) , Pollution A b s t ra c t s
( C a m b ri d ge Scientific A b s t ra c t s , U. S. Nat i o n a l
L i b ra ry of Medicine), P O LTOX (Cambri d ge
S c i e n t i fic A b s t ra c t s , U. S. National Libra ry of
M e d i c i n e ) , RTECS (Regi s t ry of Toxic Effects of
Chemical Substances, U. S. National Institute fo r
O c c u p ational Safety and Health), Tox l i n e
( U. S. N ational Libra ry of Medicine), TRI93 (Tox i c
Chemical Release Inve n t o ry, 1 9 9 3 , U. S.
E nv i ronmental Protection A ge n cy, O ffice of Tox i c
S u b s t a n c e s ) , U S E PA-ASTER (Assessment
To o l s fo r the Eva l u ation of Risk, U. S.
E nv i ronmental Protection A ge n cy ) , WA S T E I N F O
( Waste Management Info rm ation Bureau of the
A m e rican Energy A ge n cy) and Water Resourc e s
A b s t racts (U. S. Geological Survey, U. S. D ep a rt m e n t
o f the Interior). 

A survey of Canadian industry was
carried out under authority of Section 16 of the
Canadian Environmental Protection Act (CEPA)
(Environment Canada, 1997b). Companies were
required to provide information on uses, releases,
environmental concentrations, effects or other
data on HCBD that were available to them if
they met the trigger quantity of 1 kg of HCBD
per year. Reveal Alert was used to maintain an
ongoing record of the current scientific literature
pertaining to the environmental effects of HCBD.
Data obtained after November 30, 1997 were not
considered in this assessment unless they were
critical data received during the 60-day public
review of the report (July 1 to August 30, 2000).

Human health assessment

Evaluations of other agencies such as the
International Programme on Chemical Safety
(IPCS, 1994) and the Agency for Toxic
Substances and Disease Registry (ATSDR, 1994)
were consulted and used to identify relevant data.
Additional relevant data were identified through
searches on the following databases in the fall
of 1993: AQUAREF (Inland Waters Directorate,
Environment Canada), CCRIS (Chemical
Carcinogenesis Research Information System,
U.S. National Cancer Institute), ChemID
(U.S. National Library of Medicine; available
on the Medical Literature Analysis and Retrieval
System), CISTIMON (Canadian Institute for
Scientific and Technical Information list
of monographs, National Research Council
of Canada), DART (Developmental and
Reproductive Toxicology, U.S. National Library
of Medicine), ELIAS (Environmental Library
Integrated Automated System, Environment
Canada library), EMIC (Environmental Mutagen
I n fo rm ation Center dat ab a s e, Oak Ridge National 
L ab o rat o ry ) , E M I C BACK (back file of EMIC),
E nv i roline (R.R. Bow ker Publishing Co.),
E nv i ronmental Bibl i ograp hy (Env i ronmental Studies
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I n s t i t u t e, I n t e rn ational A c a d e my at Santa Barbara ) ,
E T I C BACK (back file of Env i ronmental Te rat o l ogy
I n fo rm ation Center dat ab a s e, U. S. Env i ro n m e n t a l
P rotection A ge n cy and U. S. National Institute of
E nv i ronmental Health Sciences), Food Science and
Te ch n o l ogy A b s t ra c t s , G E N E - TOX (Genetic
Tox i c o l ogy, U. S. E nv i ronmental Protection A ge n cy ) ,
HSDB (Hazardous Substances Data Bank, U. S.
N ational Libra ry of Medicine), IRIS (Integrat e d
Risk Info rm ation System, U. S. Env i ro n m e n t a l
P rotection A ge n cy ) , M i c ro l og (Canadian Research
I n d ex , G ove rnment Publ i c at i o n s , M i c romedia Ltd. ) ,
Pollution Abstracts (Cambridge Scientific
Abstracts, U.S. National Library of Medicine),
RTECS (Registry of Toxic Effects of Chemical

Substances, U.S. National Institute for
Occupational Safety and Health) and Toxline
(U.S. National Library of Medicine). Since these
initial searches, the Canadian Research Index,
Current Contents, Dialog, Medline, Toxline and
Toxnet have been searched on a regular basis
to identify recent articles. A general search of
Internet web sites was performed in July 1996.
Only data acquired prior to December 1996
were considered in the determination of whether
HCBD is “toxic” to human health.




