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A recent Canadian study of the levels of
polychlorinated dibenzo-p-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) in adipose
tissue suggested higher levels in British Columbians than
in other Canadians. This led to concerns about the
sources of these compounds in B.C. In this paper, we
review scientific publications to generate a list of possible
sources of PCDDs and PCDFs. We outline which of
these are likely to be found in British Columbia, and
develop hypotheses concerning their potential
contribution to an individual’s “PCDD]| PCDF load”.
Further sampling and analysis of British Columbians’
adipose tissue could test hypotheses about occupational
and environmental exposures to dioxins and furans.

Une récente étude canadienne portant sur les niveaux de

polychlorodibenzo-paradioxines (PCDD) et de
polychlorodibenzofurannes (PCDF) dans les tissus
adipeux suggérait des teneurs plus élevées chez les gens de
la Colombie Britannique que chez les autres canadiens.
Ceci souleva des inquiétudes quant a la provenance de ces
composés en Colombie Britannique. Dans cet article,
nous faisons une revue des publications scientifiques afin
de dresser une liste des sources possibles de PCDD et de
PCDF. Nous soulignons lesquelles de ces sources sont
susceptibles de se retrouver en Colombie Britannique et
développons des hypothéses sur leur contribution
potentielle a la “teneur de PCDD| PCDF" d'un individu.
D’autres échantillonnages et analyses des tissus adipeux
des gens de la Colombie Britannique permettront de
vérifier ces hypothéses portant sur I'exposition aux
dioxines dans I'environnement et dans le milieu du
travail.

hlorophenols, phenoxy acid herbicides. polychlori-

nated biphenyls. and related chlorinated aromatic
hydrocarbons are widely used industrial chemicals. Many of
these chemicals are contaminated with polychlorinated
dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzo-
furans (PCDFs).

PCDDs and PCDFs are tricyclic aromatic compounds
exhibiting similar chemical and physical properties' (Figure
1). From one to eight chlorine atoms can be substituted onto
the rings, making a total of 75 dioxin and 135 furan
congeners possible. Dioxins and furans with one to three
chlorine atoms are generally considered to be relatively non-
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toxic, while those with four chlorines in the lateral (2.3.7.8)
positions are most toxic. Toxicity then decreases with
increasing chlorine substitution.2

Based on animal studies. 2.3,7.8-tetrachlorodibenzo-p-
dioxin has been suggested to be “the most toxic synthetic
substance known to man™.3 Since epidemiologic evidence to
support this contention has not yet emerged, this compound
can best be considered “the most toxic substance known to
guinea pig”, with an oral LDs, for females of 0.0006 mg kg
of body weight.* LDsys for rats are higher, at 0.022 mg/ kg
for males and 0.045 for females.* Some PCDDs and PCDFs
are known to be carcinogenic to animals.5.6

Human health effects found after exposure to chemicals
contaminated with PCDDs and PCDFs include anorexia,
chloracne, skin pigmentation changes, liver disease,
psychological abnormalities, neurologic signs, hyperten-
sion, hyperlipidemia, hypercholesterolemia, alopecia and
hirsutism.”% There have also been reports of reproductive
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Figure 1. Structures of (a) dibenzo-p-dioxin and (b)
dibenzofuran. Sites numbered 1,2,3,4.6,7.8,9 are
available for chlorination.

disfunction, birth defects such as cleft palate and kidney
malformations.? and cancers such as soft tissue sarcoma.'?

Concerns about adverse health outcomes have led to
surveys of PCDD and PCDF concentrations in human
tissues.!!-13 A Canadian study'' reported PCDD and PCDF
levels in fat samples taken from 66 deceased Canadians
ranging in age from 14 to 88 years; 14 of these were taken
from residents of British Columbia. The results suggested
that the levels in British Columbia residents might be higher
than the Canadian norm, and prompted this investigation.

Contaminated Chemicals and By-products of Production

1. Chlorophenols

Chlorophenols have been widely used since the 1930s as
fungicides, slimicides, insecticides, and bactericides.5 They
are produced industrially either by the direct chlorination of
phenol, or by hydrolysis of chlorobenzene. PCDDs in
commercial chlorophenols have ranged in concentration
from 0.2 ppm tetraCDD to 690 ppm of octaCDD.>

Until 1988, chlorophenols were the fungicide of choice for
wood treatment in B.C. where an estimated 1100 tonnes per
year were used.? A 1987 survey conducted by Environment
Canada reported 95 sawmills throughout British Columbia
using chlorophenols for anti-sapstain treatments (Figure
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2).14.15 These chemicals are applied by hand-spraying, drive-
in dip tanks, and low and high pressure spraying.
Occupational exposures of sawmill employees are likely to
be the most significant human exposures to PCDDs and
PCDFs from contaminated chlorophenols. The exact dose
would depend on the extent of contamination of the
chlorophenol formulations used, the wood-treatment
methods, and site industrial hygiene practices.

Other B.C. residents may be exposed by contact with
treated lumber (approximately 25% of treated wood is sold
to local markets, the rest is exported); stormwater
runoff;!415 air emissions from incinerators;'¢ and wood
waste sent to pulp mills. Chlorophcnols have also becn
applied to many other materials including leather goods,
masonry, cooling-tower water, rope, paints, adhesives and
textiles. B.C. residents may be exposed to PCDDs and
PCDFs through industrial and domestic use of such
products.

2. Other Pesticides

Phenoxy herbicides such as 2,4-dichlorophenoxyacetic
acid (2,4-D), and 2,4,5- trichlorophenoxyacetic acid (2.,4,5-
T) are another significant source of dioxin input to the
environment. TetraCDD and other PCDDs are formed
during their production from chlorophenols. Current
allowable levels of 2,3,7 8-tetraCDD in 2,4,5-T are 0.1 ppm
of the technical grade, a standard instituted in 1971 in the
U.S. and in 1975 in Canada. Gross contamination of up to
100 ppm probably existed prior to 1970.!7 In 2,4-D.di-, tri-,
and tetra-dioxin isomers have been found. but the toxic
2,3,7,8-tetraCDD has not. A 1980 sample of 2,4-D used in

o = Incinerators under permit to B.C. Ministry of Environment (1988
* = Pulp and paper mills using chlornne bleach (1987)
e = Sawmills using chiorophenate anti-sapstan fungicides (1987)

Figure 2. Map of British Columbia showing distribu-

tions of sawmills, pulp and paper mills, and incinerators.
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Canada contained 66 ppt tetraCDD, 180 ppt triCDD, and
68 ppt diCDD.!# The current maximum permissible level of
any isomers of PCDD in 2,4-D is 10 ppm.!¢

The Pesticide Control Branch of the B.C. Ministry of
Environment and Parks regulates pesticide applications on
Crown land. Currently 95 chemicals are in use, of which
tetrachlorophenols, pentachlorophenols, and 2.4-D are
very likely to contain dioxins. Many other pesticides are
suspected to be contaminated, for example Dicamba? and
MCPA. Still others, though probably not contaminated,
contain chlorine and benzene rings and may therefore be
PCDD and PCDF precursors in the event of fire.

Approximately 16,000 kg of 2,4-D active ingredient were
applied to crown land from 1985 to 1987 inclusive (Figure
3). The B.C. Ministry of Environment does not regulate or
record the use of pesticides on private land (including
agricultural land) which accounts for an estimated 75% of
the total pesticide volume (other than wood preservatives)
sold in B.C.

B.C. residents may be exposed to PCDDs and PCDFs in
herbicides and pesticides through occupational uses, domestic
uses, direct ingestion of sprayed plants, and ingestion of
contaminated organisms higher in the food chain.

3. By-products of pulp and paper production

A pulp mill's wood supply may be contaminated with
chlorophenols used in the sawmill industry. Wood supplied
via ocean transport may be salty, thus contributing an
increased chlorine load. Wood itself contains lignins, which
provide hydrocarbon structures that can act as PCDD
PCDF precursors.

2.4-D applied to public land under B C. Ministry of Environment permit

during the years 1985-1987 mnclusive.
Each darkened section of this area (e ) represents 100 kg of 2.4-D applied

Figure 3. Map of British Columbia showing distribution
of 2,4-D application to public land.
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The bleach plant has been identified as the major source
of PCDDs and PCDFs in the Kraft pulp mill, specifically
the chlorination stage of the bleaching process.!? Oil-based
defoamers added to unbleached pulp during washing and
screening contain unchlorinated dioxins and furans in
concentrations sufficient to account for some of the
observed pulp mill PCDD/PCNF.2 The bleaching stage
chlorine can also react with other organic compounds,
including lignins in the pulp, to produce PCDDs and
PCDFs.

There are 21 pulp mills currently operating in B.C.. 18 of
which use chlorine (Cl,) to bleach their product (Figure 2).
To minimize PCDD/PCDF formation, many B.C. mills
have been considering bleaching methods which reduce
chlorine use, including oxygen bleaching and increased
substitution of chlorine dioxide.

Dioxins and furans are carried out of pulp mills as part of
the liquid effluent. Effluent treatment practiced by pulp
mills ranges from none to secondary treatment, depending
on the requirements of provincial waste disposal permits.
The effect of these traditional treatments on PCDDs and
PCDFs is largely unknown. Armendola'® reported that
treated pulp mill effluent in the U.S. had levels of 2.3.7.8-
tetraCDD that ranged from < 0.003 to 0.12 ppt and levels of
2,3,7 8-tetraCDF from < 0.007 to 2.2 ppt.

Pulp mills are thus potential sources of occupational
exposures as well as general population exposures. since
PCDDs and PCDFs from the effluent enter the aquatic
food chain. Direct contact with contaminated paper
products probably poses a very minor risk of dioxin
exposure. Marketplace?! tested five Canadian paper
products for PCDD and PCDF levels. They reported values
ranging from 0.39 ppt total PCDD/ PCDF in coffee filters
to 19.57 ppt in paper towels.

4. Polychlorinated biphenyls

Polychlorinated biphenyl (PCB) preparations were once
widely used in capacitors and transformers, casting waxes,
heat transfer fluids, and plasticizers in paints, hvdraulic oils.
sealants, etc. PCB mixtures have been found to contain
PCDF with four to seven chlorine atoms, primarily the
tetra- and pentaCDF isomers. For example, Arochlor 1248
was found to contain 330 ppb 2,3,7,8-tetraCDF and 830 ppb
pentaCDF, which are among the most toxic isomers.?
PCDDs have not been detected in PCB mixtures,?? but are
produced when PCBs are heated or burned,?* as in
transformer fires.

An inventory of PCB use is maintained by the
Environmental Protection Service of Environment Canada.
In B.C. in 1985, about 28% of PCBs were used by utilities,
43% by the forest industry, and 15% in mining.2¢ About 22¢
were in capacitors, 63% in transformers, and 13% in storage
for disposal.2

When environmental concerns about polychlorinated
biphenyls became widespread in the late 1970s, their use was
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limited (Environmental Contaminants Act, 1977). The use
patterns at B.C. Hydro, the major provincial electric utility
company, provide an example. As part of a 10-year program
to remove PCBs, all PCB transformers maintained by B.C.
Hydro have been removed from service, and arc being
stored at the company’s storage sites throughout the
provinee25 until a disposal method is approved. About 10%
of B.C. Hydro mineral oil transformers are believed to be
contaminated with from 50-250 ppm PCB. Many B.C.
Hydro capacitors still contain PCBs. However they use a
more easily biodegraded form, and most capacitors are in
environmentally less risky substation locations.

Because PCB use in B.C. is supervized and decreasing, it
is not likely a major current environmental source of furans,
although it may have been in the past. PCBs are an even less
likely source of dioxins. Occupational exposures of
capacitor maintenance crews, substation employees,
electricians, and others to PCBs and their contaminants
may still occur.

5. Pharmaceuticals

Many medical, dental, and cosmetic products have used
the trichlorophenol derivative hexachlorophene as a
bactericide. It has been shown to contain 200 to 500 ppm
2.3.7.8-tetraCDD!" plus other PCDD and PCDF isomers.
The hexachlorophene-containing products were often
applied directly to the skin, through which PCDDs and
PCDFs are easily absorbed. Hexachlorophene has been
linked to birth defects in children of hospital workers,20 with
PCDDs the suspected cause. As a result. its use has now
been almost eliminated.

Products of Combustion

Various combustion processes have been suggested as
significant sources of PCDD and PCDF, with three possible
mechanisms. PCDDs and PCDFs may exist as contami-
nants in fuel, and may be released as the material burns.
PCDDs and PCDFs might be formed by thermally initiated
reactions such as condensation or dechlorination of
compounds present in the material. Finally, PCDDs and
PCDFs may be synthesized “de novo” whenever the
appropriate elements, such as carbon, hydrogen, chlorine,
and copper or other metal catalysts, are combined under
appropriate conditions.?” The variables thought to affect the
rate of formation of PCDDs and PCDFs during
combustion are: molecular structure of the fuel; chlorine
content of the fuel; presence of precursors and
contaminants; reaction temperature; residence time;
efficiency of air-fuel mixing; air-fuel ratio; and fuel feed
size.® Combustion temperatures in the range of 140 to
400°C favour PCDD and PCDF production, while two
seconds residence time at 800 to 1000°C will destroy most
PCDDs and PCDFs.2

1. Incineration
Approximately 0.6 tonnes of garbage per person per year
are incinerated in Canada.!® Fly ash precipitated from
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municipal incinerators in Ontario has been found to contain
10-170 ppb of adsorbed PCDDs.2-3 The most toxic 2,3,7,8-
tetraCDD generally represents less than 5% of the total
PCDDs.27 Plastics such as polyvinyl chloride are a major
source of organochlorine compounds in municipal waste
and may provide precursors for PCDD and PCDF
formation.

In British Columbia, there are 45 incinerators monitored
directly by the Waste Management Branch, Ministry of
Environment and Parks, including sewage and solid
municipal waste incinerators, pathological incinerators at
hospitals, and some industrial facilities (Figure 2). This does
not include incinerators regulated by the Greater Vancouver
Regional District. Information is not available on other
incinerators, such as “beehive” burners used to dispose of
sawmill waste, and apartment waste incinerators. It is
estimated that there are 300 apartment-based incinerators in
the Vancouver area alone. The majority of these units are of
old or poor design, use no supplementary fuel, and are very
likely sources of PCDD and PCDF emissions.

In March 1988, the Greater Vancouver Regional District
started using a state-of-the-art mass burning incinerator
designed to burn 800 tonnes of municipal waste per day.
These incinerators employ supplementary fuel and appear
to minimize PCDD/PCDF production because they
operate at high temperatures with high efficiency burning.??

Without specific data on the whereabouts of most
incinerators, it has been assumed that their numbers are
directly related to population density. The population of
B.C. as of the 1986 census, classified by school districts, was
obtained from the Ministry of Economic Development
(Figure 4).

2. Wood Burning

It has been suggested that the trace amounts of chlorine
found naturally in wood may be sufficient to allow dioxin
and furan formation to occur. If this does happen, it would
suggest that PCDDs and PCDFs are ubiquitous
contaminants in the environment. This “trace chemistries of
fire” hypothesis originated with scientists from the Dow
Chemical Company in 1978. Efforts to test the hypothesis
have had mixed results, however overall the data suggests
that PCDDs and PCDFs are, indeed, formed during wood
burning.3!

Since forest fires represent large scale combustion of
wood under uncontrolled inefficient conditions, it is
conceivable that they might represent a significant input of
dioxins and furans to the environment. The combustion of
2,4,5-T32.33 and other 2,4,5-trichlorophenoxy compounds3?
has been shown to produce dioxins, an important
consideration when forest fires occur in areas which have
recently been sprayed with herbicides. However, the
temperatures of forest fires can reach 1200 to 1400°C,
temperatures sufficient to degrade a large percentage of any
PCDDs and PCDFs formed.
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Population distribution according to 1986
census, by school district
e or 0 = 10,000 population

Forest fires for the years 1979 to 1987
inclusive. by forest district

{J= 0-1.000 hectares burned

= 1,006-10.000 hectares burned
% = 10.000-100.000 hectares burned
I = >100.000 hectares burned

Figure 4. Map of British Columbia showing distribu-
tions of population and forest fires.

Forest fire records were obtained from the B.C. Ministry
of Forests and Lands for the years 1979 to 1987. The total
area burned per region is shown schematically on Figure 4.
It is apparent from the map that forest fires have been most
extensive in the less populated regions, that is, in areas
lacking many other probable sources of PCDDs and
PCDFs.

3. Automobile Exhaust

Marklund et al,* in co-operation with the Automobile
Emission Laboratory of the National Swedish Council for
Environmental Protection, found that automobiles burning
leaded gas produced 0.05 to 0.3 nanograms of 2,3,7,8-
tetraCDD/ kilometer. Other tetra and penta isomers were
also produced. PCDDs and PCDFs were not detected in the
exhaust of automobiles burning unleaded gas. It is believed
that the dioxin production is linked to the use of
halogenated scavengers such as dichloroethane in leaded
gasoline. The impact of this source of dioxins and furans in
B.C. is, like incinerators, expected to be directly related to
population distribution.

Chemical Wastes

Sites containing chemical waste, such as chemical waste
dumps, landfills, and contaminated industrial sites may
serve as point sources for PCDD and PCDF emissions. No
inventory of chemical waste sites is available for B.C.
Without more detailed information about the number and
location of contaminated waste sites, the contribution of
these sources to a person’s dioxin/furan load may be best
estimated as secondary to that of the point sources and
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population-based sources from which the waste is
generated. For example, many sawmills have recently
stopped using chlorophenols, but may not have cleaned up
dip tank drip areas or treated lumber storage areas, nor
disposed of remaining chlorophenols. Flyash precipitated
from incinerators and boilers is almost exclusively sent to
landfill. Transformer oils contaminated with PCDFs were
probably also disposed of in landfills at one time.

Contaminated Food

Ingestion of PCDD/PCDF contaminated food likelv
represents the most significant exposure source for the
general population. Canadian estimates suggest a daily
intake of 1.52 pg of 2,3,7,8-tetraCDD equivalents per kg of
body weight.3s

Due to their lipophyllic nature and their slow metabolism
and excretion, dioxins and furans are readily concentrated
in the food chain. The above-ground parts of plants can be
contaminated by chemical spraying, dry deposition of
particulates from air, and by capturing PCDDs and PCDFs
volatilized from the soil. Dioxins and furans tend to be
absorbed by the waxy outer layer of plant leaves, and cannot
simply be washed off with water. Plants such as potatoes.
carrots, onions? and mushrooms!'® have been shown to
bioconcentrate PCDDs and PCDFs found in soil and
water. PCDDs and PCDFs have also been found in cattle
raised on rangeland sprayed with 2,4,5-T, and in poultry
bedded on wood shavings from chlorophenol-treated
wood.!® As a result, restrictions have been made regarding
the use of contaminated chemicals and chlorophenol-
contaminated materials for growing these products.

The bulk of available data regarding PCDD and PCDF
levels in food is about aquatic life such as fish and crabs.
Swedish data showed crabs with 2-124 ppt in hepatopan-
creas, and levels 50-100 times lower in the edible muscle.?*
Residues of 2,3,7.8-tetraCDD in crab hepatopancreas from
B.C. ranged from none detected to 662 ppt.’” Other less
toxic dioxin congeners ranged from none detected to 24,968
ppt. No 2,3,7,8-tetraCDD was detected in 50¢¢ of the fin fish
sampled and most levels were 3 ppt or less. Fish
contamination may be a particular concern for persons
consuming a great deal of this food source, for example
native people for whom special fishing rights have been
preserved. Health and Welfare Canada has proposed 20 ppt
as the maximum allowable dioxin level in fish for human
consumption.

Some cooking processes have also been suggested to
produce dioxins, such as barbequeing and smoking, but this
has not been verified.?

PCDDs and PCDFs have very low solubilities in water.
0.2 ug/L for 2,3,7,8-tetraCDD at 25°C,¥ but it is possible
that suspended particles in unfiltered water could contain
adsorbed dioxins and furans.

It has been estimated that adults passively ingest 10-
20 mg of soil per day, and children 100 mg per day.%® The
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TABLE 1
Occupational Exposures to Dioxins and Furans

Industry Type of Job Exposed to by
Forestry Wood Treatment spraying or dipping of lumber
handling sorting
chemical storage preparation
equipment maintenance
trimming and drying of wood
shipping
Pulp and Paper  handling treated wood waste
Production mill effluent
finished product handling
Forest pesticide application
Maintenance chemical storage preparation
equipment maintenance
forest fire attack crews
Pesticide Formulation mixing, packaging
Application mixing, spraying, dusting
Agriculture Farming pesticide application
chemical storage preparation
equipment maintenance
treated wood in fences
Miscellaneous Firemen combustion products

Incinerator
workers

combustion products
Waste disposal contaminated waste
site workers
Linemen,

electricians

capacitors. transformers,
coolants

Construction
workers

paints. stains, adhesives

Healthcare hexachlorophene disinfectants

workers

strong tendency for dioxins and furans to bind to organic
carbon in the soil makes this another potential exposure
route for humans. Soil likely contains higher concentrations
of PCDDs and PCDFs than air or water.!® but less soil is
ingested.

CONCLUSIONS

Many occupations and industries in B.C. have the
potential for dioxin and furan exposures which are higher
than those in the general population (Table I). Occupational
exposures would occur primarily through dermal contact
and inhalation, and secondarily through ingestion (as a
result of eating lunch or smoking with contaminated hands
at the worksite). The potential environmental routes of
exposure to dioxins and furans are listed in Table II. The
general population of British Columbia is expected to be
exposed to dioxins and furans primarily by eating
contaminated foodstuffs. To a lesser extent, they may
absorb these chemicals by inhaling PCDD- and PCDF-
laden particulate matter from the air, and absorbing these
chemicals through the skin by touching contaminated
products.

It should be possible to test the validity of these sources by
sampling tissue from B.C. residents, and comparing
variations among population subgroups. The following

March/April 1990

TABLE II
Environmental Exposures to Dioxins and Furans

Main Exposure

Source Route Affected Population

All food consumers,
with possible excesses
for native people,
fishermen, people liv-
ing in coastal areas or
near contamination
sources (mainly pop-
ulous areas)

Contaminated food:
fish, shellfish, root
vegetables, meat,
fowl, fruits, other
vegetables, breastmilk

Ingestion

Contaminated water  Ingestion People living near con-
tamination sources
(mainly populous
areas)

Point sources: Inhalation People living near con-
incinerators Ingestion tamination sources
sawmills (populous areas for
pulp mills incinerators; specific

locations for mills)

Area sources: Inhalation People living near con-

tamination sources
(populous areas for
auto emissions; agri-
cultural and forestry
areas for pesticides:
northern B.C. for
forest fires)

pesticide spray areas Ingestion
automobile emissions
forest fires

Dermal absorption  Consumers of contami-
Inhalation nated products
Ingestion

Household products:
treated lumber
pesticides
paints/stains
adhesives
leather, textiles
disinfectants
paper products

examples illustrate how comparisons might test the

predictions made in this paper:

® The role of occupational exposures can be verified by
collecting work histories from tissue-sample subjects and
determining if high PCDD and PCDF levels correspond
to the predicted high exposure occupations.

® The impact of sawmills and pulp mills can be evaluated
by examining differences in concentrations in residents
of areas with similar population densities, with and
without these point sources.

® The importance of incinerators, automobile emissions
and forest fires can be verified by comparing PCDD and

PCDF levels between residents of populous areas with

residents of remote areas.

Once the sources of PCDD/PCDF in the B.C.
population have been verified, the relationship between
differing dioxin exposures and mortality or morbidity could
be assessed using traditional epidemiologic methods, such
as case-control studies.

REFERENCES

I. Rappe C, et al. Chemical properties and analytical methods. In:
Kimbrough RD. (ed). Halogenated Biphenvls, Terphenyls,
Naphthalenes, Dibenzodioxins and Related Compounds. Oxford.
Elsevier/ North-Holland Biomedical Press 1980; pp. 41-76.

99



10.

. Polychlorinated Dibenzo-p-Dioxins: Limitations to the current

analytical techniques. Associate Committee on Scientific Criteria for
Environmental Quality, Subcommittee on Pesticides and Organic
Chemicals, in Association with Subcommittee on Water. National
Research Council of Canada. NRCC #18576 1981.

. Hay A. The chemical scythe — lessons of 2.4,5.-T and dioxin. New

York: Plenum Press, 1982.

. Murphy SD. Toxic effects of pesticides. In: Klaassen CD, Amdur MO,

and Doull J. (eds). Casarett and Doull’s Toxicology, 3rd Edition. New
York: Macmillan Publishing Co 1986.

. Firestone D. Chlorinated aromatic compounds and related dioxins

and furans: production, uses, and environmental exposure. In: Poland
A, Kimbrough R. (eds). Biological Mechanisms of Dioxin Action.
Cold Spring Harbour Laboratory 1984.

. Kociba RJ, Keyes DG, Beyer JE. et al. Results of a two-year chronic

toxicity and oncogenicity study of 2.3.7,8,-tetrachlorodibenzo-p-
dioxin (TCDD) in rats. Toxicol App! Pharmacol 1978; 46(2): 279-303.

. Polychlorinated Dibenzo-p-Dioxins: Criteria for their effect on man

and his environment. Associate Committee on Scientific Criteria for
Environmental Quality, Subcommittee on Pesticides and Organic
Chemicals, in Association with Subcommittee on Water. National
Research Council of Canada. NRCC #18574 1980.

. Polychlorinated Dibenzofurans: Criteria for their effects on humans

and the environment. NRCC Association Committee on Scientific
Criteria for Environmental Quality. NRCC #22846 1984.

. Hutzinger O, Berg MVD, Olie K, Opperhuizen A. Safe S. Dioxins and

Furans in the Environment: Evaluating toxicological risks from
different sources by muiti-criteria analysis. In: Kamrin MA, and
Rodgers PW. (eds). Dioxins in the Environment. Hemisphere
Publishing Corporation 1985; pp. 9-32.

Axelson O. The health effects of phenoxy acid herbicides, In:
Harrington JM. (ed). Recent Advances In Occupational Health.
Edinburgh: Churchill Livingstone 1984: pp 253-67.

. Ryan JJ. et al. Chlorinated dibenzo-p-dioxins and chlorinated

dibenzoturans in Canadian human adipose tissue. Chemosphere 1985:
14(6 7): 697-706.

- Schecter AJ, Ryan JJ. Constable JD. Polychlorinated dibenzo-p-

dioxin and polychlorinated dibenzofuran levels in human breast milk
from Vietnam compared with cow’s milk and human breast milk from
the North American continent. Chemosphere 1987; 16(8-9): 2003-16.

. Skaare JU. Tuven JM. Sande HA. Organochlorine pesticides and

polychlorinated biphenyls in maternal adipose tissue, blood. milk, and
cord blood from mothers and their infants living in Norway. Arch
Environ Contam Toxicol 1988: 17: 55-63.

. Assessment of storm water related chlorophenol releases from wood

protection facilities in British Columbia. Regional Program Report 87-
15. Environment Canada Conservation and Protection. Environmen-
tal Protection. Pacific and Yukon Region. Environment Canada.
August 1987,

. Assessment of storm water related chlorophenol releases from wood

protection facilities in British Columbia. Regional Program Report 87-
4. Environment Canada Conservation and Protection. Environmen-
tal Protection, Pacific and Yukon Region. Environment Canada.
August 1987.

- Report of the Minister’s Expert Advisory Committee on Dioxins.

Health and Welfare Canada. November 1983.

- Toxicological profile for 2,3,7.8-tetrachloro-dibenzo-p-dioxin.

Agency for Toxic Substances and Disease Registry, U.S. Public Health
Service. Draft for public comment. 1988.

. Whelan Rt Hon E. 24-D Tests. News release. Agriculture Canada.

October 23 1980.

. Amendola G. Barna D, Blosser R, et al. The occurrence and fate of

PCDDs and PCDFs in five bleached draft pulp and paper mills. Paper
presented at the Seventh International Svmposium on Chlorinated
Dioxins and Related Compounds. Las Vegas, Nevada. 1987.

20. Allen LH. Berry RM, Fleming BT. Luthe CE, Voss RH. Evidence that

oil-based additives are an indirect source of the TCDD and TCDF
produced in Kraft Bleach plants. Eighth International Symposium on
Chlorinated Dioxins and Related compounds. Umea, Sweden. August
21, 1988.

100 Canadian Journal of Public Health

21
22.

23.

24.

25.

26.

27.

28.

29.

RKN

34.

3s.

le.

37

38.

39.

40.

Marketplace, Canadian Broadcasting Corporation. December 8, 1987.
Vos JG, Van Logten MJ, Kreeftenberg JG, ten Oever de Brauw MC.
Vos RH. Identification and toxicological evaluation of chlorinated
dibenzofuran and chlorinated naphthalenes in two commercial
polychlorinated biphenyls. Food Cosmet Toxicol 1970; 320: 535-50.

Rappe C. Marklund S, Bergqvist PA, Hansson M. Polychlorinated
dibenzo-p-dioxins, dibenzofurans and other polynuclear aromatics
formed during incineration and polychlorinated biphenyl fires. In:
Rappe C. Keith L, and Choudary G. (eds). Chlorinated Dioxins and
Dibenzofurans in the Total Environment. Butterworth Publishers
1983; pp 99-124.

National inventory of concentrated PCB (Askarel) fluids. Report EPS
5/HA 4 Environment Canada May 1986.

B.C. Hydro, personal communication, Kelly Gibney, Vancouver, B.C..
June 1988.

Reggiani G. Localized contamination with TCDD — Seveso, Missouri
and other areas. In: Kimbrough RD. (ed). Halogenated Biphenyls.
Terphenyls. Naphthalenes, Dibenzodioxins and Related Compounds.
Oxford Elsevier/ North-Holland Biomedical Press. 1980; pp. 303-71.

Lustenhouwer JWA  Otie K, and Hutzinger O. Chlorinated dibenzo-p-
dioxins and related compounds in incinerator effluents. Chemosphere
1980; 9: 501-22.

Shih C, Alkerman D, Scinto L. and Johnson B. Emissions of
polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans
(PCDFs) from the combustion of fossil fuels, wood. and coal refuse.
US Environmental Protection Agency Contract 68-02-3138. Draft
Dec. 1980.

Wilkinson RR. Lawless EW, Meiners AF. Ferguson TL, Kelso GL.
and Hopkins FC. State-of-the-art report on pesticide disposal
research. In: Kennedy MV. (ed). Disposal and Decontamination of
Pesticides. ACS Symposium Series 73, American Chemical Society.
Washington, D.C. 1978; pp.73-80.

30. Tong Hy. Karasek FW. Comparison of PCDD and PCDF in flyash

collected from municipal incinerators of different countries.
Chemosphere 1986: 15(9-12); 1219-24.

. Health assessment document for polychlorinated dibenzo-p-dioxins.

EPA Report No. 600 8-84-014. Office of Health and Environmental
Assessment. Washington, DC: Environmental Protection Agency.
1985.

. Stehl RH. Lamparski LL. Combustion of several 2.4.5-

trichlorophenoxy  compounds: Formation of 2.3.7.8-
tetrachlorodibenzo-p-dioxin. Science 1977. 197: 1008-9.

Ahling B, Lindskok A, Jansson B. Sundstrom G. Formation of
polychlorinated dibenzo-p-dioxins and dibenzofurans during
combustion of 2.4.5-T formulation. Chemosphere 1977; 33: 461-8.
Marklund S, Rappe C. Tysklind M, Egeback KE. ldentification of
polychlorinated dibenzofurans and dioxins in exhausts of cars run on
leaded gasoline, Chemosphere 1987; 16(1): 29-36.

Environment Ontario. Polychlorinated dibenzo-p-dioxins and
polychlorinated dibenszofurans and other organochlorine contami-
nants in food. Ontaio Ministries of Environment. and Agriculture and
Food. 1988.

Dioxins in crabs caught on the Swedish west coast. The National
Swedish Food Administration. Press Release 1986.

Siddon T, MucMillan T, Epp J. Preliminary results of fish and
sediment sampling program for dioxins and furans announced.
Fisheries and Oceans. Ottawa: Government of Canada, May 16. 1988.
The trace of chemistries of fire  a source of the routes for the entry of
chlorinated dioxins into the environment. Chlorinated Dioxin Task
Force. Midland, Michigan: Dow Chemical Company [978.

Shiu WY, Doucette W, Gobas FAPC. Andren A, Mackay D. Physical-
chemical properties of chlorinated dibenzodioxins. Environ Sci
Technol 1988; 22: 651-8.

Paustenbach DJ, Shu HP, Murray FJ. A critical examination ot
assumptions used in risk assessments of dioxin contaminated soil.
Regul Toxicol Pharmacol 1986; 6: 284-307.

Received: November 9, 1988
Accepted: March 13, 1989

Vol. 81



