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Dioxins and Furans 

SUMMARY 
Polychlorinated dibenzodioxins (dioxins)-and polychlorinated dibenzofurans 
(furans) are highly persistent compounds with a strong affinity [for sediments 
and a high potential for accumulating in biological. tissues. They have been 
found in all compartments of the ecosystem, including: air, water, soil, 
sediments, animals and foods. All animals and humans in Canada are 
exposed to these substances. L 

Dioxins and furans enter the environment as complex mixtures from four 
major sources: commercial chemicals (eg. pentachlorophenol); incineration; 
pulp and paper mills that use chlorine bleaching; and both accidental fires 
and spills involving polychlorinated biphenyls (PCBs, which contain prin- 
cipally 'furan contaminants) 

_ 

- - 
.

v 

Both' the number of chlorine atoms and their positions on the -molecule 
determine the properties of dioxins and furans. It is primarily those dioxins 
and furans 'with c’hlorines in 'the.2, 3, 7'and 8 positions that are retained by 
animals and humans, and which concentrate selectively in body fat and fatty 
organs such as the liver. Although dioxins and furans can be metabolized 
and excreted, this is a relatively slow process in humans, with half-lives of 
several years reported for some dioxins and'furans. ‘ 

The compound 2,3,7,8-tetrachlorodibenzodioxin (and to a lesser extent, the 
other dioxins and furans substituted in the 2, 3,p7 and 8- positions) is 
extremely toxic to mammals, with a wide variation in sensitivity among 
species. In animals, death results from exposure to amounts ranging from 
less than one microgram to afew milligrams per kilogram ‘of body weight. 
The bird and fish species tested are more sensitive than most mammals to 
short-term'exposures to dioxins. Longer-term exposure of‘ test mammals to 
lesser amounts can affect reproduction, cause birth defects, damage the liver 
and suppressthe immune system. Exposure to.2,3,7,8-tetrachlorodibenzo- 

' dioxin at 'certain doses'causes cancer in rodents. ' 
' ' 

_ 

The' ecosystem has clearly been affected in- several well documented cases. 
Deaths of animals were noted after accidental exposures at. Seveso, Italy and 
in Missouri, USA. ,Adverse effects 'on reproduction of fish-eating birds. 
have been linked to high ambient exposures in the Great Lakes and on 
Canada’s West Coast. Malformed embryos and reproductive failure have 

- been observed in fish-eatingbirds in the Great Lakes. - 

Studies of human populations indicate 'that exposure to several milligrams of 
mixtures of- dioxins and furans can lead to a variety of effects on skin, eyes, 

vii
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and sensory and behavioural processes. Exposure of women to several 
milligrams of furans in contaminated rice oil in Japan and Taiwan may have 
been responsible for reproductive anomalies and infant mortality. To date, 
there has been no adequate demonstration that human populations exposed to 
dioxins and furans have suffered excess cancer. 

Lifetime daily doses of l nanogram of 2,3,7,8—tetrachlor0dibenzodioxin per 
kilogram of body weight have no effect on the incidence of cancer in rodents 
and did not affect fertility, litter size, fetal resorption and organ function in 
rats exposed through three generations. This dose is considered to be the 
no-observed—adverse-effect-level for 2,3,7,8-tetrachlorodibenzodioxin. 

A recent Federal-Ontario multimedia study has estimated the average total 
exposure of Canadian adults and children to dioxins and furans from all 

pathways. These estimates are based on the average intakes and represen— 
tative concentrations of these substances in the media to which Canadians are 
exposed. The average daily Canadian intake of dioxins and furans over a 
lifetime is estimated to be between 2.0 and 4.2 picograms [see page ix] of 
2,3,7,8-tetrachlorodibenzodioxin toxic equivalents per kilogram of body 
weight per day. Virtually all of this intake comes from food. 

Based on the no—observed-adverse-effect—level of 1 nanogram per kilogram of 
body weight per day and a 100-fold uncertainty factor, it is concluded that 
human intakes should be below 10 picograms toxic equivalents per kilogram 
of body weight per day averaged over a lifetime. This value may also be 
applicable to populations of wild mammals. While the estimated average 
Canadian exposure to dioxins and furans is below this 1() picogram intake 

‘level, persons eating highly contaminated fish in quantities well in excess of 
the general population norm may approach or exceed the guideline for intake. 
Wildlife that consumes highly contaminated fish may also be taking in a 
dose of dioxins and furans that exceeds their tolerable daily intake. Elevated 
concentrations of these substances in some shellfish near some pulp and 
paper mills that use chlorine bleaching have necessitated closure of the 
affected fisheries in order to protect human health. Estimates of dioxin and 
furan intakes by infants through breast milk are also relatively high. Al- 
though medical opinion is that the known benefits of breast feeding outweigh 
any potential risks, further contamination of human breast milk may lead to 
significant and unacceptable exposures to dioxins and furans. 

Some dioxins and furans are very persistent, and continued release of these 
chemicals into the environment could unnecessarily prolong exposures, with a 
resultant increase in the risk to the environment and to human health. Those 
chemicals which are sources of dioxins and furans are already subject to 
stringent controls. However, dioxins and furans continue to be released from 
other sources such as incinerators which employ old technology and from
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pulp mills that use chlorine bleaching. Large quantities of PCBs (which are 
a potential source of furans)- are currently in storage awaiting the_establish- 
ment of suitable destructiOn facilities, which'are starting to become available 
in Canada. ’ 

' ‘ 

The most significant dioxin sources are the wood preservative pentachloro-' 
phenol, municipal incinerators, and pulp and paper mills using chlorine for 
the bleaching process. 'Polychlorinated biphenyls (PCBs) are the most 
significant potential source of furans. " - 

’

- 

Based on these considerations the Ministers of the EnVironment and of ‘ 

National Health and Welfare have concluded that polychlorinated 
dibenzodioxins and polychlorinated dibenzofurans may enter the environ- 
ment in quantities which have immediate and long-term harmful effects 
on the environment, and which constitute a danger in Canada to human 
health. These substances are therefore considered "toxic" as defined 
under Sections 11(3) and -11(c) of the Canadian Environmental Protection 
AOL . 

‘ 
‘ 

r 

' 

V

'

\

/ 

~J

~ ~ 

1 picogram. ,= 1x 10"2 grams 
1 nanogram =' l x 10'9 grams - 

~ 1 microgram = l" x 10“5 grams 
1 milligram = 1 x 10‘3 grams 

/ 
' ix
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INTRODUCTION 
The new Canadian Environmental Protection Act. (CEPA) requires the 
Ministers of the Environment and of National Health and Welfare to prepare 
and publish a Priority Substances List that identifies substances, including 
chemicals, groups of chemicals, effluents and wastes which may be harmful 
to the environment or constitute a danger to human health. The Act requires 
the federal Ministers of the Environment and of National Health and Welfare 
to assess these substances and determine whether they are "toxic" as defined 
in Section 11 of the Act which states: 

\’ 

g 

"A substance is toxic if it is entering, or may enter, the 
environment in a quantity or concentration, or under con- 
ditions: ' 

(a) 
’ 

having, or that may have, an immediate or long- 
\ term harmful effect on the environment; 

(b) constituting, or that may constitute, a danger to 
the environment on which human life depends; 
or ,. 

(c) constituting, or that may constitute, a danger in 
Canada to human life or health." 

'

' 

While research and information Collection can be undertaken, the primary 
objective is to determine whether these substances are "toxic" according to 

« the definition under the Act, in which case they are to be placed on Schedule 
I of the Act, which allows for the making of regulations to control any 
aspect of their life cycle, from the research and development stage through 
manufacture, use, storage, transport and ultimate. disposal. .

' 

This, report assesses the "toxicity" of the first substances to be evaluated: 
polychlorinated dibenzodioxins (dioxins) and polychlorinated dibenzofurans 
(furans), two related families of chemicals.1 

For simplicity, this report will use the terms "dioxins" and "futans" when 
referring to polychlorinated dibenzodioxins. and polychlorinated dibenzofurans. 
However, when identifying a specific, member of eitherof these families, 
such as 2,3,7,8-tetrachlorodibenzodioxin, the full name will be used.
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Dioxins and furans have been reviewed extensively by a variety of experts 
and organizations.2 For the purpose of this assessment it is not necessary to . 

perform a detailed review of the subject matter. Instead, this report is 

designed to be a general summary of the key findings of these previous 
reviews, and uses this information as the basis for the assessment of 
"toxicity". 

2 Reviews have been conducted by: Moore, 1973; Blair, 1973; IARC, 1977; 
Cattabeni er al., 1978; Esposito er al., 1980; Hutzinger et'al., 1981; NRCC, 
1981a, b, 1984; OMB, 1985; Kimbrough, 1980; Kimbrough et (11., 1984; 
FRG, 1985; U.S.EPA, 1985, 1988; WHO, 1987, 1989 (in press). Extensive 
compilations of papers produced at symposia include: Tucker et (11., 1983; 
Boddington er al., 1985; Hutzinger er al., 1983, 1986; McNelis et (11., 1989.
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Dioxins and Furans 

IDENTITY AND ' PROPERTIES 

Dioxins and furans are two large groups of chlorinated organic 
chemicals with properties that indicate a strong aflinity for 
sediments and a high potential for accumulating .in fish, birds, 

1 

animals and humans. - 

Dioxins and furans are groups of chemicals whose structural formulae are 
shown in Figure 1. A dioxin or furan molecule can have as few as one, or 
as many as eight Chlorine atoms attached to the molecule at any of eight 
locations. 

‘ 9 1 
I « 

9 1 

8 0 2_ 8 2 

7 0 3 7 0 3 
6 4- 6 4 

/clo-4 ' Clo-4 cIo-4 Clo 4 FIGURE 1 Dioxin Furan 

It is both the number of chlorine atoms, and" their position in the molecule, 
that determine the physicaland chemical properties, as well as the toxic 
potency, of a given dioxin or furan, The most hazardous dioxin has chlorine 
atoms attached at positions 2, 3, 7 and 8, and is therefore referred to. as 
"2,3,7,8—tetrachlorodibenzodioxin" (Figure 2). « 

l

' 

_r ; C'@::'§:ECI 
CI Cl 

FIGURE 2 2,3,7,8-tetrachlorodibenzodioxin 

In total, there are 210 dioxins and furans: 75 from the dioxin group 
(Table l), and 135 fromthe furan group (Table 2). The most studied of 
these isI2,3,7,8-tetrachlorodibenzodioxin, but information regarding selected 
characteristics of some of the others is also available.3 '

' 

Recent estimates. of the physical and chemical characteristics of 2,3,7,8¥ 
tetrachlorodibenzodioxin are given in‘ U.S.EPA, 1988; Information .on 
selected properties of some other dioxins and furans is also available (Shiu 
et al., 1988; U.S.EPA, 1988)._
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TABLE 1 DIOXINS AND THE NUMBERING SYSTEM USED TO NAME THEM 
(AFTER NRCC, 19812) 

MONOCHLORO-(Z)l PENTACHLORO-(14) 
1- 2- 1,2,3,4,6— 1,2,3,4,7- 

1,2,3,6,7- 1,2,36,8- 
1,2,3,6,9- 1,2,3,7,8- 

DICHLORO-(IO) 1,2,3,7,9- 1,2,3,8,9— 
1,2,4,6,7- 1,2,4,6,8- 

1,2- 1,3- 1,4- 1,2,4,6,9- 1,2,4,7,8— 
1,6- 1,7- 1,8- 1,2,4,7,9- 1,2,4,8,9— 
1,9- 2,3- 2,7— 
2,8- HEXACHLORO-(IO) 
TRICHLORO-(14) 1,2,3,4,6,7- 

1,2,3,4,6,8- 
1,2,3— 1,2,4- 1,2,3,4,6,9- 
1,2,6- 1,2,7— 1,2,3,4,7,8- 
1,2,8— 1,2,9- 1,2,3,6,7,8- 
1,3,6— 1,3,7- 1,2,3,6,7,9- 
1,3,8- 1,3,9- 1,2,3,6,8,9- 
1,4,6— 1,4,7- 1,2,3,7,8,9- 
1,7,8- 2,3,7- 1,2,4,6,7,9— 

1,2,4,6,8,9- 

TETRACHLORO-(ZZ) HEPTACHLORO-(Z) 
1,2,3,4- 1,2,3,6— 1,2,3,4,6,7,8- 
1,2,3,7— 1,2,3,8- 1,2,3,4,6,7,9— 
1,2,3,9- 1,2,4 ,6- 
1,2,4,7- 1,2,4,8- OCTACHLORO-(l) 
1,2,4,9- 1,2,6,8— 
1,2,6,7- 1,2,7,8— 1,2,3,4,6,7,8,9- 
1,2,6,9- 1,2,89- 
1,2,7,9- 1,3,6,9- 
1,3,6,8- 1,3,7,9— 
1,3,7,8- 1,4,7,8- 
1,4,6,9- 2,3,7,8- 

1Number of Isomers in that group.
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TABLE 2 ‘ FURANS AND THE NUMBERING SYSTEM USED TO'NAME THEM 
(AFTER OME, 1985) 

MONOCHL0R0401 
1- z 3- 

DICHLORO-(16) 

L2 13-, L4 
1J~ 13-_ 19- 
2A- .25- am 
3A- 35- 33- 

TRICHLORO-(28) 

LL} Lzm Lza 
1,2,8- 1,2, 
1,3,7- 1,3, 
1,4,7— 1,4, 
1,6,8- 1,7, 
2,3,7- 2,3, 
2,4,8- 2,6, 

9- 1,3,4- 
8- 1,3,9- 
8- 1,4,9- 
8- 2,3,4- 
8- 2,4,6- 
8- 3,4,6“ 

1,6- 
2,3- 

, 2J8_ 
Lo 

1,2,7- . 

1,3,6- 
1,4,6- 
1,6,7— 
2,3,6- 
2,4,7- 
3,4,7-

\ 

TETRACHLORO{3& 
'1,2,3,4- 1, z1& 
Lzas L Ls L 

_126J- L Ls L 
LL46 L 21349—1, 
Lasg L 
lAfifl- L ’1AJ3-1, 
23AJ-2, 
gals 1 2A@& 1 

1337- 
zag LL46 
2,4,8- 1,2,4 ,9,- 
zas Lzaa 
239— L289- 
LLL Lams 3fifll‘Ll635“" 
11s Lam; Lao-Lmag 
ams Lama 
3A3- z3fiy- 
L&9 zaam Lam 

PENTACHLORO-(ZS)
‘ 

1,2,3,4,6- 
1,2,3,6,7—' 
1,2,3,7,9-. 
1,2,4,6,9— 
1,2,6,7,8- 

- 1,3,4,6,9- 
145335 

1,2,3,4,7- 
1,2,3,6,8- 
1,2,3,8,9- 
1,2,4 ,7,8- 
1,2,6,7,9— 
1,3,4,7,8- 
2,3,4,6,7- 

1,2,14,8- 
1,2,3,6,9- 
1,2,4,6,7- 
1,2,4,7,9- 
1,3,4,6,7- ‘ 

1,3,4,7,9- 
2,3,4,6,8- 

1,2,3,4,9- 
1,2,3,7,8- 
1,2,4,6,8- 
1,2,4,8,9- 
1,3,4 ,6,8- 
1,3,6,7,8- 
2,3,4,7,8- 

HEXACHLORO-(16) 
1,2,3,4,6,7— 1,2,3,4,6,8- 
1,2,3,4,6,9- 1,2,3,4,7',8— 
1,2,3,4,7,9- l,2,3,4,8,9- 
1,2,3,6,7,8-, l,2,3,6,7,9- 
1,2,3,6,8,9- . 1,2,3,7;8,9- 
1,2,4,6,7,8- 1,2,4,6,7,9- r 

1,2,4,6,8,9- 1,3 ,4,6,7,8-
' 

1,3,4,6,7,9— 2,3,4,6,7,8— 

HEPTACHLORO-(4) 

1,2,3,4,6,7,8- 
1,2,3,4,6,7,9- 
1,2,3,4,6,8,9- 
1,2,3,4,7,8,9—

, 

OCTACHLORO-(l) 

L;1¢&L&9 

‘Number of isomers in that group.
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The fate of contaminants in the environment depends on both the properties 
of the chemical and the properties of the ecosystem itself“ One can make 
predictions about how dioxins and furans partition among water, soil, sed- 
iments, plants and animals by examining such properties as the contaminants’ 
molecular weights, vapour pressures, and solubilities in water. One measure 
that is particularly relevant for predicting the environmental fate of dioxins 
and furans is the octanol-water partition coefficient. A high octanol-water 
value means that a chemical is more attracted to animal or human fat tissues; 
compounds with a high octanol-water partition coefficient have a low water 
solubility and tend to accumulate in soils, aquatic sediments and animals. 
The octanol-water partition coefficient of dioxins and furans increases as the 
number of chlorine atoms in the molecule increases (see Table 3). There— 
fore, the higher the chlorine content of the dioxins and furans, the greater 
their potential to accumulate in sediments, soils or living organisms. 
However, after the log octanol-water coefficient reaches a value of about 6, 
increased molecular size and decreased solubility usually result in decreased 
bioconcentration. Substances with high octanol-water coefficients also tend 
to be singly bound to sediments and therefore generally unavailable to 
animals.5 

TABLE 3 LOG OCTANOL-WATER PARTITION COEFFICIENTS FOR SELECTED DIOXINS 
(AFTER SHIU ET AL., 1988) 

l-chlorodibenzodioxin 4 .75 
2-chlorodibenzodioxin 5.00 
2,3-dichlorodibenzodioxin 5.60 
2,7-dichlorodibenzodioxin 5.75 
2,8-dichlorodibenzodioxin 5.60 
1,2,4-t1ichlorodibenzodioxin 6.35 
1,2,3,4-tetrachlorodibenzodioxin 6.60 
1,2,3,7-tetrachlorodibenzodioxin 6.90 
l,3,6,8-tetrachlorodibenzodioxin 7.10 
1,3,7,8-tetrachlorodibenzodioxin 6.80 
1,2,3 ,4,7-pentachlorodibenzodioxin 7.40 
1,2,3 ,4,7,8-hexachlorodibenzodioxin 7.80 
1,2,3,4,6,7,8-heptachlorodibenzodioxin 8.00 
octachlorodibenzodioxin 8.20 

4 Roberts and Boddington, 1983. 

5 Connell and Hawker, 1988.
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TOXICITY EQUIVALENCY FACTORS 

The toxicity of dioxin and fitran mixtures in the environment 
' can be assessed by using an internationally accepted system of‘ 
comparison known 

\ as "toxicity equivalency factors.” The 
'scientific and regulatory communities of eight countries“ have 
agreed upon a standard set of International Toxicity Equiva- 
lency Factors that compare the toxicity of the 17 most toxic 
dioxins and furans found in complex mixtures to that of 2,37,8- 
tetrachlorodibenzodioxin. This system has been broadlycor- 

' 

roborated in laboratory studies. ' 

,

-

( 

xDioxins and furans usually enter and are present in’ the environment as. 
complex mixtures. While it is possible to separate and study each type of 
dioxin and furan-individually, it Would be time-consuming and‘very exp'en! 
s'ive (if not impossible) to test each of the 75 dioxins-and 135 furans as well 
as all conceivable combinations.

‘ 

Fortunately, individual testing can be avoided. Many .dioxi/n‘ and furan com— 
pounds have been tested for their toxic effects on living animals and'in cell 

‘ 

cultures, as well as for their ability to induce one or more of a number of 
liver enzymes. Researchers have developed a method for expressing the 
toxicity of different dioxins and furans on a’common basis; International 
Toxicity Equivalency Factors recOgnize and compare the similarities and 
differences between the toxic action of the dioxins and furans.7 

_ 
IntematiOnal Toxicity Equivalency Factors are assigned to individual dioxins 
and furans on the/basis of how toxic they are'in comparison with the toxic- 
ity of 2,3,7,8-tetrachlorodibenzodioxin, the most potent dioxin.- 'This con.- 
taminant has been, assigned the value of 1.0.8 By comparison, animal and 

.cell tests show 
A 

that. 2,3,7,8-tetrachlorodibenzofuran is approximately 
one-tenth as toxic as 2,3,7,8-tetrachlorodibenzodioxin. Consequently, its toxic 

'_equiValent value is 0.1. International Toxicity Equivalency Factors have been 
developed for those dioxins and furans that contribute most to the toxicity. of 

Canada, Denmark, the Federal Republic of Germany, Italy, the Netherlands,' 
Norway, the United Kingdom and the United States. 

7 For/a: detailed review of this method, see NATO, 1988a, b. 

8 Table 4; NATO, 1988a, b.
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a complex mixture, which are those that have chlorines in at least the 2, 3, 
7 and 8 positions. The toxicity is decreased from that of 2,3,7,8-tetrachlor0- 
dibenzodioxin in a predictable manner for those dioxins or furans which have 
either fewer or more chlorines than this compound, and/or which have 
chlorines in positions 1, 4, 6 or 9. 

TABLE 4 INTERNATIONAL TOXICITY EQUIVALENCY FACTORS (AFTER NATO, 1988a) 

Dioxin/Furan Equivalency Factor 

2,3,7,8-tetrachlorodibenzodioxin 1 

1,2,3,7,8—pentachlorodibenzodioxin 0.5 

l,2,3,4,7,8-hexachlorodibenzodioxin 
1,2,3,7,8,9-hexachlorodibenzodioxin 0.1 
1,2,3,6,7,8-hexachlorodibenzodioxin 

1,2,3,4,6,7,8-heptachlorodibenzodioxin 0.01 

octachlorodibenzodioxin 0.001 

2,3,7,8-tetrachlorodibenzofuran 0.1 

2,3,4.7,8-pentachlorodibenzofuran 0.5 
1,2,3,7,8-pentachlorodjbenzofuran 0.05 

1,2,3,4,7,8-hexachlorodibenzofuran 
1,2,3,7,8,9-hexachlorodibenzofuran 
1,2,3,6,7,8—hexachlorodibenzofuran 0.1 
2,3 ,4,6,7,8-hexachlorodibenzofuran 

1,2,3,4,6,7,8-heptachlorodibenzofuran 
1,2,3 ,4,7,8,9-heptachlorodibenzofuran 0.01 

octachlorodibenzofuran 
I 

0.001 

Of the 210 dioxins and furans, 17 contribute most to the toxicity of a 
complex mixture and are of the greatest concern. This does not mean that 
the remaining 193 dioxins and furans are not toxic, but merely that they 
contribute comparatively little to the toxicity of a complex mixture.



Dioxins and Furans 

SOURCES OF ENVIRONMENTAL CONTAMINATION 

The‘most significant dioxin sources are the wood preservative 
pentachlorophenol, municipal incinerators, and pulp and paper 
mills using chlorine for the bleaching process. Polychlorinated 
biphenyls (PCBs) are the most significant potential source of 
furans. 

Pentachlorophenol as a wood protection agent is being. phased 
out of use and replaced by alternatives. Substantial quantities 
of dioxins and furans continue to be .emitted from municipal 
incinerators employing old technology and from pulp mills using 
chlorine for the bleaching process. The technology to limit 
these releases is available. PCBs are subject to strict storage, 
handling, and inventory controls, and await the establishment of 
suitable facilities for their destruction.

' 

Dioxins and furans may enter the environment from four broad categories of ‘ 

sources: chemical products, combustion, natural and industrial. » 

Most of these sources produce complex mixtures containing both dioxins and 
furans. For instance, the herbicide 2,4—D contains a‘ mixture of dichloro—, 
trichloro- and tetrachloro-dioxins, while the wood preservative penta‘chldro— 
phenol contains hexachloro-, heptachloro-, and-“octachloro-dioxins and furans. 
Incinerators produce a wide range of tetrachloro—, pentachloro—,_ hexachloro-, 
heptachloro—Landr octachloro—dioxirns. and furans. The dioxin and furan H 
contaminants most often associated with pulp and paper mills are predomin— 
antly 2,3,7,8-tetrachlorodibenzofuran and 2,3,7,8-tetrachlorodibenzodioxin. 
Complex mixtures of furans are found in PCBs. 

Chemical sources 

A flwide. variety Of commercial chemicals contain dioxins or furans as 
impurities... None of these is currently manufactured ih Canada, and the use 
of chemicals containing these contaminants hasdecreased considerably over 
the past ten years (see Table 5), a trend that is expected to continue. 

Pentachlorophenol (include tetrachlorophenol) is stillrwidely used. in Canada 
to preserve and protect wood. AlthoUgh in 1981 this compound was one of 
the largest potential sources of dioxins to the environment, the dioxin content
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and the amounts used have since been reduced. Consequently, today its 

potential as a source is only one tenth of that noted earlier by the National 
Research Council of Canada (NRCC),9 and this is likely to decrease further 
as pentachlorophenol is replaced by alternative wood protection chemicals or 
processes in the near future.10 

The second largest chemical source for dioxins is the herbicide 2,4-D. The 
dioxins contained in 2,4-D are not substituted in 2, 3, 7 and 8 positions, and 
are considered to be relatively benign. Their concentration in 2,4—D is now 
strictly controlled. The chemical known as 2,4,5-T, and mixtures such as 
Agent Orange, bOth of which contained 2,3,7,8-tetrachlorodibenzodioxin, are 
no longer registered or used in Canada. The same is true for the closely 
related 2,4,5—trichlorophenol. Hexachlorophene, which is believed to contain 
2,3,7,8-tetrachlorodibenzodioxin, is still used for a number of registered 
health care products. 

TABLE 5 CANADIAN SALES, IN TONNES, FOR DIOXIN-CONTAINING CHEMICALS 

1980‘ 1987 

Pentachlorophenol 2300 1340 

Sodium pentachlorophenale 
and tetrachlorophenate 1200 402 

2,4,5-T 50 0 

2,4-D 3800 4546 

Hexachlorophene 7 7 

‘approximate values for Lhe period from 1978 to 1981 (See NRCC, 1981a) 

The most significant potential source of furans is PCBs. The total amount of 
furans contained in PCBs in storage or in use in Canada is estimated to be 
75 kilograms.” While the use and storage of PCBs is now strictly con- 
trolled, the potential for releases through accidental spills, or fires in equip- 
ment containing PCBs, remains. Existing stocks of PCBs await the establish— 
ment of suitable destruction facilities, which are now starting to become 
available. 

9 NRCC, 1981a. 
1° Government of Canada, 1989. 
“ Sheffield, 1985.



Dioxins and: Fur-ans 

Combustion sources 

Dioxins and furans are released by. numerous. combustion sources. » In 
Canada, municipal incinerators are the major concern. Environment Canada’s 
National Incinerator Testing and Evaluation Program (NITEP) has 
demonstrated that emissions from even the oldest _of'incinerators can be 
controlled to acceptable levels, provided, correct management practices and 
modern control technologies are applied. Newer incinerators can be con: 
"trolled even more successfully.‘ Environment Canada’s current estimates for 
total dioxin and furan emissions from 'all Canadian incinerators range widely, 
depending on the assumptions used, from between 20. grams per year if all 

incinerators were operating with Best Available Practicable Technology to 
6000 grams per year if all were old and poorly managed incinerators.

k 

A variety -of other combustion sources have been reported to give rise to 
dioxins and furans' but their contribution to total exposures is uncertain. 
‘Burning wood in stoves and fireplaces and barbecuing produce dioxins and 
furans in small amounts. Cigarette smoke also contains a variety of

' 

dioxins.12
I

/ 

Natural sources 

There may be two natural sources of dioxins and furans: forest fires and 
volcanoes. 'There are no data specific to these sources, although sediments 
that are 300 to 1000 years old have low concentrations of the less toxic 
dioxins and furans.l3 ' 

I 

\ 1 

Industrial sources 

Several industries release dioxins and furans in their effluents. Of ' 

significance to Canada are the pulp and paper mills that use chlorine in the 
bleaching process. Effluents and products from these mills contain con—

. 

centrations of dioxins and furans at'the parts-per-trillion level. Environment 
Canada estimates of the total amount of dioxins and furans released, based 
on the number of mills, the estimated annual bleached-pulp production, and 
the estimated effluent discharges, are approximately 100 to 150 grams per 
year of 2,3,7,8—tetrachlorodibenzodioxin and 2000 to 3000 grams per year of 

12-Muto and Takizawa, 1989. 

‘3 Jansson et al., 1987. 
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2,3,7,8-tetrach10rodibenzofuran. Dioxin and furan production from pulp and 
paper mills can be reduced by changing the processing system and reducing 
the demand for bleached pulp. 

Considering only the total quantity of dioxins and furans emitted from a 
source does not necessarily reflect the true toxic potential. The use of 
International Toxicity Equivalency Factors enables us to compare the toxic 
potential of the different sources of these chemicals. For example, the toxic 
potential of both pentachlorophenol and incinerator emissions would be 
reduced significantly by applying these factors while the toxic potential of 
pulp mill effluents would hardly change at all. PCBs would remain the most 
significant potential source of furans.



Dioxins and» Furans 

ENVIRONMENTAL FATE AND LEVELS 

Dioxins and fitrans occurthroughout the Canadian environment 
‘ 

and are found in all compartments of the ecosystem, including 
air, water and soil. These contaminants are highly persistent. 
They are transported to remote parts of the country by the 

' 

prevailing winds and are deposited in sediments and soils. 
They. accumulate in animals and have been found in most 
species of 'wildlife surveyed. They also appear in the natural 
and human food chains. .All Canadians have, detectable con; 
centrations in their body fat. In thisxrespect, Canadians are no 

‘ 

different from‘ individuals living in other industrialized 
countries. 1 

‘ 
‘

' 

Transport and persistence 

Dioxins and furans do not move readily through soils and sediments because 
they generally attach to the particles. Soilsand sediments represent" the most 
significant "sink" for, dioxins and furans. Once dioxins, particularly 
2,3,7,8-tetrachlorodibenzodioxin, enter the soil and sedimentskthey are very 
slow to degrade. 2,3,7,8-Tetrachlorodibenzodioxin has a degradation half-life 
of ten years or longer. Dioxins and furans also accumulate in biological 
tissue where they also have long half-lives. Recent studies of aerial 
transport14 reveal that prevailing winds can play a significant role in environ- 

. 

mental contamination. Contamination of wildlife in the Far North appears to
, 

«be primarily the‘resul‘tifaerial transport. ___ H

1 

Levels 

Since the 1981'rep0rt of’ the NRCC,15 further research has confirmed that 
dioxins occur everywhere in the environment. A summary of many recent , 

data for air, water, soil, foods and consumer products ’was' prepared by the 
Federal-Ontario Ad Hoc Working Group on Multimedia Standards}? The 
summary’sifindings are condensed in Table 6. ' 

’4 Astle et al.," 1987; Czucqa and Hites, 1986. 
“NRCC, 1981a. -

' 

‘6 Birmingham et al., 1989.
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TABLE 6 DIOXIN AND FURAN LEVELS IN CANADA (BIRMINGHAM ET AL., 1989) 

Medium Range in Concentration 

Air 

Ambient air 0.4 to 36.7 pioograms total dioxins and furans per cubic metre 

Water 

Ontario drinking water 

Soil 

Urban backyards. public areas 
and parkland 

Food 

Fish: 
smelt as typical Great Lakes 
commercial fish 

Beef: 
ground 

organ 
steak 

Pork: 
fresh 

cured 

Poultry: 

Eggs: 

Milk/Dairy: 

Fruit: 
Ontario apples. peaches and 
pear composite 

Vegetables: 
Ontario tomatoes, potatoes 

Wheat-based products 
Ontario wheat 

ND‘ to 46 picograms octachlorodibcnzodioxin per litre 

50 to 14,100 picograms total dioxins and furans per gram 

<2 picograms 2.3.7.8-tetrachlorodibenzodioxin per gram 
<2 picograms total tetrachloro-dioxins per gram 
<2 picograms total pentachloro-dioxins per gram 

ND to 6.2 picograms heptachloro-dioxins per gram fwl 
3 to 12 picograms octachlorodibenzodioxin per gram fw 

All ND ND to 24 picograms octachlorodibcnzodioxin per gram fw 

ND to 1.1 picograms hexachloro-dioxins per gram fw 
3.6 picograms heptachloro-dioxins per gram fw 

9.8 picograms octachlorodibenzodioxin per gram fw ND to 2.6 picograms heptachlord-dioxins per gram fw 
4.4 to 15 picograms octachlorodibcnzodioxin per gram fw 

ND to 15 picograms heptachloro-dioxins per gram fw 
17 to 210 picograms octachlorodibcnzodioxin per gram fw 

ND to 8.8 picograms heptachloro-dioxins per gram fw 
8 to 44 picograms octachlorodibenzodioxin per gram fw 

5 picograms hexachloro-furans per gram fw 
7 picograms heptachloro-furans per gram fw 

12 picograms octachlorodibenzofuran per gram fw 

ND to 0.43 picograms heptachloro-dioxins per gram fw 
1 picogram octachlorodibenwdioxin per gram fw 

ND 10 46 picograms octachlorodibcnzodioxin per gram fw 

ND to 3 picograms octachlorodibenzodioxin per gram fw 

ND to 0.7 picograms octachlorodibcnzodioxin per gram {w 

lND: not detectable s: fresh weight



Dioxins and Furans 

Dioxin and furan levels in North American air, as summarized in Table 6, 
ranged from 0.4 to 36.7 picograms per cubic metre._ In'drinkinglwater, one 
sample out of 800 contained 46 picograms per litre of octachlorodibenzo- 
dioxin. Soil values varied from a low of 50 picograms per gram to a high 

_ 

of 14,100} picograms total dioxins and furans per gram of soil in highly 
contaminated areas. 

The high water-octanol partition coefficients of dioxins and furans indicate a 
potential for-considerable accumulation in biological tissues. The compounds 
which are substituted in the 2, 3, 7 and 8 positions are not only accumulated 
but are also metabolized slowly and therefore persist in the body tissues for 

a considerable lengths of time. More than 100 species of invertebrates, fish,- 

reptiles, amphibians, birds and mammals across Canada. have been 
demonstrated to contain detectable levels of dioxins and furans.l7 

Environment Canada surveys revealed that levels of 2,3,7,8-tetrachloro- 
dibenzodioxin ranged up to 37 nanograms per kilogram in mammals; up to 
1996 nanograms per kilogram ’in birds; up to \474 nanograms per kilogram in 
reptiles; and up to 35 nanograms per kiIOgram in amphibians. 

The department of Fisheries and Oceans coordinated a National Dioxin and 
Furan Fish Sampling Program to assess the leVel of contamination in fish 
and shellfish from the vicinity of 47 Canadian pulp mills employing the 
chlorine bleaching process. Levels of 2,3,7,8-tetrachlorodibenzodioxin 
reported in this survey ranged up to 662 nanograms per kilogram in 
Dungeness crab hepatopancreas; up to 31 nanograms per kilogram in shellfish 
tissue; and up to 137 nanograms per kilogram in fish.18 Mean, values of 
2,3,7,8—tetrachlorodibenzodioxin for whole fish lake trout samples from Lake 
Ontario averaged more than 35 nanograms per kilogram from 1977 through 
1988.19 Much of the Lake Ontario contamination is related to upstream 
losses from chlorophenol manufacturing waste dumps. 

A long-term study of 2,3,7,8-tetrachlorodibenzodioxin residue levels in 
herring gull eggs from Lake Ontario showed that the highest level _of 1996 
nanograms of 2,3,7,8-tetrachlorodibenzodioxin per kilogram was found in 

18 

19 

Norstrom et al., 1982, 1986; Norstrom and Simon 1983; Stalling er al., 1983, 
1985, 1986; ICTC-1986; Braune and Norstrom 1989; Fox et al., 1988; 
Kubiak er al., 1989; Elliott et al., 1988, 1989; Ryan et al., 1986. 

Government of Canada, 1988-89. 
1

‘ 

IJC, 1989.
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eggs collected in the early 19705 and the levels declined steadily to 50 
nanograms per kilogram by 1980.20 During the 19803, levels have been 
fairly constant and similar to background levels found in wildlife across the 
country. 

Levels of dioxins and furans in the eggs of great blue herons from British 
Columbia exceed those currently found in herring gull eggs from the Great 
Lakes. This indicates the extent of the contamination of certain near shore 
zones in the southern Strait of Georgia off Canada’s WeSt Coast.21 Studies 
have linked the 2,3,7,8-tetrachlorodibenzodioxin in the herons to emissions 
from pulp mills using chlorine in the bleaching process, whereas the 
pentachloro—dioxins and hexachloro-dioxins were related to a chlorophenol 
source, possibly the use of chlorophenol—contaminated wood chips in the 
pulping process. Dioxin and furan contamination in some species of shellfish 
in the vicinity of certain pulp mills resulted in the closure of certain fisheries 
in November of 1988 and again in 1989. 

Dioxins and furans, particularly 2,3,7,8—tetrachlorodibenzodioxin and octa— 
chlorodibenzodioxin, have been found in the tissues of polar bears, ringed 
seals and beluga whales from areas in the Canadian Arctic that are far from 
sources of these compounds. This indicates distribution by long—range 
transport mechanisms such as the prevailing winds.22 

Dioxins and furans move along the natural food chain and are found in the 
food consumed by humans. Canadian foods that have been tested include 
fish, beef, pork, poultry, eggs, milk, fruits, vegetables and wheat-based 
products (Table 6). Detectable levels of octachlorodibenzodioxin have been 
reported in all of these food types; hexachloro— and heptachloro—dioxins and 
furans, and octachlorodibenzofuran have been reported in some fatty foods. 
Maximum total dibenzodioxin concentrations in whole fish samples from the 
Great Lakes have been reported at greater than 200 nanograms per 
kilogram.23 

A recent report indicates that smoking represents another potential source of 
exposure to dioxins. The total concentration of dioxins in cigarette smoke 

2" IJC, 1983; Mineau et al., 1984. 

2‘ Elliott et al., 1988, 1989. 

n Norstrom et al., (submitted). 
23 Baumann, RC. and D.M. Whittle, 1988.
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was determined to .be approximately 5 micrograms per cubic metre (or 1.8 
nanograms toxic equivalents per cubic metre)?”1 ‘ 

Human fat tissues sampled from several industrialized countries, including 
canada, contain .primarilyvdioxins and furans substituted in the 2, 3, 7 and '8 
positions.15 The average background concentrations of tetrachloro-dioxins 
range \from approximately 3 to 10 nanograms per kilogram;' pentachloro- 
dioxins from 10 to 15 nanograms per kilogram; hex_achloro-dioxins from 20 
to 100 nanograms per kilogram; heptachloro-dioxins from 100 to 250 
nanograms per kilogram; and octachlorodibenzodioxin from 250 to. 1000‘ 
nanograms per kilogram; In general, the concentrations for fur‘ans are 
considerably lower than those for dioxins. 

‘
‘ 

Persons exposed to substances containing dioxins and furans‘ thrOughoccupa- 
tional or accidental exposures have elevated body fat burdens of the 
2,3,7,8'—substituted compounds to which they were exposed. Some victims of 
a 1968 mass poisoning in Japan,'the "Yusho" incident, had concentrations of 
up to more than two orders of. magnitude higher than background levels in 
the general population (see Effects on Humans). ‘

‘ 

The types. and concentrations of dioxin and furan compounds in human milk 
fat are similar to those in fat tissue. This indicates that the proximate source 
of these contaminants _for breast milk is the fat stores of the mother.25 The 
average milk fat concentration in people from industrialized countries. is 

about-2 nanograms per kilogram .of 2,3,7,8-tetrachlorodibenzodioxin. _Other
' 

dioxins are present at higher concentrations and in most instancesmore than 
one half is octachlorodibenzodioxin.I Furans are generally found at lower 

"concentrations; lzevelsflinmilkfat _decline significantly as a' function- off-the 
number of offspring borne if the .mother breast feeds her children. The 
World Health Organization26 reports that the average backgr‘Ound concentra— 
tions of dioxins and furans in human‘milk fat in industrialized countries 
range from 5 to 53 nanograms toxic equivalents per kilogram of milk fat.- 

Recent improvements in analytical Sensitivity enable the detection of dioxins 
and furans in all samples of blood from members of the general population 

7“ Muto and TakizaWa, 1989. 
25 Jensen, 1987; WHO, 1989 (in press). 
26 WHO, 1988. 

k
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at the parts-per—quadrillion level.27 The blood of people exposed both 
occupationally and through transformer fires shows higher levels of 
contamination. In some instances these levels reach tens or even hundreds 
of parts-per-trillion of the dioxins or furans to which they have been ex— 
posed. Initial blood concentrations of total furans in the Taiwanese acciden- 
tally exposed to PCBs in the "Yu-Cheng" incident (see Effects on Humans) 
were similarly elevated. 

27 Jensen, 1987; Schccter and Ryan, 1989; Ryan and Norstrom (in press).



Dioxins and ,Furans 

KINETICS AND METABOLISM 

,When mixtures. of dioxins and furans enter living tissue, those 
compounds with chlorine in the 2, 3, 7 and 8 positions are the " 

ones most predominantly absorbed and retained. They are most 
highly \‘concentrated in body fat and in fatty organs such as the 
liver. While they can be metabolized and excreted, this is a 
relatively slow process in humans. Half-lives are several years.

‘ 

Their excretion in breast milk can significantly aflect the body 
burden of both, the mother (as a source of elimination) and the 
breast-fed infant (as a source of exposure). 

In experimental studies, the absorption of dioxins. and furans varies, depend- 
ing on the medium in which they are administered, the specific compound

1 

involved and whether expOsure toOk place through the mouth, skin or lungs.28 
Examples include: rats exposed orally to 2,3,7,8-tetrachlorodibenzodioxin 
absorb 70 to 80 percent of a dose delivered in oil; 50 to 60 percent of a 
dose mixed in'food;‘ V 10 to 20 percent of ardose in' soil or fly ash; and. ' 

virtually none of a dose absorbed onto activated carbon. 
' The higher. 

chlorinated dioxins and furans that-have been tested seem to be less well 
absorbed than 2,3,7,8-tetrachlorodibenzodioxin. 

In general, absorption is greater ‘when dioxins] and furans are ingested than 
when appliedJ to the skin. Absorption by the lung is probably high-but 
inadequately tested: Human absorption is probably similar to that 
demonstrated in- animal studies. gA recent study29 estimated that ,87 percent of 
a 71.14 nanogram per kilogram dose of 2,3,7,8-tetrachlorodibenzodioxin 
ingested by a volunteer was absorbed. 

When dioxins or furans are absorbed into the body, they are distributed to a 
variety of tissues. The liver and fat tissues are the major storage sites in all 

animal species, including humans.30 Small amounts may also be found in 
skin, muscle and other organs. Dioxins and furans tend to be found in 
concentrations "in different tissues within the body in proportion to the fat 
content of the tissue. Distribution of the specific dioxins andfurans is‘ 

2" WHO, 1989 (inpress).
\ 

29 Poiger and Schlatter, 1986. 

30 OMB, 1985; WHO, 1989 (in press)». 
' 

l 
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dependent on the route of exposure, the amount of exposure and the length 
of time since exposure began. 

The metabolism of dioxins and furans has been studied in laboratory animals 
but not in humans. While similar paths of metabolism exist in most animals 
studied, including fish, the rates at which metabolism occurs vary among 
species.31 Rats metabolize 2,3,7,8-tetrachlorodibenzodioxin relatively readily, 
mice and monkeys, less readily, and metabolism by guinea pigs is quite 
limited. The furans that have been studied appear to be metabolized by 
similar pathways to the dioxins. Octachloro-dioxin and —furan are not readily 
broken down in the body. 

The rate at which dioxins or furans are eliminated from the body varies from 
species to species.31 However, the route of elimination is predominantly the 
same across species, i.e. the faeces. For most test animals 50 to 80 percent 
of an administered dose of 2,3,7,8-tetrachlorodibenzodioxin is excreted in the 
faeces. A lesser amount is excreted in urine. A single dose of octachloro— 
dibenzodioxin tends to be excreted virtually unchanged, reflecting its poor 
absorption into the body following ingestion and its resistance to metabolic 
degradation. Breast milk can be a significant route of elimination, because 
its high fat content allows the dioxins and furans to dissolve in the fat and 
leave the body with the milk. Such elimination can significantly lower the 
body burden of nursing mothers, but the dioxins and furans will be absorbed 
by their infants. 

Whole-body half-lives have been estimated for 2,3,7,8-tetrachlorodibenzo- 
dioxin in several test species.31 These estimates are similar for rats (range: 
17.4 to 31 days) and mice (9.6 to 24.4 days), similar or longer for guinea 
pigs (22 to 93.7 days), and somewhat shorter for hamsters (12.0 to 15.0 
days). Monkeys appear to excrete 2,3,7,8-tetrachlorodibenzodioxin much 
more slowly, with a half—life of approximately one year.32 Furan compounds 
are eliminated more rapidly than the corresponding dioxins, i.e. those with 
the same substitution pattern. 

In humans, the half—life of 2,3,7,8-tetrachlorodibenzodioxin has been esti- 
mated to be 5.8 years33 and between 5 and 8 years.34 The half—life for 
2,3,7,8-tetrachlorodibenzofuran in humans is somewhat shorter (1 to 2 years). 

3‘ WHO, 1989 (in press). 
32 McNulty et al., 1982. 

33 Poiger and Schlatter, 1986. 

3“ Ryan and Norstrom (in press).
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TOXICOLOGY 

The compound 2,3,7,8-tetrachlorodibenzodioxin (and to a lesser 
extent, the other dioxins and furans which are substituted in the 
2, ,3, 7 and 8. positions) are extremely toxic to mammals, with a 
wide-variation insensitivity among species. Bird and fish‘ 
species tested seem to be more sensitive than most mammals to 
acute exposures to dioxins. In laboratory animals, death results 
from a single exposure to amounts ranging from less than one 
microgram to a few milligrams per kilogram of body weight. 
Longer-term exposure to lesser amounts can activate "enzymes or 
lead to tissue damage; ‘Itcan also aflect reproduction, cause 
developmental deformities in the fetus and cause cancer. 

' -However, 2,3,7,8-tetrachlorodibenzodioxin does not appear to. 

damage the genetic material or chromosomes. ‘ 

The gno-observed-adverse-efi"ect4level for 2,3,7,8-tetrachloro- 
dibenzodioxin for chronic exposure in rats (cancer and repro— 
duction) is approximately]; nanogram per kilogram of body 
_weight per day. 

V 

v

' 

Dioxins and furans that are'not substituted in the 2,3, 7__or 8 
positions are far less toxic and are less capable of inducing 
enzymes.

' 

_,..__..Short_-te_r.m gapgsure in. mammals ,. 
Mammals vary widely in their sensitivity to single-dose exposures of dioxins 
and furans. _For 2,3,7,8-tetrachlorodibenzodioxin -- the most acutely toxic of 
all dioxins and furans _-- the lethal oral dose resulting in death fOrSO percent 
of the exposed animals ranges from 0.6 micrograms per kilogram of body 

,,weight for guinea pigs to 5051 micrograms per kilogram of body weightfor 
hamsters.35 Recent _data on‘mink" Show them to be a sensitive species with a 
median lethal dose of 4.2 micrograms per kilogram.36 Guinea pigs are more 
Sensitive than rats or monkeys, which are in t‘urn'more sensitive than rabbits 
or .mice. The common effects on all mammals exposed to, 2,3,7,8- 

_ 

tetrachlorodibenzodioxin are 1085 of body weight and shrinkage of. the thymus 

35 OMB, ‘1985; WHO, 1989 (in press). 
35 Hochstein et al., 1988. 
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gland, followed by death approximately three weeks after exposure. Other 
effects commonly observed in one or more test mammals include: skin 
changes, such as eruptions, thickening or discolouration; hair loss; liver 
damage; and changes in the white cells of the blood and bone marrow. 

While other dioxins and furans are less acutely toxic than 2,3,7,8-tetrachloro- 
dibenzodioxin, they produce similar symptoms. Their toxicity varies widely 
and depends on the number and position of the chlorine atoms on the mole- 
cule. The most toxic dioxins and furans are those with four, five or six 
chlorines, particularly when substitution is in the 2, 3, 7 and 8 positions.37 

Long-term exposure in mammals 

Test animals subjected to longer-term oral exposures of 2,3,7,8- 
tetrachlorodibenzodioxin exhibit many of the symptoms produced by acute 
exposures.37 Exposed animals display a "wasting syndrome," which includes 
reduced food consumption and decreased body weight, often followed by 
death. Several species develop acne—like lesions. Some lose facial hair, and 
some suffer fluid build-up under the skin or in the body cavity. 

Animals exposed to lethal or sublethal doses of 2,3,7,8-tetrachlorodibenzo- 
dioxin may also exhibit a marked loss of fat; shrinkage of the thymus, spleen 
and other lymphoid tissues; changes in numbers of blood cells; elevation of 
several serum enzymes indicative of tissue damage; changes in the liver; and 
thickening of the gastrointestinal tract, the gall bladder or the bile duct. 

Exposure studies of other dioxins and furans substituted in the 2, 3, 7 and 8 
positions have shown similar effects. However, higher doses were needed to 
elicit the same response as a given dose of 2,3,7,8-tetrachlorodibenzodioxin. 

Other effects of concern that result from long-term exposure to dioxins and 
furans must also be considered in the assessment of health risk. For ex— 
ample, most dioxins and furans substituted in the 2, 3, 7 and 8 positions 
affect the mammalian immune system.37 Sustained exposures in mammals 
have led to suppression of both cell-mediated and humoral-mediated immune 
responses. This is significant because immune suppression compromises the 
body’s ability to fight infection. 

Animal studies indicate that long-term exposure to 2,3,7,8—tetrachlorodibenzo— 
dioxin can result in the formation of tumours and carcinomas.37 33 Mice 

37 OMB, 1985; U.S.EPA, 1985; WHO, 1989 (in press). 
38 IARC, 1987.
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exposed orally for- a lifetime to 2,3,7,8-tetrachlorodibenzodioxin developed 
cancer of the liver and thyroid. Rats exposed the same way developed 
canCer of the liver, lung, tongue, hard palate and n0se. Lifetime doses in 
rats of 0.1 microgram per kilogram of body weight per day resulted in 
tumours predominantly in the liver, but no increases in liver tumours or 
nodules were observed in rats or mice at 0.001 microgram per kilogram of 
body weight per day. Both repeated skin applications and injections of 
2,3,7,8-tetrachlorodibenzodioxin have resulted in an increase in malignant ‘ 

tumours in different animal species. '
' 

Over the lifetime of rats, oral exposures, to a mixture of ,hexachloro-dioxins 
led to an increase in liver cancerf"9 However, exposure to 2,7—dichloro— 
dibenzodioxin did not. ‘ 

Most studies suggest that 2,3,7,8-tetrachlorodibenzodioxin acts only as a 
promoter of cancer and not as a complete carcinogen. In addition, the 
presence of tumours both at, and remote from, the treatment site indicates 
2,3,7,8-tetrachlorodibenzodioxin can act both‘ locally and. throughout the body, , 

Despite its ability to promote or cause cancer, 2,3,7,8—tetrachlorodibenzo- 
‘ diOxin does /not appear to affect the genetic material of cells (i.e., it is not 
genotoxic).39 This is supported by negative findings in a variety of studies 
on well established mutagenicity test systems. Also, 2,3,7,8-tetrachloro-' 
dibenzodioxin does not appear to cause changesin chromosome structure. 
Together, these data suggest that 2,3,7,8-tetrachlorodibenzodioxin and possibly 
other dioxins and furans which are substituted in the 2, 3, 7 and 8'positions 
induce cancer by a non-genetic mechanism, Which has implications for the 
method of estimating risk to humans. 

Dioxins and furans can also affect reproduction and the development of 
offspring depending on the dose, the specific compound involved, the route 
\of administration and the animal species. The reproductive ability of rats 
exposed to 2,3,7,8-tetrachlorodibenzodioxin was clearly affected in a three— 
generation study.40 Effects on fertility, litter size, fetal resorption and organ 
function occurred at 0.1 and 0.01 micrograms per kilogram of body weight 
per day, but not at 0.001 micrograms per kilogram of body weight per day. 
The reproductive functions of monkeys are quite sensitive to the effectsu'of 
2,3,7,8-tetrachlorodibenzodioxin. Spontaneous abortions occurred at 1 micro— 
gram per kilogram of body weight per day, but not at 0.2 micrograms per 

39 OMB, 1985; WHO, 1989 (in press). - 

4" Murray er al., 1979.
. 
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kilogram of body weight per day.“1 Several studies have reported degener- 
ation of the testes and functional impairment in the males of several exposed 
mammalian species. 

Oral administration of 2,3,7,8-tetrachlorodibenzodioxin to pregnant mice has 
resulted in the development of malformations of the palate and kidney in the 
fetus.42 Other species are less sensitive in this regard than mice. In general, 
dioxins and furans substituted in the 2, 3, 7 and 8 positions have some 
potential to produce deformities in mice, while other chlorinated dioxins and 
furans do not. 

Another factor to consider while assessing health risks is that most dioxins 
and furans substituted in the 2, 3, 7 and 8 positions are potent inducers of 
enzymes,‘12 including the liver enzymes that play a role in metabolizing 
foreign substances. The induction of enzymes is not necessarily dangerous, 
but indicates that the cells have recognized the presence of a foreign sub— 
stance and have heightened their response readiness. The toxic dioxins and 
furans are potent inducers of enzymes, whereas the less toxic dioxins and 
furans are less able to induce this effect. 

Fish 

Yellow perch, carp, bullhead, rainbow trout, largemouth bass and bluegill 
have an 80—day lethal dose for 2,3,7,8-tetrachlorodibenzodioxin ranging from 
2 to 23 micrograms per kilogram of body weight (centring around 10 micro- 
grams per kilogram of body weight“). At the highest treatment concentra- 
tion, the time to death varied from 7 days in the perch to 44 days in the 
carp. The remaining species had a time to death in the range of 16 to 22 
days, which is similar to that of mammals. The only common lethal effect 
between species was the degeneration of the fin tissue. Some species ex— 
hibited effects such as weight loss and hyperpigmentation. 

Recent data on rainbow trout show effects upon growth, survival and 
behaviour at water concentrations of less than 38 picograms of 2,3,7,8- 
tetrachlorodibenzodioxin per litre.44 The "no-effect concentration" could not 
be determined. The mortality curve was time- and concentration-dependent; 
that is, the longer the time, the lower the concentration that was lethal. 

‘” McNulty er al., 1982. 

‘2 OMB, 1985; WHO, 1989 (in press). 
43 Kleeman er al., 1988. 
4“ Mehrle et al., 1988.
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Growth inhibition was dose-dependent, as were behav’iourial responses includ— 
inglethargic swimming, feeding inhibition and lack of response to external 
Stimuli. These effects on fiSh are in addition to the earlier observations of 
fluidtbuild-up (edema).45 

'

' 

‘ 

Birds 

- A recent review-has examined the toxicity of 2,3,7,8-tetraChlorodibenzodioxin 
to- birds.” Lethal dose values, computed 37 days after one oral dose of 

-.2,3,7‘,8-tetrachlorodiben20dioxin,'vary from 15 micrograms per kilogram of 
. 

body weight in the northern bobwhite, to more than 810 micrograms per 
kilogram of body weight for the ringed turtle-dove. Mallards were inter— 
mediate in‘ sensitivity 'with an acute oral lethal dose value of more'than‘ 108 

' 

micrograms per kilogram of body weight.47 Signs of toxicity began. seven 

/. 

days after treatment. - For all three species, death was delayed, oCcurring- 13 
to 37 days'afterexpOsure. ' 

. 
. 

'

- 

Autopsies'of 
, 
ringed. turtle-doves that 'survived treatment 'showed, livers 

enlarged to twice the normal size. Bobwhites showed severe emaciation, 
high accumulations of uric acid "salts . in connective tissues,- and fluid 
accumulations in the lung, heart and abdominal Cavities.47 ‘

' 

Domestic chickens have an estimatedoral lethal dose range of 25_ to 50 
micrograms of 2,3,7,8-tetrachlorodibenzodioxin per kilogram of body- weight.47 
Chickens fed lower‘doses (which were often lethal) showed signs of exten- 
sive fluid buildup under'the skin andin the body cavity. This is referred to 
as chick edema disease.48 Autopsies of poultry that died following ta 
chlorophenol- reactor explosiOn in .Seveso, Italy, .in 1976, .showed signs . 

charaCteristic of chick edema disease.49 Large amounts of dioxins, substituted 
in .the 2, 3, 7 and 8 positions were released at the time of the accident. . 

45 Helder, 1980? 1981. 
46 Eisler, 1986. 

‘ 

47 Hudson et (11., 1984. 

éNRCC, 1981a; Gilbertson, 1983. 

“9 Fanelli et al., 1980.
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EFFECTS ON'THE ECOSYSTEM 

Several incidents have focused the public’s attention on the 
dioxin and furan issue. Deaths occurred in exposed animals at 
Seveso, Italy and in Missouri,- USA. Adverse effects on 
reproduction and malformations in offspring of fish-eating birds 
have been noted in the Great Lakes and on the West Coast of 
Canada. It is difi‘icult to determine the fit” extent to which 
dioxin and furan contamination afi’ects the environment because 
of the parallel presence of a large number of other chlorinated 
organic compounds; .

. 

Over, the years a number of incidents involving dioxins have focused public 
attention on these chemicals and on the subject of environmental contamina— 
tion in general. One of the earliest incidents involved the deathof chicken 
flocks in'the United States during the mid-19505. ~ The_causative agent 
(identified only twelve years later) was hexachloro-dioxin from pentachloro- 
phenol. It had beenvaccidentally added tofeed stock from a tallow' by- 
product of the leather industry. Since that event, there have been many 
additional. incidents, but few have successfully documented specific effects 'of 
dioxinS‘and furans alone as their effects are difficult to separate from those 
of other chemicals in the environment.

' 

.Two well-documented incidents took place in Seveso, Italy and Missouri, 
USA. ’ 

~
. 

Seveso, a small‘ Italian town near Milan, was' contaminated by several chemi- 
cals, including 2,3,7,8-tetrachlorodibenzodioxin, when a chlorophenol reactor 
exploded in 1976. While this was only one among many such explosions in 
the United States and Europe, it differed from the others because the resul- 
tant widespread environmental contamination was- well documented. Many 

_ 

wildlife deaths, particularly of rabbits, were noted.
I 

, The Missouri incident, which occurred in the. early 19,705, involved the death 
of a number .of horses at an arena after it had been sprayed with waste oils 
for dust control. Birds also died and some children became ill.- The cause 
was eventually attributed to 2,3,7,8-tetrachlorodibenzodioxin. The source was 
waste from the manufacture of 2,4,‘5-trichlorophenol that had been mixed 
with PCBs .and waste oils. The arena was only one of many. areas that was 
Sprayed for dust control. After 10 years, the true dimensions of the Missouri
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dust spraying incident became clear with the discovery of widespread con- 
tamination in the town of Times Beach.50 

Great Lakes 

During the 19703, reports of chick edema disease in herring gulls, together 
with egg failure and birth deformities, were ascribed to dioxin contamination. 
The incidence of birth anomalies was 100— to ZOO-fold above the background 
level for the period 1971 to 1975.51 At that time, levels of 2,3,7,8— 
tetrachlorodibenzodioxin ranged from 489 to 1996 nanograms per kilogram in 
Lake Ontario herring gull eggs. 

Reproduction rates and the incidence of anomalies returned to normal after 
1976.52 By this time levels of 2,3,7,8-tetrachlorodibenzodioxin dropped below 
500 nanograms per kilogram in eggs. A cause-effect relationship between 
2,3,7,8-tetrachlorodibenzodioxin and reproductive failure could not be 
established because many other contaminants were also present at very high 
levels in the eggs and adults.53 

West Coast 

In 1982, unexpectedly high concentrations of dioxins and furans were found 
in the eggs of great blue herons in the Fraser River estuarys‘1 Dioxin levels 
were also significantly elevated at a colony near a pulp mill at Crofton, 
British Columbia, that used chlorine in the bleaching process.53 In 1987, 
heron productivity was normal at three other colonies, while the colony near 
Crofton failed to produce any young. Mean levels of 2,3,7,8-tetrachloro- 
dibenzodioxin in eggs from the Crofton colony increased three-fold from 66 
nanograms per kilogram in 1986 to 210 nanograms per kilogram in 1987. 

As a result of these studies, as well as recent discoveries of dioxins and 
furans in pulp mill effluents from plants using chlorine in the bleaching 
process, a national sampling program was undertaken by the federal govern- 
ment. 

50 Arthur and Frea, 1988. 

5‘ Norstrom er al., 1985. 

52 Peakall and Fox, 1987. 

53 Elliott et (.11., 1989. 

5“ Norstrom and Simon, 1983.
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- Following the first set of results, issued in: November 1988, the prawn, 
shrimp and crab fisheries were closed :in the immediate vicinity of the 
'Woodfibre and Port_Mellon pulp mills. The crab fishery near the Prince 
Rupert pulp mill in British Columbia was also closed. Additional commer- 
cial shellfish closures took place at seven coastal areas in BC. in 1989. 
Furthermore, health. advisories were issued by. Health and Welfare Canada for 
sOme recreational and native. shellfish fisheries at nine British Columbia 
coastal sites as Well as for fish. species at four British Columbia inland 
lo'cations and-at" one Quebec inland locatiOn. ’

l
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EFFECTS ON HUMANS 

Human populations appear to be less sensitive'to .the eflects of 
dioxins and furans than most animal species which have been 
tested. Exposures in "the Workplace, or from industrial accidents 
or the Yusho and Yu-Cheng incidents, have resulted in changes 
to the skin (including chloracne) that can persist for many 
years. Such extensive exposures have also produced neurologi- 
cal and psychological effects (including. sexual dysfunction), 
elevated blood levels of some enzymes, and adverse eflects on 
the fetus in some instances. The evidence of a link between 
cancer incidence or mortality ‘and exposure of human popula- 
tions to dioxins and fiirans is'equivocal. It is difficult to assess 
the effects that dioxins and fitrans may have on human health 
because of concomitant exposures to other chemicals and 
imprecise information on expOsures. ' 

Dioxins and furansloccur only in mixtures as by-products of industrial emis- 
sions, combustion, or chemical production. Consequently, it is often difficult 
to identify clearly how they affect humans, because the influence of co- 
occurring exposures to chemicals other than dioxins and furans always 
confoundslour ability to establish cause—effect and dose-response relation— 
ships. 

'
' 

‘ Dioxins ’ 

Numerous industrial accidents around the world, although not in Canada, 
involving ‘out-of-control reaction vessels used to manufacture chlorinated 
phenols or phenoxy herbicides have exposed workers to short—term, high-level 
doses of the dioxins that occur as contaminants of these substances. Al- 
though there is documentation describing the effects on more than 1300 
exposed workers from 1910 to. 1976, the rate, ‘route'and length of exposure 
differs in each report, and therefore the time—to-onset and severity of the 
signs and symptoms also differ. Nevertheless, exposures have frequently 
been associated with such effects as: acne-like skin lesions ("chloracne") and 
dermatitis; fluctuations in Serum levels of liver' enzymes; pulmonary 
deficiency; sensory changes such'as numbness, naus/ea, headaches, loss of
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hearing, sleep disturbances, tiredness; sexual dysfunction; depression; and 
loss of appetite.” 

Populations exposed to dioxin-contaminated materials through non- 
occupational sources have experienced similar effects. For example, a small 
number of adults and children exposed to dioxin—contaminated soils in 

Missouri, USA, developed skin rashes, chloracne, headaches and lethargy?5 
The soil contained approximately 6000 micrograms of trichlorophenol, 33 
micrograms of 2,3,7,8-tetrachlorodibenzodioxin and 1500 micrograms of 
PCBs in each gram of soil. 

The best—studied exposure of a general population to dioxins occurred follow- 
ing the trichlorophenol reactor explosion in Seveso, Italy in 1976. Some 190 
people developed chloracne. No other sustained or clear effects have been 
attributed to 2,3,7,8-tetrachlorodibenzodioxin exposure in eight years of 
study.” 

Some studies of populations in areas of Vietnam sprayed with dioxin-con— 
taminated herbicides have concluded that these herbicides have had effects on 
human reproduction.” In contrast, studies of Vietnam veterans in the United 
States who fought in sprayed areas or worked with the defoliants have not 
revealed any significant related adverse health effects.57 

On two occasions scientists were exposed to pure mixtures of 2,3,7,8-tetra— 
chlorodibenzodioxin in the laboratory.58 They reported chloracne, insomnia, 
depression, inability to concentrate, decreased libido and, in some cases, 
effects on personality that emerged two years after exposure. 

Epidemiological studies of exposed workers have not shown sustained toxic 
effects beyond prolonged chloracne. Some studies have revealed higher 
mortality59 but others have not.60 

” WHO, 1989 (in press). 
56 Schecter, 1989 (personal communication). 

57 WHO, 1989 (in press); IARC, 1987; ATSDR, 1987. 
5" Holmstedt, 1980; Oliver, 1975. 

59 Honchar and Halperin, 1981; Thiess et (11., 1982. 

6° Cook et al., 1980, 1987; Ott et al., 1980; Zack and Suskind, 1980; 
Zack and Gaffey, 1983.



Dioxins and Furans 

The linkage between cancer and exposure-of workers to dioxin—containing 
_chemicals such _as herbicides or chlorophenols remains equivocal. Workers 
in Canada who used defoliants containing dioxin have claimed that cancer 
rates are higher than expected. "In contrast, an excess incidence of. cancer 

j has not been observed .in US. army technicians who used the same 
defoliants in the 1970s. The International “Agency for Research on Cancer 
(IARC)61 has COncluded that while there is limited_ evidence of 
carcinogenici .in humans exposed to chlorophenoxy -’ herbicides _- and 
chlorophenols (substances that. contain dioxins and furans), the supporting 
animal data are inadequate. Nevertheless,_ IARC considers these chemical 
groups to be possibly carcinogenic to .humans. For 2,3,7,8-tetrachloro- 
dibenzodioxin itself, IARC indicates that there is inadequate-human data but 
sufficient animal data to conclude that this compound is possibly 
carcinogenic-to humans. —- - ' “ " ‘ ' 

Furans 

There havebeen three notableaccidental human population exposures to‘high 
concentrations .of furans. ‘All have been confounded by co—exposure toother 
chemicals, 

'

I 

In 1981, an electrical transformer, filled with transformer fluid containing 65 
percent PCBs and 35 percent tri- and tetra-chlorobenzenes‘, exploded and 
burned in a Binghamton, New York office tower. _The building was con- 
taminated with soot that 'contained large amounts of ,furans and "lesser 
amounts of dioxins.62 

' 

v
‘ 

The approximately 500 exposed individuals were not systematically 
monitored. H0wever, 

I 

'of 50 that were clinically as’spessed, some had 
chloracne, some skin rashes, some minor serum enzyme changes and some 
effects on behaviour symptoms.‘__ No estimate of individual exposures was 
made in this study. 

I

' 

In 1968, a mass poisoning incident occurred in Japan due to the ingestiOn of ~ 

rice oil contaminated with PCBs, furans and polychlorinated'quaterphenyls.63 
The most common signs and symptoms of the resultant Yusho disease. 

61 IARC, 1987. - 

62 Schecter and Tiernan, 1985. 
63 Masuda and Yoshimura, 1,984. 
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included: acne—like lesions of the skin; thickened rough texture of the skin 
on hands and feet; blackening of nails; dark discolouration of gums and 
skin; eye secretions; swelling of the eyelid and increased redness of the 
eyelids; sweating of the palms; and sensory changes, including weakness, 
itching, hearing and sight deficiencies.“ While most of these effects sub- 
sided over a ten-year period, others were still evident ten years after ex- 
posure. Among the most persistent symptoms were: nail pigmentation and 
deformation; skin cysts that replaced acne-like lesions; swelling of the 
eyelid and eye discharges; some sensory complaints; and impairment of 
lung function. 

In the fat tissues of the Yusho patients, furan concentrations ranged from 6 
to 13 nanograms per gram of fat, and furan concentrations in the liver from 
3 to 25 nanograms per gram of fat. Although approximately 40 furan 
compounds were identified in the contaminated rice oil, many of these were 
not detected in the tissues of Yusho patients. The compounds that were 
retained included 2,3,6,8-tetrachlorodibenzofuran; 2,3,7,8-tetrachlorodibenzo- 
furan; l,2,4,7,8-pentachlorodibenzofuran; 2,3,4,7,8-pentachlorodibenzofuran; 
and 1,2,3,4,7,8-hexachlorodibenzofuran.65 

A similar mass food poisoning occurred in central Taiwan in 1979, again 
involving rice oils contaminated with PCBs, furans and polychlorinated 
quaterphenyls. Yu-Cheng disease resembled Yusho disease. The exposure 
occurred over approximately three to nine months and the onset of visible 
signs appeared over an average of three to four months. The furan com- 
pounds consumed and the total intakes of furans were similar to those in the 
Yusho poisoning.64 Rough estimates of intakes of PCB, furans and poly— 
chlorinated quaterphenyls for Yu—Cheng patients are 973, 3.8 and 586 milli- 
grams per adult, respectively“ and for Yusho patients 633, 3.3 and 596 
milligrams per adult, respectively.67 

Yu-Cheng children who were exposed while in the womb often died soon 
after birth, and had reduced size at birth, abnormal gums, skin, nails, teeth 
and lungs. Delays and deficits in mental development were also observed in 

(’4 Kuratsure er al., 1972. 

65 Masuda et al., 1985. 
66 Chen et al., 1985. 
67 Hayabuchi et al., 1979.
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surviving children.“’8 Similar effects have been reported for Yusho children 
exposed 'in the same manner.- ‘ 

'On the basis Of animal studies with contaminated and uncontaminated PCBs, 
as well as correlation of the clinical signs and symptoms of disease with 
exposure concentrations, there is reasonably good evidence that Yusho and 
Yu-Cheng disease were caused primarily by furan contaminants in the rice 

’\ ' 

6“ Rogan et al., 1988. 

697 NRCC, 1984. 

\ ' 

. 
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CURRENT'CANADIAN OBJECTIVES, GUIDELINES AND 
REGULATIONS 

Medium Agency' ‘ 

\ 
Regulation/Objectivc/Guidclinc 

Fish: * NHW (Food Tolerance) - 20 parts-pcr-trillion 
' 

2,3,7,8-tetrachlorodibenzodioxin 
(edible ponion) ' 

Other Food: NHW (Food Tolerance) - 

i No detectable dioxin 
Drinking Water: ' OME (Interim Drinking '15 parts-per-quadrillion 

' 

’ ’Water Objective) 2,3,7,8-tetrachlorodibenzodioxin 
\ toxic equivalents 

Ambient Water: UC (Water Quality 10 parts-per-quadrillion 
' 

Objective) - 2.3,7,8-tetrachlorodibenzodioxin 

Ambient Air: OME (Provisional Air 30 picograms (total dioxins and 1/50 
\ Quality Guideline) total furans per rnJ as an 

annual average) 

Other: UC (Water Quality 10 bans-pcr-trillion 
Objective) 2,3,7.8-tetrachIorodibenzodioxin 

(sediment or tissue of aquatic 
— organisms) 

lNHW (National Health and Welfare) OME (Ontario Ministry of‘Environment) 
LIC (International Joint Commission)

l 

‘ \
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ENVIRONMENTAL RISK ASSESSMENT 

The dioxins and furans substituted in the 2,3, 7 and 8‘ positions 
are highly toxic substances. They are pervasive in the environ- 
ment and bioaccumulate readily in the food 'chain. When 
wildlife consumes fish from the Great Lakes contaminated with . 

dioxins and furans their intake could exceed the no-observedr' 
adverse-eflect-lével. A growing body of evidence indicates that 
dioxins and furans 0r related compounds are already adversely 
afi’ecting some wildlife populations. ‘

' 

As a result of these considerations, the Minister of the Environ- 
ment has concluded that polychlorinated dibenzodioxins and 
polychlorinated dibenzofurans, occurring in complex mixtures of 
environmental contaminants, have immediate and . long-term 
harmful efi‘ects' on the environment. They are considered 
"toxic" as defined under Section I I (a) of the Canadian Environ- 
mental Protection Act. ' 

-

' 

.\

\ 
' Dioxins and furans are highly persistent compounds that'bioaccumulate in the. 

food chain; From the Atlantic to the Pacific and throughout the Far North, 
dioxins and furans have. been found in all compartments of the ecosystem, 
including air, water, soil, sediments, and foods. All animals and humans in 
Canada. have been, and continue'to be exposed to these substances. 

The Canadian environment is subjected to four major sources of dioxins and 
furans: 'c'ommercial chemicals containing dioxins, incinerat/ion activities, 
releases from pulp and paper mills that .use'chlorine for the bleaching 
process, and both accidental fires and spills involving PCBs (Which contain 
principally furan contaminants). In addition, transborder contamination from 
the United States and long—range aerial transport from other areas contribute 
to the environmental load. While the chemical sources are, for the most 
part, subjectto stringent regulations, dioxins and furans continue to be_ 
released in large quantities from incinerators and pulp and paper-mills that 
use chlorine in the bleaching process. The use andV\Storage of PCBs is now 
strictly controlled, but there remains the potential for releases through ac- 
cidental spillsand uncontrolled fires. ‘ 

A review of the scientific literature shows \that dioxins and furans tested in 
the laboratory are highly toxic to a wide variety of mammals (including 
humans), birds and fish. These compounds are both extremely toxic inacute 

_.

t
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exposure and some dioxins and furans which have been tested are capable of 
causing birth defects and cancer, and adversely affecting reproduction and the 
immune system, following repeated exposures. Several act together with 
other substances to cause cancer. Most sources release these substances as 
complex mixtures that are highly toxic to a variety of organisms. 

The calculated70 total body intake of 2,3,7,8-tetrachlorodibenzodioxin in daily 
food that produces a semi—chronic no-effect level varies for mammals, birds 
and fish. In mammals, it is estimated to be 550 to 5200 nanograms per 
kilogram of body weight; in birds, 2100 nanograms per kilogram of body 
weight; and in fish, 760 nanograms per kilogram of body weight. The 
threshold dose at which there is no effect in chronic studies of 
carcinogenicity and reproduction in rodents is approximately 1 nanogram per 
kilogram body weight per day. 

A diet of the more highly contaminated fish from the Great Lakes could 
conceivably reach a cumulative dose in toxic equivalents exceeding these no- 
effect levels for sensitive wildlife species such as mink. Reproductive failure 
and anomalies in fish—eating birds on the Great Lakes and on the West Coast 
of Canada are ongoing concerns. They correlate strongly with dioxin and 
furan levels in eggs and adult tissues. Studies of fish-eating, colonially- 
nesting birds attribute low reproductive success to two major factors: 
embryotoxic chemicals in eggs, and aberrant behaviour caused by pollutants, 
resulting in poor nest incubation and care of nestlings. Congenital malforma— 
tions have been reported in Great Lakes terns, gulls and double—crested 
cormorants. Such effects on reproduction and development are characteristic 
of exposure to dioxins and some of the other organochlorine contaminants 
that co-occur with dioxins and furans. » 

If dioxins and furans continue to be released into the environment, exposures 
to the more persistent and toxic ones will unnecessarily be prolonged. A 
growing body of evidence indicates that dioxins and furans in mixtures with 
other contaminants adversely affect some wildlife populations in Canada. 

As a result of these considerations, the Minister of Environment has con— 
cluded that polychlorinated dibenzodioxins and polychlorinated dibenzofurans, 
occurring in complex mixtures of environmental contaminants, have im- 
mediate and long-term harmful effects on the environment. They are con- 
sidered "toxic" as defined under Section 11(a) of the Canadian Environmental 
Protection Act. 

7° Kenaga et (11., 1983.
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HUMAN HEALTH RISK ASSESSMENT 

\ The dioxins’and furans substituted in the 2, 3, 7 and 8 positions 
are highly toxic substances. They are pervasive in the environ- . 

ment and bioaccumulate readily in the food chain. Some 
‘ Canadian fisherieshave been closed as a result of dioxin and 
fitran contamination. _Current estimates of general population 
exposures indicate. that certain, high-risk sub-groups may have . 

exposures that approach ‘or exceed the guideline for tolerable 
daily intake of dioxins and furans. Since'some toxic. dioxins“ 

. and furans are very persistent, exposure will be' unnecessarily 
prolonged if these substances continue to be: released, with a 
resultant increase in the risk to the health of high—exposure sub- 
pbpulations. Human exposure should be kept to a minimum, 
and-efforts to control sources of dioxins and furans-'- should 

-‘ continueto be vigorous. v - 

' 
'

- 

~ As a result of these' considerations,’ the Minister'of National- 
Health 'and Welfare has concluded that polychlorinated dibenzo'- .

' 

dioxins and polychlorinated dibenzofurans may enter the en- 
vironment in quantities which constitute -a danger to. human 
health.‘ They are considered'r”toxic” as defined under Section 

- 11(c) of .the Canadian Environmental Protection Act. 
I 

'

‘ 

._ J, . . , r , 
.

_ 

Animal studies confirm that most mammalian» species respond in the same 
qualitative way( )to dioxins and furans. However, dose-effeCt relationships 
vary markedly between speciesfor the various dioxin and furan compounds, 
The dioxins and’furans substituted" in the 2, 3, 7 and.‘8'positions produce 
several effects in animals that are significant for. consideration. of human 
'health. 'Among these are their effects. on the- reproductive system of non- 
human primates and rats, their tendency to cause hyperplasia in rpdents, their- 
carcinogenic effects on livers in rats and their effects on the immune system- 
in several-Species. ' ‘ 

' ‘

' 

Studies. of human populations indicate that short-term exposure to several 
milligrams of mixtures of dioxins and furans'can lead to a variety of effects 
on. skin, eyes, and sensory and'behavioural processes. Most effeCts. have 
been reported to be reversible, although a return to normal may take several 
years. High-level exposure of women to furans in contaminated rice-oil may 
have been responsible. for reproductive anomalies and infant mortalities. 
There is no adequate demonstration that populations exposed to dioxins and
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furans have suffered excess cancer. However, the evidence is conflicting and 
the data are confounded by exposure to other chemicals, incomplete health 
records, inadequate case identification and small sample size. 

A recent Federal-Ontario study has estimated the average total exposure of 
Canadian adults and children to dioxin and furan compounds from all pos- 
sible pathways.71 These estimates are based on average Canadian intakes of 
air, water, soil and food with representative concentrations of dioxins and 
furans. Between 94 and 96 percent of the intake by non-smoking adults is 

estimated to be from food, with the remainder equally split between air and 
all other routes (Table 7). 

TABLE7 ESTIMATES OF CANADIAN INTAKE 0F DIOXINS AND FURANS (AFTER 
BIRMINGHAM ET AL, 1989) 

Substrate] Estimated Intake 
Medium (picograms toxic equivalents per kilogram of body weight per day) 

Adult1 Child1 Infant’ Neonate‘ 

Food: 049’ to 2.0‘ 1.18’ to 4.786 2.6’ to 10.7‘ 165 
Air: 0.04 0.07 0.1 0.04 
Soil: 0.01 0.02710 0.03 0.34 to 0.38 
Water: <0.01 to 0.05 <0.01 to 0.07 <0.002 to 0.11 
Consumer1 
Products: (0.01 <0.01 <0. 01 <0.01 

Total Estimated 
Intake: 0.56 to 2.1 1.3 to 5.0 3.1 to 11.0 165 

Exposure 
Period: 53 years 14 years 2.5 years 0.5 years 

lAdult differs slightly from quoted reference due to small differences in calculations and an assumed body weight of 
70 kilograms. 

’Child: Weighs 33 kilograms; BreaLhes 15m’air: Intake 1 litre water, 0.02 gm soil, 113% of adult food (NH&W, 1977). 
JInfant: Weighs 13 kilograms; Breathes 10mJ air: Intake 0.6 litre water, 0.1 gm soil, 100% of adult food (NH&W_ 

1977) 
‘Neonate: Weighs 5 kilograms; Breathes lm’air: Intake 750 millilitres, 3% fat breast milk containing 36.5 picograms 

toxic equivalents per gram of fat (Ryan et al., 1985). 
’Lower end of all ranges assumes a reported Not Detectable = 0. 
6Upper end of all ranges assumes a reported Not Delectable = Limit of Detection. 
7Does not include intake from cigarette smoking. 

The average daily intake of dioxins and furans over a lifetime can be calcu- 
lated from Table 7 by adding total intakes during the exposure periods of 
neonates, infants, children, and adults, and then dividing the total by 70 
years. This estimate of 2.0 to 4.2 picograms t0xic equivalents per kilogram 
of body weight per day is based on assumptions that are likely to 
overestimate exposure in the interest of protecting human health. 

7‘ Birmingham et al., 1989.
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Pharmacokinetic modelling of_ Canadian general population exposure to 
dioxins and. furans has corroborated the above exposure assessment with an 
estimate of 1.86 picograms toxic equivalents per kilogram ‘body weight per 
day. The model used the average concentration of dioxins, and furans'in 
Canadian fat tissue72 to estimate body burden, a half-life of 7.1 years, ‘and a 
first-order kinetic model.73 

' 

l

/ 

.Data from a recent report" suggest tobacco smoking as another pathway of 
general population exposure to dioxins. The potential exposure of a person 
who smokes 20 cigarettes a day is 0.5 picograms toxic equivalents per 
kilogram of body weight per day (this assumes that a 70 kilogram person 
inhales 1 litre of smoke per cigarette75_containing dioxins at the concentration 
of 1.8 nanograms toxic equivalents per cubic metre,” and that uptake is 

100%). This 'estimate is preliminary in that it does not consider sidestream 
smoke, the potentialpresence of furans, nor the differences between the 
experimental protocol and actual smoking. This pathway has not been 
included in the above estimates of general population exposure because of 
these uncertainties. Nonetheless, this calculation indicates that smoking may 
Contribute significantly to dioxin and furan exposure. 

Based on a traditional approach which uses the no-observed—adverse-effect— 
levels from animal tests and standard uncertainty factors, it is estimated that 
humanintakes should be below 10 picograms per kilogram of body weight 
'per day of toxic equivalents averaged over a- lifetime. This estimate assumes 
that 2,3,7,8-substituted dioxins and furans are non—genotoxic carcinogens for 
which a threshold dose. exists at approximately 1 nanogram toxic equivalents 
_per kilogramrof body weight per day. The no—observed-adverse—effect-level 
for reproduction in rodents is also approximately .1 nanogram of 2,3,7,8- 
tetrachlorOdibenzodioxin'per kilogram of body weight per day. Humans 
appear to be less sensitive to dioxins and furans than most laboratory species 
(especially rats and monkeys) and the effect threshold values in rodents were 
based on lifetime exposures. ‘An uncertainty factor of 100 was applied to the 
no-obserVed-adverse-effect—level to obtain the 10 picogram toxic equivalents 
per kilogram of body weight per day value, to take account of variations in 
response between individuals and to account for the seriousness of the 

7'2 Ryan ‘et dl., 1985. 
1“ 
OMB, 1985. 

I

A 

17‘ Muto and Takizawa, 1989. v~ 

75 Rickert et al., 1986. 

. 

4.3-



Canadian Environmental Protection Act 

potential effects. In a recent review, Rozman76 reached the same conclusion, 
deriving Acceptable Daily Intake estimates for 2,3,7,8-tetrachlorodibenzo— 
dioxin of 10 picograms per kilogram of body weight per day for tumour 
promotion; 14 picograms per kilogram of body weight per day for porphyria; 
and 21 picograms per kilogram of body weight per day for dermal effects. 

Intake via breast milk during the first half year of life is estimated to be 
relatively high (Table 7). This estimate was based on levels of dioxins and 
furans in Canadian adipose tissue. Subsequent analyses of human milk 
reduce this estimate by approximately one half, to 70 picograms toxic 
equivalents per kilogram body weight per day.77 Although estimated intakes 
for neonates would still exceed the permissible daily intake, breast feeding 
only occurs for a short part of the life span (i.e., less than 4%) and lower 
exposures throughout the remainder of the life span reduce lifetime exposure 
to below this guideline. The concentrations of dioxins and furans in target 
organs are not expected to be dramatically increased as a consequence of 
breast feeding because of the rapid increase in the amount of the infant’s 
fatty tissue. The known benefits of breast feeding currently outweigh any 
potential risks that may be associated with dioxins and furans in breast 
milk.77 - 

The foregoing exposure estimates indicate that average Canadian lifetime 
intakes are currently below 10 picograms toxic equivalents per kilogram of 
body weight per day. However, these substances bioaccumulate in the food 
chain, and concern for the health of human populations living in some areas 
where shellfish are highly contaminated has already necessitated closure of 
the affected fisheries near some pulp and paper mills that use chlorine 
bleaching. Exposures are estimated to approach or exceed 10 picograms 
toxic equivalents per kilogram of body weight per day for persons consuming 
highly contaminated fish in quantities well in excess of the general popula- 
tion norm. Furthermore, there is considerable uncertainty associated with the 
estimates of exposure, as they do not consider other sources that may con- 
tribute significantly to exposure, such as cigarette smoking. Finally, some 
toxic dioxins and furans are very persistent, and their continued release into 
the environment will unnecessarily prolong exposure, with a resultant increase 
in the risk to the health of high-exposure sub-populations. 

While most chemical sources are already subject to stringent regulations, 
these dioxins and furans continue to be released from incinerators employing 
old technology and pulp mills employing chlorine in the bleaching process. 
The use, handling and storage of PCBs is controlled. Existing stocks of 

76 Rozman, 1989. 
77 WHO, 1988.



Dioxins and Furans 

PCBs await theestablishment of suitable destruction facilities, which are 
starting to becomeiavailable. - \; 

' a » 

, 

» - - ' 

As a result of these considerations, the Minister of National Health and 
' Welfare has concluded that polychlorinated dibenzodioxins and 
polychlorinated dibenzofurans may enter the environment in quantities which_ 

’ 

constitute a danger to human health. They are considered "toxic" as defined 
under Section 11(c) of the Canadian Environmental Protection Act.

'
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